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ABSTRACT

Clean water is a requirement of life. In locations where no centralised water system exists,
household-level ceramic filtration has been used as a method of accessing clean water. It has
been reported that this innovation experiences disuse over time, even though the innovation
provides a fundamental service. This thesis will assert that this disuse is a breakdown in the
transfer process, primarily at the technology application level. Transfer occurs by sharing
technology and knowledge about techniques and methodologies, not only through documen-
tation and instruction but also through sharing experiential and intangible knowledge.

By embedding a mechanism to reinforce usage of the filter innovation, the usable life span
can potentially increase. The proposed reinforcement mechanism views the product as an
essential service, which has potential benefits for both the manufacturer and consumers.
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List of Acronyms
AP (%) the apparent porosity of a porous medium. In this case, the clay compound
CF ceramic filter, when referring to the ceramic element of the CWF. This

acronym is non-standard in literature, but is used on the ground by EWBA
(Hagan et al. 2009)

CWF ceramic water filter, the entire household ceramic water filtration system. This
acronym is non-standard in literature, where HWTS (household water treat-
ment system) and CWP (ceramic water purifier) are prevalent. The use of
‘filter’ better describes the function of the technology

°C/hr degrees (centigrade) per hour, a standard measurement in the firing cycle
DoI diffusion of innovation
EWBA Engineers Without Borders Australia. The standard acronym is EWB. ‘A’ has

been added to reduce confusion with other EWB organisations: e.g. EWB
Canada

GDP Gross Domestic Product
GNI Gross National Income
HDI Human Development Index
IDE International Development Enterprises (Cambodia)
L litres
L/hr litres per hour, the standard unit for measuring flow rates from ceramic filters
LED light-emitting diode; an inexpensive source of light
LPG liquid petroleum gas
MDGs Millennium Development Goals
NGO non-government organisation
PET polyethylene terephthalate; a plastic building material
PFP Potter’s For Peace
PoS point of sale
RDIC Rural Development International – Cambodia. The standard acronym is RDI.

‘C’ has been added for clarity
TF test filter; the sample filters used in the experiment
WHO World Health Organisation
WSP Water and Sanitation Program
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Nomenclature

adoption (transfer) the decision to use an innovation, typically after financial investment
colloidal silver (ceramics) small amounts of silver suspended in water is painted on the CF as

a disinfectant. RDIC use 70 mg of silver nitrate (AgNO3) in 300 mL of water
developed (development) a nation or circumstance that has a high HDI
developing (development) a nation or circumstance that has a low HDI
development (development) the process by which a nation or circumstance becomes more

developed
discontinuance (transfer) the decision to stop using an innovation after adoption; disuse
effluent (water) water that has been filtered. This water should now be improved
E. coli (water) Escherichia coli; a diarrhoea-causing bacterium found in unimproved water,

usually caused by faecal contamination
feedback loop (systems) a mechanism where the output influences the input
firing (ceramics) the rate and temperature to which a ceramic body is fired
improved water source (water) a source of water that has been improved so that it is suitable

for drinking or other similar activity
influent (water) the unimproved water for filtration
innovation (transfer) the technology or knowledge exposed to a societal system
innovator (transfer) a category of user first to adopt an innovation
laggard (transfer) a category of user that is reluctant to adopt an innovation
lifecycle (diffusion) the innovation’s popularity in a societal system from growth to decline
life span (manufacturing) the span of time that a product works as expected
pathogen (water) a disease-causing bacterium or virus
plastic (ceramics) the wet state of the ceramic where it can be easily moulded
potable (water) water that is suitable for drinking
rejection (transfer) the decision to stop using an innovation
sintering (ceramics) a process that changes the physical structure of the ceramic so that its

particles are bonded together in a single mass
straining (water/ceramics) a process by which water is improved by passing through a

porous medium
transfer (transfer) the process whereby technology and knowledge is moved from one situa-

tion to another
turbidity (water) the level of which water is clouded with suspended particulates. Turbid

drinking water is undesirable
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THESIS MOTIVATION

This section outlines the motivation for this thesis, and is a requirement of submission.

Motivation
This thesis began as a study to research and prepare deliverables around Engineers Without
Borders Australia’s (EWBA) program delivery, examining knowledge and technology
transfer methods and approaches. Research was undertaken for Rural Development Interna-
tional – Cambodia (RDIC), a technical partner of EWBA. During the research phase it was
discovered that a high rate of filter disuse had been reported. Addressing this disuse became
the primary motivation for this thesis.

Aims
This thesis is a research-based exploration of knowledge and technology transfer of
innovations to the developed world, specifically ceramic water filtration at the household
level. RDIC are currently distributing this innovation throughout Cambodia, and this thesis
provides a framework for RDIC to improve filter use. This is undertaken by considering the
innovation as an essential service rather than a discrete product. By keeping filters in use, the
transfer of the innovation is more successful.

Contributions
EWBA have sent field volunteers to help document the RDIC ceramic filter manufacturing
process (Hagan et al. 2009). This documentation has enabled RDIC to improve processes, and
has made information around the project freely available to the public. 

This thesis continues the relationship between EWBA and RDIC by considering methods for
upscaling the intervention. Through exploring these methods, it also contributes to technical
aspects of the filter construction by exploring the previously untested method of cleaning by
refiring. 

x



CHAPTER 1

INTRODUCTION

1.1  Thesis Introduction
A secure supply of potable water is important to almost all human activity. The World Health
Organisation (WHO) states that access to water is a fundamental human right (CESCR 2002).
The basic human requirement for health is 50 litres of clean water per person per day1 (Gleick
1996). In situations where there is no centralised water supply, considerable time is spent
collecting water from various sources, such as wells, streams, lakes and bores (Grey 2006).
This is extremely time and labour intensive, and has an impact on health and wellbeing. In
addition, the water collected is often not fit for drinking due to high turbidity and bacterial
levels. There are numerous methods for treating and improving water for drinking. The model
considered in this thesis is ceramic filtration at the household level in the form of a ceramic
water filter (CWF), as displayed in Figure 1.1.

Figure 1.1: a) Photo of ceramic filter element; b) Diagram of CWF in use; c) Photo of CWF in household use
Sources: a) Photo: Judy Hagan; b) WSP 2007 p.7; c) WSP 2007 p.23

The CWF has been used as a targeted approach to improving household drinking water
quality in Cambodia (WSP 2007). 80% of Cambodians live in rural areas, and only 40% have
access to an improved water source (UN 2007). In 2001, US-registered non-government
organisation (NGO) Rural Development International – Cambodia (RDIC) established a CWF
manufacturing facility near the capital, Phnom Penh. RDIC have been distributing the CWF
to the community through NGO intervention and more recently as a viable business. In 2007,
Engineers Without Borders Australia (EWBA) began to provide technical assistance to
RDIC’s ceramic filter factory to enable upscaling of CWF production within Cambodia by
RDIC and other NGOs.

1. Gleick’s (1996) widely accepted breakdown is drinking (5L), sanitation (20L), bathing (15L), and cooking
(10L). This figure does not include water used for industry and agriculture, and is based on the needs of an adult
in a moderate climate. Additionally, as the temperature increases, so too do required volumes of water.
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Successful transfer of knowledge and technology is critical to the success of both RDIC’s
business model and any development activity. A field note undertaken by the World Bank-
administered Water and Sanitation Program (WSP) (2007) observes that filters experience
disuse over time, as shown in Figure 1.2. By investigating this trend, this thesis proposes that
this disuse can be seen as a breakdown in the transfer process. Further, it provides a
framework for reducing discontinuance by positioning the CWF as a service rather than a
product.
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Figure 1.2: Household ceramic filter disuse over time (WSP 2007)

1.2  Statement of Hypotheses
This thesis will aim to investigate the following hypotheses:

I. That the CWF innovation undergoes disuse similar to that of the discontinuance in
transfer theory after the adoption decision, as suggested in WSP (2007).

II. That a maintenance mechanism improving knowledge transfer could be used to
reduce discontinuance.

III. That transfer could be improved by considering the innovation as a fundamental and
continuous service, rather than a discrete consumer product.

These hypotheses will frame the focus of this thesis, and will form the core of the discussion
in Chapter 4.

1.3  Relevance To Engineering Discipline
The field of engineering is continually expanding; a systems engineer is expected to look not
only at the immediate factors but also the broader external factors of a problem. This thesis
provides an engineering perspective to fields traditionally addressed by other disciplines.
Development is typically of interest to anthropologists and humanitarians; transfer is typically
of interest to economists and management advisors. By presenting an engineering perspective
on transfer in development, the systems approach becomes a valuable platform for proposing
a needs-based solution. The theories and conclusions are not limited to the development
context, and much of the discussion in this thesis could be transposed from and into managing
many innovations, regardless of context.
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1.4  Scope
There are many methodologies for water filtration, ranging from ancient organic agriculture
methods to modern chemical treatments. This thesis assumes that the reasons for RDIC
choosing household ceramic water filtration are valid. In addition, this thesis will not examine
the technical design of the filter, and any recommendations will be integrated into the current
design. As a result, redesigning the filter is considered outside the scope of this thesis.

1.5  Limitations
As an NGO with limited resources, RDIC—the case study of this thesis—prioritises efforts
on the ground for the benefit of the people they seek to serve. Information and practices about
their services are continually being updated and refined, thus the information that this thesis
has relied on to draw conclusions may inadvertently be out of date at the time of submission.
In turn, this thesis is not a prescriptive dictum for RDIC; instead, it is an exploration of ideas
that may be relevant to RDIC or other similar organisations.

1.6  Etymology
As the development discourse has itself evolved over the last 60 years, so has the language
used to describe the process. In the global new order after World War II, US President
Truman coined the terms developed and underdeveloped nations (Truman 1950). Since then,
a number of diametrically opposed terms have been used: the impoverished Third World,
emerging Second World and industrialised First World; the backwards East and the modern
West; the rich Global North and the poor Global South. Development work has begun to
concentrate on the human aspect of development. The Human Development Index (HDI),
based on life expectancy, education and economic factors, has become a leading index used
by the United Nations (2007).

The sentiment of development that this thesis is concerned with is best described in the
opening stanza of the EWBA mission statement: [EWBA] works with disadvantaged
communities to improve quality of life (EWBA 2007). For the purpose of this thesis, the terms
developed and developing will be used to differentiate the gaps described by Truman;
however, it should be noted that my intention is to describe the holistic HDI index.

1.7  Thesis Outline
Chapter 2 frames the theory for this thesis by presenting a background on ceramic filtration,
and development in Cambodia. Transfer theory is explored in relation to the CWF innovation.
Chapter 3 outlines documented transfer methods employed by RDIC at present. Chapter 4
evaluates the hypotheses presented in this section. The proposals to reduce discontinuance,
which are discussed in Chapter 5, address hypothesis III. An exploratory experiment ensues in
Chapter 6. Chapter 7 draws conclusions and make the thesis recommendations. Chapter 8
makes recommendations for further research to potentially benefit both current and future
CWF innovation efforts.
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CHAPTER 2

BACKGROUND AND THEORETICAL MODELS

2.1  Introduction
In this chapter, key theories that frame this research are explored and their relationships
explained. Ceramic filtration will be the starting point, as it is the innovation that this thesis is
concerned with. Further, Cambodian attitudes to water and development will be considered.
To conclude, transfer theory will be explored in the context of the CWF innovation. Thus, by
presenting background and theoretical models in this chapter, current practices are examined
in Chapter 3, and the hypotheses are evaluated in Chapter 4.

2.2  Ceramic Filtration
In this section, the background of ceramic filtration is briefly described. As mentioned in
Section 1.4, a multitude of water filtration methods are available. This thesis is only
concerned with the household CWF system constructed by RDIC. 

2.2.1  Ceramics
Clay is a natural resource, globally abundant and inexpensive. Its use in domestic wares have
been documented since ancient times (Ashby and Jones 1998). There are three categories of
ceramics: natural, domestic, and engineering (Martin 2006). Each of these categories have
different physical properties. The domestic—also known as vitreous—ceramics are of interest
to this project.

The application of ceramics to water filtration has been documented since the early 1980s,
originally by Dr Mazariegos (Lantagne 2001). As a porous medium, clay can strain out
harmful microorganisms, such as E. coli2, from water (Brown 2007). This can be achieved by
mixing organic matter of suitable grain size with the ceramic when it is in the plastic state.
The organic matter burns out during firing, and allows flow rates of 1-3L/hr (WSP 2007).

Composition and Characteristics

Vitreous clay is typically a composition of alumina (Al2O3) and silica (SiO2) with other trace
elements. Clays also contain chemically bound water, generally in a layered structure
(Callister Jr 2000). The composition is important to understand during the firing process, and
determines its fired characteristics. Vitreous ceramics become extremely plastic when water is
added, and acquire strength and porosity when fired3. Ceramics have a low density, and are
stronger in compression than tension (Ashby and Jones 1998).

2. Crossman (2007) calculates that E. coli can be trapped by a porous media of median grain size <100µm
3. Ceramics are porous when fired without going into the vitrification phase, which for filtration applications is
undesirable. Ceramics can be made effectively waterproof through a glazing process.

4



By intentionally loading the ceramic with organic matter, such as used coffee grinds or waste
rice husks, the fired ceramic becomes even more porous as the organic material is vapourised4

(Figure 2.1). Void size has a relationship between the size of the organic matter and the
degree of sintering. Void size also characterises the finished product, affecting its apparent
porosity (AP) and flow rate.

a) b) c)

clay particles

organic matter

necking pores grain boundaries

Figure 2.1: Idealised microstructural changes during sintering. The bottom diagrams explain the sintering
process with organic matter included to create larger pores, or voids

(Browne 2009, derived from Callister Jr 2000, with the addition of an example including organic matter)

The RDIC manufacturing procedure (Hagan et al. 2009) recommends a composition ratio as
shown in Table 2.1. Different types of clay and organic fillers require different amounts of
water, and should not be considered as a universal value. 

Table 2.1: Material compositions used in previous studies
Study Clay Organic Filler Water Dry Ratio (wt) Flow Rate

RDIC5 Unfired brick dust
30kg

Milled rice husks
8.9-10kg

Water
12.5 L

12:4:5 1.8-2.5L/hr

Potters For Peace
2009

Unfired brick dust
30kg

Sawdust
~10kg

Water
12.5 L

12:4:5 1.5-2.5L/hr

Flynn 2005 Dry Clay
50% vol

Dry Coffee Grounds
50% vol

As required 6:2:5 (approx) ~0.5L/hr

Crossman 2007 Wet Hill Clay
50% vol

Coffee Grounds
50% vol

As required 6:2:5 (approx) 0.3-3.8L/hr

Al-Lawati and 
Chau 2007

Wet Potter’s Clay
253 g

Milled Coffee Grnds
22 g

Water
23.2 g

11:1:1 (approx) n/a

It is important to note that the organic filler is typically a waste product from another process,
so it is usually obtained by arrangement, free of charge. Clay, too, is often obtained this way
as cast off material from a brickworks.

4. See Figure 2.2 for stages in the firing cycle.
5. RDIC also manufacture using a composition with the addition of laterite, which is a refractory. Laterite
increases the temperature at which vitrification occurs, essentially allowing for error in the firing cycle (Hagan et
al. 2009).
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Firing Cycle

The firing of ceramic filters requires temperatures above 800°C, where sintering occurs. The
organic materials burn out at much lower temperatures, in the decomposition phase, as shown
in Figure 2.2a. Sintering is important to the structure of the ceramic, and if not completed the
ceramic will not have the structural integrity to be used as a filter. The temperature of firing
also has a time variable, with different characteristics in slow and rapid firings. Standard
firing rates are 1°C-3°C/min.
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Figure 2.2: a) Stages of a firing cycle; b) Mean porosity as a function of temperature
a) Derived from Crossman 2007, with the addition of sintering; b) I have simplified this from Salmang 1961

Apparent Porosity

The apparent porosity (AP) of the clay-organic body is an important consideration for
filtration. The AP is a relationship between the degree of sintering, the size of the organic
material, and the volume of organic material. As shown in Figure 2.2b, 900°C is a suitable
temperature for maximising porosity6. The AP is calculated experimentally as:

AP% = ( mwc – mdc ) / mdc

where: mwc is the mass of the wet ceramic
mdc is the mass of the dry ceramic

Flow Rate Testing

The flow rate can be calculated experimentally by measuring the effluent over a period of
time. Of note is the height of the column of water above the filter. The pressure that a column
of water exerts on the filter is given by the hydrostatic pressure, P:

P = ρgh (Pascals)
where: ρ is the density of the fluid (water: 998.21 kg/m3)

g is the gravitational constant (9.81 m/s2)
h is the height of the fluid (RDIC CF: 0.22 m)

6. Note that this graph does not indicate a clay-organic composition; expected AP for CFs are much higher.
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Using the data for the RDIC filter, the expected hydrostatic pressure when the filter is filled to
the brim can be calculated as:

P = ρgh
= 998.21 kg/m3 × 9.81 m/s-2 × 0.22 m
= 2.154 kPa

Flow rates increase with hydrostatic pressure, so it is important that tests are conducted with
equal values of hydrostatic pressure.

Filtration of Bacteria

The filtration occurs as a function of the pore size in the ceramic. The larger the pore size, the
larger the micro-organism that can pass through it. E. coli is the primary bacterium required
for removal by filtration, as it is directly linked to the occurrence of diarrhoeal disease when
ingested (Foppen et al. 2007; Brown 2007). Ceramic filtration can filter above 99% of E. coli
(WSP 2007; Flynn 2005). Ceramic filters cannot filter out viruses or treat groundwater that is
contaminated with arsenic (WSP 2007). As such, a safe water supply is required for use with
ceramic filtration.

2.2.2  RDIC Filtration System

Filter Design

The RDIC ceramic filter design, as shown in Figure 1.1, allows for a maximum capacity of
10L of unfiltered water, and 26L of filtered water at a flow rate of approximately 2L/hr.
Components of the filtration system are listed in Table 2.2.

Table 2.2: Components of RDIC ceramic filter (from Hagan et al. 2009)
Key Components Source Materials

Ceramic filter Constructed at RDIC factory Constructed from local clay,
rice husks and laterite

Plastic receptacle Manufactured by a nearby factory Blow mould constructed in Vietnam,
PET sourced from Taiwan

Plastic fitting ring (on lip) Manufactured by a nearby factory As per plastic receptacle
Faucet and pipe Imported from China Polymer, with ceramic mechanism

Filter Cost

After the initial WSP intervention, RDIC has used a largely unsubsidised sales model.
Avenues for distribution are through direct sales, vendor networks, sales to NGOs,
government organisations and community-based groups, such as schools. The monthly
production is above 1,900 units, at a production cost of approximately US$7.00-US$8.00 per
unit, and a retail cost of approximately US$8.00-US$10.00 (WSP 2007; Hagan et al. 2009).

Filter Lifecycle

The estimated lifecycle of the filter is ambiguous. The RDIC production manual suggests that
the lifespan of the ceramic is greater than two years (Hagan et al. 2009). The WSP (2007)
suggests replacement on an annual basis, but in the same report notes that previous studies
have shown a useful life of greater than five years with proper care and maintenance. 
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Factors affecting the useable life of a ceramic filter largely come down to the care and
maintenance of the filter, the volume, and the turbidity of the water filtered. Lantagne (2001)
observes that microbial effectiveness and flow rate of the PFP colloidal silver filter can be
improved significantly through thorough cleaning, as shown in Table 2.3.

Table 2.3: Methods to restore flow rates of clogged filter, simplified from Lantagne (2001)
Sequence Maintenance Method Flow Rate

1 In field, with well water 0.40L/hr
2 In laboratory, with town water 0.52L/hr
3 After scrubbing total surface with toothbrush 2.1L/hr
4 After baking in household oven overnight 1.9L/hr

Separate tests undertaken in Brown (2007) indicate that time in service and flow rates have no
impact on the microbial effectiveness. Lantagne (2001) notes that it could be possible to scrub
off the colloidal silver through many scrubbings, though no study has been undertaken to
show this. At present, when the filter reaches the end of its lifecycle, it is typically discarded
at the point of use.

2.2.3  Filtration and Quality of Life
The ultimate objective of the CWF is to improve the quality of water. This benefits the user
by reducing the likelihood of the user becoming sick by drinking contaminated water, and
thus improving their quality of life. When compared to non-filter methods, the CWF has been
shown to reduce diarrhoeal instances by half (Brown 2007). This in turn has a great impact on
the user’s ability to work and access education. In itself, the CWF is a vital step for nations ,
such as Cambodians, on the path to development.

2.3  Development and Cambodia
As noted in Section 1.6, development is difficult to describe, and is loaded with a wide variety
of meanings in modern parlance. To be developed has meant, and will continue to mean,
different circumstances at different points in time. The developed world described by Lindsey
(2007) of a care-free bourgeoisie in 1950s America—with televisions and electric refrig-
eration—differs to what might be considered developed in today’s world. Conversely,
underdevelopment has not undergone the same notional changes. Access to basics for survival
is still paramount, as evidenced by the need for clean water in Cambodia.

2.3.1  Large-Scale Intervention

Intuitively, large-scale problems require large-scale solutions. The PFP CWF design has been
introduced as part of a large-scale intervention to address the health problems associated with
drinking unsafe water. Filter factories have also been established in areas such as Nicaragua,
Mexico, Bangladesh, Haiti, Guatemala, El Salvador and Nepal (Lantagne 2001). The CWF is
seen as a blueprint for this large-scale intervention, with production across Cambodia above
7,000 filters per month (WSP 2007).
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This can be seen as an approach-based development methodology. An extreme example of
approach-based development is the building of dams across Asia to improve water security,
irrigation practices and hydro-electric power, without consideration of traditional agricultural
practices and human displacement (UNEP 2007). Success of the approach-based model is
measured in terms of the project: on budget, output levels, and specification satisfaction.

Critics of large-scale development argue that this approach ignores many forms of indigenous
knowledge systems, such as the local environment (Escobar in Sachs 1992). Several examples
exist of development programs that have emphasised the use of a technology before
understanding the underlying needs of a community, and in turn inadequately address the
knowledge and cultural reasons behind using the technology (Hofstede and Hofstede 2005).
Although the CWF in Cambodia is part of a large-scale, approach-based intervention, I assert
that it has significant elements that are participatory, which will be detailed in the following
section.

2.3.2  Participatory Development
Participatory development became en vogue during the 1990s, when it was becoming
increasingly apparent that the existing models of development were not achieving the
ubiquitous desired results (Ford in Hazeltine and Bull 2003). The success of participation is
not limited to development discourse, and is also attributed to success in industries such as
manufacturing, as evidenced by empowerment of workers in the manufacturing process
(Deming 2000; Heizer and Render 2008). As in the manufacturing industry, participation
should be embedded in the culture of an organisation for the process to be encouraged and
utilised.

The emphasis of participatory development is the outcome, and the approach may or may not
reveal itself. Through consultation, a needs-based solution is determined, locals learn skills
and build on indigenous knowledge, and technology is less likely to be ‘parachuted in’ (Ford
in Hazeltine and Bull 2003). Abundant Water (AW 2009) are applying this approach to
ceramic filtration in Laos, where the technical knowledge of ceramic filtration is being
integrated with indigenous knowledge of ceramics. This has created localised filter designs
drastically different to RDIC’s, but it operates at a grassroots level. The RDIC CWF factory
approach encourages community participation by creating local jobs in the factory and distri-
bution network. It is, however, not an indigenous solution, as evidenced by the need to import
plastics, as shown in Table 2.2.

The distinction between the approach- and outcome-based models is not too dissimilar to the
‘V’ shaped process: a prevailing systems engineering approach for product design. The
investment of time taken on the left-hand side of the ‘V’ produces cost savings in the right-
hand side of the ‘V’ (Forsberg and Mooz 1998), which is visually demonstrated in Figure 2.3.
By understanding and scoping the project more comprehensively, a more appropriate solution
(outcome) is designed. 
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Figure 2.3: Diagram of the ‘V’ model simplified by the author, from Forsberg (1998)

By highlighting these distinctions in development approaches, I am not commenting on the
validity of RDIC’s approach for addressing the needs of people in Cambodia, but rather
providing it as background for later examination of the discontinuance rate. The PFP design
that is in use by RDIC was created to address a problem in the central American nation of
Nicaragua. An understanding of Cambodian cultural factors is required to better evaluate
suitability of this innovation in Cambodia.

2.3.3  Background on Cambodia
Cambodia is located in southeast Asia and shares borders with Laos, Thailand and Vietnam.
Much of the population live close to Tonlé Sap and Mekong river systems and primarily lead
an agricultural existence (North 2008). Buddhism is the primary religion which guides the
Cambodian way of life. Cambodia has had a difficult history, most recently with the brutality
of Pol Pot’s communist Khmer Rouge during the 1960s-70s. Today, Cambodia rates poorly
on the UN’s Human Development
Index7 (UN 2007), but there is a
strong culture of self-
improvement, which is evident in
increasing child educational
enrolments (UN 2007).

Attempting to define Cambodia’s
culture without any first-hand
experience of it is difficult, and
perhaps contradicts the arguments
put forward in support of the
consultative approach. As a
result, this section will examine
documented attitudes towards
water in Cambodia.

Figure 2.4: Political map of Cambodia (Learn NC)

7. Cambodia ranks 131/177 on the HDI scale; Australia, 3/177.
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Attitudes Towards Water, Sanitation and Health

Water, sanitation and health are three key target areas that will help towards achieving the UN
millennium development goals (MDGs). Approximately two-thirds of Cambodians are
without access to improved water sources (WSP 2007), even though the majority of
Cambodians live near major water sources. Additionally, only 17% of Cambodians have
access to improved sanitation (UN 2008).

This lack of access to improved water and sanitation can have a serious health affect on the
population. In a survey undertaken in Brown (2007) on water-use behaviour in Cambodia, the
majority of respondents8 had not received health education. Approximately half of
respondents report always washing hands with soap at critical times, and approximately half
of respondents report using hands when drinking from the filter. These measures do not help
in reducing the incidence of diarrhoeal disease, which is the number one cause of death and
disease in children (WSP 2007).

Geographical Considerations 

Two key geographical considerations for water collection in Cambodia are the rainfall levels
and the water collection points. Cambodia has a tropical climate, with a distinct wet and dry
season. The average rainfall has been mapped in Figure 2.5a, and shows that there is an
abundance of rainfall during the wet season. Accordingly, it would be expected that water
collection points differ between the seasons.
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Figure 2.5: a) Average monthly rainfall in Phnom Penh, Cambodia, compared to Canberra, Australia
b) Sources of water used for drinking after filtration or boiling

 Sources: a) derived from data at BBC 2009a BBC 2009b; b) derived from data in Brown 2007

In Brown (2007), the water collection points were determined for the wet and dry seasons,
and respondents were allowed to choose multiple sources. The results displayed in Figure
2.5b illustrate the importance of rainwater during the wet season. With water available year-
round in rural Cambodia, it is important to ensure that the water is safe to drink. This can be
done through a number of methods, one of which is ceramic filtration, identified by RDIC as
an appropriate technology (Hagan et al. 2009). Once a technology has been identified as
appropriate, the knowledge systems need to be in place for the entire innovation to be
transferred.

8. Respondents were the caregiver in the home, typically female.
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2.4  Transfer
As with development, transfer is complex, and requires a multidisciplinary approach (Seely
2003). Transfer and the notion of development in this thesis is not a widely explored topic.
Much of the transfer to developing countries literature focuses on setting up offshore
manufacturing for competitive advantage, such as cheaper labour. Linking back to
development models, this could be seen as an approach-based transfer. In order to provide a
framework for transfer in the development context in later chapters, transfer theory will be
explored in this section.

2.4.1  Terminology
In the discourse literature, knowledge transfer and technology transfer are the prevalent terms.
Knowledge transfer is the exchange of information and expertise, and technology transfer is
the exchange of physical products. Knowledge and technology can be considered as the
methods of the transfer between actors in the process. Actors are defined as the supplier and
the receiver. The modes in which the transfer occurs are typically either through a clearly
defined point-to-point transfer, or by a less-defined diffusion transfer. An example of point-
to-point knowledge transfer is one-on-one training, where knowledge tends to be transferred
in one direction, but can easily return to the supplier. A widely distributed instruction manual
is knowledge transfer by diffusion. In the diffusion scenario, knowledge tends to be
transferred only from the supplier to receiver, as there is little interaction in the opposite
direction. I have visualised this distinction in Figure 2.6.

SUPPLIER RECEIVER SUPPLIER RECEIVERS
TRANSFER
DEFINED

TRANSFER
LESS DEFINED 

POINT-TO-POINT
TRANSFER 

DIFFUSION
TRANSFER

Figure 2.6: Visual interpretation of the distinction between point-to-point transfer
and diffusion transfer, as described in Williams & Gibson (1990)

2.4.2  Technology and Knowledge Transfer
Knowledge transfer is the process by which information about a body of knowledge is moved
from the supplier to the receiver in a given situation. This may be scientific, documented,
experiential or cultural knowledge that will improve the receiver’s ability to apply the
knowledge to the technology. Technology is typically the most visible aspect of the process;
however, it should also be seen as the context for the knowledge transfer and part of a compli-
mentary pair.
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Successful knowledge transfer is the adoption and application of the innovation. Adoption is
the decision to use an innovation. Transfer is complete when the end user achieves Level III
of the process described in Figure 2.7, which combines concepts from Gibson and Smilor
(1990) and Pantano (2004). Rogers (2003) describes the end point of transfer as reinvention,
where the receiver adapts the innovation to their given situation.

LEVEL I
Technology Development

LEVEL II
Technology Acceptance

LEVEL III
Technology Application

DIRECTION OF TRANSFER  ! 

• needs

•
• re

search

• development
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• diffu
sion

• adoption 

• consequences

• m
aintenance

• re
invention

Figure 2.7: Technology transfer at three levels of involvement

Of the eight critical factors that Madu (1992) lists for successful transfer of technology,
knowledge systems make up five: public policies; education and training; management
process; cultural value systems, and; quality of life. The remaining three are resource
availability, technological constraints and socio-economic development. This distinction
highlights the importance of knowledge transfer as a component of the transfer process.

2.4.3  Point-to-Point Transfer and Diffusion Transfer
Point-to-point transfer is linked strongly to gaining a competitive advantage by either
knowledge sharing (interorganisational) or efficiently transferring the knowledge within a
company to exploit an aspect of the market (intraorganisational), such as transferring a
manufacturing process offshore to reduce labour costs (Williams and Gibson 1990; Heizer
and Render 2008). Level I (in Figure 2.7) of transfer of an innovation is typically achieved
through the point-to-point method. Pantano (2004) notes that this type of transfer is
principally concerned with commercialisation of an innovation, and could be considered
largely at an organisational level. Level II and III bring the innovation to market and are
typically achieved by diffusion of the innovation to market through mass media or
interpersonal channels.

It is important to note that these modes are not exclusive, and transfer is usually undertaken
by a combination of the two methods. Williams and Gibson (1990) show the strengths and
weaknesses of the two modes when concerned with customisation in transfer. I have found a
resonance between the degree of customisation and development approaches discussed in
Section 2.3, and have added it to Figure 2.8. 
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Figure 2.8: Customisation in point-to-point and diffusion transfer, with the addition of development approaches
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In the RDIC context, a failure of either mode would damage the entire process. RDIC has
successfully implemented the commercialisation aspect (Level I), and—as suggested in
Figure 1.2—may be experiencing discontinuance once the product has been adopted (Level
III). RDIC market the CWF to consumers through a diffusion model, thus any consideration
of discontinuance of the innovation requires an understanding of diffusion theory.

2.4.4  Key Aspects in the Diffusion of Innovations

The S-Shaped Curve

In the diffusion of an innovation (DoI), there are four main elements of consideration: the
innovation; communication channels; time, and; a social system (Rogers 2003). When an
innovation is exposed to a market, the diffusion process can be mapped in an S-shaped curve.
Different products will map to the classic S-shaped curve on different scales. The receivers in
the transfer process are also referred to as actors, and each play a distinct role in the diffusion
of an innovation. I have combined the classic S-shaped curve with adopter roles and their
location in the diffusion of an innovation in Figure 2.9. 
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Figure 2.9: a) The classic S-shaped curve; b) The S-shaped curve with adopter roles
Sources:a) Mahajan 1985; b) derived from Rogers 2003

Rogers’ widely accepted definition of the actors (Rogers 2003) is the social breakdown of the
adopters of innovations: innovators; early adopters; early majority; late majority, and;
laggards9, as shown in Figure 2.9. Innovators and early adopters play a crucial role in the
diffusion process, as often they are considered as trendsetters. Non-adopters are often not
considered in the DoI, but have been included in Figure 2.9 to highlight their existence. In
addition, I suggest that a seventh category applies to the CWF innovation in the RDIC
context: Intervention Recipients. This group of recipients are of interest to this thesis because
they have received the CWF as part of an aid intervention before they have the opportunity to
decide to adopt it. The innovation recipients may in fact behave differently to other groups, or
may be a cross-section of all the groups. This will be explored further in Section 4.2.

9. Laggards are typically resistant to change, and normally are the last to adopt an innovation.
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Stages of Diffusion

This thesis is concerned primarily with the adoption stage of the CWF innovation and the
subsequent stages after that adoption. Rogers has categorised adoption as a five-step process
that has different inputs and outputs at the different stages, as displayed in Figure 2.10. I have
highlighted the path that this thesis is concerned with in boldface.

II.   PERSUASION
      (Contemplation)

III.  DECISION
       (Preparation)

IV. IMPLEMENTATION
      (Action)

V.   CONFIRMATION
      (Maintenance)

PRIOR CONDITIONS
1. Previous practice
2. Felt needs/problems
3. Innovativeness
4. Norms of the social   
    systems

CHARACTERISTICS OF THE 
DECISION-MAKING UNIT
1. Socioeconomic characteristics
2. Personality variables
3. Communication behaviour

PERCEIVED CHARACTERISTICS 
OF THE INNOVATION
1. Relative advantage
2. Compatibility
3. Complexity
4. Trialability
5. Observability 2.   REJECTION

1.   ADOPTION Continued Adoption
Later Adoption

Discontinuance
Continued Rejection

COMMUNICATION CHANNELS

I.   KNOWLEDGE
     (Precontemplation)

Figure 2.10: Communication channels in the diffusion of innovation
(Rogers 2003, with the addition of Prochaska’s terms)

Prochaska (in Rogers 2003) has categorised these stages in a similar manner as a healthcare
professional, but notes that a sixth category exists where relapse occurs10. I have mapped
Prochaska’s terms onto Figure 2.10, as Prochaska’s use of the Stage V term ‘maintenance’,
imports a term that has a resonance to the engineering discipline; in particular, design-for-
maintenance and product lifecycle theory.

Note that stages I-III map to Level II in Figure 2.7, and stages IV-V11 map to Level III. The
communication channels play an important role in innovation diffusion.

2.4.5  Key Motivations for Adoption

Communication Channels

Different communication methods have varying impacts through stages of diffusion. In
addition, different actors behave differently to communication methods. The two key methods
of communication in the diffusion transfer are communication through mass media and
communication through interpersonal channels (Rogers 2003; Gibson and Smilor 1990). Mass
media has the ability to reach a large audience and create knowledge about a product, but is a
one-way process. The interpersonal exchange is two-way and holds much more persuasive
power. Of the two methods, communication through mass media has a high initial role in the
adoption-decision process; interpersonal communication takes time to embed itself, but
ultimately can be more effective. This is shown in the Bass model in Figure 2.11a. I have
added the role I propose the intervention adopters play.

10. This sixth category occurs after stage V, confirmation.
11. Prochaska’s stage VI, Relapse, would also map to Level III of Figure 2.7.
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Figure 2.11: a) Bass model for forecasting the adoption of a new product; b) Space-time innovation diffusion
Sources: a) Rogers (2003), I have added ‘Adoptions Due to Intervention’; b) Mahajan and Peterson (1985)

Geography also plays a large role in the diffusion of an innovation, especially in the
Cambodian context, where mass media is less omnipresent than in the developed world and
opportunities to travel great distances are reduced. Figure 2.11b shows that the magnitude of
adoptions reduce as the geographical distance from the innovation origin increases.

Relative Advantage

For an innovation to be adopted, the user must be able to see a relative advantage that will be
gained through adoption. Economic factors are a key point of relative advantage. An example
of this is the uptake of solar-powered, light-emitting diode (LED) technology, replacing
kerosene lamps (Mills 2005) across developing nations for household lighting. The once-off
cost of these lamps has a relative advantage over the on-going cost of kerosene. Relative
advantage is not purely economic. Advantages can manifest in different ways, such as health
improvement or educational opportunity. Status is also an important component of the
decision to adopt a technology, observed in the widespread purchase of large flat-screen
televisions amongst Australian ‘aspirationals’ in recent years (Goot and Watson 2007).

2.4.6  Appropriate Technology
The appropriateness of a technology in the social system is an important factor in the transfer
process. The appropriate technology movement has been criticised as espousing a ‘simple’,
‘do-it-yourself’ methodology. Emmanuel (1982) argues that simple solutions encourage
underdevelopment; that is, appropriate technology is a technology that is appropriate to a
given situation, thus its technological advancement is not a determining factor. The CWF has
been seen as an appropriate technology in rural areas, where there is no centralised access to a
water supply.

The factors noted by Madu (1992) for successful transfer of technology are important guides
towards developing an appropriate technology: electric appliances are not likely to diffuse
successfully in situations without electricity; cultures that have sensitivities to hot liquids are
unlikely to boil water for drinking (Rogers 2003). When infrastructure is to be built, high-tech
solutions such as mobile phones can be much more appropriate, as it suits the receiver and has
sufficient relative advantage (Sok 2005). The relative advantage as perceived by the receiver
is a measure of appropriateness for the given situation. 
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2.4.7  Product Lifecycle
The product lifecycle is an important aspect of transfer process, and important to the commer-
cialisation of a product, as in the CWF. Products can have lifecycles from hours (newspapers)
to decades (Volkswagen beetle) (Heizer and Render 2008). As shown in Figure 2.12, the
product lifecycle can be visually similar to innovation adoption in diffusion theory. Like with
adoption in the diffusion process, the phases of the product lifecycle map to Level III in
Figure 2.7 of the transfer process.
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Figure 2.12: Product lifecycle compared to new adopters of hybrid seed corn
Sources: Product lifecycle simplified from Heizer and Render (2008) and suggests no linear time scale;

Hybrid seed corn based on Rogers (2003). The time scale for hybrid seed corn is 1927-1941

The CWF, as an on-going innovation, should have a significant life span. It is often difficult
to predict the life span of an innovation, but it is likely that the CWF innovation in Cambodia
is in the early growth phase. The product lifecycle introduces the concept as a discrete
phenomena with a beginning, middle and an end: that is, at some stage of the innovation there
is discontinuance. 

2.4.8  Discontinuance
Discontinuance is the decision to reject an innovation after initially adopting it. Leuthold
(1967) argues that the discontinuance of an innovation is just as important as adoption.
Bishop and Coughenor (1964) note in their studies that different actors reject innovations for
different reasons; laggards are more likely to discontinue owing to disenchantment. Discon-
tinuance requires intensive data collection and is much harder to measure than adoption, as
there are no readily available analogous statistical measures to collect data easily, like sales. 

There are two recognised modes of discontinuance: replacement and disenchantment.
Replacement discontinuance is a recognised part of the product lifecycle that companies rely
on to continue growth and position themselves as a market leader. Disenchantment discon-
tinuance is less desirable in an innovation, as the user tends to have negative feelings about
the innovation. A Western example of this is the direct marketing of exercise equipment on
television. Consumers who buy an abdominal workout machine that promises results in a
short period of time, become disenchanted when few results become apparent. This
innovation is then discontinued and the user returns to their normal pattern of behaviour.
There is very little published data about disenchantment discontinuance. 
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Eysenbach (2005) notes that data collection is possible in internet health trials. Eysenbach has
developed the “law of attrition”, shown in Figure 2.13, to describe the phenomena. Eysenbach
also notes that the reporting of failure is also less likely to be published, as it has a negative
connotation, and that by understanding the reasons for attrition it can feed into improving the
adoption process, much like a feedback loop. 
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Figure 2.13: A simplified (hypothetical) sigmoid attrition curve (derived from Eysenbach 2005)

Application of System Dynamics

Ngai and Fenner (2008) note that a system dynamics model might help explain the rate of
disuse, and predict the triggers and factors for the disuse rate. Systems dynamics is a business
and management tool used to unravel a complicated system with multiple inputs and feedback
loops. Ngai and Fenner have applied this theory generally to the use of ceramic filtration and
propose it as a simple method of understanding the system, as shown in Figure 2.14. 
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Figure 2.14: Simple system dynamic model of filter adoption and use (adopted from Ngai and Fenner 2008.
I have added indicators, and highlighted the area of interest in this thesis)

Using the model in Figure 2.14, Ngai and Fenner (2008) have been able to graph generic
discontinuance in the CWF innovation and suggest it as a method of understanding discon-
tinuance. This is shown in Figure 2.15, and I have derived the formulas in Appendix A.

Figure 2.15: Graph of discontinuance in dynamic system from Ngai and Fenner (2008)
with 10% drop-off per month. I have extended this to 10 years and normalised to percentage of adopters
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2.4.9  Criticisms of Diffusion of Innovations Theory

What has been presented above is an overview of relevant aspects of the theory from an
engineering perspective for the purpose of understanding and proposing improvements for the
CWF case study. Even from this narrow aperture, there are a number of considerations that
should be noted as unknowns in the theory.

A key aspect of criticism, as noted in Barton (2008), is that the transfer models consider only
the inputs and outputs, and what is inside the black box in which the transfer occurs. As such,
the theory is considered as a statistical representation of human behaviour, rather than a hard-
and-fast representation on how transfer occurs. This is highlighted in Ngai & Fenner (2008),
where it is argued that the theory is a hindsight representation and has poor predictive power.

Development transfer is also largely concerned with Level I transfer, and has not investigated
the diffusion process at any great length. Much of the diffusion literature does not concern
itself with attrition—or discontinuance—in the process. This is changing, however, and as
data becomes available from new media, this understanding is likely to improve.

A final criticism of DoI theory is that it tends to be a single-disciplinary perspective on an
often complex and multidisciplinary problem: economic perspectives biases the supply side;
development perspectives highlight the prohibitive cost of adoption; market infrastructure
perspectives emphasise availability, and; entrepreneur perspectives emphasise the mismatch
between supply and demand (Ngai and Fenner 2008). This could be extended to the
engineering perspective, where technocrats determine the best solutions (Hofstede and
Hofstede 2005). Diffusion, as a social phenomena, requires not only a multidisciplinary
understanding but a local understanding.

2.5  Summary
This chapter has covered the topics of development, transfer, local considerations, and
ceramics, demonstrating that the problems addressed in this thesis are multifactorial and
multidisciplinary. By exploring these concepts, the application of these theories to the RDIC
context can be made with wider relevance.
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CHAPTER 3

CURRENT TRANSFER METHODS EMPLOYED BY RDIC

3.1  Introduction
RDIC are not naive to factors that improve the diffusion of the CWFs, and already have
mechanisms in place to help this process. This chapter will briefly identify three key areas
currently utilised by RDIC which loosely map to the three levels of transfer discussed in
Chapter 2: the consolidation of the manufacturing process; the distribution of the innovation,
and; education about the innovation. These methods acknowledge current practice, and will
help identify areas for reducing the discontinuance. 

3.2  Consolidation of the Manufacturing Process
The manufacturing process represents Level I transfer, and has been undertaken in the point-
to-point mode. The technology and knowledge about the process has evolved from the
origin12 of the transfer, which can be evidenced in the difference between the PFP and RDIC
manufacturing process. RDIC have effectively made the technology their own through
customisation of aspects of the manufacturing process, such as the use of custom moulds. 

The cumulation of these customisations for the RDIC situation have been documented in the
production of the CWF handbook (Hagan et al. 2009). This body of knowledge gained
through a series of point-to-point interactions is now in a form that it can be diffused to other
organisations in an effort to upscale total production and better diffuse the innovation. These
organisations will benefit from lessons learnt from RDIC, and will typically have knowledge
to add back to the body of knowledge. I have described this process visually in Figure 3.1. 

ORIGINAL
INNOVATION

RECEIVED
INNOVATION

INITIAL TRANSFER 

SUPPLIER RECEIVER

LOCAL
FACTORS

APPLIED
INNOVATION

APPLICATION

REFINED
INNOVATION

SUBSEQUENT TRANSFER 

RECEIVER
NOW SUPPLIER

NEW RECEIVER

Figure 3.1: Evolution of the innovation through the application process

Although there are still potential benefits to be made by optimising the manufacturing
process—for example, through lean manufacturing processes and supply-chain integration—
the manufacturing methodology is considered outside of the scope of this thesis.

12. The origin of the innovation was PFP in Nicaragua, as noted in Section 2.3.3.
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3.3  Distribution of the Innovation
Distribution of the innovation is essential in allowing consumers to adopt the innovation, and
represents Level II in the transfer process.

Once the ceramic filters are ready for sale, they are typically distributed through a network of
local vendors as a complementary aspect of their business. In 2007, the network consisted of a
mix of vendors as noted in Figure 3.2. These vendors typically sell brand new filters and
some replacement parts. Vendors make a recommended margin on new filters of 20%, or
US$2. Typically, no after-sales support is provided, other than acting as an agent for RDIC.

Drink shops

Pharmacies

Cookwares

Food shops

Book-related shops

Electronics shops

Village Leader
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Figure 3.2: Distribution network categorised by merchant type
(derived from data in RDIC 2007a)

RDIC use mobile community demonstrations of the filter to encourage sales, and have
supporting educational and marketing material in the form of videos and pamphlets.
Demonstrations are made to not only sell the CWF, but also to educate potential users about
the health benefits and usage instructions of the innovation. This shows that RDIC are making
a concerted effort educate potential adopters about the CWF innovation; however, it should
be noted that knowledge transfer is indirect, occurring as a result of marketing the innovation.
Once the potential adopter purchases the CWF, it is much harder to transfer knowledge
through informal methods, such as demonstrations, unless the adopter has a specific inquiry
about the innovation.

As part of the initial intervention, schools were targeted as a place for implementation of the
innovation. This is primarily because of the high rates of diarrhoeal disease in children.
Schools that adopted the innovation were exposed to general health and sanitation education,
and CWF usage instructions. Students were issued with a water bottle to encourage safe
hygiene practices. By targeting locations with many potential adopters, such as schools and
government agencies, the diffusion process is aided through personal interactions, as shown
in Figure 2.11a.

The combination of targeted approaches, together with of mobile and static vendors, helps to
facilitate the diffusion of the innovation.
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3.4  Application of the Innovation

RDIC have identified that education about the usage, health benefits and maintenance practice
is important to the correct on-going use of the filter. This can be seen as Level III aspects in
the transfer process. Education about the technology is also a key recommendation from the
WSP field note (WSP 2007). 

Current Maintenance Instructions

Maintenance education for healthy use of the filter is provided through demonstration and
pictorial charts. Pictures are an important aspect of knowledge transfer, and have a
documented benefit in health education (Houts et al. 2006). I have compiled the steps
explicitly concerned with maintenance and care in Figure 3.3. 

Figure 3.3: Maintenance instructions provided in RDIC flip chart

These pictures are similar to those that accompany the filter when purchased. Pictures can be
a valuable instructional tool; however, ambiguity can still arise. For example, one could
interpret the instruction shown in Figure 3.3(8) to mean that once the water has been filtered,
the water must be refiltered before drinking. In these instructions, the accompanying text13

helps to clarify the instruction:

[Step] 2
Cleaning: Take the filter out and place in a clean area (RDIC 2007a)

The literacy rate in Cambodia14 is not overly prohibitive to interpretation of these instructions,
and it is likely that a member within the household or neighbour would be able to correctly
interpret the instruction. In addition to the instructions provided at the point of sale (PoS),
RDIC have compiled a list of key educational messages about usage of the filter. I have
compared the key educational messages from the handbook (Hagan et al. 2009) and the PoS
instructional pamphlet (RDIC 2007a) in Figure 3.1.

13. Provided in Khmer, with a separate English translation.
14. Adult literacy rate: 73.6%; Youth literacy rate: 83.4% (UN 2007).

22



Table 3.1: Key educational messages in sale literature

Usage Message Included in
Handbook

Included in
Instructions

Select clean water for use in the filter Yes No
Do not drink arsenic-contaminated water Yes No
Identify a person responsible for the care of the filter Yes No
Store the filter in a safe, clean area Yes Yes
Cover the filter with the lid to prevent dust and insects Yes Yes
Use a cloth to strain water if necessary (high turbidity) Yes No
Fill the filter regularly Yes No
Before using, flush the filter three times to remove silver taste15 Yes No
Clean the filter before use Yes No

Clean the filter in a safe and clean area Yes Yes
Scrub the filter when cleaning to free surface organic material Yes No
Clean the filter if the flow rate drops, or every 2-4 weeks Yes No
The outside of the ceramic should only come in contact with clean water Yes Yes
Do not touch the outside of the ceramic, inside of bucket or faucet Yes Yes
Clean the filter with filtered or boiled water — no soap Yes Yes
The plastic receptacle should be cleaned with soapy water Yes Yes
The plastic receptacle should be rinsed with clean water Yes No
The plastic receptacle should be air dried after cleaning Yes Yes
The ceramic should be replaced every two years Yes Yes
The CF should be replaced if any part breaks or is suspected of breaking Yes No

As demonstrated in Figure 3.1, there is a disconnect between the key educational messages,
and the included PoS instructions. It is important to note that a portion of consumers are
provided extra instructions through community demonstrations or knowing someone who
uses the filter. If just the PoS instructions are used, a user may unknowingly sabotage their
efforts through not using the filter correctly due to a failure in the transfer of knowledge,
which in turn could have a significant impact on the rate of disenchantment discontinuance.

3.5  Summary
In this chapter, aspects highlighting the current processes that RDIC have employed to
encourage use of the CWF innovation have been examined. RDIC’s efforts are largely
indirect, and part of marketing and educational programs currently employed. Highlighting
the processes that RDIC currently employ shows that RDIC have an interest in reducing the
rate of discontinuance of the CWF innovation. Chapter 4 evaluates the CWF innovation, in
terms of the hypotheses, and builds upon the practices explored in this chapter. 

15. The silver taste is caused by the colloidal silver, used as a disinfectant.
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CHAPTER 4

EVALUATION OF HYPOTHESES

4.1  Introduction
The hypotheses proposed in Figure 1.2 are central to this thesis, and will be evaluated in this
chapter. Hypothesis I looks at the surveyed research undertaken in WSP (2007), and applies
the results to the transfer theory detailed in Figure 2.4 to establish whether the CWF
innovation can be considered in DoI theory. Hypothesis II uses system dynamics to evaluate
whether a mechanism to reduce discontinuance would have an impact on the CWF discon-
tinuance. Hypothesis III considers the approach through which the innovation is diffused, and
considers alternative models. This evaluation will lead to the methods of reducing discon-
tinuance in Chapter 5.

4.2  Hypothesis I: CWF Innovation Discontinuance
I. That the CWF innovation undergoes disuse similar to discontinuance in transfer the-

ory after the adoption decision, as suggested in WSP (2007).

This section will aim to show that CWF disuse resembles discontinuance in transfer theory.
As explained in Section 2.4.5, the focus of the studies to date on CWF discontinuance have
been on a non-standard category of users: the intervention category. It is unknown at present
whether this category of users represents a sample of the entire population, or whether it
exhibits a separate set of qualities. Determination of this distinction will be factor used to
evaluate whether the discontinuance theory can be applied to the CWF innovation in
Cambodia.

4.2.1  Reasons for Filter Disuse
A major finding from the WSP field note (2007) is that filter disuse rate is approximately 2%
per month, as shown graphically in Figure 1.2. Disuse is categorised into six reasons, as
shown in Figure 4.1.

Broken (element, tap, or container)

Filter has passed its recommended lifespan

Filter cannot meet household water demand

Water does not require treatment to be safe

Filter was passed on to another household

Other Reasons

0% 10% 20% 30% 40% 50% 60% 70%

19%

3%

3%

5%

5%

65%

Figure 4.1: Graph of reasons for filter disuse (approximated from data in WSP 2007)
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In the survey, no data was collected accounting for the type of CF breakage, so it is unknown
whether there is a weakness in the design of the CF or associated plastics. Further, it is
unknown how the break took place – whether it was due to a defect or misadventure.
Inspection after breakage was difficult, as the CF was often discarded after disuse: it is
unknown whether breakage was the actual reason. Understanding the reason for breakage
could help target a design approach to address the breakage problem. As mentioned in Section
1.4, a new design is considered outside the scope of this thesis, but as it is the prominent
reason for discontinuance, it provides insight into how the transfer process could be
improved.

4.2.2  Rates of Discontinuance
As shown in Figure 1.2, disuse over time is apparent. This graph, however, is somewhat
misleading in Brown (2007) and WSP (2007). The graph shows that the odds-ratio for a filter
being in use over time reduces at a rate of 2% per month, but it does not indicate anything
about the users. When looking at discontinuance, the number of current users is of interest, as
shown in system dynamics and Eysenbach’s (2005) models. Using the data from Brown
(2007), the graph in Figure 4.2 was plotted. It should be noted that this data is not an ideal set
for discontinuance, as it is based on a retrospective time since filter manufacture, rather than a
continual survey of filters in use. 
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Figure 4.2: Discontinuance of the CWF innovation over time mapped to the attrition properties of Figure 2.13
from data in Brown (2007). Time at 0 indicates the time of the initial intervention

This graph takes into consideration the observation that potential receivers of the innovation
in the intervention group would discontinue with the innovation as they have not had the
opportunity to choose to adopt. The resultant category of non-adopters accounts for the
majority of observed discontinuance in the first 6 months. This perspective of the data shows
two interesting factors about the intervention adopters: that about 15% of users from the
intervention are non-adopters and that about 35% of users are ‘hardcore’ users. The focus on
reducing the discontinuance should be on the remaining 50% in the attrition phase. 
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Even with this analysis, I propose that the graph needs more input information to be examined
definitively from a discontinuance perspective, for reasons listed below:

1. The graph does not normalise for production numbers of the factory. Although WSP
(2007) notes production is 1,900+ units per month, it is unknown what impact seaso-
nal variations may have on the manufacturing process: drying times may be greater
in the wet season, slowing production; heat may reduce labour hours in the dry sea-
son. As the data has been categorised into 6-monthly periods, variation between peri-
ods could be a reflection of production numbers.

2. The graph does not normalise for seasonal adoption. It is unknown whether the CWFs
were provided during times of seasonal need. As shown in Figure 2.5b, the wet and
dry season yield different sources of water. It is unknown whether users are more
likely to adopt a CWF in the wet season, when rainwater is abundant, or in the dry
season, when groundwater is used. This could also impact the decision to discontin-
ue, and distort the data.

3. The graph counts CWFs in use, not CF used. A requirement of being part of the survey
was that the users were a part of the initial intervention group. If it is assumed that
the intervention took place in the first 12 months only (48-36 months since imple-
mentation), then it is assumed that any CF dated after that was purchased as a re-
placement filter. Further, it is unknown how often a replacement CF was purchased:
a user could have potentially purchased many replacement CFs, exhibiting ‘Innova-
tor’-category traits, or; only purchased one, indicating ‘laggard’-category traits. 

4. It is unknown at what cost the CFs were purchased. Although data was collected about
the purchase cost of the CWF (between US$0.25 and US$2.50) in the intervention,
and that a trend exists that purchasers are more likely to still be using the CWF, it is
unknown at what cost replacement CFs were purchased. In addition, it is unknown
whether the cost of replacement CFs (US$2-$4) was a disincentive to the interven-
tion group, who might be paying more for the replacement than the initial system.

However, using the data available in the survey, By interpreting the data in a different way, a
slightly different trend can be observed, extremely similar to the attrition put forward by
Eysenbach (2005). This discontinuance is not as alarming as the discontinuance implied by
Brown (2007). It does show that the intervention group shows a similar trend to that observed
in diffusion theory. It also shows that users value the innovation, with the number of hardcore
users quite high. However, it should be noted that it is unknown where the innovation is in its
product lifecycle: 35% of hardcore users in the growth phase has a different meaning to 35%
of hardcore users in the decline phase. 

Although it appears that the intervention group is typical of an innovation undergoing discon-
tinuance at this stage, it is unknown how this might change in the future. A secondary survey
within the next two years would provide the additional data to draw conclusions.
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4.3  Hypothesis II: Maintenance Mechanism

II. That a maintenance mechanism improving knowledge transfer could be used to
reduce discontinuance.

In Section 4.2 it was shown that the trends observed by the intervention group was similar to
the broader discontinuance theory documented in Section 2.4.8. In order to explore
Hypothesis II, a knowledge transfer mechanism to reduce discontinuance will be explored in
this section.

4.3.1  Current Disconnect in the Transfer Process
The WSP field note (2007) report filter disuse, but it is only considered for users that have
adopted. This type of discontinuance, when concerned with DoI theory, is a failure in the
adoption process. According to the scenario detailed in Figure 2.10, there are four possible
outcomes for an innovation that reaches Stage III – Decision:

1. user adopts the innovation, and continues to adopt
2. user adopts the innovation, then later rejects the innovation
3. user rejects the innovation, then later adopts the innovation, and
4. user rejects the innovation, and continues to reject

This scenario does not adequately visualise the fragility of the adoption process in
development. Discontinuance—or rejection—can occur at any point along the stages in
Figure 2.10. This becomes even more apparent when the innovation is given freely or greatly
subsidised, as was the case with the initial CWF intervention: a consumer could potentially be
in possession of the innovation before actually making the decision to adopt.

4.3.2  Alternative Perspective to Communication Channels
To accommodate the intervention adopters, I proposed an alternative model, shown in Figure
4.3. In this model, once a user is exposed to an innovation at any stage, the user will choose to
adopt or reject the innovation. The user then returns to the influences of the communication
channels, and becomes part of a continuous process. Rejection that occurs in the early stages
is less important than rejection that occurs after the decision stage, as there has not been a
financial investment in the adoption, which is in line with trends observed in Brown (2007)
and in the development discourse.
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Figure 4.3: Proposed model for explaining the rejection of an innovation
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The feedback loop in the process makes the system a dynamic system, where factors
throughout the process impact on the subsequent stages.

4.3.3  Application of System Dynamics to RDIC
The system dynamics model in Section 2.4.8 was designed as a generic model for the distri-
bution of ceramic filters in many developing countries. As some indicative data is available
for Cambodia, based on RDIC and IDE’s efforts to date, it is possible to further refine the
model without adding significant complexity.

Proposed Alternative Conditions

The proposed conditions are detailed as followed:

1. three types of current adopters exist: intervention (subsidised), organisational
(such as schools), and consumer. These should be considered separately, as each
has a different drop-off rate (as indicated in WSP 2007)

2. the initial number of current intervention adopters should not be considered as
zero, as these were distributed at the outset in a short period of time

With consideration of these factors, the following model can be constructed:
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ORGANISATION ORGANISATION ORGANISATION

INTERVENTION INTERVENTION INTERVENTION

Figure 4.4: Proposed system dynamics model of the RDIC ceramic filter diffusion

When this model is applied to the graphical method described in Figure 2.15, the graph in
Figure 4.4 is obtained16.

Figure 4.5: Graphical representation of users in the proposed system dynamics model

16. Refer to Appendix B for the derivation of formulae.
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This model highlights a high initial uptake due to the intervention group, but also a high
initial discontinuance due to non-adopters in the intervention category having the innovation
imposed on them. Discontinuance over time has been shown in accordance with the findings
in Section 4.2.2. The organisation population, such as schools and offices, are proposed have
a reduced discontinuance due to targeted placement and education about the innovation
undertaken by RDIC. Organisations are also more likely to have an impact on word-of-mouth
adoption, as more people are exposed to the innovation. Consumers have been modelled in
the same manner as presented in Ngai and Fenner (2008)

4.3.4  Mechanism to Reduce Discontinuance
A mechanism that sits alongside current adopters could encourage current users to remain as
current users, as shown in Figure 4.6. The ‘maintenance’ term has been borrowed from
Prochaska’s term in Figure 2.10 for stage V of stages of diffusion, but also implies an
approach for the mechanism.
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Figure 4.6: Proposed location of maintenance mechanism in the system dynamics model

If a mechanism can be put in place to reinforce usage, the drop-off rate would reduce, and the
entire system will improve. Hypothetically, if a maintenance mechanism could reduce the
discontinuance rate by a factor of two, the number of adopters would be significantly
improved. In the graph in Figure 4.7, this is highlighted through the number of predicted
current adopters.

Figure 4.7: Proposed model with drop-off rate reduced by a factor of two

29



The resultant improvement in the process is significant enough to consider further, and
becomes the motivation for investigating hypothesis III. As an indication of the impact on
replacement filter sales that this reduction of the discontinuance rate could provide, the
following simplification is proposed: at the end of a 12 month period17 each current user
purchases a replacement filter. As the model indicates a percentage, the result has been given
as a ratio of the total population in Table 4.1, and shows that there is potential to sell 50%
more CFs if the drop-off rate is halved, over the same period of time. 

Table 4.1: Indication on replacement CF sales with maintenance mechanism
Total replacement CFs

as a ratio of total population
2% drop-off 3.36
1% drop-off 5.06
Improvement (%) ~150%

From the RDIC perspective, if it is possible to capitalise on this maintenance mechanism,
then it could benefit the organisation by improving satisfaction of the innovation (reducing
the disenchantment discontinuance), provide a new income stream by encouraging
replacement of the CF and open up new employment. This shows that there is significant
benefits to be gained by implementing a maintenance mechanism. The implementation
approach will be evaluated in Picture 4.4, and the method will be explored in Chapter 5.

4.4  Hypothesis III: Product as a Service
III. That transfer could be improved by considering the innovation as a fundamental and

continuous service, rather than a discrete consumer product.

In the developed world, access to clean water through a centralised water service is an
expected utility. Systems are in place to guarantee the continuity of service to meet demand of
the area that the service supplies. Consumers pay a monthly fee to ensure access, often at an
extremely small relative cost. If the provision of the CWF was approached as a service, I
propose that the discontinuance rate would reduce further. To start this exploration, the
options for discontinuance will be considered.

4.4.1  Replacement or Disenchantment
Unlike the situation explained in Figure 2.12, where the innovation is replaced by more
advanced innovations, there are currently no accessible options for more advanced
innovations than the CWF available to the consumer. This means that the distinction between
replacement and disenchantment becomes less defined. Replacement could mean reverting
back to the prior innovation, as the relative advantage for choosing the innovation at the
adoption stage has been diminished. This is illustrated in Figure 4.8.

17. At months 12, 24, 36, 48, 60, 72, 84, 96, 108, and 120.
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Figure 4.8: Options for discontinuance

With this understanding, rejection of the CWF from a health perspective is not a desired
outcome18, nor does it benefit the manufacturer, RDIC, as there is no financial gain to be
made from a user rejecting the innovation.

Another disconnect in the transfer of the innovation becomes apparent in that only 26% of
users knew where to purchase parts for the filter (WSP 2007). If any effort to improve the
median discontinuance rate was to be made, this would be a key area of focus, and would
significantly maintain use of the innovation.

4.4.2  Innovation as a Service
The current diffusion process, as explained in Section 2.4.3, is largely a one-way process.
This is true for both the knowledge and technology aspects of the innovation. An interesting
side-effect of attempting to reduce the drop-off rate is that the median usage rate of 24 months
(Brown 2007), corresponds with the recommended life span of the filter, two years (RDIC
2007a). Although this is not considered a significant reason for disuse19, it is worthy of note.
If the discontinuance rate was improved to a median time greater than the recommended
lifespan, users could potentially be at a health risk by using a filter not fit for use. 

The approach undertaken by RDIC to distribute the innovation is as a discrete product sold in
units, rather than as a continuous service. I assert that the transfer process could be improved
if the approach to distributing the filters was reversed. By replacing the CF on a regular basis
for a small maintenance fee, usage of the CWF innovation is reinforced. 

Another innovation seeing an increase in Cambodia is mobile phone technology. There are
generally two methods of paying for a mobile phone: upfront, with a month-to-month service
fee, or; on contract, with low upfront cost, on an increased-cost fixed-month contract. Sok
(2005) observes that [urban] Cambodians prefer the first option: owning the technology, and
paying a month-to-month service fee. I propose that usage of the CWF would be improved if
it was approached in a similar manner. The CWF can be paid for upfront, and the CF is
replaced on a month-to-month basis for a small fee. 

There are many examples of this type of service in the developed world, providing a similar
style of product, and two examples will be provided here. First, the distribution and
continuous supply of springwater coolers in homes and businesses, where a low up-front

18. Companies in an advanced economy benefit if users reject an innovation in order to replace it with a new or
upgraded innovation.
19. See the ‘Filter has passed its recommended lifespan’ category in Figure 4.1 
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payment is made and springwater is delivered on a regular basis. Used bottles remain the
property of the supplier, and are collected for cleaning and re-use. Second, the trade-in
scheme for liquid petroleum gas (LPG) bottles. Bottles are purchased at an outright cost, and
are available to trade-in when empty, for a new, full bottle at a reduced cost. Empty bottles
are refilled offsite and inspected by a technician, and are returned to circulation. A similar
process could apply to the CWF, where the CF is returned to the factory for restoration. This
could significantly simplify the process for the user if affordable. By continually reinforcing
the usage of the filter, users have an increased ability to move to Level III of the transfer
process.

Hypothesis III is unable to be tested in any relevant manner in this thesis without detailed
field testing. No similar project has been undertaken to measure disuse and provision of the
CWF in the service approach, so no direct comparisons are available. However, discussion
will be provided in Chapter 5, and an experiment has been undertaken to investigate effective
methods of restoration in Chapter 6.

4.5  Summary
In this chapter, models for addressing the hypotheses have been provided. Hypothesis I was
shown to be valid, and the intervention group appears to be a cross-section of the total
population, although it is unknown at what scale. The hardcore users appear to be approxi-
mately 35%, which is significantly higher than innovations at the end of the lifecycle, and
suggests that the product has an essential value to the user. Using system dynamics, a model
for Hypothesis II was provided, showing that significant numbers of users would not
discontinue if there was a maintenance mechanism in place, and that there is an opportunity to
capitalise on this increased usage. Hypothesis III was proposed, but remains untested in its
entirety. Methods for CF restoration will be explored in Chapter 6. In Chapter 5, the actual
mechanisms for reducing discontinuance will be explored.
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CHAPTER 5

PROPOSED METHODS TO REDUCE DISCONTINUANCE

5.1  Introduction
This chapter details mechanisms that could be implemented into the current product lifecycle
in order to reduce the rate of discontinuance of the CWF innovation. This chapter will explore
methods to reduce discontinuance at each of the three levels of the transfer process20. The
target areas that will be considered in this chapter are:

Level I: Technology Development Aspects
1. filters that are ready for use out of the box
2. pre-made screen to strain dirty water integrated into the design
3. defined flow rate indication
4. product differentiation

Level II: Technology Acceptance Aspects
1. more complete instructions provided at the PoS, including a logbook
2. training and demonstration sessions, including certification
3. on-site installation service

Level III: Technology Application Aspects
1. authorised maintenance
2. regular certification that the filter is fit for use
3. a trade-in scheme to incentivise replacement

These aspects will be considered in detail to aid the transfer process by potentially reducing
the occurrence of discontinuance. As these methods are implemented, the more appropriate
the ideas in hypothesis III become. Even if the essence of hypothesis III is not realised, these
suggestions will each aid the transfer process.

5.2  Level I: Technology Development Aspects 

5.2.1  Out-of-the-Box Use
An important aspect of a successful transfer process is to make adoption of the innovation
easy. Application of colloidal silver after firing allows for ‘silver leaching’ – the first few
times that the filter is used, a ‘silver’ taste is apparent in the water21. For this reason, RDIC
(Hagan et al. 2009) recommend that the user flushes the filter three times before use. This
information is not included in the PoS instructions22. If this information is not received and
the user drinks the filtered water immediately, then the user could become disenchanted with
the filter because of its ‘silvery’ taste, not knowing that this taste will disappear shortly. 

20. As shown in Section 2.4.2.
21. Small amounts of silver can be digested without health risks, and is considered safe (WSP 2007).
22. As noted in Table 3.1.
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Even if this knowledge is transferred, the effort to fill the filter three times without benefiting
from it is considerable. With a capacity of 12 litres, 36 litres must flow through the filter to
fulfil this requirement. At a flow rate of 1-2 litres per hour, this process is likely to take over 2
days to complete, and could be seen as a negative aspect of adoption from the outset of the
user’s relationship with the technology.

This leaching process could be undertaken at the ceramic filter factory, where it could be
possible to recover the silver that is leached for use in other filters. This would allow the
filters to be used out of the box, or at worst to be used after an initial rinse. An extension of
this topic is discussed in the further research in Section 8.3.3.

5.2.2  Straining Screen
In the instructional notes (Hagan et al. 2009), one of the important messages is to use a cloth
to strain dirty water. Another important message is to keep the filter in a safe place with its lid
on, to prevent environmental contaminants, such as dust and insects, from entering the plastic
receptacle. This decreases the need for the CWF to be cleaned. If a straining screen could be
incorporated into the existing design, all water would be effectively strained before entering
the ceramic filter, and the likelihood of environmental contaminants falling into the water
when the lid is off would be reduced.

Water poured through straining screen

Ceramic filter                        

Figure 5.1: Diagram of straining screen in position

The pore size of the straining screen could affect on the water quality and time between
maintenance, in addition to removing environmental contaminants. If the resolution of the
straining screen was small enough to catch large contaminants in the water, such as a portion
of dirt in high-turbidity water, then the cleaning of the ceramic may be reduced, replaced with
regular cleaning of the straining screen. This type of cleaning could be significantly easier
than the cleaning of the filter itself.

The cost of this element would have to be small, in order to maintain the price of the filter. If
the resolution of the screen is small, then the visibility of the water inside the ceramic would
be reduced. As a result, the benefit of the screen would have to outweigh the need for visual
inspection.

5.2.3  Flow Rate Marking
At the point of manufacture, flow rate tests are carried out. Flow rate tests are an indication of
porosity, and can imply whether a filter is suitable to filter out pathogens. Flow rates that are
above tolerance are not likely to filter out sufficient pathogens; flow rates under tolerance
levels are not likely to be used as they take too long to filter water. Each filter is likely to vary
in some small way due to batch clay composition, dimensional tolerances and sintering, as
indicated in Section 2.2.1. Slow flow rates are an indication that the filter requires
maintenance (Hagan et al. 2009), but the term ‘slow’ is subjective.
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If the testing ‘fill’ level and flow rate after one hour was etched into or indicated on the CF at
the point of manufacture, then the user would have an understanding of what the normal flow
rate is. A tolerance line could also be etched in to show the user at what level they should be
concerned about maintenance. If the variance in the pots was quite small, this could be done
uniformly through a punch when the CF is marked for identification, shown in Figure 5.2b,
and would be similar to volume markings on plastic buckets.

Testing fill line

Expected level after 1 hour
Low-flow rate tolerance

High-flow tolerance

Figure 5.2: a) Indicators for flow rate testing; b) Stamped-in identifier on the RDIC CF
Sources: a) Technical drawing of CF adopted from Hagan et al. 2009 b) Hagan et al. 2009

By embedding this information into the CF, the user can reliably test the flow rate at any time.
This information increases the user’s understanding of the behaviour of the CWF, and keeps
the user informed as to whether the CWF is working.

5.2.4  Product Differentiation
An aspect of the manufacturing stage that is a potential source of confusion for the user is the
indistinguishable versions of the product to the user. At present, information about the
ceramic filter is stored according to a punched-in identifier on the rim of the pot, shown in
Figure 5.2. This identifier helps the manufacturer identify a filter if required, but it does not
tell the user anything about the qualities of the product. 

An example of identification accessible to users in the developed world are specifications of
consumer items, such as computer processors. A potential consumer can easily distinguish
between the potential performance of a computer based off its processor speed specification,
even though products may be indistinguishable to the eye. A specification of the CF that the
user can distinguish between will educate the user about their CF.

In a video showing a salesman selling a replacement filter (RDIC 2007b), subtitles indicate
that there is some confusion about the lifetime of an existing filter, and that this new filter has
been treated with colloidal silver in a manner that extends its usable lifetime. There is no
evidence that this is the case by way of specification, so there is the potential for unscrupulous
vendors to exploit users by selling under-performing filters. 
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A certification stamp could be one method of getting this information to the user, including
the identifier, expected use-by date and flow rate at the initial testing23. This information can
help the consumer make informed decisions around the use of their existing filter, and
benefits of replacement.

5.2.5  Level I Summary
In this subsection, aspects that can be implemented at the CF factory have been explored.
These aspects are relatively simple to implement, and do not require significant changes to the
manufacturing process. The suggestions make the product more accessible to the user, and
through educating the user, it forms a critical part of the maintenance mechanism. These
Level I suggestions can be made regardless of whether the Level II and III approaches are
adopted.

5.3  Level II: Technology Acceptance Aspects
Acknowledging that a basic level of understanding about the innovation occurs before the
adoption stage, it would be unreasonable to assume that the user knows all that there is to
know about the innovation when they choose to adopt. The methods in this section are
targeted at improving the user’s knowledge of the system during their decision to adopt the
innovation.

It should be noted that some of the suggestions identified in this subsection require significant
investment from the user, and if these practices are forced on to adopters it may potentially
discourage use. For this reason, although the suggestions below are presented as a user
responsibility, the intention is that the majority of the work would be done by the suppliers in
the service suggested in Section 4.4. 

5.3.1  Complete Instructions
There is a disconnect between the educational messages and the instructions given about
usage, as shown in Table 3.1. This could be rectified at the PoS, where educational messages
could be required to be conveyed before purchase. In the developed world, this system is
common in the sale of many services, such as mobile phone contracts. Before the contract is
agreed, the sales representative is required to complete a questionnaire with the user in order
to establish that the user has a sufficient understanding about the nature of the agreement. 

In the same light, if the CWF is considered as a service, rather than a product, then this
questionnaire becomes an integral part of allowing the user to access the service. The
questionnaire could involve questions such as cleaning interval and handling instructions to
ensure that the user understands the commitment that they are undertaking by adopting this
service. 

23. As the flow rates are a function of the clay composition and sintering level, each filter is likely to have a
slightly different acceptable flow rate range, all within tolerance. 
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This knowledge could then be complemented with a detailed user manual, explaining all of
the recommended methods for use and maintenance of the CWF. It should have a section for
users to record usage easily, encouraging the user to record when the filter is replenished, the
water source, and other significant information. It should also detail a recommended
maintenance schedule, and allow for the recording of when this schedule is carried out. 

A developed-world example of this is a car’s logbook, where a maintenance schedule is
completed and recorded at regular intervals. This encourages maintenance and helps to isolate
problems when they occur. A list of spare parts suppliers should also be made available in this
manual to encourage users to find parts if required, and avoid the situation indicated in
Section 4.4.1, where users do not know where to find replacement parts.

5.3.2  Training and Demonstrations
As demonstrated in the WSP field note (2007), RDIC facilitate the knowledge transfer
process with small community demonstrations to educate potential users as to the correct
usage methods. This is a useful approach to transfer knowledge about the system from those
who hold it, to those who potentially need it. Knowledge transfer by this method could be
emphasised by considering this as a training session, rather than a demonstration. 

A potential user could undertake a short, formal training session as an extension of the
questionnaire posited in Section 5.2. Training could involve one-on-one or small group
sessions in a hands-on environment, where the users learn to care for the filter. This is likely
to be undertaken by the person in charge of the filter, as suggested in Table 3.1. On
completion of this training session, the successful user could be the recipient of certification
stating that they are competent of filter care. Further incentive could be provided by a
percentage reduction in filter costs or replacement parts, for certification holders.

Although the subsidised intervention model is discouraged in the WSP field note (2007), as it
detracts from the potential business opportunities available by marketing the innovation, this
training and certification could be considered as a requirement in any future subsidised
intervention in a new location. This could potentially reduce the initial disuse rate in the
intervention category, as the intervention population would have an increased understanding
of the knowledge behind the innovation. Any future intervention should consider knowledge
transfer as the primary driver of the intervention.

5.3.3  Installation Service
A potential and unexplored aspect in the innovation delivery is an installation service by a
certified user in the home of a new user. The installer could assess the location of the CWF in
the household, and suggest alternatives. They could also consult with the user about their
local water source and its suitability for use in the CWF. Additional relevant experiential
knowledge transfer could also be undertaken at this point.

This service would have to be of low-cost to the user, yet enough to pay the installer for their
time. The cost of this service could be included in the original sale price, or offset by future
discounts in replacement parts.
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5.3.4  Level II Summary
In this subsection, ideas about increasing knowledge transfer were explored, including better
instructions at the PoS, record-keeping of the filter use, certified training for potential filter
users, and an installation service where the new user can gain experiential knowledge from a
certified user. As mentioned at the beginning of this subsection, these steps could be
undertaken as part of a service, making it easier for the user to access.

5.4  Level III: Technology Application Aspects
Once the user has adopted the innovation, and moves into the confirmation stage, efforts
targeted at keeping the user satisfied with the innovation should be made. In this section,
ideas around providing a service to reinforce usage will be explored separately, and then
combined in Section 5.5 as a cumulation of mechanisms into one service.

5.4.1  Authorised Maintenance
Similar to the installation service, authorised maintenance could be made a part of the CWF
service. Authorised maintenance could be included as part of the log book, and could be
provided by local people as an extension of the certification proposed in Section 5.3. As
observed, discontinuance is an immediate issue after adoption. A scheduled maintenance
inspection in the first six months would encourage a user to continue with the innovation, as
concerns could be allayed, and bad practices could be corrected.

This initial maintenance service could be incorporated into the original sale price, and could
also include incentives such as free replacement of faulty parts. If the CWF is considered as a
service rather than a product, users could enter an agreement where a local authorised
maintenance worker would service the filter to ensure that the filter is fit for use on a regular
basis. The maintenance could include extensive cleaning, through to replacement of parts,
covered as part of an on-going maintenance plan. This could provide a source of income
through employment, and could also help RDIC identify common faults in the design that
could be addressed at the point of manufacture.

5.4.2  Regular Certification
As part of the regular maintenance, certification should be given stating that the CWF is fit
for use. Certification would test that the water from a regular source is being filtered
sufficiently and that the CWF is operating as expected. Certification could be in the form of a
sticker or stamp in the log book, indicating who undertook the test, and when the CWF should
be retested. Certification could be a requirement of any incentive scheme.

Ideally, certification would also include a microbial test of the water before and after filtration
to ensure that pathogens are removed from the water source. Water testing is quite difficult,
and methods around this may not be practical as the geographical diffusion of the innovation
prohibits centralised testing. This is an area of further research, and detailed in Section 8.3.5.
Certification at this stage would have to rely on visual inspection techniques and flow rate
testing.
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5.4.3  Trade-In Scheme
As noted in Brown (2007), filters can have a usable lifespan greater than the recommended 2
years if maintained correctly, but there is a portion of people that stop using the CWF when
its recommended lifespan is exceeded. Of these people, it is unknown whether the innovation
has concurrently been rejected, or whether it is a case of reluctant discontinuance. In the case
of the latter, a trade-in scheme, similar to LPG bottles mentioned in Section 4.4.2, could help
the user continue with the innovation.

A trade-in scheme could provide a new filter at a reduced cost for filters that are certified fit
for use, but have out-lived, or are about to out-live, their recommended lifespan. This could
encourage the replacement of the CF and continued use of the CWF, rather than allowing the
user to slip into discontinuance.

5.4.4  Level III Summary
The level III approaches af maintenance, certification and trade-in schemes lead the way to a
cumulation of the mechanisms to be provided as a service. This concept is explored in the
following section.

5.5  Cumulation of Mechanisms as a Service
A service model has been suggested throughout this chapter to frame how the Level II-III
suggestions may best be implemented. The cumulation of these individual mechanisms form
an approach to encouraging safe use of the CWF innovation. These mechanisms have been
simplified in Figure 5.3 to visually show how a system might work.

vendor ensures 
user understanding

restored CFs returned
gives clean CF/inspects CWF

TECHNICIAN

VENDORUSER

WSP PURCHASE INSTRUCTION

TRAINING/
INSTALLATION

USE

FILTER 
REPLACEMENT

takes used CF

keeps clean CFs for redistribution cleans CF off site

CLEANING 
AND SERVICING

FACTORY

REFIRING
AND TESTING

CFs are  regularly returned 
to factory for restoration

Figure 5.3: Mechanism to reduce discontinuance by providing the CWF as a behaviour-reinforcing service
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Employment opportunities are created in the ‘technician’ role. Preferably, the technician
would be a certified user, and would use their skills and knowledge of the innovation to help
reinforce usage. In any further analysis of a more detailed service system, a study of the
economic viability should be made.

To illustrate how a service system might be funded, the model above has been costed in a
simple manner. It should be noted that I am not proposing that this is the definitive approach
to take or cost model to support, but am using it as an illustration of potential. 

TECHNICIAN

assumes ownership of CF

small fee charged

makes small % 
of purchase cost

small fee charged

VENDORUSER

WSP PURCHASE INSTRUCTION

TRAINING/
INSTALLATION

USE

FILTER 
REPLACEMENT

labour

CLEANING 
AND SERVICING

FACTORY

REFIRING
AND TESTING

makes small %
purchase cost

Figure 5.4: Financial model for provision as a service

In a service model, smaller fees are charged more often, making the innovation accessible to
the poor. As the filter replacement is an on-going service, the system generates revenue
otherwise not realised. 

It should be noted that this service model may not appeal to certain types of users and should
be offered as an alternative. The potential adopter can be incentivised to use this model
through a smaller initial outlay when compared to outright purchase.

5.6  Summary
In this chapter, aspects of each of the three levels of transfer have been suggested for
inclusion into a maintenance mechanism. The aim of the mechanism is to reduce the discon-
tinuance rate of the CWF innovation. The concept of the product as a service was explored in
order to encourage continuance. Through developing a system to enable this use, the filters
could be returned to the factory for maintenance, and this concept has led to the experiment in
Chapter 6.
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CHAPTER 6

EXPERIMENTAL METHOD

6.1  Introduction
An experiment was designed to determine whether returning the CWFs to the factory for
certified maintenance, including refiring, is worthwhile. This experiment is not the focus of
this thesis, and was undertaken only as an exploration of hypothesis III. This experiment
focused on determining the effects of refiring the ceramic to restore flow rates. It has been
observed that filters can be effective for much longer than the recommended lifecycle of two
years24 if cared for correctly. Lantagne (2001) notes that the flow
rates of filters can be restored through scrubbing, as shown in Table
2.3, but that baking them in an oven made no improvement. 

As I constructed test filters to gain an understanding of the RDIC
process for this thesis, I observed the burning out of organic
material is extremely smokey, and occurs at temperatures between
approximately 350-500°C. Because the bacteria that the filter seeks
to remove is also an organic material, I hypothesised that flow rates
and microbial effectiveness could be restored through refiring the
ceramic to 600°C, effectively reconditioning the ceramic.

Figure 6.1: Photograph of smoke from organic matter billowing out of the kiln

6.2  Scope and Limitations of Experiment
This experiment was designed to examine the effect of cleaning of filters that are clogged.
The test pieces were created to be able to draw comparison with the RDIC filters, though
composition and design differ, as explained in Section 6.3. 

To simulate clogging, filters were boiled in a Turkish coffee brew from a dry state in the same
manner as the AP of the filters was calculated. Use of Turkish coffee is undocumented as a
method of creating highly turbid water. In situations in the field, it is likely that the filter will
not solely be clogged by organic material, so results are unlikely to be as pronounced, though
no study was conducted to confirm this.

The RDIC filter is also treated with colloidal silver as a disinfectant. This experiment did not
consider colloidal silver in the flow rate testing. Microbial effectiveness has also not been
considered at this stage, though could be a worthwhile for further research, depending on
results of this experiment.

24. As noted in WSP (2007).
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6.3  Design of Experiment
Test Filter Design

Three sets of four test filters (TFs) were manufactured using the process detailed in Appendix
D. The intention throughout the experiment was to make the results as relevant to the RDIC
process as possible. Without access to male and female hydraulic moulds to create the ‘flower
pot’-style filter, a flat-disc filter was used to represent the base of the filter. This TF was
pressed to a similar base thickness of the RDIC CF25. 

Figure 6.2: a) TF C1 in plastic state (top); b) TF C2 after firing (top); c) TF C2 after firing (side) . Note the
small colour difference across the surface of b. This indicates slightly different sintering across the test filter.

Test Filter Composition

The composition of the test filters were identical for all test filters. The composition was as
similar to RDIC’s as possible, with the substitution of coffee grounds for rice husks. The
materials are detailed in Table 6.1. The clay dust and dried coffee grounds were sieved to help
consistency in the composition.

Table 6.1: Test filter composition
Material Mass (+/- 1g) Sieve Size

Red earthenware dust, ball-milled 240 g 250 microns
Used coffee grinds (dried) 80 g 850 microns
Water 100 g n/a

The materials were mixed at the mass ratio of 12:4:5. These masses are similar to the
composition ratio used at RDIC, as shown in Table 2.1.

Test Filter Firing

The pieces were fired in an electric kiln to 900°C26. The firing cycle used in this experiment
was two-stage to ensure that all water had been expelled. The firing cycle is shown in Figure
6.3 together with documented firing cycles of other similar studies from Table 2.1.

Time (hours)

°C

1 2 3 4 5 6 7 8 9 10

200

400

600

800

1,000
RDIC, PFP

Al-Lawati & Chau Crossman

Flynn

Browne

Figure 6.3: Firing cycles of selected previous studies, from Browne (2009), with the addition of this study

25. The dry thickness of the RDIC CF is 16-18mm. The TF thickness is approximately 19mm.
26. Firing rate was 1°C/min to 180°C, then 3°C/min to 900°C and allowed to cool in the kiln overnight.
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Test Filter Cleaning

The focus of the experiment was to observe the effect of cleaning on flow rates after clogging.
The experimental method is detailed in Appendix C. A custom set of flow rate testing setups
were designed to test the flow rates, and are shown in Figure 6.4. The height of the water in
the PVC pipe is approximately 22cm. This means that the hydrostatic pressure on the ceramic
is similar to RDIC’s flow rate testing.

Figure 6.4: Flow rate testing setup up. Four samples were tested in similar setups in each run
a) CII in flow rate test setup before placing in measuring bucket; b) Example of TF filtering sample turbid water;

c) TF in flow rate test setup

The cleaning methods are the variable of interest in the experiment. The cleaning methods are
listed in Table 6.2.

Table 6.2: Cleaning methods for each set
Set ID Cleaning Method

A None (Control)
B Kiln only27

C Brush, then kiln28

D Brush only

Cleaning of the TFs with the brush is limited to the top and bottom surfaces. A standard nail
brush was used for the scrubbing. The sides of the TFs are not cleaned. 

6.4  Experimental Results
Flow rates

As each run was exposed to potential variation between sets and series due to environmental
effects, timing discrepancies, slight variation in temperature of dryings and potential mass
changes of the test pieces due to chipping, the results from each set were compared to the
averages from that set. Trends between these results were then investigated as a comparison
of the averages. The raw data for the tests have been provided in Appendix E. A summary has
been presented in Table 6.3.

27. Firing rate was 3°C/min to 600°C and allowed to cool in the kiln overnight.
28. Firing for C was the same as B, above.
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Table 6.3: Summary data of experimentally determined average flow rate ratios29

Set ID Av AP1 (%) Flow 1 Flow 2 Flow 3
A 62.9 1.04 0.93 0.82
B 60.8 1.01 1.08 1.17
C 57.5 0.95 1.11 1.15
D 60.2 1.00 0.88 0.85

Total 4.00 4.00 3.99

Flow 1 was taken before any maintenance or clogging had been performed, and shows that
the flow rates between sets were within 10% across sets to begin the experiment.

Filter Appearance

During the experiment, each cleaning method altered the physical appearance of the TF
differently. This is shown in Figure 6.5. A-series TFs were smooth to touch. C- and D-series
TFs were also smooth, until brushed. Both B- and C-series TFs appeared like new after firing.

AI BI CI DI
Figure 6.5: Photograph of TFs after cleaning method. Note that BI and CI are identical, and that the sides of DI

(not cleaned) are similar to the sides of AI. The pattern on DI is due to stacking in the oven for drying.

Water Quality

Although the intention of the experiment was to observe the flow rates, a point of note was
apparent in the quality of the filtered water. As the test samples were filtered, the colour of the
effluent was strikingly different between the kiln-fired series (B and C) and, A and D. In
Figure 6.6 there is a distinct difference between the effluent of CI and DI, even though DI
looks relatively clean.

CI DI

Figure 6.6: Effluent from filter samples after the first cleaning

Although Turkish coffee is not an indicator of microbial effectiveness, this does indicate that
surface cleaning may not be sufficient to remove organic matter from inside the ceramic.

29. Note: ratios in flow series may not total four (4) due to rounding.
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6.5  Discussion of Results
Flow Rates

The summary data shows a significant trend towards the kiln refiring being an effective tool
towards restoring flow rates. There is not a significant difference between the results for the
scrubbing techniques to draw conclusions about it as a maintenance method. The trends from
the summary data have been graphed in Figure 6.7.
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Figure 6.7: Graph of trends in summary data from Table 6.3

Further work is required to determine whether colloidal silver makes a difference to these
results, and whether microbial effectiveness is maintained using the refiring methods.

Apparent Porosity

It should be noted that the AP of the TFs was approximately calculated as twice that shown in
Figure 2.2b. This, however, is not considered conclusive, as the method of calculating actual
AP involves soaking in boiling water for 24 hours rather than 1 hour. Experimentally, no
reportable differences were observed in the results from 1 hour and pre-experiment testing 24
hours.

6.6  Summary
An experiment to determine whether refiring filters in the kiln to remove organic material was
conducted to observe whether this process had any advantages over scrubbing, which is the
recommended method of maintenance by the manufacturer. The results show that refiring in
the kiln to 600°C has a considerable advantage over scrubbing. 

Further work is required to determine the appropriateness of this scenario to the RDIC
method, including the effect colloidal silver in the refiring, the nature of the actual clogging
material, and the practicalities of returning the CFs to the factory. However, the results
suggest that refiring could be used for restorative maintenance, which may benefit the
maintenance mechanism, and in turn decrease discontinuance over time.
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

7.1  Introduction
In this section the conclusions and recommendations will be stated. The discussion
throughout this thesis has been in respect to the hypotheses stated in Section 1.2, and the three
levels of transfer described in Section 2.4.2. 

7.2  Conclusions
This thesis proposed to evaluate three hypotheses. Hypothesis I evaluated whether a new
group of users exist in the diffusion of innovations, intervention users, based on discon-
tinuance. It was shown that these users appear to be a cross-section of the entire population,
including approximately 15% of non-adopters. 35% of intervention adopters appear to be
‘hardcore’ users, which is an extremely positive indication.

The effect of a mechanism to reduce discontinuance was evaluated using systems dynamics in
hypothesis II. This evaluation showed that significant improvements could be made to the
levels of current adopters by employing a mechanism to reinforce usage.

Hypothesis III was explored and suggestions were put forward as to how the CWF could be
approached as an essential service, rather than a discrete product. This hypothesis was unable
to be evaluated against existing innovations, but evidence suggests that Cambodians currently
adopt innovations such as mobile phones in this way.

By reducing discontinuance and reinforcing usage through a service model, the health
benefits of the RDIC filter will have a greater reach within the societal system.

7.3  Recommendations
In order to understand the proposed intervention category in the diffusion of innovations in
more detail, a further survey should be undertaken at the 8-year mark of the intervention. This
could provide more insight about the category, and should also attempt to draw comparisons
between the intervention category and the larger societal system. More detailed information
about breakages of the CF should also be sought, in order to evaluate the design and look for
improvement. Other recommendations have been made in further research in Chapter 8.

7.4  Summary
This thesis evaluated the hypotheses and made recommendations to reduce discontinuance of
the CWF innovation. Further research would help form a better understanding of the system,
and recommendations for further research have been made in Chapter 8.
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CHAPTER 8

FURTHER RESEARCH

8.1  Introduction
Throughout the research undertaken for this thesis, a number of issues have arisen that
potentially warrant further research. This thesis was primarily concerned with factors
affecting transfer, and could not consider in full detail aspects outside of this scope. Before
any further research is undertaken, consultation with EWBA and RDIC would be required to
ensure that the research and findings remain relevant.

8.2  Unfinished Project Aims
Of the three hypotheses in this thesis, hypotheses I and II were shown to be valid through the
use of tools from transfer theory. Hypothesis III was not tested thoroughly, as its scope was
discovered to be much larger than the scope of this thesis. Steps were made towards
attempting to show that the service model could be applied to the CWF innovation through an
experiment that showed that CFs could be restored through refiring in a kiln. However,
further work is required to observe this trend in the RDIC CF design, including testing for
microbial effectiveness.

As the participatory development theory suggests, even with a technical solution like this, a
consultative approach is required to determine whether the service model could be applied to
the situation. Although the preliminary research in this thesis shows that Hypothesis III has
potential, it remains to be proven, and could be the topic of a higher-level dissertation. A
follow up survey is a key recommendation from this thesis to gather further information about
the use of filters by the intervention group—and the broader consumer groups—to better
understand the observed discontinuance in the initial survey.

8.3  Further Work by Observation
This section will recommend aspects that could contribute to the transfer of the CWF
innovation as it is today. These suggestions for further work have been discovered through
observation during the experiment and through grappling with the problem at hand. In no
particular order, these are listed below.

8.3.1  Filter Design
One of the difficult aspects of this innovation is its inefficient design. As a system, it requires
continuous attention from the user in terms of replenishment and maintenance. The CF
element is quite large, and as shown in the WSP survey results, quite breakable. Expansion is
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not possible to increase flow rate30, unless done in a makeshift way (as shown in Hagan et al.
2009). The plastic receptacle is not stackable, and it is undesirable for the filter to be stacked
in case of damage. This means that the filter is quite bulky for distribution. Any consider-
ations of redesigning the filter from a technical perspective should consider these factors to
aid the transfer process. 

Although the design has not been optimised in these ways, it should not be forgotten that the
CWF innovation is having a great impact on the quality of health for the majority of its users,
and any change in the design requires the new innovation to be diffused with significant
effort.

8.3.2  Structural Strength
The CFs are extremely fragile, and benefits to the transfer process could be made through
investigations addressing this. This could be in the form of adjusting the composition of the
clay-organic mixture for compressive strength, or altering the geometry of the CF. Chipping
of the TFs was experienced first-hand, with five of the TFs accidentally chipped through the
experiment. Further research could also include investigation of other materials such as
composites to complement or replace the ceramic.

8.3.3  Silver Colloid Application
The silver painting process adds an extra step to the manufacturing process, and a layer of
inconvenience to the user, as explained in Section 5.2.1. Silver leaching is a potential health
problem, as the filter loses its disinfectant properties over time, as the silver moves through
the pores in the ceramic through which it entered. It is unknown exactly how well the silver
penetrates the ceramic, and its leaching behaviour over a period of time, though many studies
have concluded that it is an effective method. 

The investigation of using colloidal silver in the original manufacturing of the filter in a
silver-clay-organic composition is not documented, and may yield positive results in a
suitable firing pattern. By embedding the silver into the ceramic, it may improve its long-term
effectiveness, and could be a source of further research.

8.3.4  Surface Finish
Darcy’s Law states that flow rate has a relationship between the pressure differences of the
adjacent surfaces of the porous medium. Darcy’s Law states:

Q = (–kA / µ ) × (( Pb – Pa ) / L)

where: Q is the volume of effluent k is the permeability
A is the cross-sectional area L is the length
 µis the dynamic viscosity of the water
Pb – Pa is the pressure difference between the effluent surface and the influent surface

30. A primary concern of increasing the hydrostatic pressure is the velocity of the water through the ceramic. As
the velocity increases, the effectiveness of the colloidal silver decreases, and should be a consideration if this
technical issue is addressed 
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Before the experiment took place, initial flow rate tests were conducted to determine an
appropriate test setup. As the test pieces were pressed flat, all surfaces were fairly smooth.
This is shown in Figure 8.1.

Figure 8.1: Photographs of articulated voids in test filters
a) A1 before sanding; A1 after sanding. Note the increase in void numbers in b.

Surface leaking was evident in all proposed test setups until the top surface was sanded flat.
After leaving this setup for a period of time, it was observed that the entire test filter was quite
moist, including the top surfaces, and flow rates were slow. In subsequent tests, both the top
and bottom surfaces were sanded, and from then on only the bottom surface was moist to
touch. EWBA volunteers working with RDIC indicate that the surface finish of the RDIC
filter more closely match Figure 8.1a (Harley and Hagan, pers. comm.). This observation
could indicate that the differences in surface finish may impact flow rates, and warrants
further research. 

The most effective area of the current CF design is the base, with negligible flow through the
sides. Consideration of the effect of increasing or decreasing the porosity of the sides should
be made in any surface study.

8.3.5  On-the-Spot Testing
The issue of definitively knowing whether the filtered water is clean is worthy of further
research. There is currently no simple test to examine whether a filter is fit for service. This
has an impact on proving the effectiveness of the filter, as both the microbial quality of the
influent and effluent are unknown. This impacts the diffusion of the CWF innovation, as the
user has no definitive way of knowing whether the filter is working, especially since it was
observed in WSP (2007) that CWF users still experience incidences of diarrhoea. Research
into methods to provide on-the-spot testing of water quality would benefit this situation, and
would have wide application.
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8.3.6  Lifecycle Aspects
The motivation for hypothesis III came from the cradle to cradle concept, popularised by
McDonough and Braungart (2002). This concept encourages good design, and consideration
of manufacturing methods that produce safe products that can be continuously re-used, rather
than the current practice of downcycling. McDonough and Braungart assert that opportunities
exist by taking ownership of the ‘technical nutrients’ of the manufacturing process for re-use,
similar to the concepts suggested by restorative refiring. Opportunities also exist by
considering methods of capitalising on the technical nutrients of the filter when the filter has
reached the end of its true life span. This could be done by designing the filter for an
alternative function after its use as a filter, such as a marketable flower pot or pavers, and
could potentially be exported to another market. This also has relevance to the plastic
receptacle, which is now currently disposed of if broken.

8.4  Summary
This chapter concludes the thesis and has made recommendations for further research based
on unfinished project aims and observations. These recommendations for further research are
points of weakness in the current design or approach of the CWF innovation. Some may be
more difficult to realise than others, and some may never be realised as the needs on the
ground may change. As is essential in the participatory development approach and systems
engineering, any further work should only be undertaken after consultation with the
stakeholders involved. This will ensure that the outcome is based on need and will help the
diffusion of the innovation when it is realised.
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APPENDIX

Appendix A — System Dynamics Equations
Although not explicitly stated in Ngai and Fenner (2008), it is assumed that the relationships in the simple
system dynamics as shown in Figure 2.14 are derived as follows.

The adoption rate and discontinuance rate can be calculated for each month as:

AR = af ×PA + wf × ( PA / TP) × CA
DR = df × ( CP / TP ) 

where: AR is the adoption rate DR is the discontinuance rate
PA are the potential adopters CA are the current adopters
DP is the discontinued population TP is the total population
af is the advertising fraction wf is the word-of-mouth fraction
df is the discontinuing fraction  

The populations can then be calculated for each month (x) as:

CA = CA(x–1) + AR – DR
DP = DP(x–1) + DR
PA = TP – CA – DP

For the example in Figure 2.14, the following values were used:

TP = 100 (%)
af = 0.02 (or 2%)
wf = 0.1
df = 0.1 (or 10%)
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Appendix B — Proposed System Dynamics Model

The terms used in the proposed model are different to Ngai and Fenner to accommodate extra categories. These
are detailed below.

AR is the adoption rate DR is the discontinuance rate
PA are all potential adopters PC are potential consumers
PI are potential interventions PO are potential organisations
CA are all current adopters CC are current consumers
CI are current interventions CO are current organisations
DP is all discontinued population DC are discontinued consumers
DI are discontinued interventions DO are discontinued organisations
TP is the total population
caf: current adoption fraction oaf: organisation adoption fraction
iaf: intervention adoption fraction cdf: current discontinued fraction
odf: organisation dis. fraction idf: intervention discontinued fraction

The adoption rate and discontinuance rate can be calculated for each month as:

AR = caf ×PC + oaf × PO + iaf × PI + waf × ( PA / TP) × CA
DR = cdf ×CC + odf × CO + idf × CI

The populations can then be calculated for each month (x) as:

CA = CA(x–1) + AR – DR
DP = DP(x–1) + DR
PA = TP – CA – DP

For the example in Figure 2.14, the following values were used:

TP = 100 (%)
PC = 50 (%)
PO = 20 (%)
PI = 15 (%)
CI = 15 (%)
caf = 0.02 (or 2%)
oaf = 0.04 (or 4%)
iaf = 0.10 (or 10%)

waf = 0.1
cdf = 0.02 (or 2%)
odf = 0.01 (or 1%)
idf = 0.06 (or 6%, to model non-adopter category)
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Appendix C — Experimental method
Each set of filters (labeled A-D) were repeated for each run (1-3).

1. After firing, TF were hand sanded flat. Fine dust particles were dry brushed out,
then washed. Filters were labelled A-D, 1-3

2. TFs were dried in a fan-forced oven at 200°C for two hours
3. Sets of filters (A-D) were sorted into the three runs, and steps below were under-

taken one run at a time
4. TFs were weighed for Dry 1 measurement
5. TFs were placed in 8L of boiling water for 30 minutes, then left to soak for 30

minutes
6. TFs were weighed for Wet 1 measurement (AP calculated)
7. TFs were fitted into the flow rate test setup, and inspected for leaks
8. TFs were filled and left for 30 minutes to establish steady-state flow
9. 0.5L of water for each TF was measured by weight in preparation for flow rate

testing
10. TFs were emptied, and quickly filled with the measured 0.5L and placed in sepa-

rate empty bucket
11. TFs were left for 1 hour
12. TFs were removed from the bucket, and the resulting effluent measured
13. TFs were dried in a fan-forced oven at 200°C for two hours
14. TFs were placed in 8L of boiling water with 25g of Turkish coffee for 30 min-

utes, and then left to soak for 30 minutes.
15. TFs were dried in a fan-forced oven at 200°C for two hours
16. TFs were cleaned using the methods in Table 2.3
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Appendix D — Manufacturing method
The manufacturing steps for test filters are provided below:

1. Clay was dried from wet pug31 and progressively broken into dust
2. Clay was sieved to 250 microns
3. Used coffee was dried, and sieved to 850 microns
4. Composition ratios of the dry materials were measured out
5. Dry composition was hand mixed until even
6. Water was added to the composition, formed into a ball
7. Ceramic was weighed, and normalised to 420g
8. Ceramic was placed in plastic lunch bag, and put into mould32

9. Mould was placed in book press, and compressed to a determined setting
10. Mould was removed from the press, and ceramic was removed from plastic
11. Ceramic left to air dry for 24 hours, then placed in fan-forced oven at 100°C for

48 hours. 
12. Ceramic was weighed, and identified with etched identifier
13. Ceramic was fired in kiln, as per firing rate in Figure 6.3.

No visible cracks in the ceramic were observed except on the sides, which had no or
negligible effect on this experiment

31. A wet extruded mass of clay, sold at ceramics shops.
32. The mould was a 100mm PVC end cap 
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Appendix E — Raw Experimental Data

Green
(wet)

Kiln
(dry)

Dry 1
wt (g)

Wet 1
wt (g)

AP1
%

Flow
mL

Dry 2
wt (g)

Wet 2
wt (g)

AP2
%

Flow
mL

Dry 3
wt (g)

Wet 3
wt (g)

AP3
%

Flow
mL

A 1 294 206 193 321 66.3 50 194 308 58.8 63 203 315 55.2 51
B 1 278 198 187 300 60.4 53 188 311 65.4 85 188 319 69.7 106
C 1 281 202 193 302 56.5 49 192 313 63.0 85 192 315 64.1 109
D 1 281 202 195 315 61.5 48 190 304 60.0 70 200 312 56.0 65
A 2 289 207 201 319 58.7 91 200 320 60.0 86 200 330 65.0 98
B 2 282 202 187 304 62.6 83 188 314 67.0 92 188 314 67.0 112
C 2 284 202 195 313 60.5 79 195 327 67.7 90 192 325 69.3 114
D 2 286 204 196 316 61.2 81 197 323 64.0 75 196 324 65.3 77
A 3 285 198 192 314 65.3 76 192 292 52.1 49 192 323 68.2 84
B 3 291 204 192 306 59.4 73 192 303 57.8 54 192 325 69.3 108
C 3 290 203 193 300 55.4 68 193 299 54.9 60 193 319 65.3 96
D 3 281 196 192 303 57.8 79 193 292 51.3 44 193 318 64.8 96
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