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Abstract: Background: Obtaining safe drinking water can be a challenge in Nepal.  

By training potters and setting up production sites for Colloidal Silver Filters, several  

non-governmental organizations have tried to provide local people with a low-cost option 

for household water treatment. Out of 19 trained entrepreneurs, only four are currently 

producing filters. The goal of this evaluation was to find out what conditions lead to the 

successful continuation of the production and the reasons for failure. Methods:  

The evaluation of the potters was based on a Qualitative Comparative Analysis and the 

conditions looked at were: “Production”, “Collaboration”, “Market” and “Potter”.  

Results: Analysis showed that production problems and insufficient demand led to the 

termination of ceramic filter production and that both trouble-free production and high 

demand are necessary for a sustainable business. 

Keywords: household water treatment; ceramic filters; safe drinking water; developing 

countries; marketing water treatment products; qualitative comparative analysis 

 

1. Introduction 

More than 700 million people do not have access to an improved source for drinking water and an 

estimated 1.8 billion people do not consume safe drinking water [1]. Household water treatment, if 
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applied correctly and consistently, is a strategy to reduce the health risks related to the consumption of 

unsafe drinking water [2]. Different methods for water treatment at the household level have been 

promoted to improve drinking water quality. A trial conducted in Nepal with different methods for 

water treatment, such as solar water disinfection, chlorination, boiling and ceramic filters, revealed 

that, without considering the purchase costs, the most popular method across all test sites was the 

ceramic filter, due to its ease of use [3]. 

Treating drinking water through the use of ceramic filters, however, can only be taken up and 

sustained if people have reliable access to these products [4]. Therefore, different organizations have 

worked to establish ceramic filter production sites in Nepal in order to give local communities better 

access to water treatment products at the household level. 

Ceramic Filters in General and in Nepal 

Clay is a material used in many different cultures all over the world [5–7] and is often used to 

produce water storage vessels [8]. As identified by Oyanedel-Craver and Smith (2008), a variety of 

ceramic water filters has been developed as a “Point of Use Treatment” option for drinking water in 

developing countries [9]. 

The Guatemalan Chemist Fernando Mazarieges invented a pot-shaped silver-impregnated ceramic 

filter, which is one of the most widely used designs for ceramic water filters. The potter and sociologist 

Ron Rivera met Mazarieges in Central America after the destruction wrought there by Hurricane Mitch 

in 1998. He picked up the idea of making this kind of filter and set up local workshops in different 

countries together with the non-governmental organization Potters for Peace [10,11]. The goal was to 

use locally available material and train local people to produce this low-cost option for drinking water 

treatment [9]. Now, there are more than 30 factories producing such filters, for example, in Ghana, 

Yemen, Cambodia, Guatemala, Kenya, and Indonesia, as well as other countries of the developing 

world. The number of production sites worldwide continues to expand [10]. 

The pot-shaped silver-impregnated ceramic filter of Potters for Peace is made of clay and a burnable 

material that leaves behind pores when the filter is fired, providing the first elimination mechanism for 

microorganisms. The second disinfection process is the impregnation of the filter with colloidal silver, 

which increases the percentage of pathogens eliminated and prevents the formation of a biofilm within 

the filter [8]. The pot-shaped filter can be placed in varying types of receptacles, made from different 

kinds of materials, which are covered with a lid. Water is poured into the upper part of the filter and 

consumers just have to wait for the water to trickle through the porous ceramic before they can 

withdraw safe drinking water, using a tap at the bottom edge of the receptacle [8,9]. A schematic and a 

picture of the filter are depicted in Figure 1. 

The Nepali ceramic filter, which is the subject of this evaluation, has a design similar to the Potters 

for Peace filter. The main difference is that instead of the whole pot, only its bottom is made of porous 

material. The bottom is produced in a disk shape and later fixed inside the pot-shaped filter-holder, 

using a mixture of white cement and marble powder. The filter-holder is placed inside a ceramic 

receptacle with a ceramic lid [12]. The American non-governmental organization Village Forward, 

founded by David Elliot in 2001 as Solutions Benefitting Life Institute, developed the design of this 

colloidal silver filter (CS-filter) in collaboration with the Nepali potter Hari Govinda Prajapati [12].  
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The organization’s mission is to relieve two burdens affecting poor people in Nepal: Poverty, by 

creating local employment, and water borne diseases, by providing a low-cost household water 

treatment and storage system (HWTS) to local people [12]. By 2014, Village Forward has trained eight 

potters to produce all the filter components except for the disk and has set up their production sites. 

The disk itself is produced only by Hari Govinda Prajapati and is distributed to the other potters. 

 

Figure 1. Schematic of the filter (adapted from [12]) and a picture of a filter used in one of 

the potters’ households (taken by the author). 

Village Forward has also worked in collaboration with different organizations to train eleven more 

potters, who were then supported by the respective organizations during the establishment of their 

production sites. However, despite the fact that 19 local entrepreneurs have been trained to establish 

ceramic filter production, only very few of these micro-entrepreneurs are still producing the CS-filter. 

According to Anderson and Billou (2007), the marketing of health products in low income 

communities has been challenging due to corruption, poor infrastructure, non-existent distribution 

channels, illiteracy, the lack of robust and enforceable legal frameworks, and religious or racial 

conflict [13]. The goal of this study was to analyse the output of the efforts to establish ceramic filter 

productions and the marketing efforts in Nepal and, therefore, contribute to a better understanding of 

how to successfully promote products for drinking water treatment. One objective was to identify the 

conditions supporting the successful, sustainable operation of these ceramic filter businesses, as well as 

the reasons for failure. A project can have a long-lasting impact only when it succeeds in building up 

self-sustaining production. Another objective was to identify what activities could help the potters to 

establish, improve and sustain their production. 

2. Methods 

2.1. Data Collection: Interviewing Potters and Organizations 

Between October and December 2014, the owners of 14 ceramic filter production sites in Nepal 

were visited and qualitative interviews using a structured interview guide were conducted. Nearly all 

sites are located in the Terai, although one is in the Hilly Region and another is in the Kathmandu 

Valley. Contact with the other five trained potters could not be established. 

The questionnaire was developed with input from local water and sanitation experts to 

accommodate for cultural specificity and was structured around the business model canvas developed 

by Osterwalder (2007) to address the principal aspects of the entrepreneurs’ business models.  
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The business model canvas is a strategic management and entrepreneurial tool to describe and pivot 

business models. It includes the following aspects: Key partners, key activities, resources, value 

proposition and competition, customer relationship and marketing, cost structure and revenue [14].  

The interviews were conducted by a team of a Nepalese and an international researcher. All questions 

were formulated in Nepalese and the answers were translated into English on site. The interviews were 

digitally recorded and later transcribed and translated. The interviews were also complemented with 

structured observations concerning the production and management of the businesses. 

In addition, three qualitative interviews were conducted with the managing staff of the 

organizations supporting the training and establishment of the production sites: Village Forward, 

International Development Enterprises (IDE) Nepal and Support Activities for Poor Producers of 

Nepal (SAPPROS Nepal). IDE and SAPPROS Nepal worked together on the joint project called the 

Sanitation Marketing (SanMark) Initiative. Representatives from HELVETAS, which also collaborated 

with Village Forward on the establishment of production sites, could not be interviewed during the 

author’s visit. 

2.2. Defining Conditions for Qualitative Comparative Analysis 

In most of the 19 cases, production had ceased or had never started. A Qualitative Comparative 

Analysis (QCA) was done to gain a more systematic understanding of the conditions that lead to the 

successful and sustainable operation of ceramic filter production, as well as the reasons why most of 

the businesses have not succeeded. QCA is a case study oriented approach that assists the researcher in 

the analysis of patterns in the assessed cases through the study of set-theoretic relationships between 

causally relevant conditions and a specified outcome [15]. The approach supports the researcher in 

capturing the complexity of cases. This implies that although one outcome can be produced by a combination 

of conditions, several different combinations of conditions may produce the same outcome or a given 

condition may have a different impact on the outcome [16]. QCA has also been used to support 

researchers in the understanding of complex cases and to deliver meaningful results, using only a small 

number of samples [17–19]. For example, although most applications of QCA are conducted in studies 

of 10 to 50 cases [16], studies based on only five [20], six [21], or seven cases [18,22,23] have been 

published. The results allow for a certain level of generalization but should be limited to the  

examined population. 

The QCA method uses truth tables to find paths that lead to the determined outcome,  

which for this study is the continuation or termination of ceramic filter production, where a path 

consists of causal combinations, that show if different conditions are present or absent [19,24–26].  

The conditions are defined according to the available information and a path is evaluated by its 

consistency and coverage [25]. 

Only the eight potters who had successfully started production were part of the QCA. The case of 

Hari Govinda Prajapati was excluded from the analysis because his situation and business is different 

from the others. He is their trainer and co-developer, as well as the producer of the filter disks, which 

is a part necessary for all of the potters’ businesses. 

The information gained through the specific questions was structured into eight conditions as shown 

in Table 1. The table also shows the weight given to each question, which is explained in more detail below. 
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Table 1. Interview questions grouped into eight conditions and weighted according to  

their influence. 

External Conditions The Potter 

Condition Questions W Condition Questions W 

Production 

Problems with other parts of the business 1 

Business  

Management and 

Financial Skills 

Infrastructure bought on their own 3 

Problems with filter availability (disk) 1 Own investment in equipment 3 

Problems in production process 3 Employment of staff, salary 1 

Reasons for stopping (production) 3 Profitability 1 

Help for maintenance of production 1 Profitability challenges 1 

Collaboration and 

Support 

Form. relationships with other Org. 1 Income through other products 1 

Provider of production training  1 Business management training 2 

External help with setting up 3 Bookkeeping 2 

Support f. Mktg., Freq. of measures 1 Planning of production 1 

Sales channels 1 Knowledge of costs 2 

Funding of investment 2 Different prices 1 

Funding of production 2 

Marketing Skills 

and Effort 

Marketing Training 2 

Availability of 

Customers 

Differences betw. income segments 1 Knowledge about customers 1 

Customer segments 1 Sales channels 1 

Population density 2 Own Marketing Measures 2 

Selling area 2 Strategies for new customers 2 

External Influences 

on Market (increasing 

Demand) 

Safety of water sources 2 Effectiveness of own Marketing 2 

Competition of other HWTS 1 

Entrepreneurial 

Spirit 

Production of other products 1 

Marketing Measures 2 Percentage of income rel. to filters 1 

Frequency of Marketing Measures 2 Infrastructure bought on their own 2 

Awareness Raising Activities 1 Interest in training others 1 

Recommendations of customers 2 Own Marketing, strategy for new cust. 2 

Effectiveness of Marketing 3 Interest in continuation, Scale up 3 

Interest of 

Customers in Filters 

Problem of filter availability (demand) 1 Organization, tidiness of site 1 

Willingness to invest comp. to price 1 Opn. on Trainings, impact of design 1 

Percentage of people treating water 3 Help with Setting up 2 

Pot. customers (not yet treating) 1 Quality Testing 1 

HWTS Demand 3 Knowledge spare parts, prod. time 1 

Difficulty to find customers 2 Problem solving methods 2 

Satisfaction of customers 1 Buying places, transport (special) 1 

Complaints of customers 1 After Sales Services 2 

Reasons for not buying the Filter 1 Help for maintenance of production 1 

Reasons for stopping (demand) 3 Innov. thinking, ind. spirit (observed) 3 

Note: W = Weight of question within each condition. 

2.3. Developing the Scores 

Firstly, an evaluation was done of the answers given by the potters to the questions within the eight 

cases. Each condition was attributed a subjective rating of either “low” (1), “moderate” (2), “medium” 

(3), “high” (4), or “very high” (5) according to their answers and the impressions gained during the 

interview and the site inspection. 

The scoring was repeated using a more methodical approach in a second step. Each question was 

given a weight between 1 for the least important question and 3 for the most important. A higher 

weight was given to the questions considered to have a greater influence than the other questions 

within each condition. For example, within the condition “Business Management and Financial Skills”, 
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we compared the questions: “Own investment in equipment”, “Business management training” and 

“Different prices”. The application of “Different prices” is a small aspect in the overall business 

managed by the potter and, therefore, received the lowest weight. Attending “Business management 

training”, however, could have a large effect on the potter’s entire business and was given more weight 

than “Different prices”. The question regarding his “Own investment in equipment” was rated with the 

highest weight because it shows that the potter understands the business concept, is able and willing to 

invest and knows that without investing, important pieces of equipment might be missing, making 

production impossible. 

The answer of the potter was then assessed as either positive (+1), without influence (0) or negative 

(−1) for the filter business. Doing this ensured that when two potters gave the same or a similar answer 

to a question, it was evaluated in the same way and that all answers were taken into account.  

To summarize all the answers of a condition into one number, a weighted average was taken from all 

the questions within the condition. This resulted in a normalized score for each condition that ranged 

from −1 to 1, which is used in further steps of the QCA. 

2.4. Comparing the Two Approaches 

Before continuing with the QCA a comparison was done between the two different scoring 

approaches. The score from the methodical approach was transformed into the same values used for 

the subjective scoring (1–5) by dividing the distance into five equal spaces: −1 to −0.6 = 1; −0.599 to 

−0.2 = 2; 0.199 to −0.199 = 3; 0.2 to 0.599 = 4 and 0.6 to1 = 5. 

The values between 1 and 5 obtained for each condition through the subjective and the 

methodological approaches were compared, by checking if the potters had received the same value in 

both of them. Within the 8 × 8 conditions, the values obtained through the different approaches were 

identical in 45 conditions and differed by 1 unit in 19 conditions. 

The potters were ranked in three different ways. The first was by the number of filters sold.  

The potter with the highest number was assigned to rank 1. The second and third ways were derived 

from the two scoring methods by summing up the values they received in the different conditions. 

2.5. QCA Procedure 

The scores (−1 to 1) reached via the methodical procedure were used to derive fuzzy-set scores for 

the QCA. In fuzzy-set scores a value close to 0 means that the condition is absent, while close to 1 

means that the condition is present [25]. A linear equation was, therefore, calculated to change the 

range of values between −1 and 1 to the range between 0 and 1. 

The number of conditions to be included in the QCA had to be reduced as a high number of 

conditions is dysfunctional for a QCA [27]. The conditions addressed during the interview therefore 

were summarized into the four combined conditions: “Production” (R); “Collaboration and Support” (C); 

“Market” (M), which consists of the three sub-conditions influencing demand: “Availability of 

Customers”, “External Influences on the Market” and “Interest of Customers in CS-Filters”; and 

“Potter” (P), consisting of three sub-conditions: “Business Management and Financial Skills”, 

“Marketing Skills and Effort” and “Entrepreneurial Spirit”. The sub-conditions were joined using 

logical OR, which means that the highest of the sub-conditions’ scores became the score of the 
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combined condition [28]. This procedure was adopted because either one of the sub-conditions could 

lead to sufficient demand or a successful potter, respectively. For the QCA, this means, that the 

condition “Market” is present (receiving a value close to 1) when one of its three sub-conditions 

received a high score. 

Four conditions result in 16 different causal combinations as each condition can be either present or 

absent. The membership scores of the cases in each of these combinations were calculated using 

logical AND (represented in Table 2 with the asterisk *). This procedure chooses the smallest score 

among the conditions in the causal combination to be the membership score [28]. 

The outcome was defined as the successful continuation of the ceramic filter production. The scores 

for continuation were calculated using the number of filters sold by each site divided by 1000.  

Sites with more than 1000 filters sold received an outcome score of 1. This was done in order to reach 

a score of 0.5 for the one potter who was only producing filters from time to time, half in and half out 

of production. The scores for the termination of the business are the negation of those for continuation, 

the difference between the scores for continuation and 1 [28]. 

The consistency values of sufficient conditions for both the outcomes of continuation and 

termination are reported. They were calculated using the formulas described in Ragin (2006).  

The cut-off value was set to 0.75 [25,27]. Coverage values were also calculated according to Ragin (2006), 

as were consistency and coverage values for necessary conditions, but they are not displayed [25]. 

Table 2. Membership scores of all sites (roman numerals) in the causal combinations with 

at least one case with a membership score above 0.5. 

Sites 
Outcome Scores Causal Combinations 

Cont. Term. R*C*~M*~P R*~C*~M*P ~R*~C*M*P R*C*M*~P R*~C*M*P R*C*M*P 

I 1 0 0.148 0.294 0.222 0.148 0.706 0.273 

II 1 0 0.235 0.235 0.222 0.550 0.273 0.450 

III 1 0 0.088 0.088 0.091 0.370 0.091 0.630 

IV 0.5 0.5 0.417 0.182 0.182 0.556 0.182 0.421 

V 0.175 0.825 0.050 0.083 0.545 0.050 0.167 0.167 

VI 0.15 0.85 0.083 0.083 0.545 0.167 0.167 0.167 

VII 0.15 0.85 0.556 0.211 0.211 0.269 0.211 0.211 

VIII 0.01 0.99 0.318 0.519 0.056 0.269 0.269 0.269 

Consistency for 

Sufficiency 

Cont. 0.623 0.664 0.580 0.811 0.837 0.870 

Term. 0.751 0.636 0.742 0.528 0.482 0.477 

Notes: R = “Production”, C = “Collaboration”, M = “Market”, P = “Potter”, * = Logical AND, ~ = Negation.  

Cont. = Continuation, Term. = Termination. 

3. Results and Discussion 

3.1. The Potters’ Stories 

Out of the 14 production sites that were visited, only four are still regularly producing filters, while 

another one produces only whenever stock runs out. Four began producing, but discontinued, and five 

entrepreneurs never managed to start production. One of the successfully operating sites, not included 

in this analysis, is the site of Hari Govinda Prajapati, who is the Nepal Field Director of Village 

Forward. In this position, he trains the potters and produces the disks required for his business and 
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their businesses. He therefore plays a major role in the CS-filter business of Nepal. The potter who 

only sporadically produces, complained about the low availability of filter disks. He said that he would be 

willing to conduct marketing measures to increase demand in his area, but only if he were sure that he 

could buy a sufficient number of disks necessary to produce an increasing number of filters. 

As outlined before, three different organizations provided the training for the potters and supported 

the set-up of their ceramic filter production. Even though they all worked together with Village 

Forward and with its Field Director Hari Govinda and have local staff, there were big differences in 

the results of their projects. The most successful outcome was achieved by Village Forward. Four 

potters supported by this organization are still producing filters. Only one interviewed potter supported 

by Village Forward no longer produces filters. HELVETAS supported the training and business set-up 

of two potters in the same area. Although they seem to have had favourable conditions for production 

and marketing, they gave up their production because of the high breakage of filters during firing (due 

to the utilization of inadequate clay). Although they tried different approaches to solve this problem, 

they have not yet managed to do so. The SanMark Initiative supported ten potters, out of whom seven 

were interviewed and all were found to no longer produce filters or to not even have started. 

The two potters from HELVETAS were not the only potters who encountered a problem with clay. 

In two other cases after using inadequate clay, a different clay source was found. In a third case, the 

potter never started production due to financial reasons. The potters assisted by the SanMark Initiative 

received less support for starting up their production. They had to invest their own resources to pay 

some of the costs of their own furnaces and they had to make sure that they received the temperature 

measurement device necessary to control the firing of the filters. These barriers caused some of them 

to fail to set-up their own site. One potter refused the partial investment for the furnace granted by the 

supporting organization because it was less than the amount that was initially announced. As a result, 

he did not build his furnace. Two potters failed to build their furnaces even though they had received 

training on how to do it. Additionally, although the organizations said they would provide the 

temperature measurement device, two potters never received it. These two also did not manage to 

receive one on their own and, therefore, cannot produce at present even though they have a working 

kiln and all the other necessary equipment. 

The lack of demand for the ceramic filter was a critical hurdle for two other potters that led to the 

termination of their production. They still had filters in stock and could have produced more, but were 

unable to sell them. These potters also stated that they were not willing and/or not able to create 

demand by conducting their own marketing measures and to build up their own distribution channels 

without external support. Part of the SanMark Initiative was to build up a distribution system with  

an outlet and sales people. According to the people interviewed from IDE Nepal and SAPPROS Nepal, 

this distribution network was never tested because the potters did not manage to start the production of 

filters during the project period. Unfortunately, the potters were also not informed that this assistance 

would be available from the SanMark Initiative, and did not have a chance to use this. 

3.2. Results of the Two Scoring Approaches 

In Table 3 the resulting values of the two different scoring approaches are summarized. For each 

condition and each production site (roman numerals), the values of both methods are given. Their total 
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score and resulting ranking is listed for each site. As Table 3 displays, the ranking of the potters 

according to their total scores does not correspond with the number of filters sold. This might be due to 

the fact that even though a potter has received high scores for most conditions, a problem within an 

essential condition, such as lacking access to the resources required for production, can lead to the 

early termination of production (and thereby limit the total number of filters produced). 

Table 3. Resulting values of the two scoring approaches for all sites (roman numerals) in 

the different conditions. 

Conditions 
Scoring 

Method 

Sites 

I II III IV V VI VII VIII 

Production (R) 
Subjective 4 4 5 3 2 2 3 5 

Methodical 4 4 5 3 1 1 3 5 

Collaboration and Support (C) 
Subjective 2 4 5 5 3 3 4 1 

Methodical 2 4 5 5 3 3 4 2 

Availability of Customers 
Subjective 4 2 5 3 5 5 1 2 

Methodical 4 3 4 3 5 5 1 2 

External Influences on Market 

(increasing demand) 

Subjective 4 4 3 2 5 5 1 1 

Methodical 4 4 3 3 5 5 2 2 

Interest in Filter 
Subjective 4 4 5 2 5 5 1 2 

Methodical 4 4 5 3 4 4 1 1 

Business Management and 

Financial Skills 

Subjective 5 2 3 3 5 3 1 3 

Methodical 4 2 3 3 4 3 2 3 

Marketing Skills and Effort 
Subjective 3 3 2 2 5 4 1 2 

Methodical 2 3 1 2 5 4 1 2 

Entrepreneurial Spirit 
Subjective 5 2 3 2 4 3 1 2 

Methodical 5 2 4 2 3 3 1 3 

Total Scores and Ranking  

(Score: Rank) 

Subjective 1 31: 2 25: 5 31: 2 22: 6 34: 1 30: 4 13: 8 18: 7 

Methodical 2 29: 3 26: 5 30: 1 24: 6 30: 1 28: 4 15: 8 20: 7 

Total number of Filters sold - 15,000 4000 3750 500 175 150 150 10 

Notes: 1 the total score (first number) and ranking (second number) reached through the subjective scoring;  
2 the total score (first number) and ranking (second number) reached through the methodological scoring. 

For two potters, the subjective and methodological scoring lead to differing scores in four 

conditions. One of them had made a rather positive impression during the interview while the other one 

gave the impression that he was unwilling to put more effort into the business. The first one was evaluated 

higher by the subjective method in all four conditions and the second one was evaluated lower in three 

of the four conditions. This demonstrates the importance of a scoring that is less influenced by the 

overall impression of the interviewer. This observation can also be extended to the other cases. 

3.3. Results of the QCA 

Table 4 shows the fuzzy-set scores of the eight cases (roman numerals) that successfully established 

filter production for the conditions “Production” (R), “Collaboration and Support” (C), “Market” (M) 

and “Potter” (P). 

Table 2 shows the membership scores of each site for the causal combinations of the four conditions 

“Production” (R), “Collaboration” (C), “Market” (M) and “Potter” (P) that had at least one case with a 
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membership score of 0.5 or higher (underlined). A membership score of 0.5 or above shows that this 

case represents this causal combination better than the other cases. The asterisk * represents the 

combination with logical AND and the tilde ~ represents the negation, meaning that the condition is 

not present, or low [28]. The outcome scores for continuation (Cont.) and termination (Term.) are also 

displayed in Table 2, as well as the consistency values for both outcomes. 

Table 4. Fuzzy-set scores for each site of four combined conditions and six sub-conditions. 

Conditions 
Sites 

I II III IV V VI VII VIII 

Production (R) 0.778 0.778 0.889 0.556 0.167 0.167 0.556 0.944 

Collaboration and Support (C) 0.273 0.727 0.909 0.818 0.455 0.455 0.727 0.318 

Market (M) joined by logical OR 0.706 0.765 0.912 0.583 0.917 0.917 0.269 0.269 

Availability of Customers 0.667 0.417 0.750 0.583 0.917 0.917 0.167 0.250 

Ext. Influences Market 0.615 0.615 0.462 0.462 0.846 0.808 0.269 0.269 

Interest in Filter 0.706 0.765 0.912 0.412 0.706 0.706 0.118 0.147 

Potter (P) joined by logical OR 0.852 0.450 0.630 0.421 0.950 0.650 0.211 0.519 

Business Mgmt and Financial Skills 0.816 0.237 0.421 0.421 0.737 0.421 0.211 0.500 

Marketing and Effort 0.400 0.450 0.200 0.250 0.950 0.650 0.150 0.400 

Entrepreneurial Spirit 0.852 0.389 0.630 0.370 0.593 0.556 0.185 0.519 

Looking at the combinations of conditions (= paths) that included the cases with a successful 

outcome (= filter production above 1000 pieces), the path to the outcome of “continuation of the 

production” can be described as R*M. This path shows that smooth production and high demand for 

ceramic filters in the market lead to the sustainable operation of ceramic filter businesses. It was 

reached using Boolean logic to eliminate conditions. One of the successful potters has both high values 

within the condition “Collaboration” and high skills within the condition “Potter” in addition to high 

values for “Production” and “Marketing”, while the other two have high values either in 

“Collaboration” or in “Potter”. This shows that both trouble-free production and a big market are 

needed, and that strong collaboration and the high skills of the potter can replace each other. This path 

has an overall consistency of 0.88 and coverage of 0.84; the cases are highly consistent with the path 

and the path accounts for most of the successful production sites. One of the columns is slightly 

contradictory, with high membership of both potters number II and IV, as potter IV received the ambiguous 

outcome score of 0.5. However, since he is still producing, the column should be taken into account. 

There is only one causal combination with a consistency value above the cut-off, leading to the 

outcome of termination: R*C*~M*~P, with a consistency value of 0.75 and a coverage value of 0.36. 

This explains roughly one third of the failures. This path shows that even though production is problem 

free and collaboration is strong, a missing market and lack of skills on the part of the potter can lead to 

the termination of production. The other two columns containing cases with high membership in the 

outcome of termination show that collaboration can again be exchanged with the high skills of the 

potter and that there is an entirely different path where production problems are decisive. 

Regarding the causes for the failure of the production sites, the QCA does not lead to completely 

new findings, but summarizes earlier observations and provides reasoning for them through the path of 

causal combinations it reveals. The QCA shows, however, which conditions are necessary for the 

successful continuation of a ceramic filter business. This was not directly visible by just looking 
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qualitatively at the data, and shows one of the strengths of this method. Each of the cases is different, 

as each potter has his own individual story. The QCA however, provides a framework to 

systematically compare the different cases. It reduces the complexity and generalizes to a certain 

extent, while still allowing for a combination of conditions to be necessary for a certain outcome [26]. 

This evaluation also demonstrates that QCA is a valuable method for the analysis of a small number of 

cases [17–19]. With only eight cases, a well-justified explanation for the continuation or termination of 

production was found. On the other hand, a limitation of the QCA method is that many decisions regarding 

the definition and evaluation of conditions have to be taken and are very dependent on the information 

available and the preferences of the author. However, the choice of variables and the translation of not 

directly quantifiable information into scores also need to be done when using other methods. 

This study could have been more conclusive if it had included all the trained potters in Nepal.  

This would surely have led to making more information available and would have provided additional 

insights, as well as more comprehensive results and would have given the results more general 

significance. Future studies on this subject should expand the number of cases to be evaluated, and 

should include cases from other geographical contexts to provide ground for broader generalizations. 

3.4. Concerns and Recommendations 

Demand for the filters is critical for the successful establishment and long-term operation of 

production sites. According to the potters’ answers, people in their areas are aware of the importance 

of drinking safe water, but a majority thinks that their water is safe. This leads to low demand for 

ceramic filters. To increase demand, comprehensive awareness raising campaigns and more social 

marketing activities would be necessary. Such campaigns require the implementation of systemic 

behavior change interventions over an extended period of time [29–31]. 

A surprising finding during the interviews was that people living in areas where the groundwater is 

contaminated by Arsenic were particularly interested in buying CS-filters. They intended to use the 

CS-filters to remove Arsenic from the water by putting nails or other iron parts and sand into the  

filter-holder above the disk. Even though these materials can potentially have the effect of adsorbing 

the Arsenic onto ferric hydroxides [32], such a practice does not produce reliable results. 

The monopoly over the production of filter disks by one potter limits their availability and thereby 

presents an obstacle to the sustainable operation and scale-up of other production sites. Establishing a 

second filter disk producer would help to meet the demand and also support market growth. 

Another critical issue to be addressed is the quality control of the filter disks. Several studies have 

investigated and demonstrated the microbiological effectiveness of different ceramic filters [8,9,11,33]. 

However, without quality control the microbiological safety of the water produced by using them cannot be 

guaranteed. The quality control measures implemented at the inspected sites lack systematic rigor, are 

not done regularly and should be significantly improved. External control visits should also take place. 

4. Conclusions 

The evaluation showed that smooth production including reliable access to all the resources 

required, as well as a good marketing context were essential for the successful operation of a ceramic 

filter business for the eight potters analyzed in this study. Inputs from and collaboration with other 
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organizations can facilitate and strengthen “Production” and “Market”, but are not required if 

“Production” and “Market” are already strong. However, when essential elements within these two 

conditions are lacking, this often leads to the termination of production. 

The different outputs achieved by the three organizations training potters in how to establish their 

own ceramic filter businesses show that adequate initial technical support, as well as proper access to 

all the equipment and resources required for production, are essential to get production up and running. 

However, too many of the entrepreneurs trained in Nepal failed due to problems relating to starting and 

establishing filter production. 

Furthermore, although several of the potters managed to successfully establish CS-filter production, 

they discontinued their businesses due to low product sales. This seems to relate to a weak focus on 

marketing during implementation. In the cases evaluated, comprehensive behaviour change and social 

marketing activities were only marginally implemented—Or had been stopped several months prior to 

the establishment of CS-filter production. This result supports findings from earlier studies that showed 

that entrepreneurs who are dedicated to establishing water treatment product businesses often face 

challenges in sustainably running their businesses due to low demand from households for safe water 

or water treatment products [34–36]. Support to establish local production of household water treatment 

products, therefore, should not be delinked from efforts to establish a conducive market environment. 
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