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ABSTRACT 

Dental and skeletal fluorosis affect more than eight million people in the Ethiopian Rift Valley 

due to the natural occurrence of high fluoride concentrations in groundwater. 

Adsorption technologies for its removal have been implemented showing certain level of 

success. Bone char has been used for a decade, synthetic hydroxyapatite (HAp) is currently 

spreading, and zeolite is going to be piloted. They share aspects such as the same treatment 

plant design, financial and management structure or simplicity in operation and maintenance. 

However, they vary in technical and environmental features, associated costs and social 

acceptance. 

Despite their relative long-term implementation and promising characteristics still they have 

not been scaled-up. Therefore, this research contributes to understand in more depth the 

experiences gathered and their strengths-weaknesses-opportunities-threats which explain 

the current situation. Since it has been proved that technologies themselves might not be the 

only reason behind, the research evaluates the different sustainability factors that could 

hinder their development. This includes the changes needed from the involved stakeholders 

and enabling environment to improve their performance.  

The research highlights the importance of assessing these technologies with a holistic 

approach, to transform them into sustainable options able to contribute to mitigate the 

negative health and socio-economic impacts affecting the rural communities in Ethiopia.  

Keywords:    fluoride, fluorosis, Ethiopia, sustainability, defluoridation, adsorption 

technologies.  

  



vii 
Development of sustainable adsorption technologies for fluoride removal in Ethiopia 

EXECUTIVE SUMMARY 

1. Origins of fluoride and impacts in Ethiopia. 

High fluoride concentrations in groundwater from the Ethiopian Rift Valley (ERV) and its 

surrounding highlands have geogenic origins associated with the volcanic rocks which 

release it to the groundwater where other factors such as climate, weathering, high pH, low 

calcium content or geothermal activity contribute to its high occurrence (MWIE, 2013; Fawell 

et al., 2006). Once present in water, the pollutant can only be tested by chemical methods 

and not by quicker physical ones such as taste, colour or smell (Kut et al., 2016). 

The WHO recommends a concentration range for drinking/cooking water between 0.5-1.5 

mg/L since it has been proved that it has also beneficial health impacts in low concentrations 

protecting against caries. However, there other routes such as of food and beverages which 

can result into higher intake (Roberts and Johnson, 2017). 

All these routes and sources of intake lead to negative health impacts which range from 

dental fluorosis during childhood (yellowish or brownish stains in tooth enamel and tooth 

decay) to eventually skeletal fluorosis in adults and elders (crippling, joint pains, 

osteoporosis or arthritis) (Fawell et al., 2006). Nevertheless, there are also associated 

socio-economic impacts with this last stage of the disease like early retirement or assistance 

needs. (Datturi et al., 2017). 

11 million people live in high risk areas in Oromia, Afar and the Southern Nations, 

Nationalities and Peoples Region (SNNPR), out of which eight million are estimated to be 

affected by fluorosis, especially those living in rural areas (MWIE, 2013; Datturi et al., 2017).  

Ethiopia has made great efforts to address this problem gathering national databases to 

show the areas with high/low fluoride, the alternative water sources and the ways of achieving 

sustainability in mitigation measure ranging from safe water sourcing to implementation of 

technologies.  

2. Research rationale and objectives. 

Removal technologies are needed to reduce fluorosis impacts and ensure appropriate water 

quality in Ethiopian rural areas, when safe sourcing is not cost-effective (Osterwalder et al., 

2014; MWIE, 2013; Datturi et al., 2017). 

This research aims to compare three adsorption technologies: bone char and synthetic 

Hydroxyapatite (HAp), which have been implemented with success, and zeolite, which is 

going to be piloted, understanding their experiences and practices in the Ethiopian rural 

areas. Besides, the objectives include the sustainability assessment of these technologies 

and their collateral factors to evaluate their prospects for future development and scale-up.  
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3. Literature review 

The removal process from the three adsorption technologies is based on the same reaction 

where the presence of hydroxyapatite results in the ion exchange between hydroxide 

(released to water) and fluoride (kept in the filter material). Besides, they share the technical 

limitation of not being cost-effective for high fluoride concentrations (Johnston, et al., 2006; 

Sani et al., 2016) but have different origins and production.  

Bone char comes from raw cow bones which are charred, crushed, sieved and washed. The 

control of oxygen and temperature is essential for the quality of the product and to avoid taste 

to the water after usage which could cause social rejection (Johnston et al.,2017; Sani et al., 

2016, Fawell et al., 2006). Bone char reduces its capacity with usage and eventually needs 

regeneration or replacement.  

HAp is synthetically produced after mixing chemicals and mincing the mixture to obtain a 

product with uniform quality, slightly higher capacity and more possible times for 

regeneration. However, there is no literature on its implementation in Ethiopia (Johnston et 

al., 2017; Osterwalder and Saul, 2015). Hence, this research will contribute to filling that gap. 

Zeolite has the advantage of requiring less energy and being based on natural minerals on 

which nano-HAp is grown, resulting in slightly higher intrinsic capacity compared to bone 

char (Sani et al., 2016). However, there is no experience of its use in Ethiopia to see its real 

performance.  

Further literature covers behaviour change towards low-fluoride water consumption for 

drinking and cooking purposes in rural areas. Besides, social acceptance of bone char 

causes issues regarding social acceptance (Fawell et al., 2006) and user knowledge and 

perceptions are essential for technology development (Huber and Mosler, 2013).  

Osterwalder et al., 2011 and Datturi et al., 2017 cover cost analysis showing how bone char 

systems can be profitable but still needs subsidies for filter replacement. In addition, 

Osterwalder et al., 2014 gathered stakeholders to discuss about service aspects like 

affordability, acceptability, reliability etc. to support decision-making. However, their 

involvement, roles and responsibilities and management structure need to be researched 

more in depth focus on sustainability issues.  

4. Methodology 

Semi-structured interviews were carried out with UNICEF, NFMPO (office from the ministry 

of water), CSIC (Spanish research council implementing zeolite), OSTDA (regional 

technological administration) and OSHO (Ethiopian NGO). The knowledge, experience and 

perspectives of these key stakeholders were supported with evidence found through 

observation and informal questions to water committee, sellers and users in three sites in 
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SNNPR (two villages were zeolite is going to be implemented and a village with bone char) 

and four sites in Oromia region (two with bone char and two with HAp). These last serve as 

case studies as well as to triangulate and validate the data from the informants.  

SWOT analysis was used to compare the three technologies supported by tools and 

indicators from the sustainability assessment framework to guide the analysis themes 

including the external factors having an impact on defluoridation schemes. 

5. Results 

The endemic fluorosis problem in Ethiopia led the Government to adopt regulations regarding 

water quality (WHO standards) and the creation of the National Fluorosis Mitigation Project 

Office (NFMPO) in 2009 with the roles of awareness, piloting and monitoring of fluoride 

removal technologies and safe sourcing. UNICEF supported the research on this and the 

administrations capacitation adding to their advocacy and funding roles through the 

Consolidated WASH Account. This targets all WASH programmes but with stronger 

leadership could be used for fluorosis mitigation. The NFMPO has a focus person on the 

region where the recently created OSTDA aims to work together with the water office to 

support the capacity building and technology regulation.  

OSHO started with bone char in 2007 importing it from Kenya until they started producing it 

in 2011. In 2014 they expanded with HAp although they highlight that bone char is well 

accepted when social work is done with the communities. OSHO moved towards a social 

business to strengthen the financial performance. In certain cases, they just adopted the filter 

supplier and technical adviser roles without responsibilities for trainings, awareness or 

construction which are then the responsibility of the district, led by NFMPO as implementer.  

The CSIC has the roles of technical adviser and implementer of zeolite which is jointly 

patented with the Addis Ababa University and an international private company which 

produces and imports it. The filter material cannot be regenerated but the exhausted 

adsorbent could be used for soil conditioning. The active phase (also HAp) grown on the 

zeolite’s surface effective for removal is small compared to the total material.  

The bone char and HAp production plants showed losses and limitations in production 

capacity. Especially bone char regarding charring and crushing and HAp with exported 

equipment. There are no manuals to support the maintenance or the laboratory testing. 

The visited treatment sites shared the same scheme: treated water point with filter media 

and untreated one, both connected to their water system. There is a water kiosk where other 

products are also sold, encouraging the involvement of the sellers (Datturi et al., 2017). This 

last aspect is, however, not found in the plants implemented by the NFMPO. In all cases, the 

district supervises and manages the sites, especially the bank account shared with the water 
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committee whose members receive a training for management, daily O&M and finance. 

District and community decide the tariff, facilitated by OSHO. 

Bone char is accepted after community trainings, although HAp seems more easily adopted.  

Nevertheless, the knowledge of the origins of the filters is still not broad within the users and 

there poor knowledge of high fluoride in water and its health impacts.  

6. Analysis and discussion 

Bone char is currently widely implemented because it is the first filter that used local 

production and simple O&M. However, all three have simple O&M. Bone char has clear 

disadvantages regarding production losses, needed efforts for social acceptance, hygienic 

and environmental hazards and not uniform quality, but still everyone is familiar with it, filter 

can be regenerated, and it is cheaper than the others.  

HAp has higher uptake capacity and social acceptance, uniform quality and has not as many 

production losses. Nevertheless, it is more expensive, and the production depends on 

imported technology. Furthermore, it could have the regeneration opportunity in the future. 

Zeolite is at a different stage and still requires experiences but shares the social, quality and 

hygienic advantages with HAp. It needs importation and cannot be regenerated but has the 

added value as soil conditioner and counts with a stronger marketing and business approach.   

For all, the water pumping and delivery system can hinder financial and technical 

sustainability when repairs are needed. More financial approaches are required to sustain 

the technologies and still ensure affordability. This could also be supported with increased 

willingness to pay if the knowledge is increased within the community and eventually to 

increased demand and acceptability of technologies. 

The co-management system of district and community has signs of success. However, it 

requires proper monitoring to avoid intermittent service. The addition of the private sector 

supporting technical advice and researchers improving the technologies could enhance this. 

Nevertheless, stakeholder must clearly agree their roles and improve their coordination. 

7. Conclusion 

In conclusion, there is not a straightforward decision-making since all three adsorption 

technologies have pros and cons. HAp and probably zeolite can have more promising future 

if the mentioned benefits are boosted and the threats are mitigated. However, the long-term 

sustainability also depends on many collateral factors such as agreement and 

accomplishment of stakeholders’ roles, stronger leadership, regulation of technologies, 

increase of awareness and demand creation and general sector capacity development which 

need to be improved within a strategic framework to guarantee their scale-up prospects.   
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1  INTRODUCTION 

1.1 Fluoride origins, distribution and sources of intake. 

Fluoride is a chemical commonly found in groundwater. High content in water bodies is 

present in several continents and countries, being the ones located in the Rift Valley, Japan, 

New Zealand and Mexico among the most affected ones (Amini et al., 2008; Fawell et al., 

2006) (Fig.1).  

Fluoride can also occur in surface water in different ranges, nevertheless, it is in groundwater 

where this concentration can be extremely high depending on the fluoride-bearing rocks 

(igneous and sedimentary) as well as other factors such as climate, high pH or geothermal 

activity. Besides, certain water chemical features such as water poor calcium content or high 

exchange between sodium and calcium, contribute to its occurrence (Fawell et al., 2006). 

Further environmental conditions such as weathering, rainwater penetration as well as flow 

and contact time through these rocks lead to the variations in its concentrations (Kut et al., 

2016). Due to the features of fluoride: colourless, tasteless and no smells, it is only possible 

to determine the concentrations by chemical testing and not through any other quicker 

physical method (Kut et al., 2016).  

According to the estimations from UNESCO, more than 200 million people worldwide rely on 

drinking water with fluoride concentration above the present WHO threshold of 1.5 mg/L 

(Fawell et al., 2006, MWIE, 2013; Amini et al.,2008; Tekle-Haimanot et al., 2006). 

 

Fig.1: World distribution of fluoride as per the probability to find it in groundwater. Source: Amini et al., 2008. 

It generally comes from volcanic rocks which have fluorine in different forms such as calcium 

fluoride (CaF2) or fluorapatite (Ca5(PO4)3F) and eventually release it to water in form of ion 

F- where hydroxide ions (OH-) replace it within the minerals since they both have same 

charge and similar radius. However, there are other sources of release as consequence of 
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industrial activities like waste water discharges or high use of phosphate fertilisers which 

make it also present in the air (MWIE, 2013, Fawell et al., 2006, Datturi et al., 2017, Gómez-

Hortigüela et al., 2014).  

As per the world map in Fig. 1, fluoride intake from water varies significantly with the location 

and individuals as it depends on the amount of chemical present in the groundwater in the 

area as well as the consumption patterns (l/day). These two variables are the ones broadly 

considered when analysing the risk exposure per person, calculated in mg/kg of body weight 

per day. Further factors that can make a difference on the level of risk are the temperature, 

humidity, state of health, urban or rural settling, water system i.e. piped or borehole etc. since 

those can result in varying the water needs, including cooking and food preparation (MWIE, 

2013). 

As mentioned by MWIE, 2013 drinking water rises as the main fluoride intake source, 

however, this has been updated showing how there are high risks also linked to the 

consumption of food and beverage such as fish, meat, vegetables, grains, tea etc. which in 

some areas could lead to exceed the intake related to water consumption (Roberts and 

Johnson, 2017). Fawell et al., 2006 gather the concentration levels of fluoride as found in the 

environment from other sources ranging from low in vegetables and fruits to high specially in 

roots like yam or cassava, fish bones or tea.  

Fig.2: Fluoride intake routes. Source: Roberts and Johnson, 2017 

Other sources can be medicaments or cosmetic products such as toothpastes which also 

contain small doses to protect the enamel (Fawell et al., 2006, Roberts and Johnson, 2017). 
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Figure 2 shows the different sources leading to fluoride intake considering not just adsorption 

from water but also its routes through crops or other environmental issues.  This contributes 

even more to the variation of total daily intake between the different regions depending on 

the local context. Therefore, not just provision of safe water with low fluoride content but also 

understanding the intake routes and, for example, address food production, nutrition and 

consumption patterns are equally crucial ways for reducing them to avoid the related negative 

health impacts (MWIE, 2013, Fawell et al., 2006; Roberts and Johnson, 2017) 

As explained by Roberts and Johnson, 2017, metabolism of fluoride depends on different 

variables like genetic, nutritional status, diet, altitude of residence etc. some of them 

completely attached to the individuals leading to different levels of impacts among population 

theoretically exposed to the same level of risks due to the overall context.  

1.2 Fluorosis and further impacts 

Fluoride is considered one of the main drinking-water chemical pollutants that has been 

proved to cause from mild to severe negative health impacts (Fawell et al., 2006). 

Bones have high presence of a mineral called hydroxyapatite (Ca5(PO4)3OH) containing 

hydroxide ions which, as previously mentioned, can easily be exchanged with fluoride and 

hence fluoride can get incorporated into bones resulting into fluorapatite (Ca5(PO4)3F). This 

make teeth and bones increase their hardness and density (Esayas, Mattle and Feyisa, 2009, 

Gómez-Hortigüela et al., 2014). 

Therefore, the chemical is absorbed in the body and distributed through the blood with higher 

uptake in bones and teeth. The absorption rates by humans depend on the age with children 

taking up to 90% of the consumed fluoride whereas adults only 60% (Fawell et al., 2006). 

The WHO stablishes a range of appropriate fluoride concentration in water between 0.5-1.5 

mg/L since it has been proved that it has beneficial health impacts in humans in order to 

protect against caries; especially during childhood, when the chemical is incorporated to the 

tooth matrix during its formation strengthening it. However, when the concentration goes 

beyond the maximum of 1.5mg/L the negative health impacts can range from dental to 

skeletal fluorosis. High intake causes yellowish or brownish stains in tooth enamel (referred 

as mild or severe dental fluorosis) which affects children or adolescent but not adults. Its 

presence in mature age it is explained by the high intake during the childhood (MWIE, 2013, 

Datturi et al., 2017 Melaku et al., 2000). Then, if the intake remains high, skeletal fluorosis 

can develop eventually causing crippling, joint pains, osteoporosis, arthritis or affect other 

organs. (Tekle-Haimanot et al., 2006; Fawell et al., 2006, Kut et al., 2016).  

Dental fluorosis cannot be just classified as aesthetic problem related to social issues (shame 

or stigma) because it increases the likelihood of caries and results in less protection against 
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infections and tooth decay. Besides, skeletal fluorosis has impacts beyond health such as 

socio-economic ones e.g. early retirement, assistance needs etc. (Datturi et al., 2017, Datturi 

et al., 2015). 

Zewge et al. 2012 carried out a research analysing the health impact of fluorosis in rural 

Ethiopia measuring the different factors of exposure and translating them into DALYs 

(disability adjusted life years). When fluoride concentration was higher than 10mg/L, it 

caused skeletal fluorosis which resulted in high DALYs (average of 600 DALYs/1000 people). 

Their findings point out that in certain cases a higher daily intake can be associated to food 

rather than water and how different thresholds can be established, in this case 6mg/day or 

14 mg/day, above which evidence of skeletal fluorosis or excess risk respectively can be 

expected. However, this intake varies individually with each person’s behaviours. This has 

been also pointed out by Fawell et al., 2006, MWIE, 2013 and Roberts and Johnson, 2017 

so that not only it is important to provide water sources with concentrations that comply with 

the WHO standards, but the fluorosis mitigation measures should also make emphasis on 

the people’s awareness to reduce the intake in their daily activities. Therefore, the application 

of the WHO guidelines should be contextualised as per the routes explained in the previous 

section (Fig.2).  

Endemic fluorosis is globally distributed affecting millions of people. 28 countries were 

included by the WHO as under potential risk of these diseases, among them, Ethiopia (Fawell 

et al., 2006; Tekle-Haimanot et al., 2006).  

Fig.3: Children from Ethiopian villages with dental fluorosis. Source: Author. 
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1.3  Ethiopian context and country specific information 

Apart from the concentrated areas of high fluoride in some Middle Eastern countries, India, 

and China, North and South America and Japan (Fig. 1), the Rift Valley belt is worldwide 

acknowledged to have high fluoride concentrations (Fig. 4) (Fawell et al., 2006). 

 

The concentration of fluoride in Ethiopia has solely geogenic origins. Hence it is related to 

the presence of volcanic rocks which have fluorine and fluorapatite together with the specific 

conditions such as deep infiltration rates, geothermal activity and climate that makes it an 

area prone to accelerate the solubility of fluorite resulting in highly contaminated 

groundwater. Not only the rift floor but also some highlands due to these diverse factors. The 

pattern of the Ethiopian Rift Valley (ERV) crosses the country from the north to south-west 

affecting three main areas: Oromia, Afar and the Southern Nations, Nationalities and Peoples 

Region (MWIE, 2013, Tekle-Haimanot et al., 2006, Datturi et al., 2015). From Oromia a 41% 

(36 in number) of the woredas or “districts” face fluoride concentration in groundwater above 

1.5mg/L being a total of 15% the ones highly affected. Afar has also 41% (7), but out of these 

almost the total (6) are highly affected. Finally, SNNPR has 47% (34) and 7 are highly 

affected (MWIE, 2013). 

The area of the Rift Valley with high fluoride content is formed by eight major lakes and the 

Awash River Basin so that also surface water is chemically polluted. Nevertheless, due to 

dilution and other environmental processes the concentration in surface water (contribution 

Fig.4: Distribution of fluoride in Africa and Rift Valley belt: Ethiopia, Kenya and Tanzania. Source: Adapted 

from Amini et al.., 2008 and Kut et al., 2016. 

. 
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to water balance of 38%) is mainly lower compared to groundwater (contribution to water 

balance of 62%) (MWIE, 2013, Datturi et al., 2015). 

The occurrence of fluorosis has become endemic in many ERV areas and has been 

aggravated due to the water supply schemes, especially in rural areas where people rely on 

deep boreholes, springs or shallow wells whereas towns have water supply systems from 

surface water after treatment. Besides, in the rural areas people still have long distance and 

time required for water collection (MWIE, 2013, Tekle-Haimanot et al.,1995, Datturi et al., 

2015). The economy of the rural areas in these regions is based on agriculture and cattle 

herding and the water collection burden mostly lies on children and women which walk an 

average of 10-15 km daily with even more challenges when water depletion takes place, 

technical problems emerge, and accessibility is reduced (Datturi et al., 2017). 

Several researches have been carried out in the country to obtain more detailed national 

figures about the prevalence of fluoride and fluorosis. Tekle et al., 1995 carried out a research 

showing the high levels of fluoride ranging from 1mg/L to 36ml/L found in deep wells from 

villages, towns, estates and farms in the Rift Valley. More than 40% of deep and shallow 

wells are affected by these high concentrations with great variations among them even when 

being relatively proximate to each other (Datturi et al., 2017; MWIE, 2013). 

Fluorosis impact was mainly dental within children between 10-14 years old and skeletal 

among workers who had consumed water with content higher than 4mg/L more than a 

decade. However, the general findings show the evident health impact that long-term intake 

of fluoride has in that area (Tekle-Haimanot et al.,1995). Besides, Tekle et al., 1995 and 

Datturi et al., 2017 also point out the importance of understanding the Ethiopian context, 

behaviours and fluoride intake routes to translate it into risk exposure. They believe it is 

recommendable to reduce the threshold below the established by the WHO since this is 

related to an estimation of 2L of water/person/day and it is assumed that in hot tropical 

Fig.5: Ethiopian Rift Valley and its fluoride distribution. Source: Tekle-Haimanot et al., 2006 and MWIE, 2013 
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countries the consumption is higher. Drinking water seems to be the main dietary fluoride 

source, however, food can have high impact for fluoride intake especially in rural areas 

(Zewge et al., 2012; Nigus and Chandravanshia, 2016). There is still lot of research to do to 

get detailed information about these routes and specific context in Ethiopia. Only then, the 

guidelines from the WHO regarding the concentration in water can be applied and the total 

adverse impact reduced (MWIE, 2013).  

The Ethiopian Ministry of Water estimates that around 11 million people are living in the area 

although a deeper study should be done to calculate the real figure of affected population 

since not all are exposed at the same level of risk (MWIE, 2013) Estimations of eight million 

people affected are presented by Tekle-Haimanot et al.,1995, Datturi et al., 2017.  

It is expected that the public exposure increases as the population in these areas grows and 

the water supply relies on groundwater unless measures are taken to ensure a reduction in 

the daily intake. This poses a challenge in decision-making since normally less priority is 

given to fluorosis due to other more life-threatening health problems but recognising the 

indirect effects more emphasis should be given as public health concern (Melaku et al., 

2000). 

The context of fluorosis mitigation in Ethiopia includes several stakeholders playing different 

roles such as NGOs, the water offices at district and regional levels, the Ministry of Water 

through the National Fluorosis Mitigation Project Office (NFMPO) created in 2009 at federal 

level, research institutes (The Swiss Federal Institute of Aquatic Science and Technology, 

Eawag), international organisations (UNICEF) and water committees and users among 

others all contributing to the understanding of the problem and the ways of achieving good 

practice and sustainability in mitigation measures (Datturi et al., 2017). 

Besides, the enabling environment also encompasses the creation of policies at national and 

regional levels e.g. Universal Water Access Plan which addresses fluoride control but also 

others that aim more general water quality strategies: Hygiene and Sanitation Strategic 

Action Plan 2011-2015, Drinking Water Quality Monitoring and Surveillance Strategy, Water 

Sector Policy, One WASH Programme etc. The Ethiopian government has been following 

during the last decade the WHO guidelines for water supply including the range for fluoride. 

Anyhow, there is no confirmed official own standards for admissible threshold of fluoride 

concentration in those policies (MWIE, 2013). 

These policies come together with the establishment of the above mentioned National 

Fluorosis Mitigation Project to assess the impact of fluorosis and more concretely its 

distribution and feasible alternatives. They developed mapping and gathered national 

databases to show the areas with high/low fluoride but also the alternative water sources for 
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which it is essential to understand the lithology and structure (MWIE, 2013, Datturi et al., 

2015). 

The objectives of this Project Office were to create units in the affected three regions 

mentioned above so that they could lead the implementation of measures and plan their 

activities. The NFMPO also was created to provide advice about fluoride removal 

technologies and strengthen the capacity at institutional and technical level from the different 

involved stakeholders to ensure the sustainability and holistic approach of the mitigation 

measures (MWIE, 2013). 

Several technologies and processes are available for fluoride removal such as activated 

alumina, precipitation, ion-exchange, adsorption etc. as summarised by Kut et al., 2016 or 

Osterwalder et al., 2014, although not all of them have been applied successfully in the 

Ethiopian context. Different factors such as ease of logistics, related running and initial costs, 

spare parts availability, management and technical skills and requirements or even social 

and cultural behaviours influence their proper acceptability, implementation and 

sustainability. Some of these technologies have been evaluated from different angles by 

Osterwalder et al., 2014, Hortigüela, Datturi et al., 2017 etc. and a deeper explanation of the 

ones under the scope of this research are included in later chapter. 

Despite the government efforts and priorities for alternative low-fluoride water supply, these 

technologies are needed in areas where this is not feasible or cost-effective. At least removal 

technologies are needed until the capacity of alternative sources is increased (Osterwalder 

et al.,2014; MWIE, 2013; Datturi et al., 2015).  
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2 RESEARCH RATIONALE 

2.1 Problem statement 

The data previously presented from Ethiopia regarding the impact of fluorosis and high 

fluoride exposure in the ERV highlights the importance of developing and scaling-up 

sustainable technologies that can address this problem. As mentioned above, the option of 

water supply through alternative safe sources with lower concentrations is not always 

feasible or a unique solution, especially in remoted rural areas (Osterwalder et al., 2014, 

MWIE, 2013) 

Besides, despite several technologies have been implemented, many of them have not been 

successful, have ended up abandoned or have not yet been developed enough to guarantee 

future scalability. More concretely, bone char has been implemented for almost a decade by 

Oromia Self Help Organisation (OSHO), an Ethiopian NGO proving certain level of success; 

and recently they have started the production of a new synthetic one called Hydroxyapatite 

(HAp) (Esayas, Mattle and Feyisa, 2009; Datturi et al., 2017; Osterwalder and Saul, 2015). 

Besides, a new technology based on adsorption principles is being piloted by the Spanish 

National Research Council (CSIC) based on that previous experiences (Sani et al., 2016; 

Diaz, 2017; Gómez-Hortigüela et al., 2014). The development of such technologies is crucial 

to reach an appropriate water supply complying with quality standards aiming to reduce 

fluorosis impacts.  

There are several challenges relating to the sustainability and scalability of these 

technologies. Despite being relatively low-cost compared to others, they have managerial, 

social or capacity constraints hindering their take off and coverage increase (Osterwalder et 

al., 2014; Datturi et al., 2017). 

Only when the factors and stakeholders that play a key role in their scale-up are deeply 

understood, can fluoride and fluorosis problems be reduced and an appropriate quality to the 

water supply in the ERV be achieved. 

2.2 Research objectives and questions 

The overall objective of this research is to study the different factors and stakeholders 

involved in low-cost adsorption technologies for fluoride removal in Ethiopia and the impact 

they have in the long-term sustainability of defluoridation schemes. The assessment seeks 

to covers the already existing experiences and evaluate the aspects that play a key role in 

their development and scale-up. Therefore, the research aims to apply a holistic approach 

such as STEFIE covering technical, social, financial, management, stakeholder roles and 

responsibilities enforcement, coordination, perceptions from each other etc. It has been 

guided to a certain extent by the themes of largely known Sustainability Assessment 
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Framework (SAF) tools and methodologies such as the Sustainability Dimensions from the 

DFID, the Technology Applicability Framework (TAF) from the RWSN and WASHTech and 

Wash WASH-BAT from UNICEF (UNICEF and World Bank, 2018 p.86-87). 

Table 1 shows the different detailed objectives that this research aims to cover and the 

related research questions and methodologies used during data collection and analysis for 

that purpose. 

Table 1: Objectives, Research questions and data & analysis methods. 

Research Questions Data Collection and Analysis Methods 

Objective 1- Understand the current practices and experiences in the use of bone char 
and HAp for fluoride removal in rural communities in Ethiopia. 

1.1. What are the management needs and 
who is responsible? 

Literature review and Key informant 
interviews (KII). 

1.2. Who is responsible for the O&M in bone 
char and HAp plants? 

Literature review and KII. 

1.3. What are the technical designs and 
management systems (HH/community) 
used with bone char and HAp in 
Ethiopian rural communities? 

Literature review and KII. 

1.4. What are the costs involved for bone 
char/HAp removal plants and who is 
responsible for cost recovery? 

Literature review and KII. 

1.5. Who are the stakeholders involved in 
bone char/HAp systems? 

Literature review (overview), KII, 
observation and case study. 

Objective 2- Assess prospects for sustainable management of bone char and HAp in the 
Ethiopian rural communities. 

2.1. What are the strategies from OSHO for 
long term sustainable management? 

KII. 

Objective 3- Review the current practices and experiences in the use of zeolite for fluoride 
removal. 

3.1. What are the existing uses of zeolite for 
fluoride removal? 

Literature review and KII. 

3.2. What is the stage of implementation of 
zeolite? 

Literature review and KII. 

Objective 4- Assess the advantages or disadvantages/limitations of these technologies in 
the Ethiopian context. 

4.1. What are the strengths, weaknesses, 
opportunities and threats of bone char, 
HAp and zeolite technologies? 

Literature review, KII, observation and case 
study. SWOT analysis. 

4.2.  What are the potential incentives for 
introducing zeolite compared to bone 
char and HAp? 

Literature review, KII, observation and case 
study. SWOT analysis. 
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Table 1 (cont.): Objectives, Research questions and data & analysis methods. 

Objective 5- Identify factors that can have an impact on sustainability of bone char, HAp 
and zeolite technologies. 

5.1. How to move towards sustainable water 
defluoridation in rural areas of Ethiopia? 

KII, case study and SAFs 

5.2. What are the key aspects to be assessed 
when introducing bone char, HAp or 
zeolite in rural communities? 

Literature review, KII and case study. SAFs. 

5.3. What are the options for development of 
bone char, HAp and zeolite? (assess the 
service chain: suppliers, enablers and 
users) 

KII, observation and case study. 

5.4. What is the institutional support needed 
for development of these technologies?  

KII, observation and case study. SAFs. 

5.5. What are the factors that are leading to 
unsustainable outcomes? 

KII, observation and case study. SAFs. 

Objective 6- Identify strategies that can contribute to sustainable scale-up of bone char, HAp 
and zeolite technologies. *as brief recommendations for future steps. 

6.1. What are the changes needed for 
sustainable scale-up of bone char, HAp 
and zeolite systems? 

KII, observation and case study. SAFs 

 

2.3 Scope and limitations 

As mentioned before, the scope of the research focuses on Ethiopia in the affected rural 

areas from the Rift Valley. Urban areas have not been included because currently the 

defluoridation schemes implemented target villages (locally referred as kebeles) since the 

previous have other water supply systems. Besides, it is in these areas where the 

sustainability can be challenged due to the narrower coverage and other contextual factors 

such as financial status, education levels, scattered household distribution etc.  

This research will evaluate technologies based on adsorption principles (particularly bone 

char and the recent synthetic hydroxyapatite). The are several reasons for that. First, , these 

are the ones that seem more cost-effective compared to others such as reverse osmosis and 

less technical skills compared to others such as Nalgonda. Secondly and more important, 

these are the ones that have been “largely” implemented in Ethiopia with evidence of success 

and sustainability for the last decade. They have reached a certain level of matureness that 

could provide information to explain the reasons behind this and help to guide its scale-up 

options. This is also the reason why only community level has been assessed deeply and 

not household (HH) filters. The technology being introduced recently by CSIC, although quite 

new, has been included due to its similarities with the current adsorption ones in terms of 

design, removal principle, technical skills as well as also being relatively low-cost. Hence, its 

expected outcomes and scale-up possibilities could somehow correlate. This technology has 

nevertheless a different business approach at international level which could provide 

interesting discussions and comparisons.  
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The fact that the technologies are at different implementation stage also brings certain 

limitations in comparing them.  

Further limitations acknowledged by the author is the time restrictions which forced him to 

narrow down the scope as well as the field visits and data collection process. This also 

challenges the coverage of all sustainability aspects, so that some have been covered just 

by literature review, other in depth and the others left as future research suggestions.  

Out of the scope of this research is also a detailed financial and cost analysis. This has been 

covered previously by other researches such as Datturi et al., 2015, Osterwalder et al., 2014 

and Osterwalder et al., 2011 using case studies to compare with other technologies dividing 

them into investment costs, operation and maintenance etc. The lack of clear accessibility to 

business plans from the implementers and the time restrictions have made the cost analysis 

to be just mentioned briefly to understand some financial sustainability aspects. Other factors 

such as accessibility to sites, available contacts and their time/ability to get involved in this 

research have defined the scope. 

Finally, this research is of particular interest for the Ethiopian Government and other 

stakeholders such as NGOs, international agencies etc. implementing projects for removal 

of fluoride in Ethiopian rural areas but also to all stakeholders involved who can benefit from 

the sustainability-related findings. However, Ethiopia and the Rift Valley communities could 

be taken as a case study and could be extrapolated to other countries and locations. 
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3 LITERATURE REVIEW 

3.1 Introduction 

This chapter aims to address several objectives as preparation for the subsequent data 

collection. Therefore, this chapter covers Objectives 1, 3 and 4 regarding the documented 

experiences with bone char, HAp and zeolite in Ethiopia as well as the advantages and 

disadvantages of these technologies that have been reported in the literature. In addition, 

question 5.2 from Objective 5 is covered in this chapter as an overview of the key aspects to 

be assessed when introducing these technologies. All these Objectives will be completed 

with the later results, analysis and discussion.  

3.2 Search strategy 

The literature review was preceded by the searching process in platforms such as Google 

Scholar, the Catalogue Plus from Loughborough University Library or Web of Science. This 

as well as the whole research construction is a dynamic and ongoing process which could 

be said that follows the structure presented in this dissertation i.e. from a general and 

contextual approach towards specific points directed to add information to the existing 

knowledge gaps and analyse sustainability.  

The searching process started with the use of some key words to understand the context 

leading to general reports and papers covering the distribution of fluoride worldwide as well 

as the main health and socio-economic impacts to understand the magnitude of the problem. 

Later, it was narrowed down to Ethiopia. For example, key words used were: water 

quality+fluoride, fluoride distribution, fluoride+water, fluoride impacts, fluorosis 

worldwide/Ethiopia or Fluorosis Ethiopia Rift Valley. 

The strategy continued with more specific searches. As stated in Chapter 2, the research 

aims to adopt a holistic approach to understand different factors affecting sustainability. In 

that sense, from more technical aspects e.g. Fluoride Removal/adsorption, Adsorption 

technologies/low-cost technologies, Bone char/zeolite+ fluoride removal or Fluoride-free 

water etc. it turned to cover other aspects: marketing defluoridation, behaviour/user 

preferences/determinants fluoride removal, acceptance fluoride-free option, stakeholders 

fluoride removal, perceptions fluorosis Ethiopia or management fluoride removal 

technologies Ethiopia.   

These searches were supported with fluorosis sustainability factors, fluorosis mitigation, 

fluoride removal decision criteria, fluoride remediation methods or fluorosis Ethiopia health 

education among others. Besides, reading some documents led to further relevant literature 

from the references mentioned in those. 
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Readings to design and develop the methodologies for data collection and analysis were 

consulted once the methods were selected. Key words: Research qualitative methods, Semi-

structured interviews, design SSI for data collection, advantages and disadvantages of SSI, 

observation/case study method, sustainability assessment tools, SWOT analysis, 

sustainability in WASH etc.   

The literature review is also a learning process which is refined as the research takes shape. 

Hence, the strategy was supported with more documentation obtained by either asking or 

directly being given or referred to by the supervisor or key informants during the interview. 

This, based on their long-time experience, proved to be very relevant since they were either 

newer publications, more context specific or covered collateral aspects.  

3.3 Technologies for fluoride removal 

3.3.1 General overview 

Different fluoride removal methods have been piloted and implemented in Ethiopia by 

different agencies to address the fluorosis outreach. Technologies such as activated alumina, 

reverse osmosis or Nalgonda have been set in place, specially the last one. However, they 

have not shown long-term success due to technical limitations (skills required and fluoride 

concentration in groundwater) or they have only been used in very few sites (Datturi et al., 

2015, Fawell et al., 2006, Johnston et al.,2017). 

Regarding the adsorption technologies, all share features like being more “simple”, high 

efficiency or less O&M requirements. However, the main aspect to consider is the adsorbent 

material since from the technical perspective this will have the main impact on removal 

capacity. Several materials have been researched e.g. clays, carbon or calcium based, bone 

char, zeolites etc. (Esayas, Mattle and Feyisa, 2009, Sani et al., 2016). 

In several reports (Fawell et al., 2006; Johnston et al.,2017; Osterwalder et al., 2014; Datturi 

et al., 2015), also discussed below, these technologies have been compared evaluating their 

appropriateness and giving a guidance for decision making and factors to be considered for 

selection, always from the perspective that there is no perfect technology (Roberts and 

Johnson, 2017; Fawell et al., 2006). As explained, in this research, only the aspects related 

to adsorption ones will be covered since others are out of the scope. 

Johnston et al.,2017 and Skat Foundation, 2013 point out the importance of encompassing 

different main factors when introducing technologies to guarantee the future sustainability. 

For example, the involvement of stakeholders since the beginning, guarantee of financial 

streams, regulations and policies, considerations of O&M requirements and technical 

knowledge and skills needed, behaviour change, acceptance and user perceptions, 

affordability, availability of support and materials/spare parts, robustness and scale-up, 
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acceptability and ease of use and a long etc. It can recommendable to follow it together 

with the approach of Water Safety Plans so that not only the perspective of providing a 

scalable and sustainable technology is set in place but also the protection and provision of 

safe water for drinking purposes.  

3.3.2 Bone char 

Bone char is an adsorption porous material made of animal bones (mainly cow) which can 

absorb pollutants causing bad physical water characteristics like taste, smell or colour 

(Fawell et al., 2006). Furthermore, as well as it would occur during fluoride uptake by human 

body, the adsorption process is based on the exchange of hydroxide ions present in bone 

structures by fluoride ions so that these last ones are removed. It has been previously 

mentioned that these ions have equal charge and similar radius so that there is clear 

tendency towards the exchange. The hydroxide ions are in the main mineral from bone 

structure called hydroxyapatite (Ca5(PO4)3OH) (Fawell et al., 2006; Gómez-Hortigüela et 

al., 2014). 

𝐶𝑎5(𝑃𝑂4)3𝑂𝐻 + 𝐹− →  𝐶𝑎5(𝑃𝑂4)3𝐹 +  𝑂𝐻−  
 
Raw bones go through several processes that are shown in Fig. 6. 
 

 
Fig. 6: Bone char production steps. Source: Osterwalder and Saul, 2015 

Charring takes place during 10-14 days in kilns with low oxygen and temperature ranging 

between 300-500 ºC to achieve a proper quality. The control of these conditions is essential 

for the optimisation of the removal capacity requiring therefore high O&M skills. If 

temperature rises more than the stipulated or too much oxygen enters the furnace, the 

capacity will be reduced because the hydroxyapatite will be changed to another mineral with 

low removal rates resulting thus into worse quality (Fawell et al., 2006, Sani et al., 2016, 
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Diaz, 2017; Johnston et al.,2017). In fact, it can provide certain flavour that can cause 

rejection (Fawell et al., 2006). After the charring process, different colours of bones are 

obtained being the grey the ones with highest efficiency that could be mixed with the white 

ones that has a bit lower due to higher charring temperature. The black remaining ones 

should be put back in the kiln for the next batch because there is still organic matter and the 

burning did not occur properly (Johnston et al.,2017, Sani et al., 2016).  

The next step is crushing and sieving the bones to achieve proper size (0.4-4mm). These 

two together with the charring are crucial for the removal efficiency and therefore the 

expected water quality. Washing of the sieved 

bones starts with sodium hydroxide (6mg/L, pH 

13) to remove any organic matter left and 

continues with CO2 gas and sulphuric acid 

(Johnston et al.,2017).  

The uptake capacity is around 1.08-1.2mg 

fluoride per g of bone char being able to treat 

waters with fluoride concentrations up to 6mg/L 

(Johnston et al.,2017. Sani et al., 2016). 

However, the removal efficiency is reduced with 

the time of use until the filter material is 

exhausted. By then, the bone char must be replaced by a new batch or regenerated which 

is done using similar steps and chemicals as the washing (sodium hydroxide, water, CO2 gas 

and sulphuric acid). The residual water contains high fluoride and must be diluted or 

neutralised to obtain CaF2 disposed safely (Johnston et al.,2017, Fawell et al., 2006). 

Monitoring is crucial for these materials to be able to know when to change the filter once 

concentrations are above the WHO or national standards. Although the regeneration 

possibility is an advantage compared to buying a new one, it loses a bit of capacity each time 

is regenerated making the change of filter more frequent until it is not efficient enough. Rao 

et al., 2009 and Fawell et al., 2006 point out the possibilities of using it as fertiliser/soil 

conditioner or as medio to replace river-sand having thus less environmental concerns 

regarding disposal. A drawback from bone char is that the higher the fluoride concentration 

in the raw water, the more frequent the change of the filter will take place which will cause 

financial constraints (Osterwalder et al., 2014). 

The costs of purchasing the raw bones and chemicals as well as the operators’ salaries are 

the main ones adding to the total costs of the filter (Johnston et al.,2017; Datturi et al., 2015, 

Osterwalder et al., 2011).  

In Ethiopia, despite the ideas expressed by Fawell et al., 2006 that bone char might be 

hindered by cultural and religious beliefs, it was first introduced at household level as a pilot 

Fig. 7: Final bone char product. Source: 
Osterwalder and Saul, 2015 
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project around 2007/2008. It was changed to community level in 2009, but not just based on 

beliefs but due to challenges of villagers requiring external technical support and not having 

the needed capacities/knowledge to operate and maintain them themselves (Esayas, Mattle 

and Feyisa, 2009, Datturi et al., 2015). Oromia Self Help Organisation (OSHO) introduced it 

supported by other agencies like the Swiss Interchurch Aid (HEKS) and Eawag changing it 

soon in 2009 to community level following the experiences from the Nakuru Defluoridation 

Company in Kenya from which they started importing the filter material until they were able 

to produce it themselves in 2011 (Fawell et al., 2006,  Osterwalder and Saul, 2015, Johnston 

et al.,2017). In that year, they received funds to construct their production plant in Modjo, a 

town around 70km from Addis Ababa, with the different equipment and facilities needed for 

the processes explained above.  

The implemented design at community level is fairly low-cost using materials locally available 

(Datturi et al., 2015, Esayas, Mattle and Feyisa, 2009). Fig 8 shows the basic scheme from 

pumping station, storage to collection points.  

Fig. 8.a: Community bone char scheme from pumping point to untreated water point. Source: Datturi et al., 2015. 

 

Fig. 8.b: (continued) Community bone char scheme including pipe system to treatment tanks, storage and 

water kiosk. Source: Datturi et al., 2015 
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The scheme with two water points (treated and untreated) is beneficial from the cost 

perspective since not all water needs to be treated, only that for drinking and cooking (Fawell 

et al., 2006). Besides, the water selling points (kiosk for treated and standpoint for untreated 

one) which have the beneficial feature from the marketing perspective of selling not just safe 

water but other products which provide extra profit and encourage more the involvement of 

the water seller taking care of customers (Datturi et al., 2015). 

Further benefits are the coverage since it could serve neighbouring communities (Datturi et 

al., 2015) as well as the lack of taste and odour of water if the bones are produced taking 

care of the conditions mentioned above (Johnston et al.,2017). 

Datturi et al., 2015 and Osterwalder et al., 2011 point out the costs (initial, operational, 

maintenance, regeneration etc.) showing they are profitable (9.91 Ethiopian Birr (ETB)/m3) 

and highlighting that operation costs vary significantly depending on the leaks/breakdowns 

or use of generators/electricity for pumping. Especially the pumping source (solar, electrical 

pump, generator, windmill etc.) has a huge impact in the total running costs and savings 

collected. However, they point out that despite this profit still the filter replacement has to be 

subsidised together with the frequent monitoring. Johnston et al.,2017 reflect how the 

removal capacity is not too high especially when waters have high fluoride content which 

would lead to unsustainable financial outcomes requiring even a higher subsidy. Some 

challenges reflected from these schemes Datturi et al., 2015 are the operational difficulties, 

breakdowns and maintenance problems, insufficient funds due to the above reasons and 

sometimes water shortages. As pointed out by Fawell et al., 2006 the design with storage 

must consider the variations in demand and flow rates but still provide enough time for 

removal. Another restriction is the limited availability of raw bones (Sani et al., 2016, Diaz, 

2017), although it is true that the filter is locally available (Datturi et al., 2015; Fawell et al., 

2006).  

3.3.3 Hydroxyapatite 

Hydroxyapatite (HAp) which is the main mineral in natural bones with the chemical 

composition previously mentioned (Ca5(PO4)3OH) can be also manufactured by synthetic 

means with lime and phosphoric acid (Johnston et al.,2017; Gómez-Hortigüela et al., 2014). 

The chemical reaction exchanging hydroxide ions with fluoride ones is the same as with bone 

char. The production process consists in several steps as shown in Figure 9.  

This synthetic product has higher costs compared to bone char but also can be regenerated 

more times and has higher intake capacity (Johnston et al.,2017). Apart from that, as Sani et 

al., 2016 point out, it can be a good candidate for fluoride removal since it is not toxic and 

the smaller the particle size that can be synthesised, the higher the removal capacity. 

Osterwalder and Saul, 2015 show this better performance of HAp in their publication.  
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Johnston et al.,2017 mention that it has started in Ethiopia by OSHO and verified in the field, 

however, there is not much literature covering this technology in depth or findings from the 

field. Nothing about the implementation stage and experiences in Ethiopia.  

 

3.3.4 Zeolite (Stilbite/nano-Hydroxyapatite) 

Following the mentioned idea of the smaller the size, the higher the removal capacity, the 

Spanish National Research Council (CSIC) in collaboration with Addis Ababa University 

studied growing synthetic HAp as nanoparticles (nHAp) on the surface of a larger natural 

material called zeolite (more concretely one that is rich in calcium, stilbite). Thus, the acronym 

nHAST). See Figure 10. The idea using zeolite to support it contributes to still have very fine 

particles but at the same time avoid some drawbacks like pressure drops during filtration or 

potential toxicity (Gómez-Hortigüela et al., 2014, Sani et al., 2016, web).  The modified 

mineral can therefore remove fluoride from water 

following similar processes to the ones explained 

above. The stilbite-HAp material for fluoride 

removal is patented since 2014 by these 

institutions under the Spanish Patent and 

Trademark Office (Gómez-Hortigüela et al.,2013). 

Zeolites are used as adsorbents and cation 

exchange media for wastewater treatment. 

Although they can be synthesised in the 

laboratory, natural zeolites have also volcanic 

origins and therefore be found in Ethiopia, being 

Fig. 10: Composite stilbite and nHAp growing at 

25ºC during 19h. Source: Gómez-Hortigüela et 

al., 2014 

 

Fig. 9: HAp production steps and final product. Source:  Osterwalder and Saul, 2015 
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stilbite the purest one in this country (Diaz, 2017, Gómez-Hortigüela et al., 2014) In fact, 

growing nHAp has been tested with natural Ethiopian stilbites and also removing fluoride 

from Ethiopian groundwater. However, the scattered deposits are not being exploited yet nor 

their promising use in the WASH sector promoted (Diaz, 2017). 

This technology has advantages like no need of energy inputs, 

the synthesis is not complicated, based on natural materials which 

are available in Ethiopia, the process is carried out at room 

temperature and pH 8, which reduce the production costs. The 

removal does not involve addition of chemicals and it does not 

produce waste residues (Gómez-Hortigüela et al., 2014, Diaz, 

2017, Sani et al., 2016). Tomar and Kumar, 2013 also highlight 

the growing interest in nanoparticles for fluoride removal due to 

these advantages and specially the higher removal uptakes 

although the presence of other natural ions could affect such 

performance.    

Sani et al., 2016 compare the performance with bone char 

showing that despite the overall fluoride removal is equivalent for 

low concentrations of it, the intrinsic capacity of the 

hydroxyapatite expressed as mg of fluoride removed per g of 

HAp is much higher in the one present in the stilbite than in bone 

char (9.15 for nHAST vs. 1.08 from bone char). Therefore, it shows how this grown nHAp 

has higher efficiency compared to the one naturally present in bone char especially at higher 

concentrations of fluoride. Another advantage mentioned compared to bone char is that it 

has less expected cultural concerns and the hygienic/environmental conditions being also 

more beneficial since no organic matter, fumes etc. are involved.  

There is no specific research comparing its removal capacity with synthetic HAp. 

Currently, there are no reports about experiences with zeolite implementation in Ethiopia. 

3.4 Further research 

Apart from the mentioned researches covering technical performance and viability of different 

adsorption technologies, there are other researches that have focused on broader aspects 

such as social acceptance, user knowledge and perceptions, experiences in the field 

implementation etc. They are also relevant for this research since it aims to cover not just the 

technical or environmental side but also the social, management (including stakeholders’ 

relation and coordination) and financial factors. 

Apart from the already explained cost analysis, Datturi et al., 2015 compare the 

advantages/disadvantages of defluoridation schemes and multi-village water supply 

Fig. 11: Stilbite, nHAp and 

bone char (Top-down). 

Source: Sani et al., 2016 
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schemes. Through expert consultation, interviews with stakeholders and field visits they 

analysed both mitigation approaches in the Ethiopian Rift Valley to have an overview of their 

implementation stages, costs, benefits and vulnerabilities. Fluoride removal technologies 

(including bone char) must involve all stakeholders (including well capacitated institutions) to 

guarantee sustainability. Consultations with community and village leader groups (called 

“eders”) were done in the rural Ethiopian areas so that they could select location and method. 

They refer to Huber and Mosler, 2013 to highlight the importance of raising awareness and 

among users regarding fluoride removal options and fluorosis to increase acceptability and 

commitment. 

In that sense, Huber and Mosler, 2013 analysed the preferences of users regarding fluoride 

removal technologies in the ERV in order to have a deeper understanding of their motivations 

that can result in higher acceptability and eventually long-term use of the solutions set in 

place. They claim that introduction of new technologies must be accompanied by software 

programmes that boost all the behaviour change motivators towards low-fluoride water 

consumption for drinking and cooking purposes. Users must believe in the benefits and 

embrace the changes at the same that that the enablers must understand the aspects (social 

norms, barriers, alternatives etc.) that lead to such success.  The factors they identified by 

using the RANAS (risks, attitudes, norms, abilities and self-regulation) Method by Mosler are, 

for example, risks: the perceived consequences of the disease and vulnerability to suffer 

from it: attitude: the taste, costs or distance; norms: social approval or routines, abilities: 

perception of own capabilities to adopt new behaviour, and self-regulation: needs to maintain 

or avoid forgetting the new behaviour or available mechanisms to face the barriers. Perceived 

price, effort needed, understanding of the benefits, credibility of promotion workers and 

oblivions are crucial for the choice. They point out the importance of working on reminders, 

persuasive information and communication addressing these factors. 

The research from Melaku et al., 2000 also support this, mentioning that health education 

must target the knowledge increase, especially for a disease which is not life-threatening so 

also the socio-economic impacts of fluorosis must be emphasised.  

Besides, Mosler et al., 2017 has developed a behaviour change guidance tool for rural 

communities pointing out the importance of targeting population and behaviours to avoid bad 

practices regarding consumption of high fluoride water.   

A more holistic approach involving all stakeholders was used by Osterwalder et al., 2014. A 

multi-criteria decision analysis, more concretely ‘Multi value attribute theory’, helped 

stakeholders to weight certain attributes like affordability, acceptability (culture, aesthetics or 

solid wastes) and reliability (O&M needs) so that the decision-making for different 

defluoridation technologies could be improved. The research shows that materials available 



22 
Development of sustainable adsorption technologies for fluoride removal in Ethiopia 

locally and simple O&M are key points. Another important finding, is that they give different 

importance to the cost criteria since their roles and responsibilities are different.  

Datturi et al., 2017 and Johnston et al.,2017 indicate that the in the Ethiopian context the 

communication between stakeholders (institutions, government, NGOs, users etc.) should 

be improved. 

From the supplier perspective, Osterwalder and Saul, 2015 describe the approach change 

from OSHO who evolved from NGO to recently a social business. An evolution towards a 

business model where users are the main customers targeted per market segments after 

potential identification and not only the technology or fluoride removal is being offered but 

also capabilities and resources (services focused on delivery such as laboratory, 

consultancy, technical support, advisory regarding saving scheme etc.) that can ensure a 

positive balance of income vs. expenditures.   

The management of bone char plants in rural Ethiopia including financial streams is 

explained using a case study by Osterwalder et al., 2011. The tariff for ordinary water points 

ranges from 2-8 Ethiopian Birr (ETB) per whereas for the bone char treated is 20 ETB/ m3 

and 8 ETB/m3 for untreated which were established between the water committee and the 

woreda (district). The money is collected by two water sellers, one at the treated and one at 

the untreated point (as also shown in Figure 8). An important finding relates to the current 

tariff which is not sufficient for the system to be financially self-sustained, although their 

calculations include the investments that normally are covered by NGOs/Government 

(Osterwalder et al., 2011). Without including investment, the running costs could be covered 

with such tariff except for the filter replacement. Besides, to reduce expenditures, they 

suggest options like only one water seller or raw water sold covering all costs for all raw water 

(even the one used for fluoride treatment). The monitoring is done by OSHO although later 

this task is to be transferred to the woreda. 

It is important to mention again that most of the literature here mentioned includes more than 

just adsorption technologies by comparing their advantages/disadvantages. Furthermore, 

they compare technology vs defluoridation technologies approaches for mitigation showing 

the importance of combining this kind of strategies for fluorosis mitigation (Datturi et al., 2015; 

MWIE, 2013, Johnston et al.,2017; Fawell et al., 2006). 

 

3.5 Knowledge gap  

Many of the researches regarding fluoride removal technologies in Ethiopia have focused on 

stating the advantages and disadvantages with a STEFIE approach but not on finding the 

aspects that have potential or should be improved to scale them up. There is no experience 

reported about wide use of bone char or HAp. Hence, more information is currently needed 
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about their current status and changes over the last years to understand the reasons behind 

a wider scale still has not have been achieved despite the technology has been applied in 

Ethiopia for almost the last decade. Osterwalder et al.,2011 and Datturi et al., 2015 point out 

the financial issues which clearly have a huge impact on that. However, the study of further 

social, managerial or institutional factors can contribute to deep into it. Specially Huber and 

Mosler, 2013 highlight the value of addressing the knowledge from users regarding the 

different steps for the proper development of such technologies. 

There is a knowledge gap regarding HAp field application. Just few researches/reports 

mention it (Osterwalder and Saul, 2015; Johnston et al.,2017), but no information about the 

implementation stage and experiences in Ethiopia. This should be assessed more in depth 

with findings from the field.  

Following the sustainability dimensions and TAF, it is really important to understand the 

sustainability factors beyond the costs, user perceptions regarding the disease, O&M needs 

or further technical issues. These are crucial and have been widely studied. However, more 

studies on the management structures of fluoride removal technologies are needed, covering 

the level of involvement of the different stakeholders, their relations and accomplishment of 

their defined roles and responsibilities. Collection of their different experiences and 

challenges can elucidate the path towards development of fluoride removal technologies.  

 

This definition of enabling environment summarises how crucial it is to study the way the 

stakeholders interact and how their involvement affects the overall performance and 

development prospects.  

  

“The enabling environment is the term used to describe the broader system within which 

individuals and organisations function and one that facilitates or hampers their existence 

and performance. […] Capacities at the level of enabling environment include policies, 

legislation, power relations and social norms all of which govern the mandates, priorities, 

modes of operation and civic engagement across different parts of society” (UNDP, 2008 

p.5-6) 
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4 METHODOLOGY 

4.1 Initial assessment and outline 

This research aims to cover a wide range of sustainability aspects of fluoride removal 

technologies which carry the perceptions, experiences and knowledge from different involved 

parties. Therefore, the process of literature review was accompanied by the overall 

understanding of the stakeholders playing key roles in fluorosis mitigation in order to select 

the best methodologies to gather information from them and design the tools for that purpose. 

Following the idea of Lüthi and Yang, 2017, the stakeholder analysis led to differentiation 

between key stakeholders (government e.g. The Water Ministry through the NFMPO or other 

regional/district offices but also UNICEF, CSIC or OSHO), primary (end users, water 

committees or researchers from universities), “risky stakeholders” (local leaderships) and 

low-priority (e.g.  which could change to primary such as neighbouring villagers).  

Fig. 12: Stakeholder categories. Source: Lüthi and Yang, 2017. 

Due to the limited time and scope of this research, the focus was put on the key and primary 

stakeholders, i.e. OSHO, CSIC, Government (at federal, regional and district levels), 

UNICEF, water committees and users, which play a crucial role in the sustainability of the 

defluoridation schemes and it is essential to gather information from them. The rest of 

stakeholder categories are to be covered through monitoring or keep them informed (Lüthi 

and Yang, 2017). 

Although some information of these key and primary stakeholders involved in fluoride 

removal in the Ethiopian context has been given in previous sections, the rest will be covered 

in later ones. 

The methodologies identified to address these stakeholders were face-to-face semi-

structured interviews (SSI) but also informal interviews, observation and case study to 
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complement them and triangulate with primary data from the rural context. Literature review 

was the main method to cover technical aspects and overview the costs analysis.  

Table 1 in section 2.2 has the information about the methodologies used for data collection 

and analysis for each of the questions and objectives. During the early steps of literature 

review, the objectives and questions were also selected. From this work, the formats 

developed from draft questions for the key informants to proper SSI interviews where 

different topics were to be covered and were divided into themes. It is important to mention 

that HAp was not conceived in the first draft of this research, but its relevance and evidences 

once arrived in Ethiopia and interviewed the first key informants, led to a brief redesign 

including it in the objectives and thus in all tools and methodologies. 

The outline of this research has been since the beginning to interview these stakeholders- 

some based in Addis Ababa (Ministry, Main Regional Office, OSHO main office or UNICEF), 

some in Madrid (CSIC)- but also do some visits such as the bone char/HAp production plant 

in Modjo (OSHO technical centre) and then some communities where OSHO has the plants 

with bone char or HAp and the communities of Dida and Obe in SNNPR where the zeolite 

project is expected to be implemented.  

Due to the political situation in Ethiopia at the beginning of the year when they declared state 

of emergency several contingency plans were discussed.  

Plan A: Visit Addis (to have meetings with key informants), production plant and the rural 

communities to carry out informal questions and assess several aspects such as 

acceptability, perceptions, water sources etc. 

Plan B: Only Addis for the meetings with key informants and miss the information from the 

rural areas.  

Plan C: If the situation would have become much worse, do it from Madrid or Loughborough 

as desk study.  

Luckily, the situation was stabilised, and all interviews and field visits could be carried out. 

The technical information has been mostly gathered from the reports, researches, technical 

briefs, papers and other publications although some have been covered with the rest of the 

methodologies (see Appendix A and B). The social aspects such as acceptability, 

perceptions or thoughts from the future users to study the preferences should be covered 

with field work (observation or informal questions). 

4.2 Qualitative approach 

The topic of the research and the interest in holistic aspects to be covered with it, directed to 

a qualitative approach as best option, since perceptions and experiences are to be 
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investigated which include certain personal judgement and space to develop concepts 

(Blaikie and Priest, 2017; McIntosh and Morse, 2015). The information to be extracted by key 

informants would be best covered by semi-structured interviews whereas the context and 

reality could be understood and triangulated with field visits which include certain informal 

interviews, observation and case study to ensure the data from different sources. In such a 

way, the author was able to triangulate and validate as later explained in more detail.   With 

this last purpose, some water samples were taken. The quantitative approach was included 

with the solely aim of understanding the context for comparison and verifying the efficiency 

of the monitoring in water quality for replacement/regeneration crucial for future scale-up. 

This strategy of fitting different qualitative methods and just minimum quantitative for specific 

verification was thought from the perspective of constructing the information i.e. inductive 

logic, paying maximum attention to possible researcher bias during the whole design, 

planning and data collection process. Some measures were taken regarding that aspect. For 

example, with several questions addressing same topics, avoiding judgement and 

expressing the author’s own knowledge/thoughts during the interviews, previous work to 

understand the context/cultural rules and behaviours, know which relevant data to collect 

and always writing down the non-verbal communication when suspect of bias to be 

considered during analysis. (Fisher, 2017; Blaikie and Priest,2017; Denscombe 2007). 

4.3 Methodologies for data collection 

In this subchapter, only the general considerations about the data collection methodologies 

is explained. The details about how the tools were created and applied to the particular 

sites/key informants are explained in other sections.   

4.3.1 Semi-structured interviews/questions 

Semi-structured interviews (SSI) are significantly suitable for complex issues where data 

about perceptions, experiences or privileged information are necessary. This is the case of 

this research where the importance of gathering information from different key informants 

related to fluoride problems in Ethiopia and ensuring flexibility during the exercise lead to 

“semi-structured interviews” as the most appropriate methodology for data collection. In fact, 

this method allows the researcher to have control over the topics discussed face to face but 

can also make changes in the order, depth or even add new ones based on the information 

being given by the interviewee (Denscombe, 2007). 

The biggest challenges regarding SSI are the timing and costs as well as guaranteeing the 

proper access to these informants (Denscombe, 2007). In case of this research, they were 

contacted through email before departure to the country and then contacted again through 

phone/email for confirmation. The author appreciates the support received from the different 

stakeholders to reach one another as well as in the logistics.  
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Besides, the researcher should be aware of the effect that his/her own personal background 

(culture, gender, age etc.) can have on the interview process and thus the information 

revealed by the participant. The impact of this will mainly depend on the topic discussed and 

the kind of information the participant is being asked (confidential, private, related to income 

etc.) (Denscombe 2007). In this research, there are certain aspects such as 

marketing/business strategies, institutional involvement/government perceptions and 

affordability from users where the researcher effect should be borne in mind. Otherwise the 

quality of the data can be affected. The author did a previous assessment of the interviewees’ 

background and the issues to be covered to enhance a sensitive approach and address 

these things if necessary. Right after the presentations to create a trustful environment, the 

participants were reminded about the aspects to be discussed during the interview so that 

they could feel more confident; avoiding therefore a defensive attitude. 

Most of the SSIs were one-to-one. However, in the case of the CSIC since they belong to a 

research group, a group interview was carried out. This has the advantage of including more 

points of views in the research and open discussion which can lead to a wider opinions and 

experiences as well as more representative data. Besides, questions and answers are 

managed so that the researcher can also interact with them individually. Participants might 

feel more confident, can remind each other and respond as a part of a group rather than 

individuals. It is in general more dynamic and more prone to reflection of new ideas but must 

be properly facilitated to avoid long discussions (Denscombe 2007).   

In general, SSI have the advantages that the information and data obtained are detailed and 

in depth leading to significant insights. Interviews are relatively easy to conduct in terms of 

equipment needed and the flexibility they offer for the researcher to adapt to new opinions 

and identify new relevant aspects to be investigated. However, they might have the drawback 

of consuming time and requiring high social and professional skills from the researcher such 

as being attentive and sensitive, tolerate silences or use prompts and checks. Besides, the 

interview process can cause certain inhibition from the informants who might feel lack of 

privacy under certain conditions. However, when managed appropriately they can be a more 

enjoyable experience with more involvement from both the researcher and the interviewee 

with the extra benefit of data being validated through other methods such as observation at 

the time of collection (Denscombe 2007). 

Making notes about the non-verbal communication and context helps to gather as many data 

as possible, triangulate it and guarantee the relevance. These help to validate, extract, 

analyse or deep into new and existing knowledge (McIntosh and Morse, 2015). Through a 

written format that serves as guideline, the different questions cover relevant topics divided 

into themes directed by the interviewer. However, this format should also be followed with 

enough flexibility for both the interviewer and interviewee to focus on responses, introduce 
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new relevant points, probe certain answers and have open-ended questions for the 

interviewee to express in detail; being this aspect its main difference with other type of 

interviews (McIntosh and Morse, 2015; Rabionet, 2011). During the analysis, this flexibility is 

also taken into account when comparing and grouping the data.  

The author acknowledges the differences in the terms “semi-structured interviews” and 

“guided interviews” as pointed out by McIntosh and Morse, 2015. However, in some cases 

during the interviews, the desired flexibility in open-ended responses can lead naturally to a 

guided interview method where the questions are not in order but follow the answers given 

as per the researcher’s list/format. In this particular case, although the format is mainly SSI, 

especially during the analysis where the data were grouped by theme, some interviews 

contributed in such a way that the approach was slightly a guided interview. 

Semi-structured interviews can be designed into different typologies depending their 

purposes: descriptive, confirmative, corrective, interpretative or divergent (McIntosh and 

Morse, 2015). In this research, the typologies were mixed since the format aims to confirm 

or refute available information or assumptions, learn from experiences and perspectives, 

allow rising of new categories as well as evaluate the differences and similarities among the 

stakeholders depending their views, roles and responsibilities (McIntosh and Morse, 2015). 

4.3.2 Observation 

One method used for this research during the field visits was observation.  

This methodology involves relying on primary data sources. The data is collected from 

settings and situations that happen naturally although special concern must be taken 

regarding how the presence of the researcher can have an effect on them to avoid this bias 

as much as possible Again, aiming to eliminate or minimise those, previous literature work 

was done to understand the context and which aspects should be observed because are 

relevant and the timings, duration and people’s specific data (Denscombe, 2007).  Besides, 

all field visits were done with people familiar with the communities to introduce the researcher 

and the reasons for the study.  

Another factor related to the previous is that observation of things is subject to researcher’s 

perceptions and previous experiences. Events observed should have as little interpretation 

from the observer as possible and they must be under appropriate and precise indicators. 

They should be as easy as possible to observe so that many things are not simultaneous 

and challenging to collect the data (Denscombe, 2007). 

The sampling and schedule should be strategic in terms of covering a variety of relevant 

aspects to avoid inaccurate and unrepresentative data. The tool for the informal interviews 

and the aspects to be assessed and complement those through observation appear in next 
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section. This guide was also designed to collect information and data about the context to 

understand it as well as users’ behaviours following the idea of the research of Melaku et al., 

2000. 

The author aimed to cover different aspects that were included until certain extent in the SSI 

to triangulate the information given by key informants. 

4.3.3 Case study 

Researches developed at small-scale commonly use this method. Combining this with the 

previous ones results in more contextualised data collected which can also help understand 

the conditions under which can be extrapolated to other areas.   

Therefore, it contributes to in depth study because the research is focused on a particular 

example e.g. the experiences of fluoride removal with bone char or HAp serving for the 

development of removal with zeolite or within those previous expect similar results in others 

using same technology under same contextual conditions.  

As Denscombe, 2007 explains, case study can also be helpful to evaluate the relationships 

and processes. This is essential for validation and triangulation.   

In this particular case, it includes description of the bone char/HAp setting, assessment of 

the significant factors that might have an effect on this setting and explain the causes, 

processes etc. to compare with zeolites i.e. it can contribute to show how the implementation 

and sustainability of such technologies occur and what could be expected once the zeolite is 

introduced. Besides, in this research, the case study method has also been selected so that 

only some communities serve as examples for the general Ethiopian rural areas where these 

technologies are existing or could be brought in the future. 

The case study method is relevant provided that enough information is given to the reader 

and the limits emphasised. Data should be gathered covering physical location, historical 

location, social location and institutional location Detail explanations are expected with this 

method for the reader to judge how to fit in relation to the overall picture and how relevant 

the findings are (Denscombe, 2007). 

4.4 Data collection tools: SSI and field visit formats. 

4.4.1 SSI 

A total of seven SSIs were carried out for this research: one with CSIC, two with OSHO, two 

with the federal government, one with regional government and one with UNICEF. The 

detailed formats are in Appendix A. More details about the stakeholders are given in chapter 

5. 



30 
Development of sustainable adsorption technologies for fluoride removal in Ethiopia 

The process of construction of these SSI formats had several steps. First of all, the initial 

literature review helped to create certain draft questions already targeting the different 

identified stakeholders. The research questions outline also served as a guidance to design 

the more specific ones. 

The overall structure recommended by Denscombe, 2007 has been followed in the case of 

the formats used in this research (Fig. 13)  

The interview starts with explanations 

of the aims of the research, the 

author’s interest in the topic and 

further formalities about paperwork, 

consent, check the recording device, 

discussing confidentiality etc. 

Then it moves towards background 

information and “easy” questions e.g. 

roles and general information about 

the interviewee and 

institutions/organisations they work 

for. In such a way, interviewer and 

participant can break the ice.  

This is followed by the core questions 

covering the crucial topics for the 

research guided by the different categories presented in the analysis tools and sustainability 

frameworks. During this part it is where the researcher must use the skills explained in prior 

sections, use triggers and identify inconsistencies or pleasing answers, follow the time etc. 

(Denscombe, 2007). 

Finally, invite the interviewees to raise new points not yet covered and closure the interview 

being thankful to the interviewee or participant.  

For the core questions, the SSI were designed considering the aspects described by 

Denscombe, 2007) but also developed including certain probes or sub-questions 

(Denscombe, 2007; Rabionet, 2011).  

The SSI was constructed dividing it into different themes where related questions were 

included (see Appendix A) as per the outline described in the SAF/TAF framework. These 

themes were identified after literature review or previous discussions with key informants 

considering the limitations and scope discussed in early sections. The questions were written 

being precise and avoiding covering more than one aspect (McIntosh and Morse, 2015 

    Introduction 

 

General and background information 

 

CORE QUESTIONS 

 

    Closure 

Fig.13: Overall structure for SSI format. Inspired by 
Denscombe, 2007. 
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referring to Berg,1989) as well as in a logical order covering more general, core aspects and 

eventually more future/strategic things at the end (McIntosh and Morse, 2015 referring to 

Leech 2002). 

Some trials of the SSI served as review. Therefore, re-wording of terms and questions was 

done after first interviews with key informants. In such a way, the interview process could 

serve itself as a learning procedure and slightly modified to incorporate to the following ones 

new rising concepts or ensure that the meanings could be shared between the different 

stakeholders if doubts were identified. For example, including more questions about HAP 

including the knowledge about this technology by the community or changing questions such 

as of typology: “Why do you pay for water” to “Do you know what it is the money used for?” 

to assess the understanding of reasons to pay for treated water and having such tariffs.  

All the interviews either SSI or informal were done face-to-face so that both verbal and not 

verbal communication could be considered, and the flexibility guaranteed facilitating 

clarifications, gesture communication, visual aids or new questions (McIntosh and Morse, 

2015). This resulted crucial in many cases, especially during the field visits with the presence 

of the translator. It is important to mention the limitations of researcher-translator-interviewee 

process and the influence that the presence of both and the translation process (words and 

length used) can have on the responses given and general understanding. However, this can 

both act with pros and cons being on the one hand positive for a more ethical research and 

emotional communication but on the other hand can introduce certain bias (McIntosh and 

Morse, 2015). 

4.4.2 Field visits 

A total of eight sites were visited: bone char/HAp production plant, three sites in SNNPR (two 

villages were zeolite is going to be implemented and a village with bone char) and four sites 

in Oromia region (two with bone char and two with HAp). The detailed format is in Appendix 

B. More details about the sites given in Section 5.6. 

The cases studies presented in this research have been agreed and selected by the 

researcher, OSHO and the water offices from the district ensuring their relevance for the aim 

of studying the development, sustainability and scale-up possibilities for bone char, HAp and 

zeolite systems in Ethiopia. First, as explained in the scope in Chapter 2, the research is 

focused on rural areas and this is the main overall case choice. Within it, the decision of more 

specific case studies is based on the working areas of the key informants (few villages in 

Oromia Region and SNNPR) as well as the areas where fluoride and fluorosis are relevant 

as presented in previous sections. Logistics and feasibility of access within the available time 

to those places and implementation stage of the technologies. 
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Further selection criteria are: type of technology used (to cover both bone char, HAp and 

future sites for zeolite), accessibility, proximity between each other and case of being 

implemented by OSHO vs case of implementation directly done by the government.  

Apart from the data regarding physical, geographical, social or institutional locations as 

suggested by Denscombe, 2007 the tool aims to cover the different stakeholders based in 

the community or working closely with it i.e. District water office, water committee, water 

seller and end users.  

Due to the above reasons, it is believed that the selected cases and visited villages, aiming 

to cover different adsorption technologies implemented (or about to be implemented) at 

community level, can be representative. Despite having some particular circumstances that 

are specific to them (such as fluoride concentrations which vary or type of pumps), they are 

under similar context, social and administrative structures, availability of materials etc. so 

that it is believed that it can be generalised for other similar situations. In fact, even the 

particular circumstances can help as example on what to expect for other locations where 

they also occur. 

However, the author acknowledges that the time limitations led to being able to collect just 

overall information about these aspects in Appendix B, in some cases dependant on the 

presence of users/water committee members/sellers etc. 

4.5 Methodologies for analysis 

The methodologies in this section have helped the research not just at the analysis stage but 

also to design the data collection tools. Hence, the strategy for data collection was directed 

towards covering the different categories included in the assessment frameworks and 

analysis tools.   

4.5.1 SWOT Analysis 

The main methods used to compare the adsorption technologies under the scope of this 

research is the Strengths-Weaknesses-Opportunities-Threats (SWOT) analysis consisting 

on identifying the different features of each option and grouping them according to each 

mentioned category. It is a method widely used to carry out an evaluation of advantages and 

disadvantages with a more developed strategic approach by taking also into account the 

external environmental factors that can have an impact on those and thus should be acted 

upon by monitoring or boosting (Piercy and Giles, 1989; Helms and Nixon, 2010). 

It is an easily understandable tool that can result in a deep and strategy-focused analysis 

presented in a very comprehensive manner. Besides, they have the advantage of gathering 

together quantitative and qualitative aspects (Piercy and Giles, 1989). However, it is 

important to guarantee they have a clear focus and it has the disadvantage of relying on the 
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discipline, skills and variety of perspectives of the people helping to develop it which is also 

limited by the time invested (Piercy and Giles, 1989; Helms and Nixon, 2010). The process 

of categorising each characteristic into each option and differentiating between internal and 

external aspects can also not be that straightforward (Helms and Nixon, 2010). 

In this case, the focus is on evaluating a particular technology after gathering the different 

points of views from stakeholders and finding evidence in the field with case studies. 

Eventually, it has the overall objective of analysing the potential and hindering aspects that 

can have an impact on their future development. 

4.5.2 Sustainability assessment frameworks and tools 

The analysis has been complemented with sustainability assessment tools and frameworks.  

There is a wide range of sustainability frameworks to assess WASH interventions. However, 

each of them targets different audience, has different objectives, relies on different tools and 

is meant to be used by different stakeholders in the sector since each are designed to 

produce different outputs and focus on different sustainability aspects (Schweitzer, Grayson 

and Lockwood, 2014).  

The time frame for this research has been highly limited. Therefore, none of the sustainability 

analysis methods has been applied fully. They have been used to have an oriented-overview 

towards the sustainability dimensions (financial, social/equity, environmental, 

technical/functional and institutional) and use these to create themes for analysis. 

Fig. 14: Sustainability dimensions. Source: DFID, 2013. 

▪ Functional sustainability - ensuring services remain operational in the long-term, including 

aspects such as appropriate design, quality of construction, the availability of spare parts 

and, supply chain development. 

▪ Institutional sustainability - ensuring organisations and structures (public, private, 

community) are in place to support functional, financial and environmental sustainability, 

and that these are aligned with country norms.  

▪ Financial sustainability - ensuring that funds collected will be sufficient to meet annual 

recurrent and periodic costs. 

▪ Environmental sustainability – ensuring assessment of the impact on water resources 

(including groundwater) and of the potential impacts of climate change, building climate 

resilience and adaptation into the design of technology or systems. 

▪ Equity – ensuring that vulnerable groups are benefiting from the interventions and 

understanding whether there is any exclusion. 
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Sustainability Assessment Framework (SAF) developed by DFID, 2013 provides a 

description of the different dimensions around which sustainability should be measured to 

aim a holistic approach (Fig. 14). 

This method has been extended with the Technology Applicability Framework (TAF) 

developed by RWSN and WASHTech (Skat Foundation, 2013), which, on the one hand, puts 

a bit more emphasis in the legal environment created by the organisations as well as the 

social acceptance from users and, on the other hand, adds a new dimension related to skills 

and knowhow i.e. in other more general context referred to as capacity. It is a tool that aims 

to assess a technology’s scalability and sustainability potentials learning from the 

experiences in a specific context.  Despite this tool would have been most suitable for the 

objectives of this research, its participatory approach with workshops, focus group 

discussions and scoring tools requires long time and resources which is not the case.   

Therefore, it has not been used step by step but as a framework for the overall research 

(from design and data collection to analysis). TAF can be used for both technologies that are 

in pre-implementation stage or to monitor during and after implementation. (Skat Foundation, 

2013). The indicators presented in the TAF have also been followed as a check-list for the 

analysis (Fig. 15). 

Fig. 15: Indicators for sustainability. Source: Skat Foundation, 2013. 

WASH-BAT is a similar tool developed by UNICEF and the World Bank with more indicators 

and a software scoring tool aimed to remove barriers towards sustainable WASH services 



35 
Development of sustainable adsorption technologies for fluoride removal in Ethiopia 

(Schweitzer, Grayson and Lockwood, 2014; UNICEF and World Bank, 2018 p.86-87). In this 

case, it has only helped to include new analysis themes like coordination (joint planning, 

implementation, or proactive information sharing) and decentralisation (distribution of 

resources and functions) which add to the management perspective (UNICEF and World 

Bank, 2018 p.86-87). 

4.6 Ethical considerations, triangulation, validity and reliability.  

The ethical perspective of the research must include the consent of the interviewees so that 

they can state that they are voluntarily contributing to the research and their understanding 

of its purposes. The data and information gathered from the interview can be used on the 

record and for the record unless the interviewees explicitly say otherwise (Denscombe, 2007, 

Rabionet, 2011).  

In that sense, the formats and topics to covered were shared with the participants prior to the 

meeting so that they could agree and have enough time for preparations if needed. The 

starting point of each SSI consisted in the reading of the participant information sheet and 

signing of the informed consent where they could confirm that they read their rights, options 

to withdraw, use of information and scope/purpose of the research (Rabionet, 2011) The 

ethical approval number is MS_4556 and the statement is attached as a copy from an email 

in Appendix C. 

The core aspects of validation, triangulation and reliability has been mentioned throughout 

the dissertation. The use of different methods helped the author to validate and triangulate 

certain data. Some questions (and related answers) were included in the information to verify 

in the field by using observation. Hence, field visits helped to find evidence. Another method 

used was to include similar questions to different key informants or stakeholders so that the 

data could be cross checked. 

This approach also helped to contrast the different perspectives from different participants 

depending on their role of involvement, responsibilities or knowledge regarding a same topic.  

Mixed qualitative methods and including just a simple quantitative method (water samples 

analysis) helped to verify the data and analyse the real context, contrasting it with the rest of 

information gathered by the author or given by informants. 

The reliability can be supported by these facts and the interviews and field work 

encompassing the different administrative levels and stakeholders crucial for the 

development and sustainability of the technologies included in this research. Besides, all 

interviewees are relevant stakeholders.  

The data included in this research are the ones that the author has been able to verify from 

different sources to ensure their reliability.  
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5 RESULTS 

5.1 Introduction 

The data collected with the methodologies explained in Chapter 4 is presented here. Sections 

5.2 to 5.4. address Objective 1 completing the experiences and practices of bone char and 

HAp as well as the enabling environment and stakeholders that have made able its 

implementation. Objectives 4, 5 and 6 are also partially covered with these sections which 

will be completed with the analysis chapter. Sections 5.5 aims to complete Objective 3 

regarding the experiences with zeolite. Section 5.6 aims to add to Objectives 1-6 with 

evidence from these technologies in the rural Ethiopian context. Finally, section 5.7 

addresses Objective 2, 5 and partially 6 regarding the strategies and sustainability aspects 

for scale-up and development of these technologies which will be completed again within the 

next chapter. 

A colour code has been used to present the comments from the different stakeholders in 

speech bubbles: 

 

5.2 Enabling environment for technology implementation. 

5.2.1 Background 

Eight million people in the ERV are estimated to be affected by fluorosis due to the high 

concentrations of fluoride coming from volcanic rocks in the area and thus naturally 

contaminating groundwater (Tekle-Haimanot et al.,1995, Datturi et al., 2017). Especially in 

the rural areas where they rely on 

groundwater the risk exposure is very 

high (MWIE, 2013). As explained in 

section 1.3, this situation led to several 

stakeholders such as OSHO, UNICEF 

and the NFMPO to address the problem. 

The creation of an enabling environment 

through legislations, research, 

mobilisation of stakeholders aimed to 

mitigate the water quality problem and 

meet the standards from the WHO. 

“Although NFMPO started with 

an integrated approach, now 

just focuses on the fluoride 

intake from drinking water, with 

main strategy of finding 

alternative safe water sources 

and otherwise implementation 

of removal technologies”. 
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Therefore, among the stakeholders involved in this, UNICEF has supported the study of the 

magnitude of fluorosis in Ethiopia for several years. Prior to identify and propose solutions, 

there was the need to understand the problem and how to support the mitigation. UNICEF 

has supported the government through WASH programmes and supported pilot projects. 

They capacitated the government by sharing experiences and knowledge from India in 2007 

highlighting the importance of an integrated approach considering not just water, but food 

interventions. For that purpose, they organised a National Workshop that year and did more 

specific food studies in Ethiopia. UNICEF also supported the creation of the NFMPO that is 

nowadays leading the fluorosis mitigation.  

Some of the selection criteria for pilot projects used by UNICEF are also shared with the 

ones used by the government e.g. access to roads, level of fluoride and stage of technology 

or occurrence of fluorosis. 

The context of the origins of the NFMPO has been also explained in section 1.3. It is an office 

within the Ministry of Water and Energy, but there are regional offices where there is a focal 

person responsible for the overall water quality. 

The mapping of fluoride distribution and alternative sources included in MWIE, 2013 

published by the NFMPO in 2011 helped back then to understand the context within the ERV. 

However, it has not been updated ever since. Besides, there is no official mapping of the 

technologies being used. The interviewee from NFMPO pointed out how an update would 

show if the prevalence is being reduced, especially now that OSHO has been working since 

that previous mapping was done.  

In addition to these enabling bodies, the Oromia Science and Technology Development 

Agency (OSTDA) has been recently established in 2017 as a wing from the Science and 

Technology Ministry to serve and act as regulatory body in this sector in Oromia region with 

focus on capacitating, teaching and rising awareness within regional people in technologies 

and science. Due to its recent creation, some of the questions could not be covered or were 

out of scope. 

Although still at planning and drafting stage, OSTDA expects to work with the Water and 

Mineral Office (the one that has been involved until now since projects can either be 

registered at regional or national level) and the Environmental Protection Office to embrace 

a holistic approach for fluorosis mitigation.  

OSTDA aims to support fluorosis mitigation by the dissemination, implementation and 

research on existing fluoride removal technologies but also looking for new ones at 

household, community or larger scale although this is in review phase so more specific 

objectives will be set once the agency is settled and the resources allocated. They have not 

yet drafted a document as package of technologies to be used in the region and they are 
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starting by addressing fluoride impact from an environmental approach as a general 

objective. 

5.2.2 Regulatory framework 

The regulations regarding fluorosis mitigation have been mentioned in Section 1.3. 

Generally, there are regulations at regional and federal level addressing water quality 

following the WHO standards, however, as pointed out by some interviewees not much has 

been done about creating specific policies aiming to promote defluoridation technologies or 

regulate their implementation.  

 

5.3 Management structure: stakeholders’ roles and responsibilities 

Fluoride removal technologies require the mobilisation of a variety of stakeholders for their 

appropriate implementation and development. The stakeholder analysis was explained in 

Section 4.1, but this section aims to study more in depth their roles and responsibilities, 

gather the perceptions they have from each other as well as the relations and mechanisms 

they have to interact.  

5.3.1 Community 

The community is involved since a preliminary meeting where they are sensitised about the 

problem related to water and asked to commit with the management (through the water 

committee) as ultimate owners of the scheme with the support of the local government. They 

have the roles and responsibilities of small daily maintenance and management for which 

they receive a training after the installation and two water sellers are hired for treated and 

untreated points. This management system is similar to the water committee-district system 

already set in place for the untreated centralised water points.  

5.3.2 NGO 

There are two approaches resulting in differentiated roles for OSHO. First case, they 

approach the community as implementing NGO establishing the management system, doing 

“There are general regulatory mandates on the way the 

technologies must be applied and transferred so every 

implementing body should at least consult us; however, there 

is no specific ones for the current fluoride removal 

technologies. We should prepare more detailed policies”. 
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community awareness, facilitating between community-district and doing the 

installation/construction with later technical support and maintenance. This last will be 

handed over to the community, especially to facilitate the replacement of media. After project 

implementation, the technical role of OSHO is for water supplier of filter material when hired 

by community every 8 to 12 months depending the context and water quality testing. This 

monitoring role was done quarterly but with the accumulated experience changed to every 6 

months. 

Second case, they act as filter supplier contracted by the Ministry and technical adviser. In 

this last, they are the contractor to bring the technology and capacitate the implementer to 

sustain it. They give technical advice in terms of quantity of filter needed and life span based 

on demand or fluoride concentration. As explained previously, the Ministry includes the 

replacement for two years in the first payment and gives time to the community to save during 

that period for the future ones. Further occasions where OSHO has taken the role of supplier 

is with external clients e.g. Child Fund and Christian Service International. 

5.3.3 Government 

From the management perspective there are no big differences between registering projects 

at regional or federal level. The interviewees just mentioned that the bureaucracy at regional 

level can be less tedious and the process speeded up. However, the resources that can be 

allocated and reach obtained are more limited regionally.    

Ministry through the NFMPO: The experience and knowledge of the government with the 

fluorosis and fluoride problems is wide and began long time ago (MWIE, 2013). Now the 

federal government seems to have a more involved role not just for project approval, piloting 

but as implementer selecting sites, purchasing filters and launching tenders for construction. 

Since there is no implementer, the monitoring role previously done by OSHO is allocated to 

the NFMPO.  Besides, since the creation of the NFMPO they have the overall role of 

awareness within the country. 

Region through the OSTDA: Coordinating role with other stakeholders and regional offices 

but also dissemination, implementation and research on existing fluoride removal 

technologies as well as searching for appropriate new ones. One key role aimed to be 

boosted through their capacity building department is the increase of knowledge, give 

orientations towards technology attitudes, awareness and capacitation of the people. They 

also share the regulatory and policy making role with the rest of regional offices and the 

ministry. 

Since it has been recently created, they are not completely engaged with their roles. They 

aim to start by assessing the current technologies and alternative ones until they can support 

them. Presently, the potential incentives need to be evaluated and funding to be sought. 
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Then, the office could be more involved in checking and testing technologies to eventually 

promote them to the federal government for funds or bring them to implementing NGOs.  

The woreda or district water office has a supervising and controlling role, especially from the 

financial transactions with the bank account and more important maintenance needs of the 

system that are not a filter (which is OSHO’s responsibility). Sometimes big maintenance 

costs must be paid and shared between the government and the community. The woreda 

also contacts OSHO for replacement after receiving the petition from the water committee. 

In case OSHO acts as implementer, the handing over from OSHO to the community and the 

district/zone is approved and certified by this last one, acknowledging that it is functional.  

The woreda has its own broad water quality data and mapping, but they do not have the 

financial and knowledge capacity to select the technology, which was corroborated during 

the filed visits (Section 5.6).  

OSHO and the federal government aim to pilot a project of capacity development where the 

role of monitoring the water quality at sites could be done by the woreda which would be 

equipped with testing kits, but this has not started yet.   

5.3.4 UNICEF/International agencies  

Some of the roles of UNICEF have already been mentioned such as supporting research 

and capacitating the government. The role of UNICEF implementing technologies focus on 

the piloting stages, afterwards it is the responsibility of the government the management and 

scale up of these. 

They adopt the role of supporting the overall fluorosis mitigation from different approaches. 

Currently, they are supporting research on another technology based on electrodes coming 

from NEERI (National Environmental Engineering Research Institute) in India but parallelly 

supporting the finding of alternative water sources for multi village water schemes. For 

example, identifying low fluoride and high yield wells.  

UNICEF has also the role of advocacy and government advisor as well as the important role 

of funding WASH programmes e.g. the CWA with other international agencies. 

5.3.5 University, researchers and academic sector  

The role of university is focused on research that contributes to the better performance of the 

implementers, look for new technologies or alternatives and support decision-making with 

evidence. For example, OSHO would like to collaborate with Adama Science and Technology 

University on optimising and improving bone char and HAp, hybrid systems etc.  
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5.3.6 Private sector 

All interviewed stakeholders highlighted the importance of engaging the private sector, a 

perspective just partially taken by OSHO as filter supplier and technical adviser. Although not 

established yet, there could be a room in the supply chain if the incentives are promoted by 

government and it changes to more profitable case with more creativity and innovation. For 

example, there is currently only one production plant in one location, but more could be 

located closer to certain areas. It can be essential for the financial management and 

performance, even from the transparency perspective. 

Therefore, the private sector could play important roles in manufacturing, technical support, 

construction and installation, consultancy service etc. However, the room should be 

prepared. 

 

5.3.7 Overall management structure and stakeholders’ relations 

Fig.16: Stakeholders’ roles and responsibilities and management structure in Ethiopian 

defluoridation schemes.  

Fig.16 shows the stakeholders involved in fluoride removal technologies in Ethiopia with their 

roles and responsibilities, considering the incorporation of the private sector in the future as 

well as the current relations and partnerships that are expected to come in the future which 

are explained in this section.    
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The proper relation, coordination and communication between stakeholders is essential to 

achieve the overall targets of sustainability of fluoride removal technologies.  

OSHO is working on a MoU with key stakeholders. However, there is only an official MoU 

with the community and district after handing over, related to O&M but nothing within higher 

administrative levels. With the Ministry, only contract-based agreements have been achieved 

following the purchase regulations. During the creation of the NFMPO, OSHO was 

recognised as ministry partner and key stakeholder but never formalised with documentation. 

The NFMPO has no MoU with any stakeholders, just agreements with other implementers 

when registering their projects e.g. with CSIC for zeolite. OSHO’s projects, i.e. as 

implementers, are focused on Oromia region. Thus, they sign their projects with the regional 

office.  

OSTDA is drafting an MoU with Adama University and Jima University to work with the 

regional problems which require application of technology. They also are working in the 

coordination agreements with other regional offices.  

Regional steering committees where the regions could coordinate the interventions and the 

districts elaborate the work plans was the initial idea, but it has not been strictly followed. 

Besides, there is no current demand for solutions unless they come from these administrative 

levels.  

 

The NFMPO is working in 

collaboration with the 

region to do more 

awareness and 

workshops since this last 

is the responsible to 

transferred to lower levels 

and it is autonomous as 

per the current 

decentralisation policy in 

Ethiopia. Therefore, they are autonomous to make their decisions (such as in some cases 

closing water points with fluoride concentrations of 9mg/L but this measure is not stated in 

any current regulation and could bring issues with the communities if no other water 

alternative is provided). The evidence was found during the filed visits.   

“One problem affecting the stakeholder 

relations is that they do not know the 

work of each other or how to reach each 

other. It is the issue of all departments 

and we could have synergic effects. We 

are now trying to coordinate this”  
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Now the Government has the role of implementation and establishing the work plan. 

However, the handing over of technology and management is done to the woreda after the 

project is similar to what OSHO previously did.  

 

 

 

However, the role of the NFMPO to provide trainings to other administrative levels found 

challenges such as low attendance and interest.   

Site selection for removal technologies is done by the regional and woreda administrations 

based on the current fluoride distributions map and the mandates of the NFPO. For example, 

the NFMPO dictates that they want to implement bone char or HAp with fluoride ranging 

between 3-8 mg/L and the woreda selects the most preferable place. Prior to selection of the 

technology, the water committee is consulted. 

The coordination between involved ministries (water, health, labour etc..) as well as inside 

the Ministry of Water between the water quality division and the NFMPO still needs to be 

improved and guidance to the measures taken seriously. Besides, some interviewees 

pointed out that the dynamic change of leaders within the operational departments has an 

impact on the priorities which change with the individuals.  

“The NFMPO as an implementing 

agency is the wrong approach. Only as 

piloting agency, technical support, 

monitoring, guidance, finance support 

or regulatory body, but not 

implementing. […] This should be 

shifted to region or woreda. If these 

roles are clear, then they can plan and 

implement themselves.”- Int.1 

 

“The local government is yet 

not strong and still need 

capacitation to be able to 

move from the donor 

approach to a more 

independent implementing 

and planning role. The 

federal government can 

capacitate that.”- Int.2 
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At community level, the water 

committee members and district 

office sign an MoU where they 

agree on their roles and 

responsibilities and have follow-

up meetings every two months. 

Their relations are detailed in 

the next section.   

Several interviewees recognised the 

importance of improving the enabling 

environment for stakeholders to fulfil their 

expected roles. They pointed out that there 

are some obstacles about the current management system specially because of the 

implications of the water committees which act as a voluntary service becoming not active in 

certain cases (the evidence was found in the field). More monitoring from the government 

administration and a proper legislation of these groups (called “WASH-Co Legislation”) is in 

progress to make them more efficient and established them as an institution. In addition, the 

regulation of private sector will contribute to improve the enabling environment by engaging 

other actors.  

 

“It has been done enough in terms of 

research and understanding even with 

pilot projects. It is important to develop 

and scale-up as a programme, but the 

leadership and management should 

be strengthened, fluorosis prioritised, 

and initiative should be taken by the 

government. Government has the 

responsibility of rising proposals and a 

proper monitoring of outcomes should 

be established”.  

” 
“It is essential to encourage 

Multi Stakeholders Forums 

(MSF) for them to discuss and 

identify sectoral issues 

because more influence among 

involved parties is needed”. 

 

“There is a weak link 

between the government 

and the private sector. But it 

could add changes if 

redefined”- Int.1  

 

“Just recently the PPP (Public-

private partnership) regulation 

has already been approved by 

the government. Private sector 

will have more opportunities to 

incorporate in the future”- Int. 2 
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5.4 Experiences and practices of bone char and HAp for fluoride 

removal: perceptions from the NGO, government and 

international organisation. 

Bone char and HAp technologies have been grouped together in this section because, 

despite being a different filter material with some differentiated technical and social aspects, 

they share many things like management and financial structure, plant design, supplier and 

similar production capacity. Besides, it was interesting to present comparisons and cover the 

general overview from the stakeholders that act as enablers for both. More detailed analysis 

of the specific features related to one or the other is done in Section 6.2.1.  

5.4.1 Technologies implementation background 

Most of the background information about OSHO as key player has been explained in 

chapter 3. They are transitioning to social business to avoid fully depending on donors, 

although still they get funds from them to be sustained. The pilot project in 2007/2008 with 

150 Household filters aimed to test efficiency of bone char under the ERV conditions and 

assess the social acceptance of bone char; thus, verifying the extent of the cultural issues 

reported in literature in the previous years. OSHO discovered there were no especial issues 

with acceptance or religion.  

The decision for that came after an 

assessment of other technologies used in 

Ethiopia (activated alumina and Nalgonda) 

which proved not to be sustainable, so bone 

char was a less complicated option.  The 

scaling-up to project and programme phases 

was supported by HEKS and Eawag, starting 

also the production in Ethiopia instead of 

importing it from Kenya and changing the 

approach to community based because 

“With monitoring and training programmes, communities can 

be explained how the bones are converted into an inorganic 

material. […] Previously reported problems came from places 

where bone char was produced in the community with no 

proper conditions that led to colour/taste in water and 

eventually rejection” 

 

“Scaling-up came in 

because no other 

organisation was fully 

engaged in fluoride 

mitigation. OSHO was 

the only one with 

production facility and 

filter implementation”. 
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implementing HH filters was more expensive especially in terms of monitoring costs. Besides, 

operation and management structures are different e.g. water committee handling payments 

instead of each HH its own filter if affordable, which seemed better from the NGO perspective.  

OSHO established two separate lines: donor-based field implementation to scale up the bone 

char and income generating activities to sustain the production and strengthen the 

implementation. Particularly, even though they are focused on Oromia due to their resources 

and their scope, they have sold the product for communities in other regions.   

In 2014, they received funding 

from USAID to introduce 

hydroxyapatite (HAp), a 

technology developed in 

Germany, in addition to bone char 

also at community level. Since 

then, OSHO has implemented 

both filter materials reaching up to 

24 communities (around 5 or 6 

with HAp) in four Districts.  

The selection of their sites has 

been based on the following 

criteria: accessibility for the 

construction, higher knowledge/awareness, severity of the problem, power source (which 

influences the running costs) and commitment of the community. 

5.4.2 Technical and social aspects 

Most of the technical and social aspects have been covered with the literature review 

(Sections 3.3.2 and 3.3.3). One of the mentioned challenges for both bone char and HAp are 

the fluoride concentrations. If they are too high, other technologies such as reverse osmosis 

are preferable or they will not be cost-effective. The design of the scheme (Fig. 8) is generally 

uniform and follows estimated capacity of filter material, the replacement frequency needed 

and the daily water consumption. The system requires fast flow for a proper treatment which 

can discourage people to wait to collect water. The bone char or HAp system is designed for 

a number of 250 HH and the treatment capacity is for a maximum of 7m3/day which can 

result in limitations if the demand is higher.  

The production of good quality bone char and HAp requires experience and technical skills, 

however, the production conditions of the first makes it more challenging to achieve a uniform 

quality. The process of charring is controlled by operators and selection of bone chars with 

different colours (with the different outputs as explained in section 3.3.2) is done manually. 

“HAP introduction came from the 

limited removal capacity of bone 

char when groundwater has fluoride 

>5mg/L which is frequent in the 

ERV. The more frequent 

replacements required in such 

cases would lead to financial and 

technical challenges.”   
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Only the quality of the process has an impact on the quality of the product, but not the origin 

of the raw bones.  

There are manuals for production of bone char and HAp (i.e. operation) adopted from 

Nakuru. However, for daily maintenance and security there are no manuals. Laboratory 

manuals are also needed to be developed to support testing of both technologies. In addition, 

end of use is still something that should be researched to assess what to do with the wastes. 

OSHO is looking for technologies to see if it can be reused as fertiliser although so far it is 

just being dumped.    

Regarding the production chain, the capacity limitation has led to delays on delivery of filter 

materials in certain cases until they were produced. Besides, the regeneration process can 

be done around 2-3 times because beyond that the requirement of chemicals is high and 

becomes thus as expensive as a new batch. However, there are no researches proving the 

total times of regeneration or the level of reduction in uptake capacity during regeneration 

periods. More researches regarding that could help to identify optimal replacement times. 

Besides, the NFMPO has no mapping of technologies. The interviewees from the 

government identified this as a technical gap to develop with active partners as well as the 

lack of technical standards e.g. in material for storage tanks, structures used, O&M, bill 

collection and payment options etc.  

Additional influencing social aspects affecting both are the perceptions of vulnerability. 

Encouraging communities where they have not really seen the problems, or these appear in 

several years becomes challenging. If they do not acknowledge the risks, they will not 

demand HAp or bone char.   

“It takes a long time working with the communities to increase 

the knowledge and convince them from the safety of bone char 

[…] Explanations about the source of material e.g. that comes 

from a slaughter house with sanitary certificate, type of animal 

and slaughter process to avoid religious concerns e.g. only use 

cow; nature of material after being burnt e.g. it is just inorganic; 

the taste which is more psychological because they expect a 

change […] We do demonstrations and after experience using 

it they get used and accept it”-Interviewee 1 
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5.4.3 Financial aspects 

OSHO is working with Eawag to improve the business plan but also standardised the 

manuals (including regeneration, O&M etc.) of bone char and HAp; Besides, develop 

manuals in local language covering the tasks of interest for the water office with could enable 

them to be more independent in management and have the financial knowledge.  

The financial management at local level relies on the bank account owned by the water 

committee and the local government (woreda). The committee deposits money every 

week/15 days after collection from the site. They must get approval from the woreda office if 

they want to withdraw it for maintenance or other needs. 

Towards the social business approach to sustain the organisation, there are some changes 

in OSHO in terms of having at least a little margin of profitability. Production costs of bone 

char are 35 ETB/kg and HAp are 90 birr/kg (considering running costs, labour etc.) and they 

are sold at 55 birr/kg and 120 ETB/kg respectively which include also the taxes. CapEx is 

covered by NGO/Government projects. 

Despite some of the chain costs could be reduced by local production of bone char, an 

external supplier would, first of all, ensure the quality of the product and secondly avoid the 

community from daily seeing the bones which could eventually result in certain slippage on 

acceptability. HAp local production is not technically feasible because of the chemicals and 

skills needed.  

As mentioned in the literature review, interviewees also point out clearly that running costs 

of the pumping system or power source such as fuel added, to the filter cost can bring 

challenges to generate enough income and demotivate the community to pay more per 

jerrycan.  

“Production capacity of bone char 

might be hindered by cultural 

beliefs. Maybe synthetic ones could 

have more promising results being 

easier to expand to a larger scale, 

although it is true that these are 

more expensive”- Int. 2 

 

“For HAp it is easier because it 

is synthetic, so many people 

prefer that even being more 

expensive. Demand is 

increasing towards HAp which 

adds to the advantage of higher 

uptake capacity”- Int. 1 
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Therefore, awareness includes not just fluorosis, but also importance of paying for water, 

regeneration or monitoring.  

The tariff is not set by the federal level but the lower administrations i.e. the district water 

bureau and the water committee (just facilitated by OSHO) and, as explained in the literature 

(Ostwerwalder et al.,2011, Datturi et al., 2015), it mainly aims to cover running costs. Hence, 

both of the technologies seem to work financially, but in practice they are not affordable since 

the communities do not pay in full. These last have to rely on subsidies from the supplier. 

The money collected from the community is at least enough for OSHO to cover the raw 

material costs and then the rest should be covered from other means like projects or external 

funds from other clients.  As pointed out by the interviewees, concentration higher than 5mg/L 

need subsidy at communities, whereas 

full business case can be feasible for 

institutions. OSHO is working on the 

finance to both analyse the money that 

the community can generate and the 

minimum that should be collected.  

 

“When they see you as an NGO. They 

may still ask why to pay. You must 

explain and convince them. However, 

they always pay for water in the 

untreated centralised points”-Int.1  

 

“Another issue with the 

NGO mind set is the short-

term/project approach. 

Business would think 

long-term”- Int. 2. 

 

“Community is paying back 

around 20%. However, they pay 

flat rates; Hence, despite the 

regenerated is less expensive 

than the newly produced, OSHO 

maintains the same price. In such 

a way, OSHO can recover a 

higher percentage and 

compensate.”- Int.1 

 

“The problem with the current level 

of awareness is that if the tariff is 

increased for the treated water they 

might shift for the untreated one […] 

We are working with OSHO on 

different tariff modalities […] Starting 

with same price for both and then 

start adding a little amount once they 

realised the benefits and accept the 

treatment. This should be done with 

the community consensus”. 

 

“Another way that OSHO has 

for compensation is through 

a similar tariff for untreated 

and treated. Both taps have 

water meters”- Int.2   
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In terms of budgeting, there is still no specific budget line or funds from at regional level 

specifically allocated to support fluorosis mitigation. The funds from the current technology 

implementers come directly from their own sources and from the government which is 

general coming from external donors.  

There is a 

Consolidated WASH 

Account (CWA) 

which is managed by 

the Ministry and it is 

transferred directly 

to the woredas to 

cover all WASH 

related issues for the 

next five years, 

although this has not 

been used specifically for fluorosis. The planning considers allocating it for doing water 

quality auditing at the end of 2018.    

A new approach has been recently taken by the government to address financial 

sustainability and expand the coverage of fluoride removal. Instead of relying on NGOs to 

implement such technologies, the NFMPO has taken that role. Hence, they have purchased 

the material and launched bids for the construction. Until now, ten schools and nine 

communities with bone char and 8 with HAp have been implemented that way with OSHO 

being just the filter supplier. The main 

difference for the community in terms 

of affordability is that the government 

office has purchased material for a 

period of two years per each location. 

They expect that during that period the 

community has been able to 

accumulate enough money in the 

account to sustain the future 

replacements. The idea is that the two 

years period paid in advance by the 

government could give the community 

time to create an economic buffer that 

allows them to fully afford the filter. 

However, no market analysis to support these financial decisions and the selection of the 

technology in each site has been carried out.  

“It is important to address the problem from a sector 

approach. From the water quality perspective as a 

whole, not just specifically fluorosis. Funding is not a 

problem. There are funds generally for WASH 

contributed by UNICEF, DFID, African Development 

Bank, World Bank…as a basket called CWA that 

could be used for fluorosis mitigation if properly 

managed or initiatives prioritise its allocation” 

“With the new approach, the NFMPO 

plans to support the community with 

filter for a period of 2 years […] This 

is funded with government budget. 

Within two consecutive years they 

have already set a tariff and been 

able to save enough money in the 

account for the future to replace the 

media […] However, there is no 

financial study supporting this”   
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5.5 Experiences and practices of zeolite for fluoride removal 

5.5.1 Background 

The research team of the Catalysis and Petrochemical Institute from the Spanish National 

Research Council (CSIC) has expertise in synthesis, characterisation and computational 

modelling of porous/microporous materials with catalytic purposes such as zeolites. In 

2010/2011, they set a collaboration project with Addis Ababa University (AAU) to research 

on the application of natural Ethiopian zeolites funded by the Spanish Agency for 

International Development Cooperation (AECID) and the CSIC after realising that the high 

impact of fluorosis could be address using zeolites to remove fluoride. Previously, their work 

focused on synthetic zeolitic materials and not for water treatment purposes. Hence, through 

this research the CSIC initiated its experience developing Ethiopian natural zeolites for water 

treatment under the existing groundwater conditions found there.  

The collaboration had two main lines of study. First, the localisation of natural zeolites in 

Ethiopia and, at laboratory level, the assessment of the feasibility of their application for 

fluoride removal. Second, after realising natural zeolites were not efficient enough for that 

purpose, the research focused on the development of a methodology as simple as possible, 

i.e. with local materials, no expensive chemicals, no energy needs either during production 

and use and low maintenance always based on the Ethiopian context, to modify these to 

obtain a technology with increased uptake capacity.  The technology was proved efficient at 

laboratory level, feasible to produce industrially and the funding for next stage of 

implementation in Ethiopia obtained. The process of transition from laboratory to industrial 

level required the incorporation of a new private actor: Tagua, a Spanish company that 

funded the industrial production. 

The technology has been tested with real groundwater with fluoride not just from Ethiopia but 

also from other locations. The studies have shown that this technology is more selective than 

others in terms of fluoride removal when this ion is present with other chemical components.  

Therefore, in 2013 the technology was patented jointly by Tagua and AAU (Gömez-

Hortigüela et al., 2013) and thus it is currently commercialised in the market and going to be 

implemented in the field; becoming thus an innovation for the CSIC which did not have such 

type of partnerships before.  

5.5.2 Technical features 

Once the background on how the technology was developed until the filter material that is 

going to be implemented, some of the technical aspects can be presented. However, most 

of them have been already mentioned in Section 3.3.4.   
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In addition to not involving concerns of social acceptability, having a higher intrinsic capacity 

and improved hygienic conditions (in that sense advantages shared with HAp) is that the filter 

material does not need modifications once it is at site and the system design and O&M needs 

are similar to the ones used for bone char/HAp (Fig. 8).  

Besides, once it is exhausted it is not hazardous but cannot be regenerated. It could be 

reused or sold as soil conditioner to control humidity and nutrient release which gives an 

added value. The concentrations are like the ones found in natural volcanic rocks from 

surrounding soils. In fact, in some cases F-/kg adsorbent can be lower than the soil and it is 

not easily released. This can also be another benefit towards acceptability from local 

community if the studies prove to be efficient for agriculture.  

Further CSIC researches lines are covering exhausted adsorbent to evaluate how it 

influences growing in real crops. The first batch of exhausted adsorbent will be sent to the 

department of soil chemistry at Haramaya University.   

Zeolite is in the international market which means there are no other global competitors apart 

from activated alumina. It can be produced at higher scale compared to bone char which 

would only has its local market.  

One disadvantage is that the active phase 

that is effective for fluoride removal is a small 

part of the total zeolite material which acts as 

support for its growing (explained in section 

3.2.4). This involves bigger total amount of 

filter material because the active percentage 

used for defluoridation is smaller. 

5.5.3 Costs and supply chain 

Financial challenges identified by the CSIC members were the availability of funds for 

implementation and the procedures for registering projects and role distribution in Ethiopia. 

The stage of piloting requires a smaller budget which has some constraints with certain 

donors that demand bigger amounts and they wanted to have the lead as technical advisor 

because of lack of technical skills and knowledge had previously led other projects to non-

successful outcomes.    

One of the key aspects identified by CSIC during their visits was the importance of having a 

sustainable supply. This could be guaranteed if the private sector was involved.  

Using directly materials produced in Ethiopia became unfeasible despite that being the initial 

plan. The Mining Ministry prioritised other sectors such as industrial minerals. Thus, 

exploitation of other silicates rather than explore new ones was preferred despite the CSIC 

“Zeolite it is currently an 

alternative, but it has 

promising features to be 

implemented at larger scale” 
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associated with the Geology department from AAU to provide them with the maps of zeolite 

quarries.  

Therefore, the role of Tagua is 

essential as supplier and for 

market strategy. From the supply 

chain perspective, they use other 

zeolites from mines that are 

already being exploited. 

The costs of zeolite are 2500 EUR/tonne adding later importation and taxes. The transport 

should be included in the contract of the supplier. The project funded by private donors covers 

the CapEx, CapMainEx and OpEx for the first three years involving the 

installation/construction, purchase of material (plus replacement for this period), technical 

advisory and monitoring, improvements of one of the wells, operation and maintenance and 

transport. Some are estimations, thus during that period the real costs will be calculated.  

5.5.4 Future implementation prospects 

Zeolites are going to be implemented as pilot project in Dida and Obe, two villages in Mareko 

district, SNNPR using the same design as the one being used for bone char/HAp. 

Field visits helped the CSIC team to identify stakeholders involved in fluoride removal and 

understand the status of defluoridation technologies in Ethiopia. The main site selection 

criteria resulting in Dida and Obe for zeolite piloting were: already established model of 

school-community for provision of defluorinated water in both places, availability of 

stakeholders to help the implementation and playing other roles, funding requirements, 

people not being charged for water (since this aims to be a demonstration plant and they 

wanted to avoid rejection/increase acceptance) and not very accessible sites since the 

government prioritised the accessible villages. They had to identify and select their sites 

based on these, despite they offered the Ministry to select themselves under their guidelines 

and priorities which did not have a proactive response.  

The stakeholders involved have been mobilised. The local partners:  the Salesians (religious 

congregation) which manage the wells located in their schools and will secure the proper 

delivery. The salesians already demanded the Ministry the need of having treatment or a 

solution and they could offer the model that CSIC looked for in the criteria: school/community. 

The CSIC as technical advisor supported by the NGO Amigos de Silva which has long time 

experience in Ethiopia with wells and water supply so will have the role of checking the proper 

functioning. They have also the experience with handing over to local authorities. The CSIC-

NGO partnership facilitated also possibilities to be eligible for funding. Tagua as supplier but 

essential for large-scale production. OSHO for installation/design advise. Local villagers: 

Fig. 17: Final zeolite product. Source: Hindrop.com 
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daily operation together with Salesians. Local people will be trained for monitoring of fluoride 

concentrations. Within them, also the future role of management of waste material will be 

decided after the first replacement.  Direct beneficiary groups: Community/children from 

schools which are expected to be the ultimate owner of the water scheme together with the 

local government. A committee will be established for supervision and contact with local 

authority with participation of stakeholders to select the members. 

Furthermore, capacity building activities are planned among the local stakeholders and 

community covering the new technology and its beneficial impact.  

Further information about the context in Dida and Obe is explained with the field visits in 

section 5.6. 

 

5.6 Field visits: evidence and experiences of bone char and HAp 

from the Ethiopian rural communities 

The field visits allowed the researcher to find evidence from the information gathered from 

SSIs and literature review. Besides, it provides more detailed information about the rural 

context and adds the primary information from the stakeholders at community level: users, 

water seller/operator and water committee. The fieldwork included the bone char production 

plant, one district water office from the SNNPR and one from Oromia region. In each of them, 

several villages with fluoride removal technologies were visited.  

In all villages, several users were informally asked about their perceptions about water 

quality, fluoride and fluorosis, water consumption (just as a brief overview and not statistically 

focused), other water source etc. The full format that served as a guide for the data collection 

is in Appendix B. 

5.6.1 Bone char and HAp production plant 

The steps for production of bone char are detailed in Section 3.3.2. Regarding this 

technology, the main objectives with the visit to the production plant in Modjo were to witness 

first-hand what it is found in the literature or from informants about the production of bone 

char, gather some new information about the stages and assess the challenges. 

Regarding HAp, despite the steps were shown in Section 3.3.3, it was important to 

understand the process and assess the challenges.  

The visit also allowed to understand the current stage of implementation of both technologies. 
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Bone char 

The visit started with the storage from raw 

bones where they are piled up. The raw 

bones come directly from slaughter 

houses where they are not specially 

processed to be sold for the purpose of 

producing the filter. Therefore, they come 

with organic matter attached to it (like 

some hair and meat) which generates 

certain unpleasant smell and the outer 

part covering the horn which despite being 

a waste not used for charring, it is also 

paid as the bones are bought per weight.  

In 2016, OSHO added another 

furnace with funds from USAID. 

However, the first one funded by 

HEKS is currently not working due to 

the cracks that have appeared in the 

inside making the charring conditions 

not optimal to control the variables of 

oxygen and temperature essential for 

the good quality of the product as 

mentioned in Section 3.3.2. The new 

furnace includes changes in the 

design like a different roof to avoid 

such cracks. OSHO has currently no 

maintenance book to record when the 

checks are done, by whom and what 

is done for maintenance as well as no records of the failures/breakdowns are written down.  

The ignition process is boosted with kerosene and charcoal and the furnace remains open 

until that releasing black smokes. The control of the oxygen and temperature is done 

manually by opening a bit the chamber or using the cooling system with a chimney. The 

monitoring of the temperature is done manually with a sensor and despite there are 17 

monitoring points, only two are being used. OSHO is testing a new electronic device to use 

in these since the sensor is broken and it is not available locally but should be exported from 

overseas. There is no control centre to automatically have control over the crucial variables, 

so all the adjustments are based on the fumes, cooling system or measures with the sensor.   

Fig. 19: Smoke produced during ignition/reignition before 
closing the chamber. On the wall, the numbered points for 

measuring the temperature. Source: Author 

Fig. 18: Raw bones before processing. Source: Author 
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Since the charring 

process is therefore not 

uniform inside the 

chamber, it results in 

different coloured bones 

which have different 

removal efficiencies (Sani 

et al., 2016, Johnston et 

al., 2017). These are 

separated manually and 

put into another storage 

for next steps. The 

grey/brownish and white 

are mixed as per ratios of 

3/1 or 5/1 for quality control which is decided by the lab expert for each batch based on the 

production outputs. The reason for that is that despite the white ones have less capacity, 

only using the grey-brownish would increase the costs. If the batch has high quantities of 

white, then the charring process or furnace should be checked. 

The select mixed coloured bones are put into 

the crushing machine where there is a loss 

of almost 40% due to the high amount of fine 

powder produced which cannot be used as 

filter but it is sold to poultry industries for 

animal feed. The washing with chemicals is 

done, the coarse material dried under the 

sun and stored in a warehouse after packing. 

The amount of chemicals to be added each 

time for washing is different since each batch 

is also different. In such sense, the bone char production process is not uniform and therefore 

each batch of product does not have the same features (i.e. uptake capacity). All operators 

know the whole process and they are equipped with safety glasses, gloves etc.  

The regeneration of bone char takes place in the same “pools” where the washing is done at 

despite they have not done any research yet, their experiences show that the difference in 

uptake between regenerated and newly replaced can be of 10%. 

During crushing there is a lot of dust produced which is of interest of the poultry industry, thus 

it is sold at 60 ETB/kg and becomes a source of income. They have a huge stock and despite 

they are still contacting farms, more market research is to be done formally.  

Fig. 20: Crushing the mixed of grey/white charred bones. On the right, the 
coarse product with the powder used for animal feeding. Source: Author  

Fig. 21: Mixed coarse bone char and powder used for 
animal feed. Source: Author. 
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HAp 

After mixing the chemicals (lime and phosphoric 

acid) and pressurizing them, the mixing between 

dry (dried under the sun) and wet (result from 

the pressurisation machine) is done manually. 

The ratio wet/dry has an impact during mincing 

in the extruder machine, which produced the 

final product, because it can clog if it is too 

humid. The current drier is not operational, so 

the product is dried in an open area during three 

days after which is packed.  

At the sites, there are no manuals about the 

production process apart from the mixing of 

chemicals. Any of the operators currently working were not there during the installation. 

The control panel relies on electricity and there are no electrical manuals from its different 

device settings. The fluctuation of power has caused many problems with this and had to be 

solved each time by hiring an electrician.   

OSHO has not done a real assessment of 

which of the two filters are more 

recommendable but the uptake capacity of 

HAp seems to work better with higher 

fluoride concentrations. However, they are 

facing a problem with green algae growing in 

the surface of the filter which are researching 

in their laboratory (Fig. 23). Currently, there 

is no regeneration of HAp being done by 

OSHO.  

 

5.6.2 Dugda woreda water office and villages. 

Dugda district belongs to Oromia region having its administrative centre in Meki town. 

Currently, in Dugda Woreda there are two HAp filters, nine bone char filters and one reverse 

osmosis site which are all motorised water points but also another two with bone char with 

handpump. Thus, a total of 14 sites with fluoride removal technologies within this district. The 

woreda manages these but also the rest of water points.  

Fig. 22: Dried HAp in the warehouse before 
packing. Source: Author  

Fig. 23: Green algae growing in HAp’s surface being 
tested in OSHO’s laboratory. Source: Author 
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The tariffs are different in each village since they are agreed between the district and the 

community depending on affordability and running costs (consumables of the pump, salaries 

of sellers etc.). The tariff for the treated and untreated water is just slightly different to avoid 

discouraging users from using the treated one. The water committee deposit the money 

collected from the water seller in the bank account managed between them and the woreda 

water office approximately every two weeks and each time they want to withdraw for any 

transaction they need the authorisation from the district, which does monthly supervision of 

it. There are follow up meetings between committee and district officers in a two-month basis 

so that they can report concerns and the work done during that period. Any out-of-pocket 

expenses such as transport to the main office incurred by these meetings to the water 

committee members are covered with the savings in the bank account.   

The selection of the water committee members is done by the community and facilitated by 

the woreda. The committee is formed by seven people (book holder, manager, money 

manager, buyer, tool keeper, operator and chairman) who sign with the district the MoU which 

collects their roles, rights and responsibilities. The training for these roles is usually done by 

OSHO and facilitated by the woreda, however the module covering the finance skills covered 

with it is prepared by the region. The selection and signing takes place every two years. 

The technical challenges experienced by the water office are related to the availability of 

spare parts and the skills to fix the breakdowns. These issues can also cause financial 

challenges in order to solve them. However, this is a challenge mainly related to the type of 

pump used at the water point and therefore vary depending the village.  

Regarding the management system, the challenge come from the voluntary work of the 

committees which can result in low reporting and commitment, although this last one is tried 

to be enforced with allowances from time to time.  

Further challenges are associated with the awareness meetings with the communities in 

terms of distance, costs and scattering of villages that can result in very low frequency and 

attendance. This has an impact on the knowledge of the technologies and fluoride related 

problems. Hence, some of them end up knowing just informally by word of mouth.  

Four sites where visited in this woreda (Bofo, Sarity, Rasa Sumyya and Graba fila). They 

have been all implemented by OSHO as the role of implementer. The visits to the sites in 

Dugda were done with the company of one officer of the district water office who acted as 

translator and helped introduce the researcher to the community.  

It has been mentioned in Chapter 4 that limitations were sometimes found with the translator 

and it affected especially the most spontaneous and genuine answers, perceptions and 

reactions from users.  



59 
Development of sustainable adsorption technologies for fluoride removal in Ethiopia 

Further limitations are related to the presence of users, sellers and water committee 

members at the site by the time of the visits. Water committee members were available in 

Graba Fila which made it possible to have separate discussion with them.  

 

Bofo 

Bofo is the name of the site in a village (kebele) called Jewebofu in Dugda woreda. Bofo has 

a solar pump and despite it started with bone char in 2011, it has recently changed to HAp. 

The design for both plants is very similar so that the main change is that the filter for bone 

char is divided into two containers and for HAp into four (See Fig. 24 and Fig.28). 

By the time of the visit, the treated water was not being sold because of leakages on the 

storage tank after the pump (untreated) which supplies later through gravity to the filter 

containers and the treated water storage tank. This forced the closure of the treated water 

kiosk because of having big water losses otherwise. The problem was reported one month 

ago but still they were waiting for OSHO to repair it. In this case, OSHO had the responsibility 

because they acted as implementer and the system problem happened during the two years 

period before handing it over to the district office (which would have this responsibility 

afterwards). Hence, only the untreated water point was open to the public (the kiosk opened 

just for the researcher to take the water sample).  

Users from Bofo show some knowledge about impacts of fluorosis as well as in general about 

the importance of good water quality. The village is located close to Meki town so some of 

them reported to go to Meki to fetch bottled water if they cannot be given treated one at the 

village. However, they did not know about the technology apart from the overall knowledge 

that there is a treatment to remove the fluoride.  

Fig. 24: HAp treatment plant in Bofo village (Ethiopia) equipped with a solar pump. Four blue containers with 
HAp receive the water from a storage tank (not appearing). Treated water is stored and connected to the kiosk 

(back). Source: Author 
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Some challenges reported and witnessed by the researcher are the accessibility of the road 

that is even worse during the rainy season. During this season, more issues about the solar 

pump are also reported regarding reliability because reduced hours of sunshine.  

The water sellers for the kiosk and the untreated water point live close to the water point. 

Their role is limited to collect the money from each user. Every 2 weeks the water committee 

go to collect the money, check the water gage and verify and record the information in a 

book. After verification, the book holder from the water committee produces a receipt for the 

water seller.  

 

Sarity 

Sarity is the name of the site in Woyo Gabriel village from Dugda district. It is also located 

not far from Meki town in an area more accessible by car.  Sarity is a case similar to Bofo 

since they changed from bone char to HAp in 2017. Regarding this aspect, some users and 

the water seller reported HAp as a better option compared to bone char but there was certain 

confusion and discussion between the people gathered at the water point about the two 

technologies, how they work or what were the differences.  

 

 As the other cases, the 

knowledge about 

fluoride and fluorosis 

was general associating 

the untreated water with 

brown teeth and diseases. The perception about treated tasting better than the untreated 

also emerged, but most of them related it to cleaner water. The differences in physical 

properties of water between treated and untreated or different technologies were mentioned 

in several villages. Although it could be true in the case of taste of bone char compared to 

HAp, most of the cases it is related psychological expectations. Users expect to taste or see 

the difference.   

The pump is equipped with a generator which directs the water to two main storage tanks, 

one for treated and one for untreated (as per the scheme in Section 3.3.2, Fig.8) which is 

used for both HAp and bone char). By the time of the visit, both water points were functional 

providing water for users and being watched by the water seller at the kiosk and the guard 

at the untreated point. 

“The water with HAp 

tastes better now” 

“Fluoride damages 

our teeth and 

bones” 
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Some people gathered at the water point took 

just water from the untreated tap. They took up to 

six jerrycans carried by a donkey cart and they 

just shrugged when asked why not fetching water 

from the treated point or what was the difference 

between treated and untreated. They just 

expressed that come from a bit far and fetch 

water once a day from the untreated point.  

The water seller role is similar as in and Bofo, 

being visited by the water committee once per 

month. As per explained in Chapter 3 and 

gathered by Datturi 2015, the researcher could 

witness the double function of the kiosk where 

soap, cigarettes, coffee or sugar were sold. The 

water seller expressed that fact as a big motivation to be involved in selling water.  

Regarding that aspect, as with the other sites, there was not extended knowledge from the 

people what expenses the money covers to make two different tariffs. However, the water 

seller from the kiosk was clearly able to explain that the money collected from the users had 

to cover the running costs such as salaries or generator consumables. 

 

 

 

 

“[referring to selling 

other products]. It is 

good for the 

business. It helps me 

to have a better salary 

and in this case all the 

profit goes to me, 

whereas for water it 

has to cover other 

things like fuel”. 

Fig. 26: Water seller from Sarity (Ethiopia) showing 
other sold products at the kiosk. Source: Author 

Fig. 25: Users from defluoridated water in Sarity 
(Ethiopia). Source: Author. 
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Rasa Sumyya/Tuchi Sumyya 

Rasa Sumyya is the site located in Tuchi Sumyan kebele. The location is far from Meki town 

and scattered. Hence, people pointed out the importance of distance to fetch water. Despite 

other villagers might know about treated water, they would not come to this site because they 

have other sites closer. There were only two users at this site at the moment of the visit for 

untreated water. They were not comfortable about being asked about paying for water and 

they reported collecting around 3-5 jerrycans a day with a donkey cart (Fig 24). They did not 

know about the technology or its origins, just that the water was treated to avoid diseases, 

more concretely the dental fluorosis (although the users just explained, not used the words 

fluoride or fluorosis).   

Rasa Sumyya has bone char filter 

and water is pumped with a 

generator which the guard reported 

having problems although they do 

not have water shortages. The 

water seller said they have different 

opening times for treated and 

untreated which they said people 

are informed about. The relation 

between the seller and water 

committee and the money 

collection periods are the same as 

in Bofo or Serity.  

Not far from Rasa Sumyya there was previously another site called Tuchi Sumyya with bone 

char treatment which had to close due to problems with availability of spare parts for the 

windmill pump. 

 

Graba Fila 

Graba Fila is the name of the site located in Odaboqota kebele, at the proximity of Meki town 

and very close to the main road from which it is accessible by walking. The visit was also 

done with one person from the water committee. 

By the time of the visit, both treated and untreated points were open with a bone char scheme 

similar to Rasa Sumyya.   

Fig. 27: User after collecting untreated water from the bone char 
plant (at the back) in Rasa Sumyya (Ethiopia). Source: Author 
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The roles of water committee and water sellers are similar to the previous cases. The 

perceptions and motivations expressed in Sarity from the water seller at the kiosk were 

repeated here, since in this case also other products are being sold.  

The knowledge regarding the technology 

matches the previous cases. Users just related 

it to cleaner water which avoids that bones and 

back are damaged, but do not know how it 

works or the origins of bone char (sometimes 

even called “bunchar”). Some of the users in 

this case admitted they did not attend the awareness meeting. A user reported that she could 

see the dirt if the water was not treated, which was automatically corrected by the water 

committee member.  

When covering the aspects of paying for water, also users felt shy about talking about it or 

not understanding the importance of paying apart from having a treatment i.e. how the money 

was used for running costs. Nevertheless, during one of the questions, the water committee 

member intervened to explain that the money aimed to cover the pipe repairs, generator etc.  

As the previous cases, there 

was no real knowledge about 

fluoride or fluorosis leading 

to confusion in many 

occasions. For example, 

fluoride was referred as a 

chemical for water treatment 

or water cleaner.  

Some users raised the importance of having a water committee in the village since they 

manage the water points for them to have it available.  

The water committee members differentiated the roles each of the 7 members forming the 

committee has (manager, book holder, money manager, operator, tool keeper, buyer and 

chairman) as discussed with the district water officer. For example, the manager reporting to 

the district or supervising the salaries, expenses etc. or the book holder to collect the money 

and give the receipt to the water seller.  

They highlighted the importance of going to the site once per month to record, collect the 

money and check the water meter. The water committee calls for monthly meetings with all 

member to discuss about the O&M needs, salaries or consumables to be paid and make the 

decision about the expenses which are later approved by the district. In this meeting they 

also cross check the total income and expenses and deposit the savings in the bank account, 

“Sometimes people 

also come here just to 

buy other things, not 

necessarily water”.  

“Fluoride 

damages 

our bones 

and back” 

“Yes, fluoride 

is the water 

cleaner”” 
“The 

untreated 

water has 

dirt, but not 

the treated” 
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as also explained by other stakeholders. The monthly meeting proceeds if five out of the 

seven members attend, otherwise it is postponed. The members are selected every two 

years although some have been re-elected since the community acknowledge their good 

work.   

They acknowledged the importance of the mentality change that the training brought.  

The committee 

members were able to 

describe the impacts of 

fluorosis, although they 

were not all familiar 

with the word. Same 

happened with the 

word fluoride which 

was used by some 

members 

interchangeably referring to the chemical in water that causes disease or the treatment that 

makes the water cleaner i.e. confusing it with the filter.  However, the knowledge of the 

technology was generally broad. They knew about the origins of bone char and pointed that 

at the beginning some people 

refused but after being 

explained that is processed 

and causes no harms, they 

accepted it and got used to it.  

Regarding the challenges to 

be part of the water 

committee, they reported the 

issues of being a voluntary 

task to reconcile with their jobs. It requires time to 

attend meetings, accomplish the roles and deal with 

the problems related to the site. As previously 

mentioned, these aspects were also referred to as 

challenges by other interviewees during the SSI. 

Further challenges were related to technical issues 

such as breakdowns that they have to follow up or 

are not capacitated enough. Despite being 

supported by OSHO or the district, these technical issues could rise conflict with the 

“If there is a 

conflict related 

to water, the 

committee is 

the mediator to 

solve it” 

“It is important to 

manage a water 

supply system that 

lasts long. If there is no 

water committee no 

one will report”.  

“I am supporting my kebele 

and I am happy to help. […] 

People appreciates what I 

do as water committee 

member and they have 

shown it by re-electing me”. 

“We are farmers and 

sometimes they call me 

when I am in the far”. 

“There was no water for 

a period. People 

blamed the committee”. 

“It has no salary. It 

takes a lot of time 

and the allowance 

to go to the 

meetings in town 

is low”.  
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community if they result in water shortages or worries about financial decision when there is 

no money available for that in the account.  

On the other hand, within the motivations, they recognised the important task they have to 

help the community to have good water and reflected that the people acknowledge it.  

For all the sites, water consumption patterns were asked randomly to the water users present 

at the moment of the visit. Generally, the quantities vary a lot depending on the distance and 

the means to collect and carry the water, but where the treated water was available, users 

acknowledged collecting more from untreated than for treated that was only used for drinking. 

However, the status of the sites, where in some cases the kiosk for treated was closed, and 

the short timing of the visits in regard of the frequency of users visiting, made it difficult to 

assess the real difference between quantities and behaviours regarding both points.  

 

5.6.3 Mareko woreda water office and villages. 

Mareko district belongs to SNNPR which has its administrative centre in Koshe town. In this 

woreda there are four villages and a primary school with bone char filters and the two villages 

where zeolite is going to be implemented are also located in this district. The bone char filters 

follow the scheme where the federal government adopted the role of implementation, 

launching a bid for construction and OSHO remained only as filter supplier. The awareness 

and trainings for the water committee and water seller were done by the district in these 

cases. However, they do not perform the monitoring because they do not have the 

appropriate skills and instruments.  

The district has also follow up meetings to evaluate the work of the water committees which 

exist in all villages. The challenges are similar to the ones reported for Dugda. 

In this district the water office has decided (as autonomous measure) to close several water 

points due to high concentrations of fluoride although no other alternatives were provided 

apart from encouraging going to the next close water point.  

Three sites were visited in this woreda (Dida, Obe and Elala Gabiba). Dida and Obe are the 

selected sites to implement zeolite and Elala Gabiba has a bone char filter implemented by 

the government and OSHO being involved just as supplier. Mareko district has been involved 

and worked together with the water committees.  

The visits to the sites were done with the company of one of the Salesians or a member of 

the school staff who acted as translator and helped introduce the researcher to the 

community as in Dugda district. In Elala Gabiba water committee members were available. 
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Dida And Obe 

Dida and Obe are two villages located in the proximity of Koshe town. The context was 

mentioned in section 5.5. In Dida, the selected well for zeolite treatment is equipped with a 

solar pump and located in the compound of a primary school managed by the religious 

congregation of the Salesians although it supplies water to fenced standpoints outside the 

compound for all community to fetch water. The taps became broken because of the people 

not using them properly so currently the water is being supplied with a hose in not very 

hygienic conditions. The guard from the school compound opens the water point when there 

are people waiting and closing it when it is finished, but he is also in charge of the daily 

cleaning/small maintenance. The big maintenance is done once per year and no big 

operational problems have been registered with the pump.  

 

The well in Obe village is equipped with 

a hand-pump and has no storage tank. 

The well is also located in one of the 

Salesians compounds and managed in 

a similar way to Dida (opening hours, 

guard, maintenance etc.).  

Although people do not have to pay to 

collect water from these wells managed 

by the Salesians, villagers using water 

points installed by the government in 

Mareko district pay an annual 

contribution (around 60-65 

ETB/HH/year for shallow wells with handpump or 105 ETB/HH/year for boreholes and in this 

Fig. 28: People collecting water from the hose in Dida.  
Source: Author. 

Fig. 29: water sample taken from the tap in Dida. 
Source: Author. 

Fig. 30: People using the handpump in Obe. Source: Author 
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last case also paying for daily consumption) which has the aim of ensuring ownership and it 

is supposed to be allocated to repairs and maintenance.    

In Obe and Dida there are other handpumps in a radius of around 1km as alternative water 

points; but people reported to prefer going to the Salesians because they perceive the water 

is cleaner as it is the water point as well as better reliability. This could also be related to the 

big mobilisation and further activities that the congregation does in the community building a 

sense of trust.  Hence, they usually go to these points to at least collect water for drinking 

and if it is close they will use it for all uses. Villagers not living close to these handpumps 

would use others for all uses despite the quality found.  

For the public water points, they understood the importance of paying if good quality can be 

ensured to avoid diseases and they understood that the money goes to maintenance. 

Nevertheless, some people reported certain discomfort because of broken public 

handpumps which have not been repaired yet. 

Water consumption is in general quite low 

due to the time and distance required for 

collection. Several people reported going 

twice a day to fetch water. However, the 

quantities taken vary a lot depending who 

is in charge (adult, elder or child) and how 

they have to carry the water (with a chariot, 

at the back or with the handle). Some 

people take around 4-5 20 litres jerrycans 

per day for the whole family for all uses but 

others reported much less, just two 

jerrycans per day because they come from 

farther.   

Users mostly related water quality as an important feature to avoid diseases. Despite that, 

their knowledge is limited although as other stakeholders mentioned, they rather drink from 

a source that does not cause “the brown teeth”. They relate the dirtiness with diarrhoea, 

worms etc. but they also related this dirtiness with fluorosis. 

In most of the cases they are not familiar with the words fluoride or fluorosis so there was the 

need of explaining the symptoms of the disease (for example, brown teeth or back ache) for 

them to understand. Only then, they related it to water. In Dida, certain people knew that the 

government had close a water point because of high fluoride concentrations. 

 

“[public point]. I am not happy 

with the maintenance, but still 

I have to pay to use it. We 

have to clean it ourselves 

and sometimes we collect 

money from the families for 

that purpose”- Dida  
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Elala Gabiba 

Elala Gabiba is a village located close to Koshe town and easily accessible from the main 

road connecting to Ziway. The village has two bone char treatment sites around 2km from 

each other which receive water from the same well since it is equipped with an electric pump. 

In these cases where the governemtn is the implementer, there is no water kiosk selling other 

products (Fig. 31). 

It is the only village in that area with electric line. The line was provided from the main line at 

the road because the groundwater table is low, and it needs a submersible pump. This last 

is already old and has shown some problems. There are no other water points in the area 

because the low groundwater level does not allow handpumps.  

By the time of the visit to the first of the sites in Elala, the treated point worked properly but 

there were problems with leakages from the storage tank for the untreated water, which had 

been reported to the woreda office a week ago. The woreda had visited for two days and 

disconnected the point.  

In this village, the management structure, communication frequency and means between 

water committee and district are the same as the ones found in Dugda district. The main 

difference is that, in this case, main technical support is done by the district.  

The experiences and knowledge from the water committee were similar to the ones in Dudga. 

Besides, the water committee members reported similar motivations and challenges to the 

ones found in the villages in Dugda (help community, have good water, mediate between 

community and district when there are problems but also the challenges of being a volunteer 

and technical problems). 

Fig. 31: Bone char treatment plant in Elala Gabiba (Ethiopia). The water is pumped to the storage tank (back) which 
is connected to the two containers with the bone char filter. Another storage receives the treated water that serves 

to the water point (front). 
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Apart from the water tariff, people pay for the contribution as reported by the district (105 

ETB/year/HH since it is a borehole) which also brought challenges.  

In the second site the untreated water point was also not working because the structure could 

not support the weight of the storage tank when full. They want to change it from metal to 

concrete.  

In both sites, the knowledge of fluoride and fluorosis brought to confusion. The words were 

unfamiliar (in some cases again confusing fluoride with the treatment) until the effects of the 

disease were mentioned by the committee member and they connected it to water. However, 

once again they related the treatment with not being vulnerable to other diseases such as 

stomach worms.  

The researcher stayed short period in the field. Hence, the presence of skeletal fluorosis was 

not found. However, dental fluorosis is relevant and easily found (See Fig. 3). 

Table 2: Fluoride concentrations and further data from visited villages in Oromia 

and SNNPR (Ethiopia). *not yet implemented. 

No. Sample Name Village 
Adsorption 
technology 

Pumping 
system 

Water tariff 
(ETB/m3) 

F 
(mg/L) 

1 Dida Salesians Dida zeolite* solar no tariff 2.24 

3 Obe Salesians Obe zeolite* handpump no tariff 3.56 

5 Elala I Treated 
Elala 
Gabiba I bone char electric 25 0.48 

6 Elala II Treated 
Elala 
Gabiba II bone char electric 25 7.85 

7 Bofo Treated Jewebofu HAp solar 20 0.39 

8 Bofo Untreated Jewebofu HAp solar 15 6.76 

9 Graba Fila Treated Odaboqota bone char generator 25 1.66 

10 Graba Fila Untreated Odaboqota bone char generator 25 13.8 

11 Sarity Treated 
Woyo 
Gabriel HAp generator 25 11.1 

12 Sarity Untreated 
Woyo 
Gabriel HAp generator 20 12.6 

13 
Rasa Sumyya 
Treated 

Tuchi 
Sumyan bone char generator 27.5 11.3 

14 
Rasa Sumyya 
Untreated 

Tuchi 
Sumyan bone char generator 25 12 

Table 2 shows the fluoride concentrations measured from the water samples taken by the 

author in the visited villages. Dida and Obe have concentrations between 2-4 mg/L so they 

demand a solution (in this case zeolite will be implemented) to reduce them below 1.5mg/L.  

The rest of the cases show the variety of tariffs presented in both regions as it depends on 

the agreement between district and community, and especially how the pumping system 

influences it. For example, Bofo with solar is cheaper than Sarity having the same technology 

because of the generator involving higher running costs.  There is just a slight difference 
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between the price for treated and untreated water, as explain in previously, to avoid 

discouraging users from buying treated; however, in Graba Fila they agreed to keep both the 

same, probably to compensate the running costs. 

Despite the first site in Elala shows the efficiency of the removal with a concentration even 

below the standard recommended by WHO (Fawell et al., 2006), this is not happening from 

the second site at the same village. They both rely on the same well, thus the concentration 

from raw water should be the same. Probably the filter replacement hast not been done on 

time or if both sites where installed at the same time, the demand from the second point must 

be higher. 

Other sites which seem to have no efficient removal are Sarity and Rasa Sumyya where 

fluoride is just slightly removed compared to raw water. This is probably because of the filter 

being already exhausted and not able to uptake to meet the standards. This highlights the 

importance of monitoring to do the replacement on time and avoid users drinking 

contaminated water for a period.  

A curious fact, is that bone char in Graba Fila seems to work even the raw water has higher 

concentration of fluoride than the maximum recommended by the stakeholders as being 

suitable for this filter material (5mg/L OSHO and 6mg/L Johnston et al.,2017). Probably the 

filter has been changed very recently although the author could not confirm this information.   

 

5.7 Strategic and sustainability initiatives 

The implementation and development of fluoride technologies are always encompassed 

within a strategic planning aiming to ensure sustainability and reach the ultimate goals of 

fluorosis mitigation. The strategic framework helps to understand the way the stakeholders 

commit, where their priorities lie and how do they see and plan the future prospects towards 

long-term success.  This was briefly discussed with the key informants during the SSI.   

The implementer such as CSIC and OSHO, look the way to sustain their technologies and 

expand their technologies. For example, the CSIC aims to include this technology under the 

portfolio from the Ministry to be offered as solution in other locations as well as If the demand 

is increased, encourage the mining activities to use natural Ethiopian zeolites becoming the 

country a new supplier. The flexible design would also contribute to the scalability if desired 

by leading bodies. 

Their pilot project serves as a demonstration plant both for fluoride removal under real 

conditions and for soil conditioning using the exhausted material. The demonstration 

perspective was taken into account as a strategy for site selection. In the selected wells from 
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Dida and Obe people do not pay for water, it can start being used and show the effectiveness 

of both the treatment and the waste reuse without introducing for a period any financial 

concerns regarding enough income collection.  

OSHO is also developing their business to become more sustainable, not just by changing 

the approach but also searching new lines of partnership with stakeholders and sources of 

income.  For example, selling the saturated material as fertiliser, expanding their clients for 

the powder produced after crushing, adding a new product (HAp) or a new furnace. The 

increase of the production capacity is a need for the technology future scaling-up, but this 

should be considered with the possibilities of using other technologies too to ensure that the 

solutions are provided in the wide area where the problem occurs. 

 

All stakeholders pointed out that the sector should improve the work together to create 

partnership towards shared more specific strategies but for that more commitment, 

engagement and stronger leadership is needed.  

 

 “It seems a challenge to 

be listened about fluoride 

removal. To get support 

when the priorities are not 

targeting that […] 

Therefore, it requires 

strong leadership and 

changes to improve the 

current performance” 

 

“There is no coordinated approach, nor a 

scale-up. Commonly are NGOs with their 

own resources […] The NFMP should be a 

multi-professional and proactive unit, 

coordinating the efficiency of measures and 

able to create a sectoral programme with 

strong leadership” 

 

“In order to move towards sustainability and scale-up, the NGO-water committee approach might need 

to be changed to business case, to make it financially sustainable and operative. Demand creation and 

community engagement is a role of the supplier if there is a business which requires generating income. 

The government could strengthen and improve policies and regulations to address communities going 

back to untreated water after project phase. This should be supported by creation of awareness, 

trainings and social work and sensitisation understanding the motivators in a disease whose effects are 

not immediate. […] Unless that changes, technology by itself will not bring the expected sustainability 

and mitigation outcomes” 
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The sustainability also brought the perspectives of the stakeholders regarding community 

management. There was a consensus about the feasibility of communities realistically 

managing the system. Unsustainable outcomes have happened if the handing over to 

government and communities has not been done in an appropriate and responsible way as 

well as if the community has not received appropriate awareness and capacitation.  

 

International organisations such as UNICEF would support all feasible technologies as they 

have done in the future, but scale-up is responsibility of the government. The NFMPO is 

currently drafting a strategy document where all the responsibilities from the different 

administrative levels (also including the water committee) will be included.  

The NFMPO admitted being encouraging 

HAp because of its technical and social 

advantages compared to bone char and 

implement reverse osmosis if fluoride 

content was too high.  Other strategic 

lines are the awareness creation and 

research department within the Ministry 

to also study the technologies inside the 

Ministry. 

Several stakeholders also mentioned that 

more financial approaches are needed to 

scale-up the technologies.  

“Schemes could be managed by the communities. We have seen some examples. If we give 

them enough awareness and training they will manage them for long time”  

“The management at community level would be require strong advocacy improving 

specially the focus on fluorosis risks of fluorosis and the importance of the sustainability of 

the technology. […] Increasing this with higher involvement from the community, would 

increase the demand of solutions and could boost the scale-up”  

“Communities can realistically manage the fluoride removal systems. They understand that 

it needs capacity building which should just be strengthened. However, they need 

supervision and inspections technically, management and financially with long-term 

perspectives” 

“They can; especially for daily O&M and management. There are cases […] They need 

ongoing support from the stakeholders especially for the production, monitoring or testing. 

However, regeneration places could be located at the communities or district level serving 

several neighbouring ones.  They could be managed by the government who also provides 

the chemicals. This would reduce the time for changing filters but would require capacitating 

involved parties in this new role”. 

 

“The current planned objectives 

for fluorosis from the NFMPO and 

region office are: 10 technology 

sites/year and assess 5 

woreda/year for alternative 

source. This adding to other sites 

from other partners […] However, 

we do not have holistic objectives 

as a programme”.  
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There are different priorities and issues to address at federal and regional level. The focus 

put on the districts or region would be more recommendable, but they should include fluorosis 

in the work plan and boost the demand at their level (bottom-up approach) instead of the 

federal government having the role of implementer.  

 

Generally, the scale-up would require the appropriate increase in allocation of human and 

material resources for its accomplishment. Besides, more capacity in terms of development 

of technologies will be needed. 

 

   

 

 

  

“The capacity is not strong. It 

is a challenge even at federal 

level. More skills, knowledge 

of the different technologies 

and management is needed”- 

Int. 1.  

 

 “Capacity is a challenge from the 

institutional levels to the 

individuals. There is a poor 

understanding. […] It is not a 

matter of technology. Technical 

limitations are there but it is not the 

biggest issue. Capacities to 

implement are weak”- Int.2  

 

“The high impact of the fluorosis 

problem needs to be addressed 

with technologies. We do not 

have another option. OSTDA is 

still looking for better technology 

which is affordable for our 

society and function at larger 

scale to meet a higher demand 

and face the increase in 

population. Besides, all current 

technologies seem to be at pilot 

or implementation stage”. 

 

“If there is a demand, the organisations 

are ready for either bring alternative 

sources or applying a technology. But 

there is not such demand coming from 

the bottom that adds to a lack of planning 

from the regional offices. If there was, 

regions could secure budget on a yearly 

basis or the government would allocate 

money. […] Private sector will not be 

attracted until this is strong” 
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6 ANALYSIS AND DISCUSSION 

6.1 Introduction 

This chapter aims to complete the Objectives 4, 5 and 6 partially addressed in previous 

chapters by analysing in depth the information gathered with the literature review, interviews 

and the field visits. The aim is to compare the defluoridation technologies, compile the 

different perceptions from the stakeholders and assess the different sustainability 

dimensions. Objective 4 is directly addressed in section 6.2 with the SWOT analysis resulting 

in the sustainability assessment of bone char, HAp and zeolite. Objective 5 and 6 covering 

the contextual factors impacting sustainability in fluoride removal plants are addressed in 

section 6.3 and 6.4 with the SAFs and the strategies of the fluoride mitigation approaches. 

6.2 Comparison between adsorption technologies for fluoride 

removal in the Ethiopian context 

The method used to compare the technologies is the SWOT (explained in Section 4.5). By 

grouping the different features of each technology into different categories (strengths, 

weaknesses, opportunities and threats) these can be analysed in more detail and presented 

in a simple format. As explained in Chapter 4, it has the overall objective of analysing the 

potential and hindering aspects that can have an impact on the future development of each 

of the adsorption technologies covered in this research i.e. bone char, HAp and zeolite. 

6.2.1 Sustainability of bone char and HAp filter materials 

Despite being different adsorption technologies, bone char and HAp share characteristics as 

seen in previous chapters. Hence, in the SWOT Analysis a coloured code has been used to 

distinguish between the ones that are that are common (blue), specific from bone char 

(yellow) or specific from HAp (green). See Table 3.  

Once this table has been presented, as Helms and Nixon, 2010 point out, it is important to 

understand that the features are dynamic and can thus move from one category to other 

depending on the action and measures taken. These should aim to sustain the strengths 

avoiding them become weaknesses and act upon these last to transform them into strengths. 

In addition, take the opportunities before the competitors so that they do not become threats 

and monitor or mitigate these last ones to avoid risks or high negative impacts.  

To avoid repetition from the table, only an overview of the features will be discussed in the 

text. 

 

 



75 
Development of sustainable adsorption technologies for fluoride removal in Ethiopia 

Bone char  

Regarding bone char, many of the weaknesses come from the limited production capacity or 

lack of efficiency during the process. There were some small improvements found during 

the visits e.g. testing new devices for measuring temperature or the furnace design to 

avoid cracks, but still a better automated control of the temperature and oxygen levels 

would save costs and time and be translated into a product with higher uniform quality. 

A deeper assessment of the losses incurred in each production step (i.e. from purchase 

of the bones including organic matter or horns’ cover to excessive powder produced 

during crushing) would help both the costs and the production capacity. The process is 

still based on manual work that somehow limits the prospects of expansion. Changes 

addressing these issues could lead to a more affordable product with improved uptake 

capacity and features, which could increase the acceptability and demand, one of the 

biggest concerns about this technology. 

The environmental and hygienic hazards related to bone char should be studied to 

improve the conditions that have been found in the field visits (Fig. 18 and 19) but were 

also pointed out by other researchers (Sani et al., 2016; Fawell et al., 2006). 

However, a benefit is that everyone is familiar with it in the Ethiopian context, the filter can 

be regenerated, and it is cheaper than the others.  

HAp  

HAp has a shorter production process as explained in this research and Osterwalder and 

Saul, 2015 less prone to losses and resulting in a uniform product, despite it is still also 

manual. Besides, this technology is less prone to environmental or hygienic hazards.  

HAp’s synthetic nature has been pointed out by many of the interviewees as a benefit towards 

acceptability that together with more researches to prove evidence of its higher removal 

capacity could lead to higher demand which is a key indicator from the TAF by RWSN. See 

Fig.15. (Skat Foundation, 2013). Despite being a bit more expensive than bone char, it would 

require less promotion and with an appropriate market research willingness to pay could be 

boosted (Skat Foundation, 2013). Therefore, HAp could be a more promising technology to 

scale-up. However, this aspect also finds limits because the equipment was brought from 

overseas; thus, acquiring a new one to increase the production could depend on external 

funds. Besides, its production requires higher technical skills. For both technologies, the 

existence of manuals, planned maintenance with records of any issues found during 

technical checks would help to act at an early stage, eventually avoid breakdowns or have 

better understanding of the reasons behind. 



76 
Development of sustainable adsorption technologies for fluoride removal in Ethiopia 

The problem of green algae in HAp is currently another limitation and is being researched by 

OSHO. However, the researcher had information from the Nakuru Defluoridation Company 

in Kenya where they have been using HAp for long time without facing that issue. Therefore, 

it seems a local contextual problem more than from the technology itself.  Besides, in Kenya 

they have been regenerating HAp for long time with a more automated method. This would 

require high investment, but it is a great opportunity from this technology to become stronger 

in the market.   

Both technologies have the benefits of local production that could be used from a strategic 

market perspective towards expansion and sustainability, as pointed out by other researches 

(Kut et al., 2016; Skat Foundation, 2013). Some of the informants mentioned the possibilities 

of regeneration at different local points. New approaches could contribute to scale-up and 

affordability. Especially HAp seems to count with the support from the stakeholders despite 

being a bit more expensive due to its social advantages which is a great opportunity if 

appropriately taken and boosted with investment in research, equipment or more sites. More 

advocacy will also generate more support for development from the decision-makers.  

Some of the key indicators of TAF (Fig. 15) have been considered in the analysis of the 

technologies (Skat Foundation, 2013). The skills for use and maintenance are similar for both 

filter materials and are highlighted by Skat Foundation, 2013 as a key aspect for applicability 

and sustainability. However, these skills concern more the whole water treatment plant and 

not the filter itself. Hence, these and the rest of indicators are covered and completed in the 

next section 6.3.  
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Table 3: SWOT Analysis for bone char and HAP. (Blue: common/yellow: bone char/green: HAp). 

Strengths 
 

• Not high technical skills required for O&M. 

• Co-management system community/district 
seems feasible. 

• Locally produced. 

• Relatively low-cost (HAp more expensive 
than bone char). 

• Flexibility of the scale: HH and community. 

• Once product is delivered it does not 
require any modification/manipulation. 

• Selective for fluoride removal. 

• Relative short contact time. 

• Regeneration (despite losing a bit of 
uptake capacity). 

• Only technology with long-term 
implementation in Ethiopia. 

• No cultural concerns i.e. greater social 
acceptance. 

• Related to the previous: less 
efforts/resources needed for demand 
creation. 

• Higher uptake capacity (compared to bone 
char). 

• Longer lifespan/durability. 

• Improved hygienic conditions compared to 
bone char. 

• Uniform quality of the product.  

• No taste or odour. 

Weaknesses 
 

• Not for high fluoride concentrations. 

• Not financially viable: communities not able 
to fully generate enough income to purchase 
the replacement/regeneration.  

• Current limited production and regeneration 
capacity. 

• The system delivers a limited amount of 
water (5-7 m3/day) which can bring concerns 
to users if demand is higher. 

• The production involves hazardous 
chemicals and expensive energy sources. 

• Requires great awareness and explanations 
to ensure social acceptance.  

• Not uniform product obtained (for example, 
manual selection of bones or various grains 
sizes) i.e. quality varies in each batch. 

• Limited availability of bones. 

• Gives taste to water if quality not ensured. 

• Losses during production chain. 

• Environmental risks during production: 
smells and smokes. 

• Contamination of the filter: green algae 
appearing on the HAp surface (researcher 
had access to Nakuru Defluoridation 
Company, who never had that problem). 

• Currently not being regenerated. 

• More expensive compared to bone char. 
 

Opportunities 
 

• Strategy change from NGO to social 
business: OSHO with role of supplier of 
filter material and water contractor.  

• OSHO is an affiliated company and has 
power to influence the government and 
other stakeholders in the sector. 

• Decentralisation of regeneration sites if 
capacitation is provided.  

• No strong competition. 

• Partnership with local universities for 
material upgrade.  

• Exhausted material could be used as 
fertiliser. 

• Sub-product for animal feed could be 
boosted. New income source. 

• More regeneration cycles could be possible 
compared to bone char. 

• Since acceptance is higher, demand could 
be boosted through strategic measures. 

• Implementing stakeholders seem to 
prioritise it due to the potential advantages.  

Threats 
 

• Water tariff designed by community/district. 
OSHO has limited room for intervention.  

• No sustainability of social business as well 
as the current implementation system. 

• Lack of capacity for implementation from the 
administrative levels. 

• No willingness to scale-up. 

• The financial and functional sustainability is 
also influenced by the type pf pumping 
system 

• HAp could replace bone char. 

• If production increases more environmental 
hazards: smoke from furnace and smells. 
Thus, more investments to mitigate them. 

• Equipment comes from Germany. New 
assets for increasing capacity could be 
challenging.  
 

 

6.2.2 Sustainability of zeolite 
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Table 4: SWOT Analysis for zeolite.  

Strengths 
 

• Selective for fluoride removal.  

• Relative low costs for production and use. 

• No manipulation of hazardous chemicals 
and expensive combustible/energy sources 
required. 

• Improved hygienic conditions compared to 
bone char. 

• No high technical skills required for O&M.  

• Once it is supplied the filter material does 
not require any modification/manipulation. 

• Direct benefit since AAU is co-owner of the 
patent. 

• Private sector is involved as supplier i.e. 
marketing approach and quality standards 
guaranteed. 

• Only one competitor at international 
commercial level: activated alumina. 

• The technology follows international water 
regulations.  

• The supplier is internationally registered as 
it is the product.  

• Uniform quality of the product.  

• No expected cultural concerns regarding 
acceptability. 
 

Weaknesses 
 

• It cannot be regenerated. 

• No local production. 

• Currently the ratio active phase/total material 
for defluoridation is small. 

• Its importation involves more costs, 
bureaucracy and logistics. 

• Not for very high fluoride concentrations. 

• Still in pilot project so no experiences in the 
field have been reported. 

• Lack of capacity for scale-up and 
implementation from administrative levels. 

Opportunities 
 

• Local availability of zeolites i.e. potential of 
reduction of costs and local economy 
benefits. Ethiopia could become another 
private supplier of natural zeolite that could 
be modified under the existing patent 
owned by AAU and Tagua. 

• The exhausted adsorbent could be reused 
for soil conditioning. 

• Bigger market and business opportunities. 

• Similar design as the technologies already 
widely implemented in Ethiopia. 

• Flexibility of design: HH and community. 

• It can be produced at large scale. 

• Skills needed similar to other filters which 
are widely implemented there. 
 

Threats 
 

• The priorities from the Mining Ministry still 
focus on other industrial minerals. 

• No interest to scale-up after pilot stage. 

• Importation-related threats: transport to the 
port of another country involving international 
relations, financial/logistic viability etc. 

• No market room with the other locally 
produced technologies.  

• Financial unfeasibility if communities cannot 
afford it.  

• External aspects (e.g. type of pump) 
threatening its financial/technical 
sustainability. 
 

 

Zeolite is at a different stage compared to bone and HAp and, therefore, still many things will 

be learnt and understood with the pilot projects by assessing its performance under the 

Ethiopian rural context. The technical and social benefits compared to bone char were 

mentioned by Sani et al., 2016. Technically and socially it shares many features with HAp 

especially because of the improvements in hygienic/environmental conditions, uniformity of 

the product, easier production not using high energy and higher social acceptability. It is 
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expected a higher social acceptance due to its origins and the opportunity of using it as soil 

conditioner that could be attractive for local communities (although this will be researched 

after the first replacement).  

Despite not being produced locally, the business perspectives make it also likely to be more 

sustainable with a registered supplier that has a wider international market and thus share 

the costs with different clients. In fact, a big opportunity would be to open the international 

market to neighbouring countries such as Tanzania or Kenya also affected by fluorosis. This 

adds to their larger production capacity and the ensured quality of the product. The business 

strategies have benefits like the supplier ensuring the product upgrade to increase demand 

or use of marketing to target the potential clients. For example, researching on the 

possibilities of increased removals out of its promising higher intrinsic capacity (fluoride 

removed/g HAp) as pointed out by Sani et al., 2016. However, the affordability for rural 

communities should be studied especially concerning the needs of importation. In any case, 

financial sustainability is a challenge for all removal technologies (Datturi et al., 2015; 

Osterwalder et al., 2014; Osterwalder et al., 2011). 

The availability of natural zeolites in Ethiopia and the fact that the patent is co-shared with 

the AAU, are clear benefits and opportunities that taken appropriately can be translated into 

scale up. Besides, these facts are the ones that could be boosted against other locally 

produced materials like bone char or HAp to make it more attractive for decision makers to 

further implement.  

Zeolite could be in the future a feasible alternative for the other adsorption technologies if the 

mentioned opportunities are taken to boost the willingness to scale it up; especially, to 

counter the importation threats. Furthermore, the three adsorption technologies require 

similar (and not too complex) skills for O&M at community level and have the same system 

design, which can be an opportunity if the users or implementers decide to change from one 

to the other based on other factors and still optimise the previous investments on trainings 

and assets.  

A deeper analysis of features of zeolite in Ethiopia will be more interesting after accumulating 

more experiences from its usage in the selected Ethiopian villages, particularly from the 

perspective of the users. 

Nevertheless, as mentioned by many stakeholders, technologies are good to be used in 

combination depending the specific conditions (financial, accessibility etc.). It is 

recommendable to have different alternatives for fluoride removal, all supporting the ultimate 

goal of fluorosis mitigation.  
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6.3 Sustainability assessment of fluoride removal plants in the 

Ethiopian rural communities 

Many of the sustainability dimensions have crosscutting themes. Therefore, the discussions 

included here could be related to more than one of these in certain cases. In this section, the 

analysis will proceed as per the dimensions established by DFID, 2013 (Fig. 12 in Chapter 

4) adding the legal framework, social acceptance/users’ perspectives and the capacity/know-

how from the TAF (Skat Foundation, 2013). The indicators from Fig. 13 in Chapter 4 are used 

here as a checklist for the points of analysis within these dimensions. Besides, based on 

UNICEF and World Bank, 2018 p.86-87 coordination and decentralisation aspects have been 

considered.  

Many of the features of the adsorption technologies encompassing these dimensions (social, 

technical, financial etc.) are mentioned in the SWOT analysis. Despite some appear again, 

the focus in this section is on the surrounding context of the whole treatment plant and factors 

impacting their sustainability. 

6.3.1 Functional and technical sustainability 

The technical optimisation of the production chain mentioned in previous sections could be 

sustained with the existence of manuals. One of the informants from OSHO mentioned they 

are working on that. On the one hand, O&M manuals are important to be created and well 

documented for all the production stages the laboratory included. On the other hand, 

manuals regarding the maintenance of the treatment plants (pumps, pipes etc.) in the local 

language as mentioned by OSHO. These would contribute to settle the knowledge about the 

technology, ensure standards, make it more available and no dependant to individuals. 

Regular maintenance planning and records during production would also help to address 

and identify maintenance problems or production flaws at an early stage. This is in 

conjunction with the mind-set of regular planned maintenance instead of acting upon repairs 

that can save technical challenges. Hence, it could be translated into improving the efficiency 

of the system and making it more sustainable.  

The overall simplicity of technical skills required for these technologies is another benefit in 

terms of sustainability (Skat Foundation, 2013).  

As mentioned, technical sustainability may not depend just on the technology itself. Some 

studies already reported how crucial the rest of the water scheme (pipes, storage, type of 

pump etc.) is and how it can make an impact on the whole sustainability e.g. increasing the 

costs, affecting the reliability of the service and acceptability from the users (Datturi et al., 

2015, Osterwalder et al., 2011, Osterwalder et al., 2014). This was also found during the field 

visits where both the district officers and the water committees pointed out these technical 

problems as big challenges. They resulted in certain stress and frustration because of the 
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consequences they brought e.g. no satisfaction from community, installation not working 

because of breakdowns etc. as well as financial constraints because major repairs or needed 

spare parts could not be afforded.  

Therefore, technical support and spare parts supply must be guaranteed so that repairs are 

done on time or at least there is long time lapse until the service is functional again. This 

could be translated in better overall acceptance of the technology as it is a key indicator 

(Datturi et al., 2015; Skat Foundation, 2013). Obviously, this is challenging in remote areas 

with difficult access but, in that case, more coordination between stakeholders is needed as 

well as agreements on how best to address them. Otherwise, it could arise conflicts within 

the community whose members are paying and impact the commitment of the water 

committee or the image and trust on the rest of stakeholders. 

As Fawell et al., 2006 mention, monitoring is crucial to support that. Besides, to follow up the 

water quality to be able to know when to change the filter. Once the removal capacity has 

been reduced and the WHO guidelines  or national standards cannot be met anymore, it 

should be replaced or regenerated. Proper timing of this task is essential to avoid that the 

delivery and consumption of safe water is intermittent. The interviewees reflected that 

monitoring is done within a six months frequency based on the experience but in the field 

some cases showed that the filter was saturated and the kiosk providing water with high 

fluoride content (e.g. Sarity or Rasa Sumyya). A review of who is responsible of the 

monitoring role could help guaranteeing the filter change appropriately. Instead of expecting 

the community (which has no technical knowledge or means to measure fluoride frequently) 

to call for the replacement, the body in charge of quality tests should inform them on time. 

Again, this is challenging if the responsible is far or has wide coverage as well as it depends 

on the available funds. If the testing kits can be provided at district level (as future plans 

mentioned by OSHO and the NFMPO) together with the required skills, these could be 

mitigated. Since the district also manages the bank account, the financial readiness could be 

monitored together with the on-time replacement.     

Regarding the scale, community scale has been proved to be more sustainable than the 

household or centralised ones. Johnston et al.,2017 and Datturi et al., 2015, mentioned some 

potential benefits of more centralised systems such as lower tariffs, better regulated and 

optimised or avoid contamination during collection, transport and storage. However, the 

Ethiopian kebeles in the affected regions of Oromia, Afar and SNNP are scattered so that a 

more centralised approach might not be viable considering the finance as well as the 

technical skills and O&M requirements.  

Allocating the burden to the users might not seem appropriate in rural areas where many 

other challenges are faced daily, and the education levels might not meet the skills required. 

The experience showed that these methods were abandoned in the long-term and the water 
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quality clearly diminished due to no proper usage (Esayas, Mattle and Feyisa, 2009; Datturi 

et al., 2015). 

6.3.2 Social sustainability and equity 

Social sustainability is always linked with acceptability and demand of the technology by the 

users (Skat Foundation, 2013, Huber and Mosler, 2013, Osterwalder et al., 2014)  

As explained, the main social challenge regarding bone char is the origins which can bring 

cultural issues (Fawell et al., 2006, Sani et al., 2016). However, as evidenced during the field 

and reported by the interviewees, this is not a sententious challenge and can be overcome 

with proper awareness and time. It is therefore not a HAp and zeolite require less efforts and 

resources in that sense.  

As a general rule, one of the key factors impacting on social sustainability is the lack of 

awareness and knowledge within the communities not just about the technologies but also 

about fluoride or fluorosis (Huber and Mosler, 2013, Melaku et al., 2000, Kut et al., 2016).  

The evidence found in the field is that, despite the users relate “brown teeth” to contaminated 

water and the perceptions were similar in all visited villages, there is a very low understanding 

about what it is exactly the problem, what are the impacts and, more important, how to 

mitigate them. There is a lot of confusion about the technologies and the terminologies 

(fluoride and fluorosis). Besides, logic brings people from the rural areas to expect to 

distinguish between treated and untreated water which results in a whole mixture of 

concepts, diseases attributed to fluoride or expected to be “treated” with bone char or HAp. 

Interesting fact is the clearly appreciated difference in knowledge between users and water 

sellers/committee member who in many cases corrected the people being asked. This 

highlights the fact that the more involved they are in the management of the technology, the 

more aware they are because they deal with it or they have attended the training sessions 

which becomes essential for the rest of sustainability dimensions. Hence, the importance of 

strengthening the awareness campaigns to homogenise the knowledge within the community 

and extend the reach. There are challenges like the costs, villages being scattered and low 

attendance, but this could be addressed by allocating budget for that, planning the frequency 

and as mentioned by Huber and Mosler, 2013 understanding the context to make emphasis 

in the motivators, local preferences and use of periodical reminders instead of one-time 

sensitisation when the technology is introduced.   

Behavioural change towards benefits of consumption of defluoridated water for drinking and 

cooking and using the untreated one for the rest is something that is needed for all 

technologies. This software should accompany each of them (Melaku et al., 2000, Kut et al., 

2016). 
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Strengthening the awareness and knowledge can lead to increase the demand and 

willingness to pay. Demand creation is essential from the supplier’s perspective and should 

be accompanied by the market research (Skat Foundation, 2013). However, this should 

count in advance with strategies to provide solutions, resource mobilisations for that and 

capacitation from the stakeholders involved in providing them. Otherwise, the awareness and 

demand will hit the wall, create conflicts or make many high fluoride water points to close 

because of not meeting the WHO standards (Melaku et al., 2000). 

The equity of the access to solutions should be considered (DFID, 2013). Moreover, equity 

in access to knowledge. The water collection at public points where the burden is carried by 

children and women (as seen in many of the pictures in this research) can bring challenges 

in that sense. People collecting water must understand the importance of drinking and 

cooking with treated water. They must be targeted for behaviour change.  

Another equity aspect should be addressed from the financial perspective. Affordability 

considered during tariff design and creation of supportive financial mechanisms for 

vulnerable groups (Skat Foundation, 2013, Osterwalder et al., 2014). New approaches are 

being tried within the NFMPO and the tariff are always decided between district and 

community. However, equity in participation must be always taken into account during that 

process. 

6.3.3 Environmental sustainability 

The environmental sustainability about the technologies has been discussed in section 6.2. 

Especially regarding the hygienic benefits from zeolite and HAp compared to bone char 

which also involves more environmental hazards during production. Besides, zeolite could 

have benefits to be used as soil conditioner and OSHO is studying to use it as fertiliser which 

has been reported as feasible by other researchers (Rao et al., 2009, Fawell et al., 2006). 

The environmental impacts on groundwater or soil need to be further researched although 

they are expected to be minimum since the fluoride is highly retained as reported by the 

CSIC. OSHO is dumping the wastes which would require follow-up to see if they meet the 

Ethiopian regulations.   

Other indicators suggested by Skat Foundation, 2013 in this dimension are the benefits 

perceived by the users and the potentials for local production which have been addressed 

also in previous sections. Summarising, the users have clear health and socio-economic 

benefits (Fawell et al., 2006, Datturi et al., 2017, MWIE, 2013) which could be increased if 

the wastes can be reused. HAp and bone char have the benefits of being produced in 

Ethiopia compared to zeolite that is imported. Besides, the potential for further local 

production bringing it to the community has been mentioned by some interviewees as not 

recommendable since this could hinder the quality of the product and have consequences in 
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acceptance and removal capacity. However, some reported that more regeneration plants 

could be located closer to the communities to speed the replacement and alleviate the burden 

to the supplier in terms of capacity (OSHO uses the same installation for regeneration than 

for washing).  

6.3.4 Financial and economic sustainability 

Financial sustainability has three main components: affordability, profitability and financial 

supportive mechanisms (Skat Foundation, 2013).  

Affordability is an issue highlighted by stakeholders as crucial for sustainability (Osterwalder 

et al., 2014) and emphasised with this research. With the current adsorption technologies, 

despite the possibilities of communities of having a profitable margin and covering the 

running costs in fluoride removal plants when the concentration is at maximum of 3-5mg/L, 

this is not happening when the content in groundwater is higher or when the recurrent costs 

of the pumping system are too high. In those cases, the generation of money to cover the 

filter replacement is not enough and they must rely on subsidies from the implementing body 

(Osterwalder et al., 2011, Datturi et al., 2015).  

The interviewees also pointed out that the three technologies perform better financially when 

the fluoride concentration is not high so that the service life is longer. Thus, their 

recommendations and strategies are to implement these technologies in villages with this 

can be ensured. This is a major concern for all stakeholders who have started to take different 

measures and prove different approaches to address it.  

Regarding profitability, as reported by Osterwalder and Saul, 2015 and corroborated with the 

SSIs in this research, OSHO is transitioning from NGO to social business. This involves new 

roles and partnership lines, for example, as bridge for research with universities, rising 

awareness with government to increase demand and as private contractor or just filter 

supplier to generate more income. The mentioned improvements on the production phase to 

reduce costs and make it more efficient as well as new income sources with sub-products 

also contribute.  

Besides, the incorporation of the private sector could be ensured if the profitability of 

defluoridation schemes is improved for them to be attracted or at least, as mentioned by the 

interviewees, the room is prepared for them to do that with new roles such as supplier, 

consultancy, installation, monitoring etc. Besides, users and beneficiaries could be more 

encouraged to create their own financial means or changes in the service could be introduced 

to reduce cost (such as one seller or changing type of pump) (Lüthi and Yang, 2017, 

Osterwalder et al., 2011).  
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People from rural areas commented their appreciation on paying for water despite, in many 

cases, could not understand what costs were covered with that. However, they showed 

certain willingness to pay for water if their received a proper service and can be ensured 

good quality water. This could be also boosted using marketing strategies. 

Affordability is addressed since the design of the tariff agreed between the district and the 

community which is thus different in each village (Table 2). This should be ensured for people 

to use the service and have equity in access. 

Since OSHO has little room for deciding the tariff, the financial unfeasibility has incurred them 

losses. As reported by the interviewees, their subsidy system has covered up to 80% of the 

total cost of the replacement. Their coping strategies for that losses are either reduce them 

by measures such as same price for new filter and regenerated (despite they have different 

productions costs) or otherwise they had to be covered with external funds from other clients 

or projects. This is a very big obstacle for scale-up. 

Kut et al., 2016 mention that apart from NGOs, government should also contribute to support 

the financial sustainability.  

There is currently an interesting financial approach adopted by the NFMPO covering the 

replacement of two years so that during that period the community can generate enough 

money for all future purchases. However, it should have been based on a financial study. In 

any case, it is important to follow up these cases and make an assessment to find evidence 

if resulting in positive financial sustainability.  

Besides, the government could also contribute by allocating budget to support the subsidy 

plan for low-income rural communities instead of relying on NGO projects contributing to that. 

For the moment, although there is no specific budget line to address fluorosis, there is for 

WASH which includes water quality. Hence, the sustainability could be improved and the 

reliability of the quality of the water provided guaranteed. 

In case affordability is achieved by using these mentioned subsidies or financial support, a 

stronger monitoring is needed to sustain it and guarantee they will always be there when 

needed (Skat Foundation, 2013).  

Generally, each village is a different context starting from a different tariff, different pump and 

different number of users. Therefore, financial management should consider that under 

certain context communities are not able to generate enough income, but maybe could be 

compensated with other villages so that the subsidies could be guaranteed by creating 

different income streams. A deeper analysis within the communities of the factors having an 

impact on the savings (such as real demand, i.e. income, or running costs) and expected 

time of replacement (such as fluoride concentration), could help understand how best to 
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adapt the business plan for that purpose. This could be translated into a more tailored 

sustainable tariff.   

Finally, as a general cost-effective overview, it is important to bear in mind that the generally 

“low-cost” term associated with these technologies might not be their reason for being 

implemented for long time. As mentioned by the governmental interviewees and shown by 

Datturi et al., 2015 and Osterwalder et al., 2014, a deeper and longer period analysis should 

be done comparing onetime investment technologies vs running costs to make that 

statement. 

6.3.5 Institutional, organisational and legal sustainability 

The background of the organisations involved in fluorosis mitigation (OSHO, NFMPO, 

UNICEF etc.) has been explained in previous sections (Chapter 1 and 5) and their 

management structure has been presented in Fig.16 showing the wide range of 

organisations and institutions involved. Their experiences in fluorosis mitigation evolved from 

OSHO and UNICEF piloting technologies involving the government, to the current defined 

structure that includes the creation of the NFMPO at federal level that counts with a regional 

focal responsible that reaches the community through the water district office and the water 

committee.  

A good point from the management perspective is precisely that this structure would remain 

the same regardless the technology being implemented. Only the implementer would 

change, although as a general rule not its roles. Having such standardised management 

structure can provide promising sustainable outputs. 

More concretely, the co-management water committee/district who are involved in the daily 

O&M and management would not change. The establishment of this co-management models 

between communities and local authorities that act as enablers for a proper coordination 

between the rest of stakeholders is crucial to guarantee that the service is sustainable (Lüthi 

and Yang, 2017). Considering the rural context, it seems a big advantage that only 

capacitating the financial (not the management but the running costs) and technical aspects 

would be more technology-tailored since the rest of knowledge and skills are general for all 

water schemes. 

The recent creation of the Oromia Science and Technology Development Agency which has 

already started mobilising other key stakeholders such as the regional universities could be 

promising to coordinate fluorosis mitigation from the technology perspective researching on 

new options and scalability/improvement opportunities for the existing ones, as was also 

pointed out as crucial by OSHO.  
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The organisational structure needs the support from a legal framework as a joint 

sustainability.  

Ethiopia currently counts with general policies at the national and regional levels about water 

quality such as the Hygiene and Sanitation Strategic Action Plan 2011-2015, Drinking Water 

Quality Monitoring and Surveillance Strategy, Water Sector Policy, One WASH Programme 

etc. The WHO guidelines for fluoride are followed although not as a strict measure, otherwise 

many current water points would need to be closed (MWIE, 2013, Melaku et al., 2000). 

However, further work is needed to cover other collateral aspects. 

For example, the NFMPO and OSHO interviewees pointed out that the legislation of the 

water committee is being discussed. Both the members and district officers reported as a 

challenge the voluntary approach of committee’s tasks which are certainly crucial for the 

management. Therefore, the legal recognition is required emphasising their importance and 

motivators (some of them showed in this research: community acknowledgement, 

allowances etc.) to strengthen their commitment. 

The commitment of the water sellers to fulfil their roles could be also reinforced. For example, 

the market approach for the sites implemented by OSHO with a water kiosk with dual 

functions (Datturi et al.,2015) is not used at the sites implemented by the government 

(Fig.28). However, they stated that selling other products motivated them because of the 

business opportunities and motivated people to go to the water point because they could get 

other products.  

Regarding the policies and regulations, in the Ethiopian context, as commented by the 

interviewees, there is still no legal framework specifically addressing fluoride removal 

technologies and its application; nor they are being promoted or regulated to improve an 

enabling environment. Stakeholders should discuss how best to legally support these issues. 

Regarding the private sector, regulations and policies must create the environment for their 

incorporation. The NFMPO mentioned that the PPP were recently approved which could 

become an opportunity in a close future. There is a need of changing the business plan of 

the technology to make it profitable to attract private sector. All interviewed stakeholders 

highlighted the importance of the private sector in fluorosis mitigation with roles like supplier, 

private technical advisory, private monitoring and testing, transport etc. However, until they 

do not discuss the room for their incorporation and assess and define the potential roles that 

could be played, it will not be established.  

Finally, more laws and regulations underpinning and guiding the ways the stakeholders work 

together and communicate as well as supporting the distribution of roles and responsibilities 

are needed (Lüthi and Yang, 2017). 
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6.3.6 Coordination and decentralisation 

Fig. 16 in Chapter 5 shows the wide distribution of roles among the stakeholders, which is 

an important feature for decentralisation (UNICEF and World Bank, 2018 p.86-87). However, 

as informed during the SSIs this does not happen with the resources specially regarding the 

different administrative levels.  

Datturi et al., 2017 and Lüthi and Yang, 2017 indicate that the in the Ethiopian context the 

coordination, mobilisation and communication between stakeholders (institutions, 

government, NGOs, users etc.) should be improved involving them at early stages. 

Especially regarding the division of roles and responsibilities.  

It has been interesting to cover the way the different stakeholders perceive their own roles 

and responsibilities and the ones of the rest of stakeholders; understanding what are the 

flaws and strengths, opportunities and hindering aspects that they identify towards the 

accomplishment of these. 

The roles and responsibilities seemed clear and followed at community level, where the water 

committee signs the MoU with the district and they coordinate with the water sellers or within 

the committee members for monthly follow ups. The district also has a meeting with the 

committee every two months. However, roles and responsibilities are more diluted between 

the higher administrative levels and rest of stakeholders.  

Stakeholders above district level are essential to support in those issues that are beyond the 

capabilities of the community and district and should improve its effectiveness. They should 

follow-up that the division of technical and non-technical duties in the co-management 

system at community level are clear and keep the motivation, behaviour change and 

awareness. 

The role of O&M is essential for sustainability (Skat Foundation, 2013) and, as per the 

information found in the field, it should be improved; especially regarding the technical 

support received from external organisations which should arrive on time to avoid service 

disruptions.   

Lately, there has been a redistribution of roles with OSHO acting as private supplier and the 

NFMPO as implementing body. The transition from OSHO is certainly positive for the 

financial sustainability as mentioned before. However, the new approach of the NFMPO is 

considered wrong by some interviewees. This is promising in terms of showing the initiatives 

and interests, but they would not accomplish the roles of monitoring and implementing at the 

same time if the scale-up in the future is wanted because there are no enough resources 

available for that. Incorporation of new stakeholders or delegation of such roles would leave 
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them space for adopting the more important role of coordinating, strong leading, advising 

and capacitating other involved parties.  

There is the willingness of appropriate involvement and commitment from all stakeholders. 

The main problems leading to unsustainable outcomes have been identified and, in many 

cases, shared between the different parties, but still there is the need of clearly defining and 

understanding all roles and responsibilities, agreeing their distribution and embodying them 

in written and signed documents. These should include at least a general agreement 

including all stated stakeholders with a wider perspective and not just bilateral agreements 

as existing now in certain cases. A clear understanding and agreement are essential to 

reduce the later pressure on monitoring. 

This is a very big challenge, especially because these roles are not always static, and might 

be transferred during the implementation stages. However, acknowledged this, assessing 

best way of doing it and ensuring that the capacity and resources are there beforehand to 

improve such transfer might improve the ultimate adoption and eventually the sustainability 

of the commitment. This, should be accompanied by periodic monitoring. 

6.3.7 Capacity development 

 

UNDP, 2008 differentiate between capacity development and capacity building (the first 

acknowledges the existence of capacities, the other the creation and starting point). In the 

Ethiopian context the current state is in between both depending the stakeholders level. For 

example, the water committee and sellers received trainings and awareness, but these 

should be reinforced periodically taking into account that communities are dynamic. It was 

observed that the knowledge in the rural areas was low, although the district and committee 

where able to fulfil their tasks. 

All stakeholders should be targeted to ensure the require skills and knowledge are either 

developed or acquired to accomplish the roles accordingly. This should include those 

involved in creating the enabling environment. Therefore, it is required a previous evaluation 

to identify the gaps in knowledge in order to design the following measures and trainings 

(Lüthi and Yang, 2017; UNDP, 2008). 

  

“Capacity Development is the process through which individuals, organizations and 

societies obtain, strengthen and maintain the capabilities to set and achieve their own 

development objectives over time” (UNDP, 2008 p.4) 
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The application of technologies includes trainings in financial, technical and managerial 

aspects at community level as reported during the interviewees and mentioned in previous 

researches that is taken place with bone char and HAp and it is expected with zeolite (Datturi 

et al., 2017, Osterwalder et al., 2014). The capacity building process encompasses therefore 

the different sustainability dimensions discussed in this research and demands stronger 

leadership.  

Several stakeholders mentioned that the capacities of stakeholders together with awareness 

and advocacy are key aspects that need to be strategically improved to achieve sustainability 

and move towards scale-up. However, the discussion requires a stakeholder broad 

discussion to reach agreement.  

International organisations are willing to support with resources and advocacy but expect 

stronger leadership from the federal government to prioritise fluorosis mitigation; and at the 

same time the NFMPO is taking the role of implementing or expect bottom-up demand being 

the regional/district level to include measures in their workplans. This seems unrealistic if 

there are not enough efforts to raise awareness within the communities and capacitate the 

lower administrative levels to manage this and have channels to raise it to upper levels.  

In addition, implementers, more concretely OSHO, have shown great commitment being the 

key reason for the current success of the adsorption technologies in Ethiopia mobilising and 

capacitating the rest of key players. 

There is no clear vision in terms of having a proper documented package of technologies 

with their information, advantages, disadvantages, conditions of application, regulations etc. 

This should be created to complement the mapping of fluoride concentrations and safe 

sources which should be updated. The different technologies are being applied as per 

funding sources but with no specific real priorities or with a more strategic planning that could 

improve the results. 

Capacity development of the whole sector is needed for proper scale-up of the technologies. 

It requires a lot of resources (economic, human, time and material), leadership and efforts 

from the stage of previous assessment of knowledge and skills needed at each level until 

translating them into actions and eventually results (UNDP, 2008). However, it is essential to 

integrate the capacity development into the programming:  engage stakeholders, define 

outcomes and evaluate them for achieving a real demand driven approach and long-term 

sustainability. 
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6.4 Further discussion: strategic framework and fluorosis mitigation 

approaches 

The different stakeholders mentioned their priorities and future strategies. The implementers 

want to expand their technologies and business approaches to make them more sustainable. 

International organisations want to improve the advocacy and share with the government the 

willingness to increase the coverage. They all follow the ultimate goal of mitigating fluorosis 

in Ethiopia to reduce the impacts on rural communities, but there is a lot of work to coordinate 

the sector with shared strategies towards the same direction.  

Community management was considered realistically feasible by all stakeholders and 

observed during the visits. However, as explained before, it requires more awareness and 

trainings as well as ongoing technical and supervision support.  

The strategic framework must aim to move towards a national programme designed by the 

NFMPO with the participation of all key stakeholders ensuring increased demand and 

capacities. Their roles should be clearly agreed and defined to have shared directions. For 

the moment, nevertheless, the priorities of either focusing on a reduce number of 

technologies or expanding the package offered is still not clear among them.  

Furthermore, it is important to always bear in mind that the application of fluoride removal 

technologies becomes an option when safe sourcing is not feasible. (MWIE, 2013, Johnston 

et al.,2017; Datturi et al., 2015). Proper strategic decision-making must always consider and 

compare both mitigation approaches. In many cases, safe water sources would require less 

management or be more scalable, but it is not always cost-effective (Datturi et al., 2015, 

MWIE, 2013). 

It is remarkable, that despite safe sourcing interventions have been emphasised by the 

NFMPO, it seems they have not reached a mature stage and remain stagnant. However, the 

interviewees mentioned ambitious objectives of 10 technology sites/year and assessing 5 

woreda/year for alternative sources. Surface water and rainwater should be more 

evaluated. Installations were not observed in any of the visited villages. Rainwater could 

also serve as a proper solution at community level since the quality both biological and 

chemical is expected to be good if provided with safe collection and storage and the 

quantities could meet the demand just for drinking and cooking. The behaviour change 

will still need resources. 

UNICEF reported to be working in both lines. Apart from supporting the technologies, they 

are researching on climate resilience solutions. Deep boreholes with low fluoride content 

which, despite requiring a higher investment, could result in a more cost-effective solution 

factoring total costs in the life cycle with lower exposure to risks of getting dry and lasting 
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longer. The success in this line would also result in less monitoring and O&M needed 

compared to current technologies.  

In conclusion, fluorosis mitigation requires a more holistic approach towards solutions that 

are not just technology application but focus on alternative water sources (Johnston et 

al.,2017, MWIE, 2013) A starting point could be an update of the mapping of fluoride 

distribution, alternative safe water sources and fluorosis prevalence together with the 

mapping of the technologies and multi village water supply schemes which could serve as a 

way of assessing the efficiency and impact of the measures taken if compared with the 

version published in 2011 (only hardcopy), since in that time OSHO still had not implemented 

the adsorption technologies. Later on, the strategies can be jointly defined.  
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7 CONCLUSION 
 
This research has covered the development opportunities of the adsorption technologies for 

fluoride removal which have shown success (or shared strong similarities with those) in the 

Ethiopian rural communities and therefore could be promising for scale-up within the regions 

affected by fluorosis in the country. This success can be associated with the strong 

commitment of the implementer. However, as Johnston et al., 2017 or Datturi et al., 2017 

point out, there is no ideal technology and all present advantages and disadvantages to be 

assessed before decision-making. 

Synthetic hydroxyapatite (HAp) could be a potential solution for being scaled-up due to its 

environmental benefits, uniform quality and less social concerns towards acceptability. 

However, it is more expensive than bone char, its production is currently limited both because 

of imported equipment and higher skills needed and still is facing local problems with green 

algae growing on its surface. 

Same advantages could be related to zeolite despite being at a different stage and therefore 

needing more experiences in the field. This technology could be a feasible alternative to be 

pursued for scale-up in the long-term perspective with broader market opportunities. 

However, it could be hindered by the importation threats and until this is not overcome, locally 

produced bone char or HAp could remain strong. 

Therefore, despite bone char has clear weaknesses that can be thought as not 

recommendable for scale-up, it is benefiting from all the disadvantages the other two 

gathered and taking that market space, especially because of being less expensive and wider 

capacity of local production. It is true that bone char has been implemented for longer time 

and still can benefit from the “familiarity” within the context. This could contribute to its 

medium-term sustainability. However, if the correct focus towards promotion of the clear 

benefits and opportunities that HAp (and maybe zeolite) have the scenario could change in 

the future.  

Financial sustainability is an aspect that should be deeply studied for all these technologies. 

Either by ensuring full coverage of running costs including filter replacement or at least 

innovating in financial approaches to subsidise it, it is essential to financially sustain the 

technologies without compromising their affordability from rural communities.  

On the other hand, they have in common that the management structure is standardised 

which could be beneficial from an overall perspective of water schemes sustainability. By 

adding small changes related to the technology, the rest of the skills, capacities and 

structures will remain the same. The co-management between community and district has 

shown signs of success, leading to stakeholders to affirm it could realistically be sustained if 

the motivating factors towards their commitment are enhanced, the regulation embodies the 
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enabling environment and they are ensured with technical support, capacities and resources, 

especially for monitoring.  

The capacitation must aim to all involved stakeholders to fulfil their roles and responsibilities 

but should come after there is a real agreement between them and the coordination is 

improved, especially targeting those roles that are transferred within the implementation 

phase. For example, technical support and maintenance carried out by the district after the 

implementer ensures the scheme is working. If this capacitation is driven by stronger 

leadership, it will contribute to greater awareness with more consistent advocacy campaigns. 

Hence, it could be translated into increased demand which will require developing the 

solutions.   

The presented adsorption technologies are in general limited by the concentration of fluoride 

in water becoming not cost-effective with high fluoride concentrations. Therefore, alternatives 

for higher levels will always be needed (either by safe sourcing or other technologies) unless 

research improves their current removal capacity and upgrades its quality. 

Due to the above reasons, stakeholders involved in decision-making have not made a clear 

statement about priorities towards one direction or the other. Despite, for example, the 

NFMPO is relatively emphasising HAp or the implementing bodies acknowledge the 

advantages of both zeolite and HAp compared to bone char, still there is a long journey until 

these two overcome their respective challenges and boost their opportunities. In the long-

term, there could be possibilities of these being pursued but, for the moment, still the 

intentions are to have a wide spectrum of technical solutions to offer and made the decision 

based on the specific context.  

In conclusion, sustainability of defluoridation schemes have proved to have many collateral 

aspects, adding to the features associated with the technology per se, that can have an 

impact. The assessment and improvement of those must be done before any decision of 

development of the technologies or pursuing a specific one takes place. Otherwise, the 

specific characteristics of HAp, bone char or zeolite by themselves will not be the reason 

hindering the future scale-up.  
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8 WAY FORWARD AND SUGGESTIONS 

The research has focus on comparing the strengths, weaknesses, opportunities and threats 

of three adsorption technologies (bone char, HAp and zeolite) and assessing their 

sustainability as per the selected objectives. However, it has been mentioned that zeolite is 

at a different stage compared to the other two. Therefore, future researches will need to find 

evidence and experiences once it has been implemented to be able to conduct this 

comparison in a more equitable way.    

Many stakeholders also pointed out the importance of having more research covering 

regeneration and uptake capacity changes to know the optimal replacement times that could 

help the monitoring and guarantee a reliable service.  

Despite this research is related to adsorption technologies, the findings highlight the 

importance of the general context and the surrounding factors that are part of the whole 

defluoridation schemes such as management and financial structure, stakeholders’ 

involvement and enabling environment. Future research could focus on assessing the 

outcomes of the different approaches currently being carried out either as development 

project with OSHO or other NGO involved as implementer or directly led by the federal 

government.  Studies could evaluate if they result into different outcomes or the approaches 

have any impact on the sustainability. 

The methodologies used in this research have helped to gather information from the different 

stakeholders. However, due to the limited time, the sustainability tools have been used 

merely as a guide. For example, the TAF could be fully applied including a wider participatory 

approach with focus group discussion among stakeholders (Skat Foundation, 2013). Open 

discussion instead of just individual interaction with the researcher could result into 

identification of points of agreement and disagreement between stakeholders in the same 

line as the research from Osterwalder et al., 2014 and deepen into sustainability factors. 

Similarly, WASH-BAT could be applied in depth to understand the barriers and mobilise 

stakeholders, but also could be used for future monitoring of the administrative levels to 

provide evidence for scale-up (Schweitzer, Grayson and Lockwood, 2014).  

In the future, this could also include other stakeholders such as universities/researchers in 

Ethiopia and the private sector if their incorporation has become real.  

Finally, it is important to have the aim of looking for improved and better technologies as 

mentioned by some stakeholders, but many have been already applied/piloted in the 

Ethiopian context and only a few have shown certain success. Therefore, this approach could 

be relatively “scaled down” or at least be accompanied by a real strong support on how to 

scale up the existing ones which are already bringing results.  
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APPENDIX A: Semi-structured interview formats 

1. Introduction (after technical checks for the recording device and formalities of 

informed consent and paperwork). 

 Self-introduction. Aims of the research. Explain my interest in the topic.  

 Their introduction. Background information about the participants (roles at 

CSIC).  

 

2. Project general information 

 Professional experience and roles of each member within the project.  

 How and when did the project started?  

 Selection criteria for the villages. Project implementation stage.  
 

3. Zeolite technology for fluoride removal 

 Experience and evolution of the scientific research of zeolite.  

 What are the existing uses of zeolite for fluoride removal? 

 What is the stage of implementation of zeolite? 

 Has been zeolite tested in the field? Has it been tested with groundwater from 
Ethiopia? 

 They have carried out tests in Canary Islands. Estimations for the pilot plant 
in Ethiopia. Has the water demand been assessed? 

 Any considerations about people’s acceptance have been addressed?  

 Has the local fluorosis knowledge and perception been studied? 

 Expectations and thoughts about technology applicability in both social and 
technical perspectives.  
 

4. Related costs and supply chain. 

 Logistics and stakeholders needed for zeolite implementation. Current ones in 
the project and in the future in case any leaves once the project is finished. 

 Costs of zeolite technology: CapEx, OpEx, CapMainEx. 

 What are the identified suppliers of natural zeolite? 

 Can the zeolite be pre-conditioned in Ethiopia? 

 Market analysis. *Although probably they have no information and this will be 
asked to TAGUA (owners of zeolite activation patent). 

 Feasibility of mining/importing zeolite in Ethiopia. Potential supply chain and 
related costs. 

 
5. Sustainability aspects 

 What are the changes needed for sustainable uptake and future scale-up of 
zeolite? 

 Perceived support required for proper development.  
 

6. Comparison between bone char and zeolite technologies. 

 Considerations about zeolite: substitute or alternative? 

 What are the potential incentives for introducing zeolite as bone char 
substitute/alternative? When do you think it would be more recommendable to 
use zeolite? 
 

7. SWOT 

 Perceived strengths and weaknesses of zeolite technology. 

 Perceived opportunities and threats. 

Spanish National Research Council (CSIC)- ZEOLITE TECHNOLOGY 
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8. Closure 

 Invite the interviewees to raise new points they consider important and have 
not been covered yet. 

 Acknowledgements. 

 

 

1. Introduction (after technical checks for the recording device and formalities of 

informed consent and paperwork). 

 Self-introduction. Aims of the research. Explain my interest in the topic.  

 His introduction. Background information about the participant (role at OSHO).  

 

2. Current and past experiences and practices about fluoride removal using 

bone char/HAp. 

 Professional experience. Brief description and overview of the organisation 
and its projects. 

 How and when did OSHO start with fluoride removal? Have they always used 
bone char/HAp? Is OSHO implementing other technologies? 

 Current plant locations. Selection criteria for the villages. Status.  
 

3. Technical design and bone char/HAp production. 

 Technical designs of the plant (discuss about HH and Community level). 
Lessons learnt (including also lessons learnt about social aspects, managerial 
etc.) 

 Is the design under certain standards? Is it flexible and adapted to the water 
demand of each village/peak demand? 

 Use of adsorbent. Regeneration or replacement after use. What is it currently 
being done with the saturated bone char/HAp?  Where is it disposed and who 
handles it? 

 How often do they replace/regenerate? What are the costs involved and who 
is responsible? 

 The monitoring of the water quality of treated water is done monthly. 
(*Confirm). However, the natural concentration of fluoride can vary during the 
year.  Is there any changes in the monitoring plans considering these 
changes? Any water safety plans?  

 Who is responsible for the monitoring? 

 Any recorded problems: reliability, water shortages, low maintenance or not 
on time? 
 

4. Management systems, requirements and responsibilities 

 Management approach used by OSHO. 

 Are there different management systems for bone char/HAp? What are the 

management needs and who is responsible? 

 Market analysis. Has a market analysis been done for bone char/HAp? 

 BEHAVIOUR CHANGE/USER PERCEPTIONS. Introducing a new technology 

where other water sources are being used involves certain behaviour change. 

Do you carry out a study of the different water sources used prior introduction 

of bone char/HAp system? Any strategy for demand creation? 

 Any considerations about people’s acceptance have been addressed?  

 Is the local fluorosis knowledge and perception studied in each village? 

Ethiopian NGO Oromia Self Help Organisation (OSHO)- BONE CHAR AND HAP 
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 Was a behavioural change approach needed in the introduction of bone 
char/HAp? Has a behaviour change been shown in the villages using bone 
char/HAp? Is there a mindset change perceived in those villages regarding the 
knowledge of fluorosis and importance of drinking safe water?  

 Has OSHO registered any concerns from users regarding water, the system 
or the use of bone char/HAp? 

 Have they considered community management at any time? Do they think it 

is feasible? Any records of pilot projects? 

 Can the village communities realistically manage the fluoride removal plants 

on a sustainable basis, without ongoing support? What type of ongoing 

support is considered necessary and by whom? Should they also utilise 

support from the private sector in managing the fluoride removal plants? 

 
5. Operation and maintenance. 

 Who is responsible for operation and maintenance in bone char/HAp plants? 

Skills required for operation? Bone supplier and availability? Cost recovery to 

cover the expenses of fuel, salaries and chemicals? 

 
6. Financial management/involved costs. 

 Costs of bone char/HAp technology: CapEx, OpEx, CapMainEx. Initial 
investments, development etc. 

 Cost recovery schemes. When? How? Who is responsible of cost recovery? Who 

is responsible of the financial management? 

 

7. Supply chain. 

 Specially for the bone char/HAp: requires constant monitoring, quality tests by 

external organisation, training, awareness and social operators. Ask about these 

external tests to OSHO. What are the stakeholders in the service chain for bone 

char/HAp systems? 

 Bone char/HAp provision. Who? Can it be produced locally? How to sustain? 

 

8. Scale-up strategies and sustainability. 

 The main limitations of bone char/HAp systems include the need to replenish the 

bone char/HAp every six months, the value of choosing an appropriate site and 

involving people, and the need for constant monitoring. The analysis identifies 

the common causes of failures, the socio-technical vulnerabilities, and 

profitability of the schemes. Long-term sustainability in community level bone 

char/HAp systems require high community involvement and engagement. What 

are the strategies from OSHO for long-term sustainable management and future 

scale-up? 

 Have the strategies changed during these years? Why? 

 What are the roles and responsibilities of the communities? How is the 

community involvement being addressed? 

 If there is certain consultation. Which tools do they use for that? Are the 

consultations about their perceptions of the system included? 

 Changes needed to achieve a sustainable uptake.  

 Or in other words…What are the factors that are leading to unsustainable 
outcomes? 

 Environmental aspects concerning bone char/HAp. Social, technical, financial 
and institutional sustainability. 

 Perceived support required for proper development. 
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9. SWOT *Cover the different aspects from the TAF/SAF 

 Perceived strengths and weaknesses of bone char/HAp. 

 Perceived opportunities and threats. 
10. Closure 

 Invite the interviewee to raise new points he considers important and have 
not been covered yet. 

 Acknowledgements. 

 

 

1. Introduction. (after technical checks for the recording device and formalities of 

informed consent and paperwork). 

 Self-introduction. Aims of the research. Explain my interest in the topic.  

 His introduction. Background information about the participant (role at the 

Oromia Science and Technology Agency).  

 

2. General information. 

 Professional experience. Brief description and overview of the institution. 

 What are the main programmes that they have in Oromia region? Which 
defluoridation programmes do they have? 

 What is the programme coverage and status? Registered projects? Mapping? 
What are the selection criteria for the locations? Any reports/documents? 

 Understanding the distribution of fluoride in GW. Key available data about the 
regions with fluorosis problems. Any reports or documents? 

 There is a Water Access Plan at national level and a National Fluorosis 
Mitigation Project Office (2013) at regional level. The last one is based on the 
creation of steering committees. Manage impacts and map the prevalence of 
fluoride. The NFMP, in collaboration with the Oromia and SNNPR Water 
Bureaus, aims to map the distribution of fluoride, assess the chemical risk of 
water sources, and perform feasibility studies for alternative water supply. 
Feasibility studies for the areas covered in my dissertation? What are the main 
regions where fluorosis is a problem? Are they monitoring the areas affected 
with high cases of fluorosis? Available data gathered about this? (e.g. reports). 
 

3. Technologies, management systems and roles and responsibilities of 
institutions for fluoride removal. 

 What is the package of technologies offered/being used in Oromia region for 
fluoride removal? What are the experiences and lessons learnt? 

 What is the technical situation of the projects? Any reports? 

 Institutional environment supporting the implementation and capacity building 
of technologies for fluoride removal. How is the institution supporting the 
technologies? 

 Objectives of the Oromia Science and Technology Agency to address fluorosis 
problems. Fluoride removal?  

 Management structure of the projects. How are the projects managed?  

 What are the related roles and responsibilities of the OSTA? And specific to 
bone char/Hap systems? 

 Who is the ultimate owner of the defluoridation schemes? 

OROMIA SCIENCE AND TECHNOLOGY AGENCY- Institutional support and regional 
role 
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 Are you doing M&E (practices, frequency, responsibilities etc.)? 

 Is there any market analysis been carried out in Ethiopia assessing the 
applicability of technologies: needs, feasible technologies, acceptability, 
target/demand, suppliers, barriers, regulation etc. 

 What are the main differences between the regional and national registered 
programmes? Any specific aspects about management? Discuss about bone 
char/HAp. 

 There is a Department of Capacity Building within the OSTA. Do they have a 
role in that sense in defluoridation programmes? 
 

4. Regulatory framework. 

 Legal support to defluoridation technologies. Was a legal regional framework 
created: policies, regulations etc.? 

 How often are they revised? 

 How does the law promote/boost the defluoridation schemes? How can it be 
improved or amended for future sustainability? (Discuss about the example of 
bone char, hydroxyapatite and zeolite). 

 
5. Financial management, funding and budgeting.  

 Is there a budget at regional level allocated to the different available/offered 
technologies? 

 Where does the funding for defluoridation schemes come from? Who 
manages it? 

 According to lit. review some things from defluoridation schemes (chemicals 
in Nalgonda or sampling/replacement in bone char) are covered by a subsidy 
plan. Is it from the region as well? When was this subsidy plan created? What 
does it cover? Is it sustainable? What are the risks? Who manages it? 

 
6. Strategic framework and priorities 

 What are the strategies to deal with high fluoride in water and fluorosis 

mitigation? Discuss about safe sourcing and defluoridation schemes.  

 The Ethiopian authorities are investing in the multi-village water supply 

scheme. Is the priority focused on safe sourcing then?  

 Are there any strategic partnership between institutions for that purpose? 

 What are the perceived potential incentives of future programmes involving 

these low-cost technologies? What are the perceived SWOT? 

 
7. Stakeholders. 

 What are the stakeholders involved in fluorosis mitigation? Are there existing 
MoUs? Are the roles and responsibilities clearly differentiated?  

 Are the management systems, priorities and decisions based on the 
consultation of the different stakeholders? Any considerations about people’s 
acceptance have been addressed? Has the local fluorosis knowledge and 
perception been studied? 

 What are the changes/improvements needed in the stakeholder relationships 
for sustainable uptake and future scale-up? 

 Can new stakeholders be introduced? How? Can this be supported legally? 
 

8. Sustainability and future scale-up aspects. *SAF 

 What is the involvement/approach of the OSTA in the long-term sustainability 

of the systems?  



105 
Development of sustainable adsorption technologies for fluoride removal in Ethiopia 

 There is a Department of Capacity Building within the OSTA. Could the 

institutions provide also support for the software required when introducing a 

new safe water supply technology?  

 Is fluoride education being included in the health education given? 

 At the same time, functionality of water schemes, operation and maintenance 

costs, and systematic water quality checks need to be carried out in a more 

integrated way. Are the institutions being involved in that? How do you think a 

more integrated way can be achieved? 

 Can the village communities realistically manage the fluoride removal plants 
on a sustainable basis, without ongoing support? What type of ongoing 
support is considered necessary and by whom? Should they also utilise 
support from the private sector in managing the fluoride removal plants? 

 Future scale-up and handing over. Do you think it is feasible to mine or import 
zeolite in Ethiopia in a long-term? 

 Discuss about the bone char and zeolite technologies. Higher production 

reduces the adsorbent costs. Moreover, in case of zeolite if the exploitation 

takes place in the country the reduction is even greater. Would that be 

feasible? What are the requirements? What would be the regional 

commitment?  

 

9. Closure 

 Invite the interviewee to raise new points he considers important and have not 
been covered yet. 

 Acknowledgements. 

 

 

1. Introduction. (after technical checks for the recording device and formalities of 

informed consent and paperwork). 

 Self-introduction. Aims of the research. Explain my interest in the topic.  

 His introduction. Background information about the participant (role within the 

Fluorosis Mitigation Programme).  

 

2. General information. 

 Professional experience. Brief description and overview of the institution: 
NFMP. Management structure within the institution. 

 How and when did the mitigation programme started?  

 What is the programme coverage and status? Registered projects? Mapping. 
What are the selection criteria for the locations, technologies and strategies 
applied? 
 

3. Technologies, management systems and roles and responsibilities of 
institutions for fluoride removal. 

 What is the package of technologies offered/being used in the country for 
fluoride removal? What are the experiences and lessons learnt? 

 Are you familiar with the adsorption technologies: bone char, hydroxyapatite 
and zeolite?  

 What is the current technical situation of the projects? Follow-up/updated 
reports? 

National Fluorosis Mitigation Programme (NFMP)- PROGRAMMES AND 
STRATEGIES FOR FLUOROSIS MITIGATION 
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 Institutional environment supporting the implementation and capacity building 
of technologies for fluoride removal. How are the institutions supporting the 
technologies? 

 What are the objectives of the NFMP to address fluorosis?  

 Management structure of the projects. How are the projects managed?  

 What are the related roles and responsibilities of the NFMP? Specific to bone 
char/Hydroxyapatite? 

 Who is the ultimate owner of the defluoridation schemes? 

 Are you doing M&E (practices, frequency, responsibilities etc.)? 

 Has there any market analysis been carried out in Ethiopia assessing the 
applicability of technologies: needs, feasible technologies, acceptability, 
target/demand, suppliers, barriers, regulation etc. Reports? 

 What are the main differences between the regional and national registered 
programmes? Any specific aspects about management? Discuss about bone 
char/HAp. 
 

4. Regulatory framework. 

 A legal framework has been created together with the NFMP: NFM Strategy, 
Health Policy, Water Resources Management etc. How does the law 
promote/boost the defluoridation schemes or disseminate the technologies? 
How can it be improved or amended for future sustainability? (Discuss about 
the example of bone char, hydroxyapatite and zeolite). 

 How often are the policies, regulations etc. revised? 
 

5. Financial management, funding and budgeting.  

 Where does the funding for defluoridation schemes come from? Who 
manages it? 

 Is there a budget allocated to the different available/offered technologies? 

 According to lit. review some things from defluoridation schemes (chemicals 
in Nalgonda or sampling/replacement in bone char) are covered by a subsidy 
plan from the government. When was this subsidy plan created? What does it 
cover? Is it sustainable? What are the risks? Who manages it? 

 
6. Strategic framework and priorities. 

 What are the strategies to deal with high fluoride in water and fluorosis 

mitigation? Discuss about safe sourcing and defluoridation schemes.  

 The Ethiopian authorities are investing in the multi-village water supply 

scheme. Is currently the priority focused on safe sourcing?  

 Are there strategic partnerships between institutions for that purpose? 

 What are the perceived potential incentives of future programmes involving 

these low-cost technologies? What are the perceived strengths, weaknesses, 

opportunities and threats? 

 
7. Stakeholders. 

 What are the stakeholders involved in fluorosis mitigation? Are there existing 
MoUs? Are the roles and responsibilities clearly differentiated?  

 Are the management systems, priorities and decisions based on the 
consultation of the different stakeholders? Any considerations about people’s 
acceptance have been addressed? Has the local fluorosis knowledge and 
perception been studied? 

 What are the changes/improvements needed in the stakeholder relationships 
for sustainable uptake and future scale-up? 

 Can new stakeholders be introduced? How? Can this be supported legally? 
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8. Sustainability and future scale-up aspects. *SAF 

 What is the involvement/approach of the local institutions in the long-term 

sustainability of the systems?  

 Could the institutions also provide (or are they also providing) support for the 

software required when introducing a new safe water supply technology? E.g. 

Capacity building, fluorosis education etc. 

 At the same time, functionality of water schemes, operation and maintenance 

costs, and systematic water quality checks need to be carried out in a more 

integrated way. Are the institutions being involved in that? How do you think a 

more integrated way can be achieved? 

 Can the village communities realistically manage the fluoride removal plants 
on a sustainable basis, without ongoing support? What type of ongoing 
support is considered necessary and by whom? Should they also utilise 
support from the private sector in managing the fluoride removal plants? 

 Future scale-up and handing over. Do you think it is feasible to mine or import 
zeolite in Ethiopia in a long-term? How can the handing over been done to 
ensure sustainability? 

 Discuss about the bone char and zeolite technologies. Higher production 

reduces the adsorbent costs. Moreover, in case of zeolite if the exploitation 

takes place in the country the reduction is even greater. Would that be 

feasible? What are the requirements? Can the zeolite be pre-conditioned 

there? What would be the government commitment? Time? Transport?  

 

9. Closure 

 Invite the interviewee to raise new points he considers important and have not 
been covered yet. 

 Acknowledgements. 

 

 

1. Introduction. (after technical checks for the recording device and formalities of 

informed consent and paperwork). 

 Self-introduction. Aims of the research. Explain my interest in the topic.  

 His introduction. Background information about the participant (role at 

UNICEF). 

 

2. General information. 

 Professional experience. Brief description and overview of the work of 
UNICEF related to fluoride removal in Ethiopia. How is UNICEF addressing 
fluorosis? WASH programmes? Education programmes?  

 What is the experience of UNICEF working with the communities, local 
NGOs/CBOs and the government regarding fluorosis mitigation?  

 What is the coverage and status of the UNICEF projects dealing with fluorosis? 
Projects and mapping? What are the selection criteria for the projects? 

 Understanding the distribution of fluoride in GW. Key available data about the 
regions with fluorosis problems. Has UNICEF carried out studies or gathered 
data? Any reports or documents? 
 

UNICEF- WASH dealing with fluorosis- Financial Support, projects and UNICEF roles 
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3. Technologies, management systems and roles and responsibilities of 
institutions for fluoride removal. 

 What are the defluoridation technologies implemented/supported by UNICEF? 
And more specific to bone char and hydroxyapatite? What is the technical 
situation? Any reports/documents? 

 Management structure of the projects. How are the projects managed? What 
is the role and responsibilities of UNICEF? And related to bone char and 
Hydroxy apatite systems? 

 Objectives of the UNICEF to address fluoride removal?  

 Is UNICEF involved in M&E (practices, frequency, responsibilities etc.)? 

 UNICEF and OSHO (Oromia Self Help Organisation) which works with bone 
char and hydroxyapatite. How has UNICEF been involved in the 
implementation of new technologies? 

 What are the perceived strengths, weaknesses, threats and opportunities of 
the adsorption technologies UNICEF has been working with? 
 

4. Programmes’ funding.  

 What is the experience of UNICEF funding defluoridation projects? Any 
changes in priorities or approach over the recent years? Why? 

 What are the priorities for the awarding? Selection criteria?  

 What are the challenges and lessons learnt? 
 

5. Strategic framework and priorities. 

 What are the strategies to deal with high fluoride in water and fluorosis 

mitigation? Discuss about safe sourcing and defluoridation schemes. What is 

the WASH approach from UNICEF? 

 What are the current prioritised aspects for UNICEF to address fluorosis 

mitigation? 

 Discuss about bone char, hydroxyapatite and zeolite. Are you familiar with 

these adsorption technologies? What are the perceived potential incentives of 

future programmes involving these low-cost technologies? 

 What are the related plans and future programmes?  

 
6. Stakeholders 

 What are the stakeholders working or that have worked with UNICEF for 
fluorosis mitigation? Are there existing MoUs? Are the roles and 
responsibilities clearly differentiated?  

 Are the management systems, priorities and decisions based on the 
consultation of the different stakeholders? Any considerations about people’s 
acceptance have been addressed? Has the local fluorosis knowledge and 
perception been studied? 

 What are the changes/improvements needed in the stakeholder relationships 
for sustainable uptake and future scale-up?  

 What has been the institutional support and relationship with UNICEF and the 
water authorities? E.g. National Fluorosis Mitigation Programme, Oromia 
Science and Technology Agency and Water Authorities. 

 Can new stakeholders be introduced? How?  
 

7. Sustainability and future scale-up aspects. *SAF 

 What is the approach of UNICEF in the long-term sustainability of the 

systems?  

 Is UNICEF giving support for the software required when introducing a new 

safe water supply technology?  
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 As suggested by Melaku, 2000 it is important to educate the affected 

communities in order to have a greater impact of future interventions (both 

from health and market-increased demand- perspective). Does UNICEF 

consider including fluorosis education? 

 At the same time, functionality of water schemes, operation and maintenance 

costs, and systematic water quality checks need to be carried out in a more 

integrated way. How do you think a more integrated way can be achieved? 

 Can the village communities realistically manage the fluoride removal plants 
on a sustainable basis, without ongoing support? What type of ongoing 
support is considered necessary and by whom? Should they also utilise 
support from the private sector in managing the fluoride removal plants? 
 

8. Closure 

 Invite the interviewee to raise new points he considers important and have not 
been covered yet. 

 Acknowledgements. 
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APPENDIX B: Field visits format 

 

- BONE CHAR MANUFACTURING PLANT (*some covered with the SSI format). 

• Production chain. What are the production stages? What are the technical, 

management and O&M requirements? What are the challenges? 

• Brief overview of costs and business model. What are the revenue and expense 

sources? What are the prices (water, materials etc.)? 

• What are the suppliers of raw bones? What are the clients (communities and 

sub-product buyers)?  

• Materials used and environmental issues. 

• Technologies’ benefits and challenges. 

• Communities and relation between stakeholders. 

• Sustainability of fluoride scheme. 

 

- BONE CHAR AND HAp PLANTS/COMMUNITIES: 

• No. and name of the kebeles (neighbourhoods) of the village. 

• Status of the water filters and equipment (tanks, pipes, pump etc.). 

• Water kiosk: Account management and bookkeeping. Do you have a 

bookkeeping system?  

• Water consumption from treated and untreated water. Motivations for using 

one or another. Why do you come here to collect water? How much water from 

this tap or the other do you use? Why do you use one or another? 

• Uses of water. What do they use the water for?  

• Costs of water. Alternatives. People’s perception about paying for water. How 

much do you pay? What do you think about paying for water? Why do you think 

it is important? Do you have any other water points? Do you have to pay there 

too? 

FIELD VISITS 
 

• Communities’ general topics for observation and informal 
questions: 

1. Uses of water. 
2. Reliability of water sources and coping strategies. 
3. Water demand (consumption) 
4. Fluorosis knowledge. 
5. Perception and acceptability of defluoridation technology (including O&M needs, 

costs etc). 
6. Beliefs. 
7. Paying for water. Tariff and overall perceptions. 
8. Willingness to commit to management roles and responsibilities. 
9. Commitment of water committee. Ways of working and organisation. 

Perceptions. 
10. Money collection. Account management and book keeping. 
11. Water kiosk. 
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• Other water sources. Reliability and coping strategies. Are there problems with 

these taps? What have you done then?  

• Fluorosis knowledge. Do you know what is fluorosis? Where does it come from? 

Do you know what is fluoride? How can you differentiate from water 

with/without fluoride?  

• Perception and acceptability of defluoridation technology. Why do you buy 

water from this kiosk? Do you know how the technology works?  

• Beliefs. Do you have any concerns about this technology?  

• Commitment of water committee.  

- Water committee roles and responsibilities: What is your role as member of 

water committee? What are your motivations to be part of it? What do you 

think are the challenges to commit? Why do you think it is important to have a 

water committee?  

-Fluorosis: What do you know about fluorosis? Why do you think it is important 

to have a defluoridation scheme? Do you think people know about it? 

- Management and cost recovery: How do you communicate with OSHO or the 

local authority? How do you collect the money? How do you manage the bank 

account? Do you have a bookkeeping or how do you arrange with the water 

kiosk? 

 

- ZEOLITE VILLAGES: DIDA AND OBE. 

 

• No. and name of the kebeles of the village. 

• Status of the wells and water points. 

• Water consumption: Why do you come to collect water from here? How much 

water from this tap do you use?  

• Uses of water. What do they use the water for?  

• Fluorosis knowledge. Do you know what is fluorosis? Where does it come from? 

Do you know what is fluoride? How can you differentiate from water 

with/without fluoride?  

• Would you go to a water point if it has no fluoride? Even if it is far? What if you 

have to pay for the water collected there? 

• Costs of water. Alternatives. People’s perception about paying for water 

(WTP/ATP overview). Do you have any other water points? Do you have to pay 

in any of the water points in the community? How much do you pay? What do 

you think about paying for water? Why do you think it is important?  

• Other water sources. Reliability and coping strategies. Are there problems with 

these taps? What have you done then?  

• Would you commit to maintain the water point if you know it is beneficial? How 

do you think you can contribute? 
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APPENDIX C: Ethical approval 


