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Abstract

Countries like Nepal face tough challenges in terms of providing safe, clean drinking water
for their citizens. The World Health Organization estimates that nearly 5 million people in
Nepal lack access to safe drinking water while globally, 1.1 billion lack access to improved
water supplies. Point-of-use water treatment technologies, such as household ceramic water
filters, offer an affordable and effective means of treating water to standards suitable for
drinking. The fact that ceramic water filters can be manufactured and produced by local
ceramists with local materials makes ceramic filters particularly attractive as a point-of-use
treatment technology that is affordable, appropriate, and sustainable.

This thesis examines existing ceramic water filter technologies, production processes, and
methods for bringing a low-cost ceramic water filter to market in Nepal. Three types of disk
filters and five types of candle filters are evaluated in terms of microbiological removal
efficiency and flow rate. A red-clay grog disk filter coated with colloidal silver and three of the
five candle filters (Katadyn® Ceradyn, Katadyn® Gravidyn, and the Hari Govinda white-clay
candle filter capped on both ends) also coated with colloidal silver, performed the best in
terms of microbiological removal efficiency (>98%) and flow rate (ranging from 641
ml/hr/candle (Ceradyn) to 844 mL/hr/candle (Gravidyn)). In addition to filter testing, a
guideline for developing a ceramic water filter in preparation for bringing a product to market
is presented, along with a discussion on the importance of laboratory and field testing to
ensure overall product performance. A step-by-step summary of the production process is
also presented along with a comparison of the theoretical flow rate through a candle filter
versus a disk filter. Recommendations for future work include testing and modifying the
current disk-filter prototype design and research on the most appropriate filter element for the
proposed prototype.

Thesis Advisor: Susan Murcott
Title: Lecturer, Department of Civil and Environmental Engineering

Thesis Advisor: Patrick Jaillet
Title: Head, Department of Civil and Environmental Engineering
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Chapter 1 Introduction

The global community faces a tough challenge: to halve the number of people without
access to improved water supply and sanitation by the year 2015. This bold objective, also
known as one of the Millennium Development Goals, was again committed to by
governments from around the world during the 2002 World Summit on Sustainable
Development in Johannesburg South Africa.*® Considering the World Health Organization’s
estimate of 1.1 billion people who lack access to improved drinking water supply, the
Millennium Development Goal for water works out to delivering access to improved water
supply at a rate of ~100,000 people per day between the years 2000 and 2015.%° Can
governments alone realistically meet this ambitious goal by the year 2015 through

conventional centralized water supply systems?

In the pursuit of solutions to providing safe drinking water to those in need, point-of-use
household water treatment has emerged as a complementary solution to centralized water
supply systems. Household ceramic water filters, in particular, offer an affordable and
effective means of treating water to a standard suitable for drinking. Aithough the use of
ceramic water collection and storage vessels goes back centuries, there is little
documentation and testing of the effectiveness of low-cost ceramic water filters both in the
laboratory and in the field.

What research has been done suggests that the commercially available ceramic water filter
systems in places such as India, Nepal, Nicaragua, and Brazil are adequate, but could be
improved to better meet the drinking water needs of citizens — especially the poor. In
particular, many commercially available filter systems are too expensive for the poor who are
suffering the most from waterborne diseases. Several organizations, including the
Massachusetts Institute of Technology (MIT), are currently trying to address this issue by

developing a new low-cost ceramic water filter.

1.1 MIT Nepal Water Project

The MIT Department of Civil and Environmental Engineering (CEE) has been working in
Nepal since 1999 to help provide clean drinking water and improved sanitation to those in
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need. MIT engineering student Junko Sagara was the first student to study ceramic water
filters in Nepal in 1999/2000 as part of her Master of Engineering thesis.”® C.S. Low
continued research on ceramic water filters in 2001/2002 as part of his thesis on “Appropriate
Microbial Indicator Tests for Drinking Water in Developing Countries and Assessment of
Ceramic Water Filters”.?®. Low worked closely with ceramist Mr. Hari Govinda Prajapati of
Madhyapur Clay Crafts in Thimi Nepal, who had originally been located and contacted by
Junko Sagara, to develop the first version of a ceramic disk filter.

A number of engineering students have also carried out research on ceramic water filters in
Nicaragua. In particular, Daniele Lantagne conducted an in-depth study of the Potters for
Peace (PFP) Filtron filter in 2001%*3* and Rebeca Hwang recently carried out research on

evaluating the effectiveness of a monitoring program in conjunction with the PFP Filtron.?®

As part of the ongoing effort to understand and improve ceramic water filters in Nepal,
Nicaragua and elsewhere, a team of engineering and business students (named CeraMIT)
was formed this year to continue working on developing a ceramic water filter for Nepal.

Four students formed the CeraMIT Nepal Team:

« Rob Dies, Department of Civil and Environmental Engineering, MEng Candidate
« Steve Perreault, Sloan School of Management, MBA Candidate

« Bobby Wilson, Sloan School of Management, MBA Candidate

» Laura Ann Jones, Sloan School of Management, MBA/TPP Candidate

CeraMIT conducted a three-week-long field study in Nepal during January 2003. This
research culminated in several recommendations for the development of a grassroots

ceramic water filter business in Nepal.'

On return from Nepal, mechanical engineering senior student Lily Cheung joined the
CeraMIT team to develop one of the prototype designs that was recommended by CeraMIT,

as part of her senior thesis.®

1.2 Thesis Objectives

The intent of this thesis is to lay the foundation for developing a ceramic water filter for
Nepal. The overall goal of developing a low-cost ceramic water filter is to provide an
affordable means for Nepali citizens to improve their drinking water quality to standards
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suitable for human consumption. In addition to improving drinking water quality, the
development of a sustainable ceramic water filter industry within Nepal will hopefully
contribute to economic development whereby local entrepreneurs, such as ceramist Hari
Govinda Prajapati of Madhyapur Clay Crafts, can develop a sustainable business through
manufacturing and marketing ceramic water filters to higher quality control/quality assurance

standards than those currently being produced.

The thesis is based on six months of research and three weeks of field work in Nepal. It
builds on the work of past and present MIT students and faculty who have been working on
ceramic water filter projects since 1999. In particular, it builds on the work carried out by the
CeraMIT team in January 2003. Furthermore, this thesis also builds on the work of many
organizations and individuals who have dedicated much of their time and effort to developing
and promoting ceramic water filters as an effective household water treatment technology.

1.3 Thesis Outline

The thesis begins with some background on ceramic water filters in Chapter 2, followed by a
summary of the laboratory test results of three different disk filters and five candle filters in
Chapter 3. Chapter 4 presents an overview of the production process along with a discussion
on the parameters that affect filter performance. Chapter 4 also presents the theoretical flow
rate for a disk filter versus a single candle filter. A framework for guiding and assessing the
progress of developing a ceramic water filter for Nepal is then presented in Chapter 5.
Chapter 6 summarizes the current need for clean drinking water in Nepal and includes a
preliminary analysis of the potential customers/users of a ceramic water filter. Chapter 6 is
followed by an overview of the development of a prototype, focusing on the important product
attributes and performance goals that were used to develop the first prototype design.
Chapter 7 also includes a discussion on product certification and field testing. Chapter 8
briefly discusses methods for bringing a ceramic filter to market. The last two chapters
present a list of conclusions and recommendations respectively. The recommendations are
intended to help guide future students, faculty and others involved in taking the CeraMIT
water filter to the next step.
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Chapter 2 Overview of Ceramic Water Filters

Ceramic water filters have been used in various places around the world as a means of
treating drinking water at the household level. Some examples include the Potters for Peace
Filtron (Nicaragua), the TERAFIL terracotta filter (India), and the candle filter (India, Nepal,

Bangladesh, Brazil, etc).
Ceramic water filters can be categorized according to various key parameters:

1. Shape (e.g.: candle element, disk, pot) (Figure 2.1);
2. Type of clay (e.g.: white kaolin, red terracotta, black clay...);

3. Combustible material (e.g.: sawdust, flour, risk husk...).

S " | Disk Filters
Candle Filters |

Pot Filter

Figure 2.1: Types of Ceramic Water Filter Elements

Ceramic water filters can also be described by their function(s):

1. Microbial removal (e.g.: Potters for Peace Filtron);
2. Chemical contaminant removal such as arsenic and iron (e.g.: 3 Kolshi filter for

arsenic) 23%5%,
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3. Secondary contaminant removal like taste and odor (e.g.: Katadyn® Gravidyn ceramic
candle filter with activated carbon).

Other key variables that influence the properties of ceramic water filters include:

1. Use of additional materials in production (e.g.: grog, sand, combustible materials...);
2. Firing temperature;
3. Mode of production (e.g.: hand mold, wheel, mechanical press).

The entire filter unit is often defined in terms of two components: the filter element or media
through which water passes and the filter system which houses the media, usually consisting

of an upper and lower storage vessel for holding water (Figure 2.2)

Disk Candle Pot
N J — "
Y YT
Filter System Filter Element/Media

Figure 2.2: Ceramic Water Filter System and Media

Some general strengths and weaknesses of ceramic water filters are listed in Table 2.1
below. A summary of the three most common ceramic filter media shapes: disk filters, pot
filters, and candle filters, is presented in the following sections. An overall summary table is
presented in Appendix 1.
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Table 2.1: General Strengths and Weaknesses of Ceramic Water Filters

Strengths

Weaknesses

» Relatively cheap to manufacture and
produce;

« The ceramics trade is well
established in many countries;

« Materials (clay, sawdust, rice
husk...) are often readily available;

« If designed and used properly, can
remove up to >99% of indicator
organisms and reduce turbidity to
below World Health Organization

guideline values.

Very slow filtration rates. (typically ranging
between 0.5 and 4 L/day);

Filter maintenance and reliability depends on
the user — herein lies many non-technical
social issues;

Breakage during distribution or use can be a
problem since ceramic filters are often fragile;
Requires regular cleaning;

The rate of production as implemented in
countries such as Nicaragua and Nepal has
tended to be relatively slow;

It is difficult to maintain consistency (quality

control is an issue).

2.1 Disk Filters

Ceramic disk filter systems consist of an upper and lower container with a ceramic disk

inserted between the two containers. Water is poured into the upper container and then

allowed to filter through the disk into the lower collection vessel. A spigot is placed in the

bottom container for dispensing the treated water. An example of a 100-year old ceramic disk

filter from Spain is shown in Figure 2.3.

A more recent example of a disk filter system from India, called the indian TERAFIL filter, is

shown in Figure 2.4. The TERAFIL consists of two metal or terracotta containers and a

ceramic disk fitted into the bottom of the upper container. The disk retails for approximately
25 Indian Rupees (INR 25) (USD $0.49)? and a complete set consisting of a disk and two
ceramic containers (not metal as in Figure 2.4) retails for approximately INR 180 (USD

$3.51).%

1 USD = 51.22 INR (Indian Rupees); 1USD = 76.5 NRs (Nepali Rupees) (8/11/2002)
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In January 2002, civil engineering student, Jason Low, and Mr. Hari Govinda Prajapati
experimented with different material compositions and production processes to produce a
terracotta clay disk filter (Figure 2.5) similar to the TERAFIL filter, but based on variations of
the production process shared by Ron Rivera of Potters for Peace, Nicaragua (Section 2.2).
They used local red terracotta clay from Thimi, a village outside Kathmandu, as the primary
material for both the ceramic disk and the containers. The results from their work are
published in Low’s thesis.* The production cost for these terracotta filters is approximately
NRs 76 (USD $1.00) for the disk and NRs 267 (USD $3.50) for the disk filter and two
terracotta containers.** Mr. Hari Govinda Prajapati’s business, Madhyapur Clay Crafts, is
now selling a modified version of this disk filter as an arsenic filter (Figure 2.6) as part of a
joint program by the Environment and Public Health (ENPHO) and the Nepal Red Cross to

remediate the arsenic problem in the Terai.

Figure 2.3: 100-Year Old Disk Filter from Spain

Previous studies of the Indian TERAFIL disk filter show mixed results for filter performance in
terms of microbial removal and flow rate. In his 2002 thesis, Low summarized a number of
these studies, as well as conducted his own studies on the Indian TERAFIL and the Nepali
disk filter that he and Hari Govinda Prajapati had created.*® Of concern in previous studies,
including Low’s, was the improved, but unsatisfactory microbial removal rates ranging from
93% to 99.99% (% total coliform removal), which did not meet the strict World Health
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Organization (WHO) guideline of 0 coliform forming units (cfu) per 100 milliliters of water.*>®°.
Percent turbidity removal was reported to be quite good, typically approaching 99% removal,
below the WHO guideline of 5 NTU. Flow rates were another major issue, ranging from 1.0 to
11.0 L/hr with the average among all of the studies being around 3 L/hr. Most studies
concluded that the ceramic filters should be used in conjunction with some form of
disinfection such as chlorination, colloidal silver, or solar disinfection.

Figure 2.4: Indian TERAFIL Ceramic Disk Filter

Picture Source: Low. 2002 *.

Tests by Low at MIT on the Nepali terracotta disk filters he had produced with Hari Govinda
in Nepal showed comparable microbial removal rates and turbidity reduction as the Indian
TERAFIL filters; however, the flow rates were unacceptably low at 0.2-0.3 L/hr.*® Considering
this was the first attempt at making the terracotta disk filters at Madhyapur Clay Crafts, Low
concluded that there was considerable room for improving the production process to achieve
acceptable flow rates.®

Tests by Low on the TERAFIL filter unit at the Environment and Public Health Organization
(ENPHO) laboratory in Kathmandu measured flow rates ranging from 5.9 L/hr to 6.9 L/hr®
while similar tests performed a month earlier at MIT measured flow rates ranging from 1.1
L/hr to 1.9 L/hr. Despite the wide discrepancy in flow rates between the two seemingly
identical TERAFIL units, the microbial removal rates of both units were comparable, ranging
from 94% to 99.99%.% That a relatively high flow rate was achieved in a ceramic water filter

22



Development of a Ceramic Water Filter for Nepal

without sacrificing microbial removal performance was of considerable interest and formed
the basis for the next stage of studies.

Most studies®****% also report that regular cleaning (scrubbing of the filter) is required to
maintain filter performance primarily with respect to maintaining satisfactory flow rates.

Figure 2.5: Terracotta Ceramic Disk Filters
Madhyapur Clay Crafts, Thimi, Nepal. January 2002

Picture Source: Low. 2002 *°

Figure 2.6: Arsenic Filter by Hari Govinda Prajapati
Madhyapur Clay Crafts, Thimi, Nepal
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2.2 Pot Filters

The Potters for Peace® (PFP) Filtron system consists of a colloidal silver-impregnated
ceramic pot perched inside a collection bucket (Figure 2.7). The flower-pot shaped filter unit
is approximately 17 L (4.5 gallons) in capacity and the lower storage/collection unit ranges
from 7.5 — 20 L (2 to 5 gallons).*”® The PFP filter element is fired as one complete, unit, unlike
the disk filters based on the TERAFIL and Low/Prajapati Thimi examples which consist of
two materials (ceramic disk element and plastic, terracotta, or metal containers) combined
together using a white or gray cement that attaches the disk to the upper container. Thus, the
PFP filter eliminates the potential for leakage along the interface between the disk and the
container (i.e., if the cement seal cracks in the disk filter, then the filter is more or less
useless in terms of removing microbial contamination). Typical flow rates for the PFP Filtron
range from 1.0 — 1.75 L/hr.*®

Dvawing provided by SANITEC, Cuba

Figure 2.7: Potters for Peace Filtron
Picture source: Potters for Peace website (http://ww.potpaz.org) **

2 Potters for Peace website: http://ww.potpaz.org
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Consultant Daniele S. Lantagne conducted a thorough investigation of the PFP Filtron during
20012**** Some of the conclusions from her report are presented below.

» Analysis using a scanning electron microscope found pore sizes typically ranged
between 0.6-3 microns. The PFP ideal is a 1.0-micron pore size to physically remove
E.coli without the need for disinfection.*

« The majority of the water appears to filter through the sides of the filter and not directly
through the bottom. Lantagne’s recommendation was to ensure proper application of
colloidal silver along the sides of the fiiter to ensure that water passing along the
sidewalls comes in contact with colloidal silver.®®

« A prior study of the PFP Filtron done in 1984 found the flow rate to decrease by ~50%
over a one-year period. Lantagne confirmed that regular scrubbing of the filter should
help to rejuvenate the diminished fiow rate.®

« A summary of historical data showed that the PFP filter was effective at removing 98-
100% of the indicator bacteria present in the source water in laboratory testing (Report
1, pg 58), but gave poor indicator bacteria removal rate in actual household practice.®

» Studies of two-to-seven year-old PFP filters showed that the filters were still effective at
removing microbiological contaminants, suggesting that the colloidal silver may remain

effective over extended periods of time * (how effective still remains unknown).

The flow rate for every PFP filter produced is measured for quality control before it is sold.
The flow rate must fall within a specified range: a minimum for practical purposes (likely 1
L/hr) and a maximum to ensure that the water is in contact with the colloidal silver long
enough to achieve disinfection (~2 L/hr).* Filters with flow rates outside this range are
discarded.

A preliminary cost analysis of the PFP filter shows the total cost of producing one complete
unit is approximately USD $6.00 with a wholesale price of USD $9.00.* The wholesale price
likely depends on the quantity purchased, USD $9.00 probably being for a single Filtron. The
price of the filter is roughly equivalent to the price of a machete, which is one of the most

important tools required for work in rural areas of Nicaragua.*?

# Online copy of Lantagne’s report: http://www.potpaz.org/pfpexecsum.htm
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As a point of interest, the PFP website also has a one-page graphical summary
demonstrating how to use and maintain their filters (Figure 2.8). This instructional material is
also attached to each bucket as a waterproof sticker.

HOW TO USE YOUR FILTER

1) Before using the new filter,

A) Fill the filter receptacle halfway with water and.
B) Add 10 drops of chlorine bleach or 16 drops of iodine to this

water,

C) Let it sitfor 30minutes.

D) Use this water to rinse the receptacle, clay filter, lid and faucet
and your hands. If chlorine or iodine is not available fill the recepta-
cle halfway with boiling water and when it cools pour this water over
thelid, faucet andfilter. Discard all the water.

Only chlorinated, boiling, or water treated with iodine will kill
bacteriainthe receptacle.

4) If your river or well

2) Place the clay filter
inthe plastic recepta-
cle immediately, only
touching the top lip.

3)Fillthe filter several
times and discard the
filtered water. This will
remove the taste of
theclay.

water is cloudy, use a
piece of fine cloth over
the filter element to
prefilter the water
each time. Tie a string
around the cloth so
that it does not fall into

5) Your filter will flow
fasterwhen itis full, so
fillitoften.

Prefilteing will help
your filter to flow
faster.

the filter.

"HOW TO CLEAN YOUR FILTER AND RECEPTACLE

L I
1:FILTER CLEANING

You do not need 1o clean your
filter more than once a month
uniess It starts to filter too
slowly.

When this happens, carefully
remove the filter. Leave the
receptacle at least half full of
filtered water. Place the filter
on a cloth that has been
washed in chlorinated or
boiled water

2) Using water from the
receptacle, fill the filter half
way and scrub it vigorously
with a brush to unclog the
pores. Discard the dirty
water. You will have some
small particles of clay come
off if you are scrubbing hard
enough.

CLEANING THE
RECEPTACLE
Clean the receptacle monthly.
Follow the directions above
beginning with “1-A" for
cleaning yourreceptacle

The clay filter will usually lasta
year before it becomes too
clogged to provide enough
water. Atthistimeitshould be
replaced. If cleaning still
restores the flow. it does not
need to be replaced.To
replace your filter contact

Figure 2.8: Potters for Peace Instructions for Use
Picture Source: Potters for Peace website (http:/ww.potpaz.org)*
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2.3 Candle Filters

Indian candle filters are the most common type of ceramic water filter used in India and
Nepal® and are also commonly available in other countries such as Brazil. Candle filter
systems consist of two containers and one or several ceramic candle filter elements, shaped
like a thick candle, screwed into the base of the upper container (Figure 2.9). Water is
poured into the upper container and then allowed to filter through the ceramic filter element

into the lower collection vessel.

Candle filters can have very low flow rates, and thus it is common to find filter systems with
two or three candle filter elements. Recent laboratory tests of five candle elements of

different compositions showed flow rates ranging from 300 — 840 mL/hr/candle (Chapter 3).

Figure 2.9: Indian Ceramic Candle Filters (BAJAJ filter on the right)*®

2.3.1 Indian Candle Filters

A number of Indian companies (e.g.: Puro, Himal, Kimal, Swagat, and Milton) manufacture
ceramic candle filter systems®. Typical retail prices for these systems (i.e., one or several
candles plus the two containers, lid and spigot) in Nepal range from 600 NRs to 1600 NRs
(USD $8.00 - $21). The containers are often made of aluminum, stainless steel, or copper
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in order of price (Figure 2.9). Some Nepalese families purchase plastic buckets at 170 NRs

(USD $2.22) and the Indian candle filter unit separately to construct and assemble their own
system to reduce the overall costs.*® A hole is drilled in the bottom of the plastic bucket and
the filter element is screwed into place. The candle filter elements are often made with white
kaolin clay.

2.3.2 Nepal Candle Filters

Very few candle filters appear to be manufactured within Nepal. One example; however, is a
white kaolin clay candle manufactured at Madhyapur Clay Crafts in Thimi by Mr. Hari
Govinda Prajapati (Figure 2.10). The white kaolin clay that is used by Hari is imported from
India because it is not available locally within the Kathmandu Valley. The upper and lower
containers are made of red terracotta clay from Thimi, Nepal. Each container has a holding
capacity of approximately 10 L. The candle filter element is roughly 17 cm high and 5 cm in
diameter.*® The complete unit sells for approximately 312 NRs (USD $4.07). Madhyapur Clay
Crafts sells the complete unit in bulk quantity to retailers for 175 NRs (USD $2.29) (140 NRs
(USD $1.83) for the containers and 35 NRs (USD $0.46) for the candle filter element).
Typical replacement time for ceramic candle filters is six to twelve months.* The filters must
be periodically cleaned with a brush to remove surface buildup of particleé.

Figure 2.10: Hari Govinda Prajapati Ceramic Candle Filter
Madhyapur Clay Crafts, Thimi, Nepal.
Picture source: Sagara. 2000*°

28



Development of a Ceramic Water Filter for Nepal

Laboratory tests of the Hari candle filter were performed by Junko Sagara in 2000.%
Presence-Absence tests for both the unfiltered and filtered water showed positive readings
suggesting that the filter was not effective at removing H.S-forming bacteria, which is used
as an indicator species for the presence of pathogens. MPN results for the same filter
showed a raw water microbial concentration >8 MPN (bacteria/100mL) and a filtered water
microbial concentration of 3.9 MPN (bacteria/100mL) confirming the results obtained from
the Presence-Absence tests. The flow rate per candle was also quite low at 240 mL/hr
initially, reducing to 80 mL/hr over a 16-hour period®.

A similar, but slightly different version of the candle tested by Sagara was tested in January
2003 at ENPHO in Kathmandu Nepal (Chapter 3). The candle tested in January 2003 had
both ends capped with a piece of plastic (Figure 2.11) as opposed to just one end as shown
in Figure 2.10. The results were more favorable, in terms of microbial removal rates —
especially for the filter unit that was coated with colloidal silver which removed >99% of the
total coliform and E.coli bacteria given a raw water concentration of 89 cfu/100 mL and 56

cfu/100 mL for total coliform and E.coli, respectively.

Not coated with [
colloidal silver g

L

Coated with
colloidal silver

Figure 2.11: Hari Govinda Prajapati Candle Filters with Capped Ends
Madhyapur Clay Crafts, Thimi, Nepal. January 2003

# The flow rate was measured under a falling head (height of water in the upper container).
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One reason for the improvement in the microbial removal rates for the candles capped on
both ends, vis-a-vis the Hari candles with only the bottom-end capped (Figure 2.10) as tested
by Sagara, was suggested by ceramic consultant Reid Harvey. Upon inspection of the one-
capped end candle elements, Harvey noticed that those candles were manufactured with two
pieces of clay: the main shaft piece and a round cap placed on the top-end. Harvey’s
hypothesis is that the cap-to-shaft interface produces a micro-fracture during the firing
process thus allowing a pathway for the water, and possibly microbes, to bypass the filter
element, giving rise to the presence of microbial contamination in the filtered water. This
fracture can be observed when the filter unit is filled with water from the inside. Watching the
point at which the water first exits the filter element, one notices that it typically exits first
through the least path of resistance, which happens to be along a line where the interface
between the two pieces of clay is roughly located. Harvey’s theory is that capping the top-
end of the candle eliminates this problem, and thus suggests one reason why the recent

laboratory results for the two-capped end candles are better than those results obtained by
Sagara.

The potter is making some
finishing touches to a
candle filter before it is fired.
These candles are
manufactured by
Madhyapur Clay Crafts in
Thimi Nepal using white
kaolin clay imported from
India. Once these candle
filters are fired, they will be
fitted into a 1-cap plastic
base that is then inserted
into the upper container of a
filter system.

Figure 2.12: Production of a Ceramic Candle Filter
Madhyapur Clay Crafts, Thimi, Nepal. January 2003
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2.3.3 Swiss Katadyn® Drip Filters

The Katadyn® Drip Filter is a candle filter manufactured by a Swiss company called
Katadyn® (Figure 2.13). Two versions of this filter, the Gravidyn and Ceradyn, currently retail
for US $160 and US $190, respectively.? The current market for these filters is for use in

cabins and base camp expeditions.

A\

Il 1)\

ores, In

Figure 2.13: Katadyn® Drip Filter
Picture source: Black Mountain Stores Website: http://www.Katadyn.net/Katadyn_drip.html

The filters are rated for removing bacteria, protozoa and cysts (but not 99.9% viruses) and
are quoted on their website to operate at a flow rate of 4 L/hr per 3 candles or 1.3
L/hr/candle.” The pore-size of both filters is 0.2 microns. The estimated service life for the
Gravidyn is 6 months and the Ceradyn ~150,000 L2. Both of the filter elements are
impregnated with a fine silver powder. The Gravidyn also incorporates granular activated

@ Katadyn® website: http://www.katadyn.com

® First Water® Ltd has a rating system from Grade A through to Grade B depending on a filter's log-
reduction value (LRV). Katadyn filters are rated Grade A filters (the highest quality). This is discussed
in Chapter 7.
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carbon, which helps to improve taste and odor. Both filter elements are approximately 0.45-
m in height and are capped with plastic on both ends®.

The filter system (containers, lid and spigot) is made of a heavy translucent white plastic and
the containers are shaped such that the upper container fits into the lower container for ease
of transport. An exact imitation of the filter system (containers, lid, and spigot) is being
manufactured by Hong Phuc® Co. Ltd but with a one-cap standard white candle element
(Section 2.3.4).

Katadyn® has an extensive collection of laboratory test results demonstrating filter
effectiveness dating back to the 1940’s. The filter performance, according to these tests, is
very good in terms of log reduction value (LRV) efficiencies and the range of organisms
tested.® Overall, these filters appear to be excellent candle filters in terms of treating water
for microbial contamination; however, the cost of the filters is beyond the range of most
households in Nepal where the annual GDP is $1,224/year/capita (purchasing power parity)
or $239/year/capita USD, or most other developing countries for that matter.

2.3.4 Hong Phuc® Candle Filters

The Hong Phuc® candle filter (Figure 2.14) is manufactured by Hong Phuc® Co. Ltd., located
in Vietnam. The filter system (bucket, lid, and tap) is identical to the Katadyn® filter system;
however, the filter element is similar in shape to the typical one-end cap Indian candle filter
elements that are available in market areas of Nepal and India.

The Hong-Phuc® media is composed of diatomaceous earth®. Diatomaceous earth filters are
apparently efficient at removing waterborne pathogens, but are impractical for household
water treatment since they require special materials, construction and regular maintenance.>
They also pose a potential respiratory hazard for the production workers due to the fine

particles.*

The average lifespan of a Hong Phuc® filter element is quoted on a company brochure as
being four years.? Cleaning with a soft brush and clean water is recommended once every
two weeks. The total capacity of the system is 20 L (upper container = 10 L and lower

2 Three 10-year old Katadyn filter candles obtained from IDE-Nepal in January 2003 used stainless
steel end caps.
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container = 10 L). The specified filter rate for a complete system (3 filter elements) is 1.5-2.5
L/hr. The company also offers a 6-month free-of-charge warranty.

Figure 2.14: Hong Phuc® Candle Filter

Hong Phuc® has apparently sold 250,000 units in 18 provinces in Vietnam since August
1995.% Furthermore, UNICEF apparently distributed 17,500 Hong Phuc® drip filters
throughout Vietnam.? According to Simon Collin of First Water® Ltd., the entire filter system
including three candle filters retails for US $7.50.° First Water® Ltd and Oxfam GB are
currently testing the Hong Phuc® filter in Cambodia. Preliminary results have shown 3 log

reductions in Klebsiella terrigena.’

2.3.5 Kisii Water Filter Bucket

The Rural Water Development Programme (RWD), located in Western Kenya, has
developed a filter system called the Kisii Water Filter Bucket. The Kisii filter system is
composed of two translucent food-grade polyethylene containers and a tap in the bottom
container (Figure 2.15). The containers are available in local markets and are manufactured

by a company called Kentainers Ltd., based in Embakasi, Nairobi Kenya®.

 Kentainers Ltd. Website; http://www.kentainers.com/
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Figure 2.15: Kisii Candle Filter (Western Kenya)

Picture Source: RWD Promotional Brochure.

RWD uses two types of candle filters: a “slow” speed ceramic candle filter from India ($1
USD) that filters approximately 3 L of water per day and a “high” speed ceramic candle filter
($12 USD) from Brazil that filters 20 L of water per day. The Brazilian candle filter uses silver
and activated carbon.

RWD uses translucent containers so that users can see when the system needs refilling and
if the containers need cleaning. Moreover, the users can watch the water filter through the
candle filters into the lower container. RWD has observed that users have more trust in the

system if they can view what is going on inside.*®

An ltalian-made “ball” tap is chosen for the spigot after experiencing difficulty with low-quality

plastic taps that leaked after awhile.

Various container capacities are offered, one in particular being a “jumbo” container system

with 5-8 candle filters, which is typically offered to small hospitals, schools, and kitchens.

RWD offers a weekly pay-back system for customers who cannot to pay for the filter system
in one installment. Observation has shown that users tend not to value the system if it is
simply given away at a subsidized price. RWD promotes the fact that the filter project
operates at cost plus a small profit with no subsidization of the price.
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Chapter 3 January 2003 Laboratory Tests of Ceramic Filter Media

Laboratory tests of twelve disk filters (three types) and five candle filters were carried out by
engineering student Rob Dies at the Environment and Public Health Organization (ENPHO)
in January 2003. The results from these tests are presented in this chapter.

3.1 Research Objective

The purpose of the laboratory testing of various ceramic filter element shapes and media
was to do a preliminary comparison of filter shapes (candle versus disk); filter media (white
clay versus red clay versus black clay); filter flow rates; production methodology; and to
evaluate the effectiveness of colloidal silver at removing microbial contamination across a
fairly broad range of materials and products. This testing distinguishes the testing from
previous years where only one type of ceramic filter (e.g.: Hari Govinda candle filter, Potters
for Peace Filtron, TERAFIL disk filter) was tested.

3.2 Study Design

Twelve disk filters (three types) and five candle filters were tested by Rob Dies at ENPHO for
microbial removal efficiency (total coliform and E.coli) and flow rate. The tests were
performed over a seven-day period starting January 12, 2003.

Building on the knowledge base and experience of ceramists Hari Govinda Prajapati of
Madhyapur Clay Crafts, Reid Harvey, and Ron Rivera from Potters for Peace, as well as
previous research by MIT students, specifically engineering student C.S. Low™, three
different types of disk filters were developed by Prajapati and Harvey for testing. Two of the
filters were based on Harvey’s method of using grog (See Chapter 4). The third disk used the
same white kaolin clay (imported from India) that Prajapati uses for the production of his
candle filters. In comparison, Low and Prajapati developed and tested a disk filter similar in
composition to the Potters for Peace Filtron in January 2002.%

All of the disk filters had the same dimensions (diameter: 152-mm (~ 6 inches); thickness:
40-mm (~1.5 inches thick)), while the candle filters varied in shape. Half of the disk filters
were soaked in colloidal silver. For the Hari candle filters, of which there were two, one was
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coated with colloidal silver. The purpose of coating the filters with colloidal silver was to

measure the effectiveness of colloidal silver at removing microbial contamination. A summary

of the filters that were tested is presented in Table 3.1.

Table 3.1: Ceramic Water Filters Tested at ENPHO during January 2003

Filter Element |# | Coated | Production | Comments
with CS | Method
White Clay Disk | 2 No Hari White kaolin clay imported from India.
Govinda Prajapati uses the same clay for
Prajapati production of his candle filters.
White Clay Disk | 2 Yes Hari White kaolin clay imported from India.
Govinda Prajapati uses the same clay for
Prajapati production of his candle filters. Disk
soaked in colloidal silver.
Red Clay Grog | 2 No Reid Red Thimi clay from Thimi, Nepal mixed
Disk Harvey with grog made from Red Thimi clay.
Production methodology uses grog. Disk
soaked in colloidal silver.
Red Clay Grog | 2 Yes Reid Red Thimi clay from Thimi, Nepal mixed
Disk Harvey with grog made from Red Thimi clay.
Production methodology uses grog. Disk
soaked in colloidal silver.
Black Clay Grog | 2 No Reid Black Bhaktapur clay from Bhaktapur,
Disk Harvey Nepal mixed with grog made from Red
Thimi clay.
Black Clay Grog | 2 Yes Reid Black Bhaktapur clay from Bhaktapur,
Disk Harvey Nepal mixed with grog made from Red
Thimi clay.
Katadyn® 1 Yes | Katadyn® | Impregnated silver powder candle filter
Ceradyn Candle with 2-capped ends (plastic).
Katadyn® 1 Yes Katadyn® | Impregnated silver powder candle filter
Gravidyn plus granular activated carbon with 2-
Candle capped ends (plastic).
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Filter Element | # Coated | Production | Comments
with CS | Method

Hari White Clay | 1 No Hari Similar to the current white clay (imported
Candle Filter Govinda from India) candle filter that Prajapati
Prajapati manufactures, except both ends are

capped with plastic.

Hari White Clay | 1 Yes Hari Similar to the current white clay (imported
Candle Filter Govinda from India) candle filter that Prajapati
Prajapati manufactures, except both ends are

capped with plastic.

Hong Phuc® 1 No | Hong Phuc® | The Hong Phuc® candle filter is

Candle Filter manufactured by Hong Phuc® in Vietnam.

3.3 Material Setup

Plastic buckets and taps were purchased from local shops for housing the disk and candle
filters (for dimensions, see Figure 3.1). The bottoms of the upper containers were cut to fit
the disk or candle filters. The 152-mm (six-inch) disk filters required a ~108-mm (4 %-inch)
diameter hole and were glued to the bottom of the buckets using silicone. The candle filters
required a ~15-mm (Y2-inch) diameter hole and were screwed into place with a plastic nut.

256
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Plastic
295 i  Upper |
: Container ;
: : :
\ Plastic
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152 172

Figure 3.1: Laboratory Setup — Schematic of Container System Dimensions
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Hari
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Interface between upper
| and lower containers
| sealed with tape.

Figure 3.3: Laboratory Setup - Filter Systems Ready for Testing
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Plastic lids were used to cover the upper containers. A layer of tape was put around the
interface between the upper and lower containers (Figure 3.3) to ensure that the inside of the

lower container was sealed off from the external environment.

3.4 Testing Methodology

Three separate test runs were completed as summarized in Table 3.2. The first test
consisted of all five candle filters. The second test consisted of just the Hari Govinda

Prajapati white clay disk filters. The third test consisted of all the Reid Harvey disk filters.

Table 3.2: Summary of Filter Tests Performed in January 2003

Test Number | Filters Tested # of Raw Water Concentration
Filters (cfu/100 mL)
Tested
Total E.coli
Coliform
1. Candles Katadyn® candle filters (Ceradyn 5 89 56

and Gravidyn); Hari candle
filters (1 coated with CS; 1
without); and Hong Phuc candle
filter.

2. Hari Disks | Hari white clay disk filters (4: 2 4 2,861 1,550
coated with CS; 2 without)

3. Reid Disks | Reid Harvey Grog Disk Filters (4 8 2,500 1,561
red clay + red clay grog: 2
coated with CS; 2 without. 4
black clay + red clay grog: 2
coated with CS; 2 without)

3.4.1 Testing Procedure

Each of the three tests was carried out over a period of approximately six hours. The filters
were primed overnight with tap water to ensure that they would be saturated at the beginning
of the test. In the morning, the buckets, taps, and lids were cleaned with soap and water
(water from the roof tap) and allowed to dry completely in the sun for one to two hours. Each
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filter element was cleaned by lightly brushing the surface of the filter with an abrasive scrub
brush.

A sample from the Dhobi Khola River was collected and mixed with tap water in an 80-L
container (garbage pail purchased at a local market) to achieve the desired raw water
coliform concentrations (See the next Section 3.4.2). A raw water sample was then collected
from the 80-L container for microbial analysis.

The upper containers of the filter systems (Figure 3.3 for picture) were then filled with the raw
water to a height of ~240-mm for the candle filters and 170-mm for the disk filters®. The time

was recorded as time T = 0 hours.

The filters were then left to operate for approximately two to three hours to allow water to
collect in the lower containers. A water sample was then taken from each of the lower
containers for microbial analysis. Most of the water samples were collected within three
hours of the upper containers being filled with raw water (T = 3 hours). The time of collection
depended on how fast the lower containers filled. All water samples were collected at the
same time and analyzed within one hour of collection at the ENPHO Laboratory.

3.4.2 Raw Water Preparation

The raw water was prepared by mixing various combinations of river water from the Dhobi
Khola River next to the bridge in New Baneswor and water from the tap on the roof of
ENPHO. ENPHO often uses water from the Dhobi Khola River to prepare raw water for water
quality testing in their lab. For the SODIS project, for example, ENPHO uses approximately
200 mL of Dhobi Khola River water per 20 L of tap water, collected from the tap on the roof,
to create a microbial concentration of approximately 4,000 — 5,000 colony forming units
(cfu)/100 mL.** The roof-top tap water originates from the municipal drinking water supply.

The roof-top tap water was tested twice in January 2003 for the presence of coliform

bacteria:

e January 12, 2003
o total coliform = 3 cfu/100 mL

2 In retrospect, the water elevation in the upper containers should have been the same for all tests so
that the flow rates for the candle filters and the disk filters could be compared for a given water
column height.

40



Development of a Ceramic Water Filter for Nepal

o E.coli=0 cfu/100 mL

e January 15, 2003
o total coliform = 1,550 cfu/100 mL
o E.coli=0 cfu/100 mL

The large discrepancy in total coliform concentrations is likely due to the refilling of the
rooftop reservoir, which occurred sometime between January 12" and 15™. It is possible that
refilling the tank either brought in contaminated water or mixed the contents of the tank (the
tank may contain contaminated sediments/organic material that has settled over time)

causing a spike in the concentration of total coliform.

The raw water for the candle filter test run # 1 was produced by mixing approximately 10 mL
of river water with 40 L of tap water in an 80-L clean container (garbage pail). The resulting
total coliform concentration was measured to be 89 cfu/100 mL and the E.coli concentration
was 56 cfu/100 mL.

The raw water for the remaining two filter test runs # 2 and # 3 was produced by mixing
approximately 80 mL of river water with 40 L of tap water. The proportion of river water was
increased to achieve greater microbial concentrations since the raw water microbial
concentrations in the first run were too low. The resulting microbial concentrations measured
for Test # 2 were 2,861 cfu/100 mL (total coliform) and 1,550 cfu/100 mL (E.coli). The raw
water microbial concentrations for Test # 3 were 2,500 cfu/100 mL (total coliform) and 1,561
cfu/100 mL (E.colj).

3.4.3 Flow rate Calculation
The flow rate was calculated by dividing the volume of water measured in the lower container

by the time at which the volumetric measurement was taken (Equation 3.1).

Volume of water measured at time T (mL) Equation 3.1: Flow Rate

Elapsed time, T, from start of test (hours) Calculation

Flow Rate =
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The time over which the flow rates were calculated varied slightly between the three tests®:

« Test 1 (Candle Filters): 4.2 hours
« Test 2 (Hari Disk Filters): 3.0 hours
« Test 3 (Reid Disk Filters): 5.0 hours

3.4.4 Microbial Testing Methodology

The water samples that were collected from the containers were collected using sterilized
whirl packs. The samples were analyzed within two hours of collection. Standard methods
were employed using a Millipore Membrane Filtration unit and Millipore mColi Blue broth to
measure both total coliform and E.coli concentrations in terms of colony forming units (cfu)
per 100 mL.

The raw water samples were diluted approximately four times. Five plates were prepared
using 47-mm Millipore Microbiological Dishes with sterilized pads and mColi Blue broth. One
plate was used as a blank and the remaining four plates for each of the dilutions. The plate
with the appropriate number of colony units (i.e.: 20-80 colonies) was used to calculate the
final microbial concentrations. The remaining plates including the blank were used as checks
(for example, the 10° dilution plate should have 10 times as many colonies as the 10* dilution

plate).

The filtered-water samples were usually diluted one time. Three plates per water sample
were thus prepared using the same equipment and materials as for the raw water samples.
One plate was used as a blank and the remaining two plates were used for the 1:1 dilution
and the 1:10 dilution. The 1:1 dilution plate count was typically used since the resulting
microbial concentrations tended to be low (less than 100 cfu/100 mL).

3.5 Test Results

The test results for the candle filters are summarized in Table 3.3 and the test resuits for the
disk filters in Table 3.4. Graphical representations of the results are also shown in Figures
3.4 through 3.9.

% |deally, the three times should be the same in order to compare the average flow rates for all of the
filters. This will be discussed in Section 3.6.
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3.5.1 Flow Rate

The flow rates for the candle filters ranged from 641 mL/hr for the Katadyn® Ceradyn to 844
ml/hr for the Katadyn® Gravidyn, with the exception of the Hong Phuc® candle filter which
had a flow rate of 300 mL/hr.

The average flow rate for the Hari white clay disk filter without colloidal silver (CS) was 377
mL/hr and for the filter with CS, 353 mL/hr.

The average flow rate for the Reid Harvey red clay grog disk filter without CS was 850 mL/hr
and for the filter with CS, 756 mL/hr. The average flow rate for the Reid Harvey black clay
grog disk without CS was 412 mL/hr and for the filter with CS, 341 mL/hr.

3.5.2 Microbial Concentrations
Microbial removal efficiency is presented in terms of Log Reduction Value (Equation 3.2) and
% Removal Efficiency (Equation 3.3).

Log,(untreated)

Equation 3.2: Log Reduction

Log Reduction Value (LRV) =
Log,(treated) Value (LRV)

(untreated - treated)

-100% Equation 3.3: % Removal

% Removal Efficiency =
untreated Efficiency

Where,

« untreated: microbial concentration in the raw water sample (cfu/100 mL)
o treated: microbial concentration in the filtered water sample (cfu/100 mL). Note: if
the treated concentration = 0 cfu/100 mL, then a value of 1 cfu/100 mL was

used for both equations.

The total coliform LRV/% Removal for the candle filters ranged from 0.80/84% for the Hari
white clay candle filter without CS and the Hong Phuc® candle filter to 1.95/>98% for the
remaining three candle filters (both of the Katadyn® filters and the Hari white clay candle filter
coated with CS). The E.coli LRV/% Removal for the candle filters ranged from 0.90/88% for
the Hari white clay candle filter without CS to 1.75/>98% for the remaining four candle filters
(both of the Katadyn® filters, the Hari white clay candle filter coated with CS, and the Hong
Phuc® candle filter).
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The total coliform LRV/% Removal for the Hari white clay disks without CS was 2.34/99.2%
and for the disks with CS was 3.46/>99.9%. The E.coli LRV/% Removal for the Hari white
clay disks without CS was 2.53/99.3% and for the disks with CS was 3.19/>99.9%.

The total coliform LRV/% Removal for the Reid Harvey red clay grog disks without CS was
0.71/80% and for the disks with CS was 2.63/99.8%. The E.coli LRV/% Removal for the Reid
Harvey red clay disks without CS was 0.69/79.5% and for the disks with CS was 2.89/99.9%.

The total coliform LRV/% Removal for the Reid Harvey black clay grog disks without CS was
2.52/99.6% and for the disks with CS was 2.29/99.1%. The E.coli LRV/% Removal for the
Reid Harvey red clay disks without CS was 2.84/99.8% and for the disks with CS was
2.53/99.3%.
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Table 3.3: Summary of Candle Filter Test Results

Filter Name Producer Average Total Coliform E.coli LRV/
Hourly Bacteria LRV / % %Removal
Flow Rate | Removal Efficiency | Efficiency
Ceradyn filter Swiss 641 mlL/hr | 1.95/>98% 1.75/>98%
Katadyn® (given raw water: 89 | (given raw water:
cfu/100mL) 56 cfu/100mL)
Gravidyn filter | Swiss 844 mi/hr | 1.95/>98% 1.75/>98%
Katadyn® (given raw water: 89 | (given raw water:
cfu/100mL) 56 cfu/100mL)
White clay filter | Hari 742 mL/hr | 0.80/ 84% 0.9/88 %
without silver Govinda (given raw water: 89 | (given raw water:
colloidal Prajapati cfu/100mL) 56 cfu/100mL)
White clay filter | Hari 678 ml/nr | 1.95/>98% 1.75/ >98%
with silver Govinda (given raw water: 89 | (given raw water:
colloidal Prajapati cfu/100mL) 56 cfu/100mL)
Hong Phuc® Hong Phuc® | 300 mL/hr | 0.84/85% 1.77/>98%
candle filter (given raw water: 89 | (given raw water:
cfu/100mL) 56 cfu/100mL)

Note. The raw water concentration was < 100 cfu/100 mL, which is an order of magnitude lower than
that used in the tests performed on the disks filters; so it is difficult to compare results between

the candle and disk filters.

Table 3.4: Summary of Disk Filter Test Results

Filter Name Producer | Average Total Coliform E.coli LRV/%
Hourly Bacteria LRV/% Removal
Flow Rate Removal Efficiency | Efficiency

White Clay Disk | Hari 377 ml/hr 2.34/99.2% 2.53/99.3%
without colloidal | Govinda (given raw water: (given raw water:
silver Prajapati 2,861 cfu/100mL) 1,550 cfu/100mL)
White Clay Disk | Hari 353 mL/hr 3.46/>99.9% 3.19/99.9%

with colloidal Govinda (given raw water: (given raw water:
silver Prajapati 2,861 cfu/100mL) 1,550 cfu/100mL)
Red Clay Filter Reid 850 ml/hr 0.71/80.2% 0.69/79.5%
without colloidal | Harvey (given raw water: (given raw water:
silver 2,500 cfu/100mL) 1,561 cfu/100mL)
Red Clay Filter Reid 756 mL/hr 2.63/99.8% 2.89/99.9%
with colloidal Harvey (given raw water: (given raw water:
silver 2,500 cfu/100mL) 1,561 cfu/100mL)
Black Clay Filter | Reid 412 ml/hr 2.52/99.6% 2.84/99.8%
without colloidal | Harvey (given raw water: (given raw water:
silver 2,500 cfu/100mL) 1,561 cfu/100mL)
Black Clay Reid 341 mU/hr 2.29/99.1% 2.53/99.3%
Filter with Harvey (given raw water: (given raw water:
colloidal silver 2,500 cfu OOmL) 1,561 cfu/1 OOmL)
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3.6 Limitation of Resulis

There are a number of important limitations to consider when analyzing the results. The first
limitation is related to comparing the flow rates between test runs. The time over which the
flow rates were calculated varied between the three test runs as was discussed in Section
3.5.1. The reason for this was simply that the author was unable to measure the volumetric
flow rates at the same time due to time constraints of having to process the water samples.
The instantaneous flow rate through the filter element likely decreases over time as the
water-column height above the filter element drops. Thus, the average flow rate for any given
period of time starting from time T = 0 will decrease for increasing periods of time. For
example, the average flow rate for the first 2-hour period will most likely be higher than the
average flow rate for the first 8-hour period. Strictly speaking, therefore, the flow rates
between test runs cannot be directly compared since the time value used to average the flow

rates differed between each run.

The second limitation is regarding the validity of the results for extended periods of time. The
results are limited to the period of time over which the testing was completed (less than one
day) and thus do not provide any indication of how well the filters will perform over periods of
time greater than one day. This is an important consideration with respect to making any
conclusions as to the effectiveness of colloidal silver at reducing microbial contamination. In
order to evaluate filter performance over time, further testing both in the field and laboratory
is absolutely necessary. In particular, long-term testing (weeks to months) is required to
evaluate filter performance in terms of microbial removal efficiency and flow rate. Field
testing is also necessary to evaluate performance under non-laboratory conditions. Rebeca
Hwang recently completed the first such six-month field evaluation of the Potters for Peace
ceramic filter in Nicaragua.®® Joe Brown of Cambridge University is likewise engaged in a six-
month monitoring and evaluation of the Katadyn candle filter in Bolivia.®

The third limitation is that the raw water concentrations for the first test run with the candle
filters was nearly thirty times less than the raw water concentrations for the second and third
tests with the disk filters. Thus, it is difficult to compare the candle filter microbial removal
efficiency results with the disk filter test results. The candle filter test was one of the first runs
and so the correct proportion of river water to tap water to make the raw water had not yet

been determined.
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The results are also limited to the accuracy of the laboratory equipment and test procedures.
In particular, counting the number of colony forming units on the plates is somewhat
subjective since many colonies are either too small to see or are overlapping. However, the
plate results for these experiments did turn out quite well, with clearly defined colony-forming

units being the norm.

3.7 Discussion of Results

Despite the limitations discussed in the previous section, the results do provide some
preliminary indications of the effectiveness of various types of filters and colloidal silver.

The flow rates for the Katadyn® candle filters, Hari candle filter, and Reid red clay disk filter
were comparable, varying between 650 mL/hr to 850 mL/hr per candle. The flow rate for the
Hong Phuc® filter element was surprisingly low at 300 mL/hr. The low flow rate may be due to
the material properties of the filter element as well as its relatively smaller size and surface
area compared to the other filter elements. The flow rate for the other two disk filters, Hari’s
white clay and Reid’s black clay, were also very low at less than 430 mL/hr. The reasons for
these two disks having a low flow rate are likely due to the different properties of the clay
material and the thickness of the disks. The white Indian clay used for Hari’s disk and the
black Bhaktapur clay used for Reid’s are of higher quality and are not as sandy as the red
Thimi clay used in the other clay disk made by Reid. The sandier red clay may produce a
more porous filter compared to the black Bhaktapur clay and the white kaolin clay.
Furthermore, the disks were considered to be relatively thick at 40-mm compared to what

would normally be used for a disk filter with the given properties.

The results support the hypothesis that colloidal silver (CS) acts as a bactericide and aids in
the inactivation of indicator microorganisms such as total coliform and E.coli bacteria. As an
example, Reid’s red clay disk painted with CS showed LRV = 2.63 (99.8%) removal of total
coliform and 2.89 (99.9%) removal of E.coli compared to LRV = 0.71 (~80%) removal for
both total coliform and E.coli for the same filter but with no CS. Furthermore, the flow rate for
the Reid red clay disk (850 ml/hr) was the greatest for all filters. The benefit of using CS is
that it appears to improve the microbial removal efficiency of a filter beyond the filter’s ability
to physically remove microbial bacteria through filtration. Thus, it may be possible to achieve
a higher flow rate with a porous disk coated with CS while still maintaining acceptable

microbial removal efficiencies.
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It should be noted that the disk filters with CS were soaked in a solution of CS and distilled
water (~20-30 mg/L CS). In comparison, Potters for Peace paints the CS (roughly the same
concentration) onto their Filtron filters. Soaking the disks in a concentration of CS probably
allows more CS to enter the disk filter into the pore structure.

The results demonstrate an important distinction to make between reporting microbial
reduction efficiencies in terms of Log Reduction Value (LRV) and % Removal Efficiency. The
LRV’s provide some indication of the magnitude of the raw water concentration whereas %
Removal Efficiency does not. For example, the total coliform LRV for the Ceradyn Filter was
1.95, which was equivalent to 100% removal efficiency whereas the total coliform LRV for the
Hari white clay disk filter with CS was 3.46, which was also equivalent to 100% removal
efficiency. The raw water concentration for the former test was 89 cfu/100 mL and for the
latter, 2,861 cfu/100 mL. Reporting both results as 100% removal efficiency is clearly
misleading. Regardless of the methodology chosen for reporting results, including the raw
water concentration along with the results does help to clarify the values that are reported.

This test run should be considered as a preliminary screening test to determine which filters
to begin modifying and/or testing in the future. The results from these tests suggest that the
Hari white clay candle filter capped on both ends and coated with CS and the Reid Harvey
red clay grog disk filter coated with CS are worth considering for future testing.
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Chapter 4 Ceramic Water Filter Production Process

The ceramic water filter production process follows some common steps regardless of the
type of filter being manufactured. The process typically begins with material selection and
processing; followed by shaping and pressing the filter element into a mold,; firing; drying and
then potentially treating the filter with a disinfectant.

This chapter begins with an overview of the materials and equipment used in the production
of ceramic water filters. A summary of the production process is then presented. Throughout
the production process, the ceramist — i.e., the potter manufacturing the filter — can control
certain parameters to produce filters with specific characteristics. This is discussed in the last
section of the chapter, along with a derivation of the theoretical flow rate for a candle filter

and a disk filter.

The examples provided throughout the chapter relate primarily to Madhyapur Clay Crafts in
Thimi Nepal; although other examples, especially the Potters for Peace (PFP) manufacturing
process in Nicaragua, are incorporated into the discussion as well.

4.1 Materials

The primary materials used in the production of ceramic water filters are clay, water,
combustible material, and/or grog (a non-plastic material used to reduce shrinkage and
warpage and possibly to control porosity). Usually these materials require processing such
as grinding and sieving before they can be mixed together into a uniform mixture that is then
pressed or molded into a filter shape (production process is discussed in Section 4.3).
Colloidal silver (CS) is also used sometimes as a bactericide. CS is painted onto the filter
element as the last step, after the element has been fired and dried.

For convenience, a brief summary of materials used in the production of ceramic water filters
is presented in Table 4.1. A detailed description of each material is then presented in the

following section.
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Table 4.1: List of Materials Used in the Production of Ceramic Water Filters

Material Brief Description Examples
Clay » Clays are fine-particulate geologic materials that | « White kaolin clay
have the unique property of being plastic when from India

wet and hard when fired. Their plasticity allows | « Red clay from
ceramist to form shapes that maintain their form Thimi, Nepal
before being fired. Once fired, the clay hardens | « Black clay from

and the shape becomes permanent. Bhaktapur, Nepal
Water » Controls workability/ plasticity as well as

shrinkage
Combustible  » Used to increase the porosity of the ceramic « Sawdust (e.g.: oak,
Material since the combustible material will burn off pine)

during the firing, leaving behind pores or voids « Flour (e.g.: wheat
through which water will travel. flour, corn flour)
« Rice husk ash

Temper or > Temper is defined as all non-plastic material « Ground bricks

Grog used to reduce shrinkage/warpage and to ¢ Pre-fired disk that is
control porosity to some extent. The term grog ground and sieved
is used more frequently in the production of (see Grog Section
ceramic water filters and refers to pre-fired 4.1.3.

ceramic material that is mixed with raw clay,
water, and/or combustible material to form a

ceramic filter unit.

Colloidal » Colloidal silver consists of silver particles » Microdyn (Mexican
Silver suspended in distilled water or proteins. It is product)

coated onto the surface of the filter element
after it has been fired and dried. CS is used as a
disinfectant to help reduce microbial

contamination.
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4.1.1 Clay

Clay originates from the chemical and/or physical weathering of igneous rock over long
periods of geologic time. There are three primary classes of clay: kaolinite, montmorillonite,
and illite.5' Each class differs slightly in its structure and presence of impurities; however in
general, all clays have a distinct crystalline structure that resembles “platy” sheets stacked
on top of each other. The chemical composition generally consists of hydrous aluminum
silicates combined with trace amounts of mineral impurities like potassium or iron, which give
rise to notable clay characteristics like color. Clays have the unique property of being plastic,
or workable, when saturated with water. The plasticity of the clay and the cohesive forces
acting between the clay particles, allow the ceramist to form or manipulate clay into shapes

that maintain their form.

Ceramic wares are often categorized as earthenware, stoneware, or porcelain depending on
the composition of the clay that is used to form the ware. Fired earthenware objects are the
most porous of the three types with after-firing porosities in the order of 10-15% by weight;
stoneware 2-5% and porcelain 0-1%.2 Earthenware clays are the most commonly found form
in nature®, which makes them a suitable choice for the production of ceramic water filters.
Earthenware clays also have the lowest firing temperature at which they mature, due to their
relatively high concentration of iron and other mineral impurities. The natural red, gray, or
brown colors that are common to earthenware clays are a function of the mineral content of

the clay structure. The presence of iron oxide, for example, typically gives rise to red clays.

There are a number of clay sources within the Kathmandu area; two in particular are red clay
from Thimi and black clay from Bhaktapur. The red Thimi clay is sandier than the black
Bhaktapur clay and is thus slightly less expensive as well. The black color of the black

Bhaktapur clay is likely due to the presence of organic material.*®

Mr. Hari Govinda Prajapati of Madhyapur Clay Crafts also uses white kaolin clay imported
from India for the production of his ceramic candle filters. The white kaolin clay is finer than
the red and black clays — kaolin clays in general tend to be “purer” than red clays and have a

finer pore structure than typical red clays.””

At Madhyapur Clay Crafts, the clay is purchased by the cart-load and placed on the floor of
the shop to dry for a week or so. A ceiling fan is sometimes used to help dry the clay. The
dried clay is then ground to a powder (Figure 4.1), and stored for use later. Usually it will be
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sieved to a desired grain size distribution® before it is mixed with the other materials. Grain
size distribution is controlled using screens with specified sizes defined in terms of mesh size
or the number of openings within one square inch (e.g.: 30 mesh means 30 openings within

1 square inch). As an example, Potters for Peace screens clay between 60-mesh and 30-
mesh screens, keeping what is left between the two screens.*®

PG

Figure 4.1: Raw Clay (left) and Processed Clay in Powder Form (right) used in the
Production of Ceramic Water Filters at Madhyapur Clay Crafts

Madhyapur Clay Crafts, Thimi, Nepal. January 2003.

From personal observation by the author, it appears that a 40-mesh screen is often used at
Madhyapur Clay Crafts. From discussions and observations, it also appears that the clay
material that passes through the screen is used, although this is not verified. In comparison
to Rivera’s method of screening between two mesh-sizes (#30 and #60), the method
employed at Madhyapur Clay Crafts likely results in a well-graded (poorly sorted) grain size
distribution (i.e., grain sizes probably vary over a wider range compared to the PFP method
of screening between two screens). Grain size distribution may play a role in filter

performance in terms of porosity, durability, and resulting microbial removal efficiency.

# A measure of grain size distribution is a measure of the range of grain sizes present in a sample.
Grain size distribution can range from uniform (a narrow range of grain sizes) to well graded (a wide
range of grain sizes, often poorly sorted). In the PFP example of sorting grain size between two
screens (#30 & #60), the resulting grain size distribution will be relatively uniform (particle sizes will
range between a # 30 and # 60 screen).
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4.1.2 Combustible Material

Combustible material is used to increase the porosity of the ceramic filter media by creating
voids within the media structure after the material has been incinerated during firing. Some
examples are: sawdust, corn flour, wheat flour and rice husk ash. Madhyapur Clay Crafts
uses both pine sawdust collected from local furniture manufacturers and wheat flour.® The
flour is sieved using a 300-mesh?® screen before it is mixed with the clay, water and/or grog.'®
Again, it appears that the combustible material that passes through the screen is used,;
however, this has not been verified. As discussed on the Potters for Peace website®, the size
of the combustible material influences the final pore size in the ceramic filter: too large a
particle size makes the filter become too porous and fragile; too small makes the filter chalky
or dusty.*® This would imply that screening for a uniform grain size distribution using two
screens would be more beneficial than screening with just one sieve.

One final note that will be discussed further in Section 4.3.2, it is important to mix the clay
and water first before mixing in the combustible material. Otherwise, the combustible
material, rather than the clay, will absorb too much of the water.

Figure 4.2: A Potter Preparing Sawdust.

Madhyapur Clay Crafts, Thimi, Nepal. January 2003.

# 300-mesh screen = 300 square openings per square inch
® Potters for Peace website: http://www.potpaz.org/pfpfilters.htm
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4.1.3 Grog or Temper

Temper is a term used in pottery-making to describe non-plastic material that is often mixed
with clay to help control shrinkage and to avoid cracking.®' Grog is often considered to be a
sub-set of temper, referring specifically to non-plastic material that has been pre-fired, such
as ground brick or tile.*' The term grog appears to be used more often than temper in the

literature on ceramic water filters, and thus will be used throughout the remainder of this
paper.

Ceramist Reid Harvey has been developing his own grog for filter projects in Bangladesh and
currently in Nepal as part of his Pottery Purification Media (PPM).'® Harvey was recently
granted a patent for his porous grog media.'” The PPM grog Harvey is developing typically
consists of 63 parts clay, 37 parts flour, and 20 parts water by weight.” The process begins
by mixing the 63 parts of clay with 20 parts water and leaving this in a plastic bag to saturate
overnight. 37 parts combustible material, wheat flour in the case of the project in Nepal, is
then added to the mixture the following day. This mixing process is very labor-intensive,
considering it takes a lot of work to blend the flour into the clay-water mixture.

The grog composition is then pushed through a 10-mesh screen to help mix the materials.
The mixture is then left to dry until the moisture content is ideally between 8%-10% by

t17

weight.’” The relatively dry mixture is then dry-pressed into tiles or disks and finally allowed
to dry for two to three days before firing. The tiles/disks are then fired between 900°C and
1050 °C for ~24 hours. The combustible material typically incinerates at around 500°C and at
this point, the temperature increase must be gradual to ensure that the ceramic does not
break apart as the combustible material (wheat flour in this case) burns. After firing and
cooling, the grog disks are crushed and sieved using a 30-mesh screen (Figure 4.3). The

ground grog is finally mixed with clay and water to form the final filter disk element.

The author was not able to find a full scientific explanation as to why and how grog
influences the final characteristics of the filter media. Harvey’s explanation is that during the
second phase of firing, the clay shrinks away from the grog, which does not shrink, thus
leaving behind a slightly more porous ceramic media depending on the material properties.?’
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Another possible explanation® is that using very fine pre-fired particles and firing them to the
sintering point can produce pores that are about 1/3" the size of the particles.? A certain
firing temperature must be achieved so that enough sintering takes place to offer sufficient
structural strength, yet not high enough to collapse the porosity. The general firing process is
described in Section 4.3.4 Firing & Drying.

The worker is grinding crushed grog using a
“Plate Mill". The crushed grog is then sieved
using a 30-mesh screen. The grog is then
mixed 50:50:10 grog:raw clay:water to form a
relatively dry composition that is then pressed
into the desired filter shape.

Figure 4.3: Worker Grinding Grog Using a Plate Mill
Madhyapur Clay Crafts, Thimi, Nepal. January 2003

4.2 Equipment

Equipment, including the workshop and property, are major capital investments for a potter.
Realistically, most equipment and materials will be purchased locally to minimize costs.

Furthermore, sources of energy in developing countries are often unreliable and/or

# This explanation was offered by Rod Bagley via an email from Lee Hersh. Lee Hersh is a retired
chemist from the Corning Corporation and an active contributor to the MIT Nepal Water Project. Rod
Bagley is the inventor of the die-extrusion process used to make honeycomb-like porous ceramics.
Rod was recently elected to the National Inventor’s Hall of Fame.
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expensive, if at all available, and so choosing equipment that does not rely on electricity or

fossil fuels for energy is often an important consideration.

For convenience, a list of equipment used in the production of ceramic filters is presented in

Table 4.2. The Potters for Peace website* and the Pottery Purification Media website® also

provide good summaries of the equipment needs for manufacturing ceramic water filters.

Table 4.2: List of Equipment Typically Required for the Production of Ceramic Water
Filters

Equipment

Brief Description

Grinder

> Grinders or crushers are used to grind dry clay or fired temper/grog down
to small uniform grain sizes. A picture of a grinder was shown in Figure 4.3.

Screens

> Screens are used to sieve clay, combustible material, and/or grog to
specific grain sizes. Screens are measured in terms of mesh size per inch:
for example, a 1-inch section of a 30-mesh screen is divided into 30 equal
squares. Screens are used to sieve both wet and dry material. For
example, Potters for Peace screens dry clay & sawdust between 60 and
30-mesh screens, keeping what is left on top of the 30-mesh screen.*®

Mixers

» Mixers are used to mix clay, combustible material, water, and/or grog.
Mixing seems to be done most often by hand, as is the case at Madhyapur
Clay Crafts; however, mechanical mixers are available. Two examples of
mechanical mixers available within the Kathmandu region are pan mills
and pin mills. Pan Mills consist of two heavy wheels that rotate over the
mixture while pin mills consist of pins that rotate around each other.

Filter Press

> Filter presses are used to press the clay mixture into a desired shape (disk,

candle filter, or pot). A picture of a filter press is shown in Figure 4.6.

Molds

> Molds are used to shape the filter element into a desired shape (disk,
candle, or pot). Molds are typically made of plaster or metal to provide a

2 Potters for Peace website: http://www.potpaz.org/pfpfilters.htm
e Pottery Purification Media website: http://www.purifier.com.np/
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non-stick surface so that the pressed filter separates from the mold.
Furthermore, the mold must be able to withstand the repeated stress from

the filter press.

Kiln

Kilns are used to heat the filter element to a desired temperature. Reid
Harvey suggests that a kiln with internal volume = 1.3 m? has a production
capacity of 240 candles per day.' Kilns that can reach temperatures
between 900 2C and 1100 °C are beneficial to producing ceramic water

filters.

Buckets &
Scales

Buckets and scales are used for measuring material proportions. For
consistency, the same bucket(s) should be used for different production
runs. Materials are often measured with buckets in terms of relative
proportions (one scoop of this added to two scoops of that) — rather than
using a more systematic approach where each material is measured by
volume or weight. Whether or not using a systematic approach to
measuring makes a difference is unknown; however, it would be beneficial
to know the exact volume & weight of materials used so that clay-recipes
could be transferred more readily between projects.

Surface/
Storage
Area

Surface/storage area is required for material (clay, combustible material,
and grog), drying raw clay, mixing materials, drying pre-fired filters, drying
post-fired filters, and storing inventory for sale.
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4.3 Production Process

The production process involves the following general steps:

Material Processing & Preparation
Mixing

Filter Pressing or Hand Molding
Drying & Firing

Application of Colloidal Silver (if used)
Quality Control

o0 k0 np o~

The production process is summarized in the flow diagram shown in Figure 4.4. Although this
diagram is based primarily on the production process at Madhyapur Clay Crafts, it is believed
to be generic to most drinking water filter production projects including, for example, the
Potters for Peace production process in Nicaragua.

4.3.1 Material Processing & Preparation

Clay, water, combustible material, and or grog are the primary materials used in the
production of filters, as was discussed in Section 4.1. Most of these materials, with the
exception of water (usually), require processing before they can be mixed together. Section

4.1 detailed the steps required for processing these materials.

In general, processing usually begins with grinding the material to a more uniform and
smaller grain size. The material is then sieved using screens with specific mesh sizes. The
choice of screen size depends on the characteristics of the material being used and will also
depend on the desired characteristics of the final ceramic filter. In general, clay is sieved
using screen sizes anywhere between #10 (i.e., # of squares per square-inch) and #60 mesh
while combustible materials are often screened between #100 and #600.
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Figure 4.4: Ceramic Water Filter Production Process based on
Madhyapur Clay Crafts in Thimi, Nepal

62



Development of a Ceramic Water Filter for Nepal

4.3.2 Mixing

Various combinations of clay, water, combustibles, and/or grog are mixed together to form a
relatively dry, but cohesive, mixture that is then pressed or molded into a filter shape. The
most optimal material combination, or recipe, depends on the properties of the materials, the
equipment used, and the methods employed by the ceramist throughout the production
process. These recipes are determined partly by experience and partly by trial-and-error. A
recipe for one location may not work at another location with different materials, equipment,
and or methodology. In particular, the properties of the clay will dictate what mixing recipe is
most optimal in terms of filter performance.

Mixing can be a long and labor-intensive process; especially if it is done by hand (Figure
4.5). Mixing is one of the current bottlenecks in the production of ceramic water filters at
Madhyapur Clay Crafts.* Hari Govinda Prajapati believes that he can produce 100 candles
or 200 disks per day using Reid Harvey’s Pottery Purification Media method, which uses
grog. He currently has a production capacity of 150 candles per day using his methods and

materials (white kaolin clay imported from India mixed with a combustible, but no grog).

The ceramist is mixing 50
parts raw clay (red clay from
Thimi): 50 parts grog: 10
parts water. The mixture is
relatively dry as can be seen
in the picture. The mixture will
be placed in a mold and then
pressed.

Figure 4.5: Worker Preparing a Mixture of Clay, Grog, and Water
Madhyapur Clay Crafts, Thimi, Nepal. January 2003.
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The mixing time could be reduced with the use of a mixing machine such as a Pan Mill,
which consists of two heavy wheels that sit inside a pan and rotate over the mix, or a Pin Mill
which consists of two rotating pins and can be used with dry mixes.* Both of these machines

are readily available on the market in Nepal.

4.3.3 Filter Pressing or Shaping

The next step in the production process is the shaping of the filter element. This typically
involves the use of a mold, which can either be a hand-mold, into which the clay is pressed
by hand, or a component of a filter press machine to compact the material into its desired
shape. Pressing the clay manually into a mold is very time consuming. Filter press machines
offer a number of important advantages over manually pressing the clay: the two most critical
being speed and consistency. The speed in which filter elements are produced can be
increased dramatically by virtue of a press machine, eliminating the need to shape the
element by hand. The consistency between elements is maintained more readily with the use
of a press machine compared to molding the filter element by hand or throwing® a shape on a

wheel.

Pressing ceramic filters with a press machine is often referred to as dry pressing due to the
low water content of the material being pressed.’® In fact, it is because of the dry composition
of the material that the filter units require a press machine to properly compress the clay
mixture. In contrast, pressing a shape by hand requires the clay mixture to contain relatively

more water so that the material maintains its shape and holds together.

A mold, often called a “die”, of the desired shape of the filter unit is typically made of metal or
plaster. The material properties of plaster (namely, its open pore structure) allows for quick
release of the clay that is pressed into the die shape.’ For an in-depth discussion on die-
making, see Pressing Ceramics with Air' or visit the Ceramique d’Afrique website for a

discussion by Reid Harvey®.

The complexity of low-cost filter presses ranges from simple metal frames with a car jack to
hydraulic ram presses (Figure 4.6). Car jacks tend to wear out quickly due to repetitive
loadings; plus they require a lot of manual labor to input energy to the mechanical system by
cranking the jack arm.*® Hydraulic presses tend to be more robust and are less labor

2 “Throwing” is the act of forming a shape out of clay on a pottery wheel.
b Ceramique d'Afrique website: http://www.geocities.com/ceramafrique/
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intensive; however, they usually require electricity, which is often a rare commodity in
developing countries.

Figure 4.6: Example Filter Presses: Metal Frame and Car Jack (left), Hydraulic Jack
System used by Potters for Peace (right).

Picture Source: Left: Ceramique d’Afrique website (www.geocities.com/ceramafrique/)

A screw press (Figure 4.7) is used at Madhyapur Clay Crafts for pressing disk-shape filters,
while a drill-like press (Figure 4.8) is used to press candle filters. The screw press is
somewhat unique in that the thread angle is very steep such that when the top wheel is
turned, the travel length of the press is relatively long (i.e. a sharp torque of the top wheel-
handle and the press will rotate all the way to the bottom with little resistance and with a lot of
momentum).
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Press wheel is rotated clockwise
and the momentum of the press is
transferred through to the clay
mixture inside the mold.

Clay mixture
placed in mold
that is lined with

newspaper.

The press wheel is rotated to an upright
position and the wheel is then held in
place with a rope (1). The mold, located
at the bottom on the wooden block, is
lined with a layer of newspaper and
filled with the clay mixture (1). The
newspaper is used to prevent the clay
from sticking to the mold. The wheel is
then given a sharp clockwise torque (2).
The momentum from the rotating shaft
and wheel is rapidly transferred to the
mold below, thus compressing the clay
mixture within the mold. The process is
repeated two to three times until the
clay mixture is sufficiently compact (3).

This process is
repeated 2-3 times to
sufficiently compact
the clay mixture. ‘ ‘

Figure 4.7: Screw Filter Press used at Madhyapur Clay Crafts
Madhyapur Clay Crafts, Thimi, Nepal. January 2003

66



Development of a Ceramic Water Filter for Nepal

The ceramist fills a mold | The end of the press is
with clay and then places { screwed down into the mold,

the mold under the press. y Pressing the clay beneath it.

| The compact clay tube is rem
mold by pushing the tube out from the bottom.
Note that the mold is tapered for ease of
removal. Also, this mold is made of metal

Figure 4.8: Candle Filter Press used at Madhyapur Clay Crafts
Madhyapur Clay Crafts, Thimi, Nepal. January 2003.
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4.3.4 Drying and Firing

After pressing the clay material, the filter element is left to dry for two to three days. The
purpose of drying is to prevent the clay from cracking due to rapid drying or heating during
the firing process. The initial rate of drying (rate of water escaping from the disk due to
evaporation at the surface) is comparable to the evaporation from a free water surface up to
the point where the moisture within the smaller pore spaces is held back by capillary forces.*’
At this point, the rate of drying can decrease dramatically. The time it takes for the filter to dry
enough for firing depends on many factors and is determined partly by experience and partly
by trial-and-error.

The filter unit is ready for firing in a kiln (Figure 4.9) once the drying stage is complete.
Traditional kiln designs in many developing countries achieve maximum internal
temperatures of ~700 °C." To achieve a more optimal temperature of 900 °C to 1000 °C for
the production of ceramic water filters requires heat-resistant kiln bricks that can withstand
repeated firings at these higher temperatures. Ceramist Reid Harvey suggests that a
relatively low-cost heat resistant brick can be developed using clay, sand and sawdust — as
opposed to buying a more expensive brick that is made especially for kilns."®

Figure 4.9: Pottery Kiln used at Madhyapur Clay Crafts, Thimi, Nepal
Madhyapur Clay Crafts, Thimi, Nepal. January 2003.
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The Potters for Peace website® describes the construction of a kiln called the Minnesota
Flattop, or “Mani” kiln that has been used in Nicaragua for the production of the PFP Filtron
filter. A further refinement to the Mani kiln is the development of a fuel burner system which
uses sawdust as opposed to logs or gas/oil. The sawdust can be collected from other
industries such as, in the case of Kathmandu and vicinity, local furniture manufacturers, of
which there are many. A well designed kiln will, in turn, be energy efficient in terms of
minimizing the loss of heat to the surrounding environment — this is why sawdust is used in
the production of the kiln bricks to increase the porosity of the bricks and in turn their

insulating capacity.
There are three distinct firing phases: dehydration, oxidation, and vitrification.®'

1. Dehydration

Dehydration occurs at low temperatures and involves the removal of excess water trapped
within the pottery. The rate of temperature increase must be monitored closely to ensure that
the rate of dehydration is kept within the limits of the filter’s ability to withstand the imposed
stress caused by the water evaporating from the small pores — too rapid firing (temperature
increase) will cause the filter to shatter.”

2. Oxidation

Oxidation follows with the burn-off of carbonaceous material as well as other compounds that
are oxidized. The temperature and time over which oxidation occurs depends on the
properties of the clay. An important consideration for ceramic water filters is the temperature
at which the combustible material, such as sawdust or flour, oxidizes. The ceramist must be
careful to slow the rate of temperature increase at the point when the combustible material
begins to oxidize so as to minimize the stress imposed on the filter element. For example,
the grog produced at Madhyapur Clay Crafts by Reid Harvey contains flour, which oxidizes at
temperatures around 500 °C. Thus, the rate of increase in firing temperature is reduced as
the temperature inside the kiln approaches 500 °C to allow the flour particles to slowly burn
off.

3. Vitrification

2 Potters for Peace website: http://www.potpaz.org
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During vitrification, the constituents of the clay material begin to soften and adhere into a
glass-like material. The temperature over which this occurs again depends on the properties
of the clay material. It is interesting to note that the density of the pottery increases and thus
the porosity decreases during vitrification.”’ The porosity of the final ceramic material can, in
fact, be used to measure the degree of vitrification that takes place during firing.%’
Earthenware pottery by definition is “low-firing” pottery for the very reason that the pottery
does not completely vitrify or “mature” and is thus the most porous pottery of the three
general types: earthenware, stoneware, and porcelain (in order of decreasing porosity).
Porcelain, for example, is fired at much higher temperatures and results in a ceramic material

that is virtually impervious.'®

If some degree of vitrification does take place during the firing process, to what extent does it
affect the porosity of the final ceramic water filter? This question ties in with understanding
how grog affects the final properties of ceramic water filters — namely porosity or hydraulic

conductivity.

4.3.5 Colloidal Silver

One of the unique features of some ceramic water filters, specifically the Katadyn®: filters
and the Potters for Peace® Filtron filters, is the use of colloidal silver (CS) to control bacterial
growth/regrowth within the filter element and/or as a bactericide to chemically and/or
biologically inactivate microorganisms. Some studies of ceramic water filters coated with CS
indicate that it plays an important role in reducing the number of indicator organisms present
in water. Recent laboratory tests in Nepal support this hypothesis as was discussed in

Section Chapter 3.

CS consists of silver particles suspended in distilled water or proteins. Proteins are
necessary for higher concentrations where the silver would otherwise be unstable within
water. An example of this is the product Microdyn®, which is used on the PFP Filtron filters,
where the silver concentration is 3.2% or roughly 3,200 mg/L. The PFP filters are coated with
the CS after firing with a mixture of two milliliters of Microdyn and 300 mL of bottled water to

3 Katadyn® is a Swiss-based company that began manufacturing CS-impregnated ceramic candles in
the 1940’s. See Section 2.3.3 for more information.

® Potters for Peace is an NGO working primarily in Nicaragua to develop a pot-type ceramic filter
called the Filtron. See Section 2.2 for more information.

° Microdyn is the chief product of a Mexican company that manufactures CS products for use as a
disinfectant Microdyn is readily available in supermarkets throughout Mexico.
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form a ~21 mg/L solution of CS. Two-thirds of this solution is painted on the inner part of the
filter unit and one-third on the outer part.%

The WHO recommended drinking water guideline for silver is 0.1 mg/L based on half of the
“no observed adverse exposure limit” (NOAEL) standard lifetime intake of 10 g of silver over
70 years.® The US Environmental Protection Agency’s secondary standard for silver is also
0.1 mg/L.%? The most common health affect of silver, although quite rare, is argyria, which
results from the deposition of silver in the skin and hair, giving rise to a gray-bluish coloring.%®
A study of the CS concentration in filtered water using the PFP Filtron filter coated with
different concentrations of CS, up to ~50 mg/L silver, concluded that the CS concentration in
the filtered water did not exceed the WHO or EPA guidelines.*® The maximum CS
concentration achieved in the filtered water was 37 ug/L or 0.037 mg/L, which is
approximately 40% of the recommended guideline.®

Many proponents of CS claim that it is effective against diseases and cancer; however, the
US Federal Drug Administration (USFDA) does not support these claims and in fact issued a
ruling in 1999 that such claims are unfounded based on the lack of substantial scientific
evidence proving that silver is effective against diseases.® The USFDA is not; however,
concerned with or under jurisdiction to regulate CS as a disinfectant as this falls under the
jurisdiction of the US Environmental Protection Agency (USEPA).* A report on the PFP
Filtron filter by Lantagne concludes after reviewing the USFDA and USEPA regulations that it
would be legal to market a CS-coated ceramic water filter in the United States provided the
concentration of silver in the filtered water is less than 0.1 mg/L.**

Two different home-based methods of producing CS by electrolysis (high-voltage® and low-
voltage methods) are shown in Figure 4.10. The high-voltage example shown on the left
uses two 99.99% pure $5 Canadian silver coins attached to two separate electrodes
composed of 99.9% pure silver and suspended in distilled water that has been seeded with a
small amount of CS to initiate the reaction (the initial CS acts as an electrolyte which is
necessary for electrolysis to take place). Silver oxide forms as a sooty-looking black film on
the positive anode, while silver ions are released into solution from the negative cathode

electrode.

* WARNING: The high-voltage method is very dangerous and should not be performed without a
thorough understanding of how the system works and how to avoid getting electrocuted.
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The low-voltage DC method shown on the right in Figure 4.10 uses a 27-volt battery with
polarity switching every minute (reversing the direction of the current). The burner is
apparently used to evaporate the water and thus concentrate the CS solution. The material

and instructions for this method are described on the Pottery Purification website®.

It is worth noting that high concentrations of CS, such as 3,200 mg/L for Microdyn, are
unstable in water and are only achieved by suspending the colloidal silver in protein. Thus,
the two methods of producing CS discussed above will not produce concentrations
equivalent to Microdyn. Regardless, the concentration that is used on the filter units by PFP
is around 20 mg/L, which is achievable by the methods discussed. In terms of scale-up
production; however, it may be necessary to make a more concentrated version like
Microdyn.

Left: High Voltage Electrolysis
Below: Low Voltage Electrolysis

Figure 4.10: Colloidal Silver Production

2 Pottery Purification Media website: http://www.purifier.com.np/
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4.3.6 AQuality Control

The final step in the production process is quality control to ensure that the filter units are
performing properly. In theory, it would be beneficial to test every filter for flow rate, microbial
removal efficiency, and other desired performance parameters. The reality is that these tests
take time and can be expensive depending on the type of microbiological indicators tested
for. To date, the most practical and affordable quality control method is to measure flow rate
and to use this as a proxy for determining the microbial removal efficiency. For example,
Potters for Peace measures the flow rate of every Filtron to ensure that it falls within a
specified range: a minimum for practical purposes and a maximum to ensure that the pore
spaces within the ceramic water filter are not too large, that the water passing through the
filter is in contact with the CS long enough to achieve disinfection, and to ensure that there

are no cracks for water and microbes to bypass the filter element.

4.4 Parameters That Affect Filter Performance

Ceramic filter performance in terms of flow rate can be described by Darcy’s Law for flow
across a porous material (Figure 4.11). This simple mathematical model helps to
conceptualize and anticipate how changes in parameters such as surface area or disk
thickness should affect the flow rate. The flow rate in turn can be used as a simple proxy to
evaluate filter performance in terms of microbial removal: if the flow rate is very high (say 10
L/hr), then it is likely that the filter is too porous to provide proper removal of bacteria and
protozoa cysts, and if it is too low (say below 0.5 L/hr) then it is simply impractical in terms of
supplying enough water to a typical household. It is very important to realize that flow rate is
not a measure of microbial inactivation, but rather an indicator of water flow-through and
possible ease with which bacteria-size particles could flow through as well.

Referring to Figure 4.11, the flow rate, Q, can be related to the surface area of the disk, A,
the hydraulic conductivity of the media, K, and the hydraulic gradient across the thickness of
the disk, H/L using Darcy’s Law."" The surface area is a function of the diameter of the disk,

and increases with the square of the diameter.

The hydraulic conductivity is a measure of the “flowability” of the media and is a function of
the properties of both the media and the water. If the media is porous, then the hydraulic
conductivity is relatively high, thus allowing water to flow more readily through the media. In
this model, hydraulic conductivity is related to permeability, k, times the density of water
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divided by the viscosity of water. Permeability is only a function of the media, whereas
hydraulic conductivity is a function of both the media and the water. For ceramic filters, the
properties of the water — namely the density and viscosity — are more or less the same, so
the primary parameter that influences hydraulic conductivity is permeability k.

Permeability is a function of the porosity and the connectivity between pore spaces within the
media. A ceramic filter, for example, could have a large pore space entrapped within the filter
media yet have very small channels traveling to and from the pore space. Thus, the
channels, or connectivity, and not just the porosity are important when considering the

permeability of a filter.

0-4. k.2 _,DP° kpyg8 H Equationd.1: The Theoretical Flow Rate
L 4 u L through a Disk Filter based on
Darcy’s Law.

Where,

Q = flow rate (m?s) pw = density of fluid (kg/m°)
A = surface area of disk (m?) p = viscosity of fluid (kg/m-s)
d = diameter of disk (m) H = water head (m)

K = hydraulic conductivity (m/s) L = disk thickness (m)

k = permeability (m?)
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The hydraulic gradient, H/L, is a measure of the force that is pushing the water through the
ceramic media. The gradient can be large if H, the water column height, is high or L, the
thickness of the disk, is small, or both. The higher the water column height, for example, the
higher the flow rate will be for a given disk thickness L. The thinner the disk, the higher the
flow rate will be for a given water column height H.

Taken together, it is now useful to see how flow varies with these parameters (Table 4.3).
Increasing all of the parameters except for the disk thickness will increase the flow rate.
Increasing the disk thickness will decrease the flow rate by a factor of 1/AL. Note that the
flow rate increases faster for a given increase in surface area since Q is proportional to the
diameter squared.

Table 4.3: Summary of How Disk Filter Properties influence Flow Rate

Disk Property Impact on Flow Rate
1 D, disk diameter = T Q (by ~Ad?)

1 k, disk permeability = T Q

T H, water column height = T Q

T L, disk thickness = lQ

4.5 Theoretical Flow Rate

Debate surrounds the question whether, in theory, a disk filter provides a higher flow rate per
unit surface area compared to a candle filter. Intuitively, it would seem that the ceramic disk
filter would have a greater flow rate than a single candle filter for a given surface area and

thickness, but by how much?

The theoretical flow rate for a single candle filter and a single disk filter is developed below
based on the diagram shown in Figure 4.12. The main assumptions are that the water
column height above the bottom of the container remains constant through time and that
both filter elements are composed of the same material (and thus have the same hydraulic
conductivity). Furthermore, the candle filter in this example is assumed to be capped on both
ends.
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Figure 4.12: Definitional Diagram Showing Dimensions of Candle and Disk Filters
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Where,
K = hydraulic conductivity (m/s) hc = height of candle filter (m)
d = average diameter of the candle (m) tc = thickness of candle filter (m)
D = diameter of disk (m) td = thickness of disk filter (m)
H = total hydraulic head (constant) (m) Qc = flow rate through candle (m®s)
h = hydraulic head (m) Qd = flow rate through disk (m*/s)
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Converting the flow rate to liters per hour:

d-H-he d hc’ Equation 4.2: Theoretical Flow rate through
ol Ko SR g e S et T 2! g
0. ( e "L J o a Candle Filter with Constant Head

Where Qc = flow rate (L/hr)

z-D* % - 3600000 Equation 4.3: Theoretical Flow rate through

a Disk Filter with Constant Head

Qd=K

Where Qd = flow rate (L/hr)

Dividing the theoretical flow rate for a disk filter (Equation 4.3) by the theoretical flow rate for
a candle filter (Equation 4.2):

r-D* H
0, K 5-3600000 i DR
. CH - 2 B sxd VI sl die® Equation 4.4
Q‘ K-IM—K-E%£]-36OOOOO ( ¢ & )
Ic Ic

Assuming that the thickness of the disk filter, td, equals the thickness of the candle filter, tc,
(Equation a) and that the volumes of each filter are equal (Equation b):

td =tc Equation a
. 2
Vd=Vc=ﬂ- L td=m-d-he-tc
D2
he = 4.d Equation b

Substituting Equation a and Equation b into Equation 4.4 yields:
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16-d

Qd_ 8'H'd

0. B-H-a-D?

Q, 8 H-d Equation 4.4: Theoretical Ratio of Flow Rate
"é“ = o e through a Disk Filter to Flow Rate through a
i Tl e Candle Filter.

Thus, the theoretical ratio of flow rate through a disk filter divided by flow rate through a
candle filter is greater than one for all values of D>0. The main assumptions for Equation 4.4
are:

« Constant water column height, H
« The same hydraulic conductivity for both filters, K
« The same thickness for both filters, td =tc =t

« The same volume of material for both filters, volume of disk = volume of candle

An example is shown in Table 4.4. Given the same material composition (and thus hydraulic
conductivity K) and the same hydraulic head or water-column height H, then the theoretical
flow rate for a disk of diameter 22 cm and thickness 2 cm and a candle of average diameter
6 cm, thickness 2 cm, and height 20.1 cm would be 2.05 L/hr (Equation 4.3) and 1.36 L/hr
(Equation 4.2), respectively. The ratio of the theoretical disk flow rate to candle flow rate for
this example is 2.05/1.36 = 1.51, which is the same result using Equation 4.4. The
dimensions for the given filter elements are such that the surface area and volume of the two
elements are equal. The ratio of Qd/Qc = 1.51 demonstrates that the disk is approximately
50% more efficient than a single candle filter, for the given example. Three candle filters
would give a total flow rate of ~4.08 L/hr; however, three times as much material would be

required to get only twice as much flow per hour.
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Table 4.4: An Example Comparing Flow Rate through a Disk Filter to Flow Rate
through a Candle Filter

Candle Disk

Hydraulic conductivity, K 10® m/s | Hydraulic conductivity, K 10° m/s
Hydraulic head, H 0.3 m Hydraulic head, H 0.3 m
Diameter, d 0.06 m Diameter, D 0.22 m
Candle Height, hc 0.201 m | Thickness, td 0.02 m
Thickness, tc 0.02 m

Surf Area 0.038 m* | Surf Area 0.038 m?
Volume 0.00076 m® | Volume 0.00076 m®
Qc (Equation 4.2) 1.36 L/hr | Qd (Equation 4.3) 2.05 L/hr
Qd/Qc 1.51 Qd/Qc (Equation 4.4) 1.51
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Chapter 5 Development of a Ceramic Water Filter for Nepal

MIT environmental engineering student, C.S. Low, began to develop a ceramic disk filter
during his research work with Hari Govinda Prajapati at Madhyapur Clay Crafts in Nepal in
January, 2002.%° At the time, Prajapati was manufacturing candle filters using imported clay
from India and shortly thereafter, began manufacturing arsenic candle filters for ENPHO
using local terracotta clay. Low wanted to develop a disk-shaped filter similar to the TERAFIL
disk filter discussed in Section 2.1 and based on a material composition similar to the Potters
for Peace Filtron filter (Section 2.2) where different proportions of clay, sawdust, and water
are used. Low also tried adding rice husk ash in various proportions to see what affect it had

on filter performance.

Although the disk filters did not perform as well as the TERAFIL filters, it was a first step in
the process of developing a prototype. This year, we continued to research new filter media
designs as was documented in Chapter 3 with the testing of three different types of disk filter
elements and five different types of candle filter elements. This research was carried out with
Hari Govinda Prajapati working in parallel with IDE-Nepal® and Reid Harvey. Our research
also advanced one step further by focusing on a filter system for housing the filter element
(Chapter 7). Furthermore, a joint business-engineering student team, CeraMIT, investigated

some of the business aspects of developing a ceramic water filter for Nepal.'

5.1 A Framework for Developing a Ceramic Water Filter

At this time, it is useful to consider where the ceramic water filter research at MIT fits into the
overall picture of developing a ceramic water filter for Nepal. Figure 5.1 shows the various
stages of product development starting from an assessment of need to monitoring,
evaluation, and feedback of product performance. The MIT research work being carried out
in Nepal currently falls in the stage of prototype development considering the previous work
done by Low, CeraMIT, and Lily Cheung, a new member of the CeraMIT team who is
developing a working prototype of a ceramic water filter as part of her mechanical
engineering senior thesis.® Furthermore, MIT’s ongoing laboratory and field testing of existing

2 International Development Enterprises (IDE) Nepal is an NGO specializing in technology
dissemination and business development. Website: http://www.ideorg.org
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ceramic water filters in both Nepal and Nicaragua® 343549 fa|| within the field and lab testing

stage in the diagram, as well as the monitoring, evaluation, and feedback stage.

Figure 5.1 is presented as an aid in understanding the process of developing a point-of-use
(POU) household ceramic water filter for Nepal. As the diagram shows, the process of
developing technology and product(s) is not linear, but involves feedback based on
monitoring and evaluation in order to achieve continual product improvement over time.
Furthermore, various organizations, identified in green, play important roles at different
stages throughout product development. Academic institutions like MIT, for example, play an
important role in terms of monitoring and evaluating performance of POU treatment
technology; thus providing valuable feedback on product performance to organizations such
as Potters for Peace and Madhyapur Clay Crafts who essentially act as the entrepreneurial

agents that bring the product to market.

Academic Community,

Government Agencies.
Non-Governmental Organizations,
Entrepreneurs ;
Entrepreneurs, Academic

Start: Assessment Community, Non
of Need Governmental Organizations

Monitoring;m™"
Evaluatlon Prototype
Feedback Developmen

Government Agenc:es
Non-Governmental
QOrganizations, Academic
Community

Product to Field & Lab
Market (technical, health,
social, economic)

Entrepreneurs (both / \ Academic Community,

not-for-profit and Refinement Government Agencies,
for-profit) Non-Governmental
Organizations

Figure 5.1: Framework for Developing a Ceramic Water Filter
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5.2 Organizations Engaged in the Development of a Ceramic
Water Filter

The number of organizations that are getting involved in the development of ceramic water
filters both in Nepal and in other countries is growing. Along with this growth emerges some
complexity in terms of the relationships and collaborations between the various
organizations. It would be fair to say that all organizations involved support a common vision
to help solve the drinking water quality crisis that exists in Nepal and in many other countries
worldwide. However, each organization has its own objectives and strengths and so it is
useful to list the organizations to get a better picture of how best to collaborate in order to
achieve the shared vision for clean drinking water and improved human health. The
organizations and individuals involved in the development of a ceramic water filter in Nepal
are listed below. Some of these entities are not directly involved, but can provide important

feedback on product design.

Massachusetts Institute of Technology Nepal Water Project

MIT has been working in Nepal since 1999 through the leadership of Susan Murcott to help
provide clean drinking water and improved sanitation to those in need. The research work on
ceramic water filters has evolved from testing water filters to more recently conducting
preliminary market research and developing a prototype. MIT works closely with the
Environment and Public Health Organizations (ENPHO) as well as Hari Govinda Prajapati

who is the owner of Madhyapur Clay Crafts, a pottery cooperative in Thimi Nepal.

MIT can play an important role in terms of conducting laboratory and field tests to evaluate
product performance. Furthermore, the resources available at MIT are well suited for
developing filter system prototypes as Mechanical Engineering student Lily Cheung is current

doing for her senior thesis.®

Environment and Public Health Organization (ENPHO)

ENPHO is a self-supporting Nepali non-governmental organization (NGO) established in
1990 with a fully equipped scientific laboratory that conducts environmental studies and
training. ENPHO is the main partner organization to the MIT Nepal Water Project, kindly
providing their guidance and expertise and sharing their space with our engineering graduate

students during the month of January.
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ENPHO can play an important role in terms of conducting laboratory and field tests to

evaluate product performance. They are well-respected and have the capability to carry out
long-term laboratory and field testing of ceramic water filters. Furthermore, they have some
experience developing and bringing products to market such as Piyush, which is a chlorine

solution made from bleaching powder used to disinfect drinking water.¥

International Development Enterprises (IDE)

IDE is an international NGO that specializes in technology dissemination and business
development. IDE has had success launching local entrepreneurs in the sale of human-
powered irrigation pumps and drip irrigation systems. IDE-Nepal is the recipient of a $20,000
grant from the Development Support Foundation of New York via ceramics consultant Reid
Harvey to develop a low-cost ceramic water filter. The IDE-Nepal staff was an immense help
to CeraMIT during their research in January 2008, introducing the team to a number of

expert organizations and village groups

IDE-Nepal can play an important role in helping to bring a product or prototype to market.
Their philosophy is to help entrepreneurs establish a business around a technology and to
then back away over time as the business becomes established. IDE-Nepal is currently
working in parallel with the CeraMIT team to develop their own ceramic water filter with

ceramists Reid Harvey and Hari Govinda Prajapati at Madhyapur Clay Crafts.

Entrepreneurs

One could think of an entrepreneur as one of the leading agents of change — the entity that
decides, in this case, to bring a ceramic water filter to market. An entrepreneur can be
motivated by the opportunity to develop a business out of selling ceramic water filters, by
philanthropic reasons to bring clean drinking water to those in need, or a combination of
both. Regardiess of whether the organization is not-for-profit or for-profit, the entrepreneur
runs an operation that must be financially sustainable, where revenue from the sale of
products and/or from external subsidies or aid covers the operational, manufacturing and

capital costs.

As one example, Hari Govinda Prajapati is a small-scale entrepreneur who lives and works in
Thimi, a pottery community about thirty minutes outside of Kathmandu. He is the owner and
managing director of Madhyapur Clay Crafts, a pottery shop on the Arniko Highway near
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Bhaktapur. He is also the chairman of the Nepal Ceramics Cooperative Society, a seven-
year-old cooperative that serves potters in the Kathmandu Valley and Janakpur in the Terai.

An example of a nonprofit entrepreneurial organization would be Potters for Peace®. PFP
manufactures and markets the Filtron filter primarily in Nicaragua (See Section 2.2) and has
worked closely with the MIT Nepal Water Project the last few years.

Ceramic Consultants

Ceramic consultants like Ron Rivera of Potters for Peace and Reid Harvey of Pottery
Purification Media® play an important role in terms of providing technical expertise on

developing ceramic water filters — especially the filter media.

Federation of Business & Professional Women Nepal (FBPWN)

The FBPWN helps to create equal business and professional opportunities for women in the
economic, civil and political life of Nepal. CeraMIT met with Ms. Mangala Karanjit who is a
member of the board of the FBPWN and one of the two lead organizers of the 2™ Women
and Water Conference held in 1998 in Kathmandu. She is also the Chief of the Information
Division of the Melamchi Water Supply Development Board and has worked for the past two
decades for the Nepal Water Supply Corporation, the government agency responsible for

urban water supply.

FBPWN can play an important role ensuring that women are actively engaged in the
development and marketing of a ceramic water filter. The reason this is so critical is that
women are the primary caretakers of water in the household and are therefore the primary
customer of ceramic water filters. The FBPWN could also help us explore opportunities to
involve women directly in the development of a ceramic water filter business—whether they
are involved in manufacturing, distribution, or sales or helping to develop an awareness

program to educate users on how to maintain and use a ceramic water filter properly.

Other Organizations
A growing number of organizations are interested in pursing the development of ceramic
water filters in Nepal. While some level of friendly competition is beneficial to elevating the

2 Potters for Peace website: http://www.potpaz.org/
b Pottery Purification Media website: http://www.purifier.com.np/

84



Development of a Ceramic Water Filter for Nepal

performance of ceramic water filter technology and the industry as a whole, it will be
important to encourage collaboration whenever the opportunity exists since ultimately all
organizations are pursing the same vision to bring safe clean drinking water to those in need.
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Chapter 6 Assessment of Need and Market for Clean Drinking
Water

The first step in developing a ceramic water filter is to build the case for doing so by
analyzing the current need for clean drinking water and to demonstrate the value that
ceramic water filters can bring to potential consumers. This chapter begins by examining the
global need for clean drinking water as well as the benefits of point-of-use household water
treatment technologies like ceramic water filters. The regional needs in Nepal are then
described followed by a preliminary consumer analysis to help focus the development of a
ceramic water filter that meets the needs of these potential customers.

6.1 Global Need for Clean Drinking Water

Water is essential for life: both in terms of quantity and quality. As of the year 2000, one sixth
of the world’s population, roughly 1.1 billion people, lacked access to improved water supply,
and two fifths, or 2.4 billion people, lacked access to improved sanitation.®® Every year,
approximately 3.4 million people die due to water-related diseases with the majority being
young children under the age of five.®® Diarrhea diseases alone account for 2.1 million
deaths. Other types of diseases associated with poor water quality include cholera, typhoid,
arsenic poisoning, schistosomiasis or “snail fever”, and trachoma, which causes blindness.
The risks of contacting these diseases can be considerably minimized with access to clean

drinking water, adequate sanitation facilities, and proper hygiene practices.

The link between health and water quality and quantity is an important relationship that was

intuitively understood by ancient civilizations as indicated in this Sanskrit quote:

“heat foul water by boiling and exposing to sunlight and by dipping seven times into a
piece of hot copper, then to filter and cool in an earthen vessel""

It was not until the mid 1800’s that people began to fully understand the scientific link
between water quality and health. Epidemiologist Dr. John Snow proved in 1855 that a
cholera epidemic in London was attributed to a public well contaminated by sewage.® The
germ theory of disease later emerged from Louis Pasteur’s research into fermentation. Soon

chlorine was being used as a disinfectant in water supply systems to kill potential pathogens
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or microorganisms that cause disease and illness. Industrialized countries moved forward
with the development of rather large centralized water supply and treatment systems which
to this date have performed relatively well in comparison to the water supply systems that
exist in many developing countries.

So why not transfer the technology and knowledge that exists in industrialized countries to
developing countries to help solve the mounting water crisis? This may work in theory and in
some specific cases, but in reality there are too many political, economic and geographic
issues — let alone people — to realistically expect that the one billion plus who lack access to
safe drinking water will receive clean potable water from a household tap by 2015 vis-a-vis
the Millennium Development Goal for clean water.

6.2 Point-of-Use Household Water Treatment Technology

In countries like Nepal, most people — predominately women — spend a portion of their day
collecting, carrying and storing water for drinking. The water that ends up in the house does
not originate from a typical water treatment plant and supply system, but comes to them from
a variety of sources including local dug wells, tube wells, springs and stone taps (Figure 6.1).
If the water is not already contaminated at the source, it often becomes contaminated at

some point during transport and/or during storage before it is consumed.

Considering the reality in many developing countries like Nepal, where individuals are
responsible for ensuring they have safe drinking water, it seems reasonable to focus on
household water treatment technology as a means to providing clean drinking water. In fact,
household water treatment appears to be gaining recognition within international
development organizations such as the World Health Organization (WHQ) which recently
published a report on Managing Water in the Home® and UNICEF which sponsored an
online virtual forum on Household Water Security in cooperation with WHO and the Network
for Cost-effective Technologies in Water Supply and Sanitation.®” A recent statement issued
by the United Nations Committee on Economic, Cultural, and Social Rights goes one step
further by declaring water as a human right®, which, taken into the context of the Millennium
Development Goals, puts pressure on governments to live up to their commitment to halve

# Human Right to Water:
http:/www.who.int/water_sanitation health/Documents/righttowater/righttowater.htm
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the number of people without access to improved water supply and sanitation services by the
year 2015.

Figure 6.1: Nepali Woman Collecting Drinking Water from
a Stone Tap

Thimi, Nepal. January 2003.

Ceramic water filters are one example of a household water treatment technology that is
potentially affordable and effective at improving water quality. A variety of products are being
used throughout the world such as the TERAFIL disk filter in India, the Indian PURO candle
filter, a white-kaolin candle filter manufactured by Madhyapur Clay Crafts in Nepal, and the
Potters for Peace Filtron in Nicaragua. The ceramic and pottery trades being centuries old
and well-established in most developing and developed countries are an added benefit in

terms of encouraging economic development of locally manufactured ceramic water filters.

A lot of work documenting filter effectiveness and product design still needs to be completed.
The literature on filter effectiveness - especially over extended periods of time and under
“field” conditions (i.e. realistic household settings) is minimal. Yet individuals, organizations,
and a handful of academic institutions are beginning to actively investigate ceramic filters for

use in countries like Nepal.
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6.3 Regional Needs for Clean Drinking Water in Nepal

Nepal is located along the northern border of India and southern border of Tibet. The
geography of Nepal is remarkable, rising from nearly sea level along the southern Terai
region bordering India to the world’s tallest mountains in the Himalayas along the border with
Tibet. The country can be divided into three geographic regions: the lower Terai in the south,
the Hills running roughly west-east in the middle, and the Himalayas in the north (Figure 6.2).
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Figure 6.2: Map of Nepal and Regional Districts
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The transportation system is minimal, at best. Most villages in the Hills and Himalayas,
especially in the northwest, must be accessed from the main highway that travels east-west
along the Terai (Figure 6.3). Transportation and distribution of a ceramic water filter
throughout Nepal will be particularly challenging considering the lack of roads and the difficult
terrain.

Administratively, the country is divided into 5 development regions and 75 districts®® (Figure
6.2). The Department of Supply and Sewerage (DWSS) has representatives in each of these
districts and is the government agency responsible for the development of rural water supply
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and sanitation services throughout the Kingdom. Other government agencies active in water
supply and sanitation projects include the Nepal Water Supply Corporation (NWSC), District
Development Committees and Village Development Committees. In addition to these
government agencies, there are many non-governmental organizations working within Nepal
including the Nepal Red Cross, UNICEF, the Environment and Public Health Organization

(ENPHO), Rural Water Supply and Sanitation Support Services (RWSSP), Water Aid, and
others.
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The population of Nepal as of 2001 was 23,592,000 with an annual growth rate of 2.4%.%
Approximately 88.2% of the population lives in rural villages and towns loosely scattered
throughout the Hills and Terai regions.*® A 1991 survey of population density by district
shows the highest population density in southeastern Terai (Figure 6.4). Population growth
from 1981 to 1991 occurred mostly within the Terai region as well (Figure 6.5) and this trend
has likely continued through to the present time.
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The United Nations Development Programme Human Development Index (HDI) for Nepal is
0.49, ranking Nepal 142" out of 173 countries.* The HDI is a composite index that is used to

measure human development and to compare human development between countries.

Nepal’s relatively poor ranking in comparison to the other 173 countries is reflected in the

following statistics:

« Life expectancy at birth 58.6 years
» GDP per capita ($PPP)? $1,224

« Literacy Rate® 41.8%

« Population below income poverty line $2/day* 82.5%

« Children under height for age® 54%

« Child under-five mortality rate® 91/1000

The International Centre for Integrated Mountain Development (ICIMD) has also developed
their own set of 39 development indicators for Nepal and ranked the 75 districts in order of
the Composite Index of Development (1 being least developed and 75 being most
developed)®' (Figure 6.6). The least developed districts, according to the ICIMD report, are
located within the northwestern region of the country as well as some areas just east of

Kathmandu.

According to the World Health Organization’s 2000 “Global Water Supply and Sanitation
Assessment Report”, nearly five million people in Nepal lack access to safe drinking water
and nearly eighteen million lack access to improved sanitation.?® The ICIMD also prepared a
map showing the drinking water coverage by district based on information provided by the
DWSS¥ (Figure 6.7). According to the map in Figure 6.7, the eastern Hills districts have the

worst coverage.

2 Purchasing Power Parity in international dollars. International dollars are used to account for the
relative differences in purchasing power between countries. The Nepal total GDP for 2000 was USD
$5.5 billion which is approximately USD $239/capita.

® % age 15 and above
©1993 PPP USD$
99 under the age of 5
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Picture Source: ICIMOD (www.icimod-gis.net) %

When visiting and talking with many individuals and organizations in Nepal, however, it is
readily apparent that more than five million people are vulnerable to problems with drinking
water quality since the majority lack access to adequately treated water. There is very little
monitoring of rural water supplies and the integrity of the urban systems in places like
Kathmandu is often questioned by the general public and media.*® In May of 1995, for
example, the Environment and Public Health Organization (ENPHO) found that 39 of 42
drinking water samples taken from the Kathmandu municipal water supply system were
contaminated with fecal coliform bacteria and that 98% of the samples had no free residual
chlorine.*® A more recent sample taken from a tap on the roof of ENPHO, supplied by the
municipality, in January 2003 showed a total coliform concentration of 1550 cfu/100 mL. This
sample was; however, taken the day after the water storage tank on the roof had been filled
— the day previous to refilling the tank showed a total coliform concentration of 3 cfu/100mL.
Nevertheless, this demonstrates some of the problems associated with the municipal water
supply system as a whole — even if the water coming directly from the municipal system is
clean, many citizens use storage tanks to store this water and these tanks in turn add

another level of risk of water contamination.
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Essentially, the infrastructure for supplying clean water across Nepal — both rural and urban
areas — is minimal compared to that in industrialized countries, leaving citizens to treat their
own water if they realize the need to do so and can afford to. Most of the population relies on
decentralized water supply systems such as tube wells, open wells, springs, and stone taps
connected to local reservoirs. While some of these water sources may be relatively clean,
many are not, and those that may be now are still quite vulnerable to contamination in the
future as development proceeds and stress on the environment and water resources
persists. Springs, as an example, are perceived by many to be a relatively clean source of
water; however, a survey of the percentage distribution by mode of drinking water (piped
water, handpump/tap, well, spring, and other) of children under five years of age with
diarrhea showed that 23% of the cases originated from springs — the second highest
percentage behind “other” at 24%, suggesting that springs are more vulnerable to
contamination than is commonly perceived®. A random test of two hitigah or dhungedhara®
wells used for both drinking water and cleaning in the Naikap district near Kathmandu in

2 “walk-in” wells with stone steps leading into the well.
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January 2003 showed total coliform concentrations of 1,660 and 2,130 cfu/100mL and E.coli
concentrations of 5 and 74 cfu/100mL respectively for the two locations, demonstrating again
that spring or well water is not necessarily clean, even though it is often perceived as clean
by villagers.'

The political, economic, social and geographical characteristics of Nepal make it an ideal
context in which to test the appropriateness and sustainability of a ceramic water filter
product. If a successful product can be developed and marketed within Nepal, then the
lessons learned from this will be invaluable for helping to develop more ceramic water filter
markets within countries like Nicaragua and Bolivia, for example, where students in the MIT
Master of Engineering program and the Cambridge University Master of Philosophy program

are currently working.

6.4 Preliminary Consumer Analysis

A consumer analysis is usually carried out as part of the marketing plan for a product or
service (Chapter 8). Every potential customer or target market is thoroughly defined and
characterized. Four or five alternative target market scenarios are then defined based on the
consumer analysis, and one scenario is ultimately chosen. Each scenario essentially
prioritizes the targeting of specific consumer groups in an effort to identify the most optimal
marketing strategy.

Potential ceramic water filter customers are characterized below in a first attempt at defining
target markets. Note that this is just a preliminary consumer analysis — a more detailed
analysis would likely include specific regions as well as villages that could be targeted in
conjunction with a monitoring and evaluation study to see how the product performs in the
field.

Two types of general users are defined: end users and third-party users. End users are
people or households that actually use the filter system. Third-party users are defined as the
agents that purchase the filter systems and then distribute them to end users — either free of
charge or for financial exchange. These different groups are briefly discussed in the following
sections.
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End Users Third Party Users

« Urban Poor o Retailers

« Rural — Accessible Government Agencies

Non-Governmental Agencies
e Others

+ Rural - Remote

6.4.1 End-Users

End-users are defined as the individuals or households that actually use the ceramic water
filter to clean their drinking water. They may either purchase the filter directly from a retailer
or have it donated to them/subsidized by a third party like, for example, the Red Cross. They
are the most important consumer group to understand since they are the actual users and
therefore determine the success of the ceramic water filter.

Three general end-users have been defined: urban users, rural users that are relatively
accessible by road, and remote rural users. There are many sub-groups within each general
group. At some point, these sub-groups will have to be well defined in order to choose

specific villages/regions to target distribution of the filter system.

Above all else, women are the primary caretakers of water in the household and are thus the
primary consumer group to consider regardless of the region. This is partly why an
organization such as the Federation of Business and Professional Women Nepal can play a
critical role in helping to understand the needs of women and to engage them in the
development of a ceramic filter system.

6.4.1.1 Urban Users

Urban users represent a relatively small fraction of the total target market since
approximately 88% of the total population lives in rural areas. The largest city is Kathmandu,
the capital city, with just over 1,000,000 residents. Other cities like Pokhara, Patan, and
Bhaktapur are noticeably smaller, but have similar water supply problems related to the
quantity and quality of the water being delivered.

The water quality and quantity in urban areas like Kathmandu is arguably the worst in the
country and thus the urban poor are at high risk to waterborne diseases. Water demands
typically exceed available water supply and so a number of projects like the Melamchi
Project in Kathmandu are underway to help increase supply capacity.
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Case Study: Urban Poor in Kathmandu

Madhyanna Women’s Group (MWG) is a group of 16
women responsible for households in Lalitpur
Municipality #20 Nayag, which is an urban area within
the Kathmandu Valley region. MWG took two
members of the CeraMIT team to Lalitpur Municipality
#20 to interview some of the families.

The families in this group were much poorer than the
other villages that the CeraMIT team visited. The
typical family size was significantly larger than the
other villages with 6 persons being the smallest and
18 persons the Iargest The families were very price sensitive, indicating that they would
consider purchasing a filter if it were 100-200 NRs (USD $1.31 - $2.61), with a maximum at
300 NRs (USD $3.92). They had no concerns about using plastic to store water. They were
the only group that expressed concerns about having enough space for the filter.

Culturally, the large cities are very diverse compared to the smaller towns which tend to be
more homogeneous, taking on the values of the regions in which they reside. Family sizes in
the cities, in our observations, were larger than in the countryside; especially among the
urban poor. The urban poor were also much more price sensitive than the families we
interviewed on the periphery of urban centers like Kathmandu and Pokhara.

The Kathmandu Valley region would be a good location to begin marketing a ceramic water
filter. There are numerous villages of 50 to 100 households throughout the region that could
be targeted along with a monitoring and evaluation program to measure the effectiveness of
a ceramic water filter system at the household level. Furthermore, if a production facility were
to be located at Madhyapur Clay Crafts in Thimi, then it would make sense to try marketing

some filter systems in a local village that is close to Thimi.

The lower class in the cities is a tough sell for a water filter. The urban poor are very price
sensitive having very little money (if any at all). Significant health gains can often be
achieved through proper sanitation practices (provided an NGO or other agency is available
to teach them). Education is generally better in the cities than in the Hills, but the economic
situation for the urban poor was the worst observed during January 2003.

The middle and upper classes often use household filtration systems, such as the metal
Indian candle filters. These systems are relatively expensive, ranging in price from 600 NRs
to 1600 NRs (USD $8.00 - $21).*° Most of the middle and upper class will also boil their
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water, typically before filtering; however, it is recommended to boil the water after filtering as
a final step in eliminating microbial contamination. It is important not to ignore these legacy
systems when addressing the water problem; many consumers would be put off if they had
to purchase an entirely new system, rather than a replacement filter element.

Case Study: Suburban Village near Kathmandu

Naikap is a village of over 100 households in the
hills at the western periphery of the Kathmandu
valley. An NGO (Conserve Nepal), with the
support of Susan Murcott, distributed 24 aluminum
candle filters over a two year period (12 in 1999,
12 in 2000). CeraMIT held a group discussion
with 16 women and 3 men, all but 2 of which were
participants in the filter program. This discussion
provided an interesting perspective about longer-
term use of ceramic filters.

Of the 24 households who received filters in the
study, 14 were represented in the discussion. Two of these households were still using
filters, though these were not the original filters. They purchased stainless steel filter
systems within the Kathmandu marketplace to replace the aluminum ones that had
originally been distributed. Approximately 75% of the filters stopped functioning properly
during normal use. The women cited three modes of failure: broken candles, leaking taps,
and aluminum corrosion. Three of the families bought new candles or new taps, which
worked for a while but broke again; the families then stopped using the filters. Two families
upgraded to the stainless steel filters, and continue to use them and are pleased with their
performance. These two families observed health benefits from the original filter and
decided it was worth spending the money on a better filter.

The villagers at Naikap expressed concerns about the durability of plastic, and that water
would smell if stored in plastic. They did say they would consider plastic systems if the
product is less expensive. Since they have experienced corrosion of the aluminum filters,
the corrosion-free nature of plastic might be used as a selling point to them, and possibly as
an example to others.

6.4.1.2 Rural Users — Accessible

Rural users that are accessible by road represent the largest fraction of the potential target
market. Most of these villages are located in the Terai and Middle Hills regions in the south
and east.

Terai
The Terai being on the border with India has a predominately Hindu population. The caste

system is a part of life in this area, and issues may arise when selling a product between
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castes. Some higher castes will not purchase goods from the occupational castes, which
may make distribution of a filter product more challenging.

While most of the Hills and Himalayas are fed from springs and streams, the Terai region is
fed predominately by groundwater supply. Thousands of tube wells dot the countryside; most
range in depth from 20-200 feet. The primary water quality concern in the Terai is
microbiological contamination as well as arsenic and iron contamination. Arsenic and iron
contamination are relatively recent discoveries, and research is underway to determine the

extent of the problem, and to provide solutions.234!-8:29

Many families in the Terai will not drink water that was fetched the previous day since they
believe it is not fresh and therefore unsuitable for consumption. This could be an issue with
people letting water filter overnight. Also, among traditionalists, when women are
menstruating, they are considered impure, and anything they touch during this time is
believed to be contaminated. This may or may not be an issue with a plastic or metal
container system provided the user feels confident that it can be disinfected or sterilized.

The weather is very hot during the summer monsoon season and so ceramic storage vessels

are preferred over plastic since they keep water cool.

Middie Hills

The terrain in the Hills is very steep and is characterized by the well-known terraced slopes
which farmers use to grow crops on and maintain slope stability. Water quantity is often a
problem in the Hills considering many villages rely on local public taps or wells that are fed
by shallow streams or springs.

Domestic water usage by residents in the Hills is likely less than in the Terai considering the
climate is not as hot during the summer. One expert we spoke with mentioned that the lower
Hills region is susceptible to calcium buildup. Some government installed pipes have slowly
filled with calcium, restricting flow. This could pose a problem with using a ceramic filter if
calcium buildup on the filter element clogged the pore spaces.

While the caste system still exists in some areas, its influence is slowly fading as the younger
generation pays less heed to traditions and restrictions. Thus, problems in terms of
distributing a filter system between castes would not be as challenging as it may be in the
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Terai. Furthermore, our field research suggested that residents will use water from the

previous day for non-consumption uses, such as for washing and animals.

Case Study: Rural Village near Pokhara

Begnas is a lakeside village of 100 households
in the Hills of Kafki district, near Pokhara.
CeraMIT held a group discussion with two
women and four men, translated by Deepak
Adhikari of IDE-Nepal and another member of
IDE’s Pokhara field office.

Villagers suggested that filter capacity should

be 15-20 liters. They also expressed some

concerns about plastic containers. Villagers

2 ' ,A currently use metal containers, and believe that

] B ; plastic would be less effective at keeping water
R ' cool in the hot season. They joked that cool

water is important, because Nepali people like spicy food.

Begnas has some trouble with waterborne illnesses among children and spends up to 2,000
NRs (USD $26.14) per household on medicine each year. They expressed that they would
be willing to spend up to 500 NRs (USD $6.54) on an effective filter. When they are sick,
they boil their water, but they do not like the taste of boiled water. One party to the
discussion did have a filter and used it actively. He cleaned the filter weekly, without
removing the candle, and has broken the candle twice.

Electricity is a rare commodity in the Hills and so other forms of energy, such as wood, are
required for cooking. The use of wood has also been discouraged in many areas where
deforestation and unsustainable forestry practices are ruining the local environment.
Considering the economic cost of using fuel to boil water, many people only do so when
absolutely necessary, such as when a family member is sick. Thus, there is an economic
case to be made for using a point-of-use filtration system where users otherwise have to rely
on expensive means of boiling their water for drinking, or simply going without treating the

water.

The differences between nearby villages can be great. For example, many villages do not
speak Nepali and are not able to communicate with the people in nearby villages who
themselves have their own dialect. This is probably more of an issue for remote rural villages

where there is less travel to and from the village.
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Case Study: Rural Village near Pokhara

Kaun is a village of approximately fifty households
near a new India-built hospital in the Hills outside
Pokhara. CeraMIT held a group discussion with
nine women and two men, translated by Deepak
Adhikari of IDE, and were accompanied by three
members of IDE’s Pokhara field office.

A typical 5 person family in Kaun uses 5-8 liters of
drinking water each day, with a maximum of 10
liters in the hot season. Roughly 40% of the
households in Kaun already have a candle filter
system, though only a quarter of those households
(10% of total) used the filters. Complaints about the existing filters were that they had a low
flow rate and were difficult to clean.

The villagers discussed some issues regarding the water use and handling. First, villagers
do not like to drink “stale” water: water that has been left sitting in its container for too long.
Villagers will use water collected the previous day, if it is kept outside overnight, but not for
drinking. They usually keep drinking water in a covered container, but will leave it
uncovered if using it soon.

This village claims to not have much difficulty with waterborne illnesses. One man
estimated that he spends 40-50 NRs (USD $0.52-$0.65) per month on treatment of such
diseases. Since these villagers do not have a significant problem with waterborne illnesses,
they are unlikely to purchase a filter, but if they did have a problem, they say they would
spend whatever was necessary to correct the problem. Contrary to some reports of villages
in the Hills, the villagers in Kaun differentiate between water for drinking and water for other
uses. However, Kaun has participated in some Red Cross educational campaigns, which
may explain part of the reason they do this.

6.4.1.3 Rural Users — Remote
Remote rural villages represent a somewhat smaller fraction of the total population. Water
quality in the Himalayas may not be so much of a problem as water quantity.

In addition to being farmers and herders, the Himalayan people are also traders, and travel
throughout the country, sometimes for months at a time. This can be just a single member of
the family, or the entire family. This nomadic lifestyle would probably drive them to minimize
their possessions and thus, they may be reluctant to own a filter system that they would have
to carry with them.

The biggest challenge for marketing a ceramic filter system would be accessing the villages
in these regions. Roads are few and far between (Figure 6.3), and the population density of
the region makes distribution of any sort of product very challenging. If the water problem is
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less about quality than quantity, then it would be more beneficial to help design water supply
schemes that deal with the quantity issue rather than the quality.

6.4.2 Third-Party Users
Although third-party users do not use the filters directly, they do represent potential
customers that would purchase ceramic water filters for distributing or selling to end-users.

Examples are presented below.

Retailers

Retailers include store owners as well as any individual or group that might choose to
purchase ceramic water filters in bulk quantity to be sold to individual end users. Besides
considering a traditional model of selling bulk quantities to retailers with stores, another
model to consider is the Avon model of direct sales where individual representatives can

earn a commission on the quantity of goods they sell directly to customers.

Case Study: Interview with Two Storekeepers in Pokhara

CeraMIT interviewed two storekeepers while
visiting Pokhara in January 2003. In both stores,
sales of ceramic water filter products exhibit a
strong seasonal pattern. Sales are 2-4 systems
per day during the rainy season, when water
sources have visible turbidity. Very few systems
are sold during the remainder of the year. One
storekeeper estimated 2-3 filter systems per
month in the cold season. The best selling
systems are between 13 and 21 liters in size.

The aluminum filter systems were the lowest
priced filters, ranging between 360 and 580 NRs
(USD $4.70 - $7.58) depending on size and
number of candles. Stainless steel and copper filter systems were more expensive, ranging
from 700 to 1800 NRs (USD $9.15 - $23.53). Each storekeeper prices the filters to earn 15-
20% margin, as they may have to lower the price by 10% during haggling.

Both storekeepers were willing to sell a plastic model provided that it was of good quality
plastic and that the tap was drip-free. One of the storekeepers expressed that Nepali
people prefer metal because it is more durable, and also because they believe that plastic
containers cause water to smell. The storekeepers also thought they could sell a disk
shaped filter, provided that the seal was good and available as a spare part. One also
thought the disk had good potential because the candles often break. She sells 20-30
replacement candles each month.
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Current customers for ceramic filters often purchase the filters as wedding gifts. They tend
to ask questions about the overall quality of the product, but very few ask about the
effectiveness of microbial removal. Some customers will ask how to use and clean the
filter. As a preemptive measure against product returns, one of the storekeepers teaches all
customers how to use and clean the filter unless the customer claims to know already.
People do not ask about the filtration rate, yet a number of people cited low flow rate as the
reason they stopped using the filters.

Government Agencies

Various government agencies involved in health and water-related activities could be
potential customers of ceramic water filters. As was discussed above, Nepal is divided into 5
development regions and 75 districts®® (Figure 6.2). District Development Committees and
Village Development Committees help make strategic decisions at the district and village
level, respectively. Working with government organizations to help establish distribution
networks could help to market a ceramic water filter both across major regions and down to
the village level.

Non-Governmental Agencies

NGO’s, such as the Red Cross, represent another potential customer that would purchase
ceramic water filters to distribute to end users. The Red Cross, for example, might purchase
filters for distribution during a crisis such as a flood or major earthquake. There are
thousands of NGO’s in Nepal and many work directly and indirectly with water-related issues.
It is also worth looking into NGO'’s that are working on other issues aside from drinking water.
For example, an NGO working on a literacy campaign could potentially help to facilitate an
educational campaign about drinking water and the potential benefits of household water

treatment.

Others

Other potential third-party agents include schools, village leaders, health practitioners, and
religious leaders. A thorough consumer analysis is required to determine the most optimal
consumer groups to target and to help direct the methods of marketing the product to those
group(s).
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Chapter 7 Prototype Development

During January 2003, the CeraMIT team conducted interviews with experts (Appendix 1) and
various consumer groups (Chapter 6 and Appendix 3) with the help of IDE-Nepal. A literature
review of ceramic water filter systems was also completed (Chapter 2). Furthermore,
laboratory tests were carried out at ENPHO on three different types of disk filters and five
different types of candle filters (Chapter 3). Upon returning to Cambridge, mechanical
engineering student, Lily Cheung, joined the CeraMIT team and began to develop a working
prototype of a ceramic disk filter system as part of her senior engineering thesis®.

This chapter presents a summary of the product design goals that were considered for the
development of a prototype. A discussion on lab certification and field testing is also
presented, along with some prototype drawings, and a preliminary financial analysis.

7.1 Product Design Goals

Based on the research conducted over the past eight months and discussed in the previous
chapters, CeraMIT formulated a number of important product attributes, or performance
goals, for the design of a ceramic water filter system (Table 7.1). The filter system and the
filter element or media are considered separately. For reference, a diagram showing the filter
system and element is shown in Figure 7.1.

;

\ J % J
k & Y

Filter System Filter Element/Media

Figure 7.1: Filter System and Filter Element/Media
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Table 7.1: Product Attributes to Consider for the Development of a Ceramic Water
Filter System for Nepal

System Media

« Low cost; o Low cost;

« 20 L capacity and/or a range of capacities; High flow rate (2L/hr minimum);

« Container material should not affect taste

Disk filter unit, 9” diameter;

or smell of water; « A candle filter unit for legacy systems;
« Light and durable; « Durable — particularly when cleaning with
» Easy to carry & maneuver; a semi-abrasive brush/cloth;
« Easy to maintain & clean; « Easy to maintain & clean;
« High-quality tap; o Complete seal between the media and
» Compact for transport & storage (ideally, the system;

one bucket should fit into the other); Disk element should be replaceable just

« Lid to cover the top bucket; like the candle filters;
« Optional stand. « Coated with colloidal silver.

7.1.1 Filter System Material and Capacity

In terms of the material of the filter system itself, CeraMIT proposed using a high-quality clear
plastic for ease of distribution and durability. As an example, Figure 7.2 shows the Kisii Filter
System from Kenya (left) and another example of a durable clear plastic container used by
catering services in Kathmandu to hold water.

Many of the potential consumers we interviewed were hesitant about using plastic. The two
main reasons were due to the taste of water caused by plastic containers and the inability to
keep water cool. However, the benefits of a transparent plastic system are as follows (note
that these benefits should be emphasized when promoting the product to potential users):

« Light and durable and thus easy to distribute throughout the country;

« Light and therefore easier to handle by the user;

» Does not degrade as fast as metal containers — a number of users complained about the
metal containers “rotting” (especially the aluminum containers);

» The system can be compacted down to the size of one bucket provided one container can

fit into the other container;
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« Translucent material allows users to view the water moving through the system. This may
have some added benefits in terms of education and awareness;

» Easy to clean and maintain — easier to clean than a ceramic storage vessel;

« Possibly cheaper than ceramic storage vessels or metal containers;

« Quality assurance/quality control in terms of mass production;

« Adaptability in terms of storage capacity — different size storage containers could be
manufactured to target different family sizes/uses.

Ceramic storage vessels or metal containers should also be considered where applicable,
especially if field monitoring shows that users are not adopting the filter system due to the
plastic. A ceramic storage vessel might be more suitable for the Terai region considering the
hot summers and the desire to keep water cool.

Figure 7.2: Kisii Filter System, Kenya (left);
Example of a Durable Clean Plastic Container (right)

Picture Source: (Left) Rural Water Development Programme, Western Ki enya®

The type of plastic that is used is an important variable in determining the desired product
characteristics, including the price of the product. In order of preference, our group decided
that the following types of plastic should be considered (without considering the price of the
plastic at this time).
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1. A thick, clear durable plastic made of Polyethylene Terephthalate, PET. PET is used
in plastic soda bottles. The Kisii Filter System from Kenya is a good example of a
clear/translucent plastic container (Figure 7.2) (The Kisii may or may not be
composed of PET plastic).

2. A thick, translucent High Density Polyethylene, HDPE. An example would be the
Katadyn® filter system (Figure 2.13) or the Hong Phuc?® filter system (Figure 2.14).

In terms of container capacity, our design goal was 20 L based on the fact that many of the
existing ceramic filter systems on the market have a total capacity (upper and lower
containers combined) equal to approximately 20 L. A recent study on domestic water
quantity, service level and health suggests that the basic minimum requirement for an
individual is 7.5 L/person/day based on estimates of requirements of lactating women who
engage in moderate physical activity in above-average temperatures.”” Considering these
two numbers, it would also be beneficial to provide a range of filter system capacities to
target specific groups of individuals (small families, medium-sized families, and large

families); with priority given to the medium (20-L) capacity system.

« Small Size: 15 L capacity (roughly 7.5 L for each container): individuals/small families
» Medium Size: 20 L capacity (roughly 10 L for each container): small-medium families
» Large Size: 30+ L capacity (roughly 15+ L for each container): large families

7.1.2 Spigot

A number of users that we interviewed complained of leaking taps (spigots). Considering the
spigot will get a lot of use, it should be durable above all else. Either metal or plastic designs
would work, but preferably plastic simply to help reduce costs and to prevent corrosion.
Potters for Peace has found that most users prefer brass manufactured spigots, but that the
cost of these spigots increases the cost of the filter dramatically.*® An alternative spigot that
they suggest on the website is a spring-operated plastic spigot where the user pushes a level
down to unload water from the bottom container (Figure 7.3). Releasing the lever
automatically closes the tap.

The connection between the tap and the storage vessel is difficult to completely seal since
the two surfaces that are connecting to each other do not have the same surface angles (the
spigot has a flat surface and the bucket is curved). Katadyn® has alleviated this problem by

making a small flat section on the inside of the bottom storage vessel at the point where the
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spigot connects through to the inside. The spigot is securely connected to the lower vessel
by screwing a nut from the inside to the inlet of the spigot. Having the flat surface on the
sidewall of the vessel allows the nut to fasten securely to the sidewall making a good seal.
Furthermore, the plastic at this section of the sidewall is thicker than the sidewall thickness
making the area surrounding the spigot stronger.

Figure 7.3: Potters for Peace Filtron with Spring-Operated Spigot

Picture Source: Potters for Peace website: http./www.potpaz.org

7.1.3 Filter Media/Element

Our decision to go with a disk filter versus a candle or pot shape was for a number of

important reasons, discussed below:

Easier to Manufacture

« Manufacturing a disk is easier than a candle or pot — especially when using a press
machine to compact the clay mixture. Candle and pot filters require molds that are
more complex than a mold shaped for a disk.

Problems with Candle Filters
« Candle filters are often made by “capping” the top with a final piece of clay after the
main tube or body has been pressed. The interface between the main body and cap is
a potential pathway through which water can flow after the candle has been fired.

Placing water inside a dry candle turned upside down and watching where the water
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first exits the candle is a good indication if there is a preferential flow path through the
interface between the cap and main body. If there is a crack, moisture on the outside of
the candle will first appear along the interface between the two pieces of clay.

« A number of people we talked to in January 2003 complained about candles breaking.
Our goal was to create a filter system where the disk could be easily removed, cleaned
and/or replaced, if necessary, without the user having to apply a direct force to the
ceramic media in order to secure it in place. Candle filters require the user to screw the
candle element into the upper bucket, which usually requires holding the filter element
while the bottom nut is screwed into place. This puts a lot of pressure on the filter
element and is a reason why the candles often break.

« It may be cheaper to manufacture one disk rather than one to three candles that are

typically required for a filter system.

Problems with Pot Filters

« The Potters for Peace (PFP) pot filter is difficult to transport due to weight and durability
of the ceramic material.

« The PFP filter has a high breakage rate, as was determined by Rebeca Hwang in her
Master of Engineering thesis.®

» The filter press mold for the pot filters is more complicated and difficult to use than for a
disk filter.

« Hari Govinda Prajapati of Madhyapur Clay Crafts was shown how to make a PFP
Filtron filter a few years ago, but he never ended up carrying the design forward
because of his sense that there was no market in Nepal for this type of filter.

Flow Rate
« In theory, the flow rate per unit surface area for a disk is more efficient than for a
candle filter. This theory is presented in Section 4.5. If this is correct, then savings on
the filter element (less material = less cost) would help to reduce the overall cost of the
filter system.

7.1.4 Interface between the Filter Element and Filter System
Arguably the most critical challenge or risk associated with our decision to design a disk filter
system is ensuring that a proper seal is formed between the disk and the containers. Under
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no circumstances should water from the top container bypass the disk and enter the bottom
container. Otherwise, the integrity of the disk filter system is jeopardized.

Designing a proper connection has proven to be the most challenging design consideration.
CeraMIT originally proposed two different filter designs in terms of the connection between
the filter element and the filter system: the Clamp System (Design 1) and the Screw System
(Design 2). Mechanical engineering student Lily Cheung modified the latter system to
develop the Lily Filter (Design 3). A fourth design (Design 4) is presented in this section as a

modification to Design 1.

7.1.4.1 Design 1: Clamp System

For the Clamp System, a 22-cm (9-inch) disk is sandwiched between the upper and lower
containers which are squeezed together using toggles attached to the outer surface of the
upper and lower storage containers. The disk filter is fitted with a rubber ring gasket that
covers the entire outer edge of the disk like a tire over the hub of a wheel. The soft rubber
would deform under pressure to fit the contours of the disk and the filter containers thus

sealing off the upper and lower containers.

7.1.4.2 Design 2: Screw System

In the Screw System, the disk is permanently fixed with white cement to a third piece of
plastic that is then screwed into the bottom of the lower bucket. The upper bucket
combination is then placed on top of the lower collection vessel. When cleaning the disk, one
removes the top bucket, unscrews the plastic assembly, and scrubs the disk in a bucket of
clean water. To replace the disk, one removes and discards/returns the disk/plastic
assembly, and purchases another from a local store. It may eventually be possible to reuse
the plastic part to which the filter is attached.

7.1.4.3 Design 3: The Lily Filter

Mechanical engineering student Lily Cheung is currently doing her senior thesis, under the
supervision of Susan Murcott, on developing a prototype based on the ideas presented by
the original CeraMIT team®. Cheung has refined Design 2 such that there is no need to screw
the third piece of plastic or “cartridge” into the upper container (Figure 7.4). Instead, the
cartridge rests on top of the lower storage vessel and the upper container fits into the top of
the cartridge as shown in the figures below. With this design, the ceramic disk filter is

cemented into the cartridge using white cement.
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Note that the prototype shown in Figure 7.4 is constructed of PVC. The final version will be

constructed of HDPE or PET plastic material.

Lid

| «+—Top Container

4«+—Cartridge

«+——DBottom Container

Plastic Tap

Figure 7.4: Design 3: The Lily Filter (Prototype)
Picture Source: Lily Cheung®

The Lily Filter is an excellent step forward in terms of developing the first working prototype.

Some things to consider in the first round of testing:

« Can a proper seal be formed between the ceramic disk and the cartridge using white
cement?
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» How much force is required to dislodge the disk filter from the cartridge if pushed from
below?

« How messy will the cartridge look if it is made of clear PET plastic material where the
white cement will show through?

« How difficult is it to remove the cartridge from the upper container?

7.1.4.4 Design 4: A Mechanic Connection

Another prototype design is shown in Figure 7.5. This is similar to the Clamp System (Design
1), with some minor modifications. For one, the disk is not enclosed by a rubber gasket as is
proposed in Design 1. Instead, a soft rubber material is glued to the container systems and
the disk is sandwiched between the upper and lower containers. The rubber acts as a
cushion between the filter disk and the rigid plastic containers.

Metal or
Plastic Latch

Soft rubber
Disk filter

Tupperware®-like lid

Lower Container
(10L)

k  Picture sources:
Latch: DFCI Solutions Inc.

Tupperware: Tupperware®

Figure 7.5: Design 4: Filter System with Mechanical Latch

A series of clamps (4-6) are placed around the edge of the upper container, as show in the

diagram. The clamps will be metal or plastic, depending on the cost and the durability.
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A Tupperware®-like lid is placed on top of the bottom container (snapping into place).
Alternatively, the lid can be permanently fixed to the lower container (i.e., the upper edge of
the lower container can be formed into the same shape as shown in the diagram). The center
of the Tupperware®-like lid is cut-out forming a 22-cm (~9-inch) diameter hole. The top edge
or lip of the lid along the circumference of this hole is horizontal, with a width roughly equal to
3-cm. A ring of soft rubber (i.e., a gasket), roughly 3-cm in width, is glued, or placed, along
the top surface of the ring. A ~28-cm (~11-inch) ceramic disk is then placed on top of the
rubber gasket®.

The upper container is then lowered onto the ceramic disk. The bottom section of the upper
container is designed to fit around the edge of the ceramic filter, helping to protect the outer
edge of the disk. The upper container sits on top of the ceramic disk filter along a 3-cm wide
ridge that runs along the inside wall of the upper container. A 3-cm wide rubber gasket is
glued to the bottom of this ridge.

The ends of the clamps fit into notches located along the upper edge of the bottom container.
The latch is pulled upwards and towards the side-wall of the upper container to “pull” the
system together and thus to sandwich the disk filter between the upper and lower containers.
Enough force is required to create a proper seal between the disk and the rubber gaskets.
This is required to prevent water in the upper container from escaping between the rubber
gasket and the ceramic disk. Similarly, no water should enter the lower container from the
outside via the seal between the lower-surface of the disk filter and the bottom rubber gasket.
The vertical edge of the disk is left “open” to the outside so that water pressure does not
build up and potentially pass through the interface between the disk filter and the bottom
rubber gasket (i.e., any water that does come in contact with the vertical edge of the disk will
shed off of the disk onto the outer edge of the container).

The vertical edge of the disk filter element will have to be painted with an impervious material
to prevent water from filtering out through the vertical sides. Another possibility is to glaze the
vertical-edge of the disk, during a second firing, making the edge of the disk impervious. This
will also help to prevent moisture from the external environment from entering through the

vertical edge of the disk. Furthermore, the top and bottom surfaces of the disk could be

* A 28-cm disk is used in the example so that the effective surface area for water to pass through is
roughly 22-cm, or 9 inches, which meets the original specs proposed by CeraMIT.
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painted or glazed along the 3-cm wide ring where contact is made with the rubber gaskets.
This could help provide a good seal between the rubber gasket and the ceramic filter media.

7.2 Product Performance Goals: Certification and Field Testing

Field and laboratory testing were identified in Chapter 5 as indispensable components of
product development; especially for a product such as this where there are human health
ramifications. Testing serves the purpose of providing feedback to designers who can then in
turn improve product design and performance. Indeed, much of the work carried out by
students in the MIT Nepal Water Project is focused on technical evaluation of existing or
proposed point-of-use (POU) water treatment technologies like ceramic water filters. This
information is then fed back to our own MIT design teams and/or to organizations developing
ceramic water filters such as Potters for Peace and Madhyapur Clay Crafts, who in turn try to

improve product performance.

In the last few years, some students have begun to investigate the reasons why POU
technologies often perform poorly in the field despite their technical capabilities as measured
in the laboratory. For example, Lantagne found in her research of the PFP Filtron that the
performance of the filter in the field was significantly worse than in the lab.>* A recent study
by Hwang on the effectiveness of a six-month monitoring program of the PFP Filtron filter
showed relatively better results in terms of filter performance in the field; however, there was
concern that the local staff person responsible for monthly sampling was providing only
optimistic results.?® Thus, there is an important distinction to make between technical
performance of a filter system under laboratory conditions and actual performance in the
field.

Section 7.2.1 discusses a potential process for certification of POU water treatment
technologies, such as ceramic water filters, under laboratory conditions. Section 7.2.2 then
discusses field testing as the next step in determining overall filter performance while in use
in the field.

7.2.1 Technical Certification
The technical performance of a POU water treatment technology, such as a ceramic water
filter, is a measure of how well the product performs compared to a standard or guideline. At

this time; however, there is no universal standard for evaluating the performance of low-cost
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POU water treatment technologies such as ceramic water filters. Most of the literature on
ceramic water filters compares filter performance, in terms of water quality, against the World
Health Organization (WHO) Guidelines for Drinking Water Quality.®® For example, the WHO
guideline for total coliform concentration in drinking water is O colony-forming-units (cfu) per
100-mL of water sample. Although this value is well justified, it is arguably quite strict and not
entirely conducive to encouraging the use of POU treatment technologies that, at a minimum,
could improve drinking water quality by a significant factor, but not to the absolute
requirement of 0 cfu/100 mL in this example. Thus, there is an emerging need for an
international organization such as the WHO or the National Sanitation Foundation
International (NSF)? to define POU treatment technology standards that are relevant to the

circumstances under which these products are being developed.

The author did find two relevant standards for evaluating the performance of ceramic water
filters. The United States Environmental Protection Agency (EPA) developed a “Guide
Standard and Protocol for Testing Microbial Water Purifiers” in 1987.%' Ceramic filter units
(specifically candle filters) are included in the guide. NSF International has also developed
two standards that are potentially relevant to the certification of ceramic water filters:

« NSF/ANSI 42: Drinking Water Treatment Units — Aesthetic Effects, and
« NSF/ANSI 53: Drinking Water Treatment Units — Health Effects.

The certification of a drinking water treatment product under NSF standards follows four
steps: structural integrity, material evaluation, contaminant reduction testing, and literature
review.* Structural integrity determines the product’s ability to withstand extended periods of
use. Material evaluation ensures that the product materials in contact with water do not
introduce contaminants to the drinking water. Contaminant reduction testing evaluates the
product according to the methodology and criteria of the standard that is being claimed by
the company/organization. Literature review involves reviewing all of the product literature to
ensure that it complies with the standards and criteria for which the claims are being made.

% NSF International, The Public Health and Safety Company™ is a not-for-profit NGO that develops
health and safety standards for product certification. Companies who sell products that meet NSF
certification can then market their products as NSF certified. This in turn provides valuable
information to consumers who make decisions between purchasing different products. NSF is widely
recognized worldwide and is therefore a potential candidate for proposing health based standards for
certifying POU water treatment technologies.
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According to First Water® Ltd, NSF/ANS| Standard 53 only covers cysts and does not cover
standards for bacteria or virus removal.”® A recent NSF newsletter makes reference to the
development of safe water standards for microbiological treatment technologies®. The
standard will apparently be a revision of the current NSF/ANSI 55 Standard, which covers

ultraviolet microbiological water treatment systems.

First Water® Ltd. also has a grading system whereby filter units are graded A through C
based on their log-reduction value (LRV) of microbial organisms.” Grade A filters are the best
with LRV > 6. Grade B ranges between LRV =4 and 5 and Grade C LRV =2 and 3.

Based on the US EPA guide and First Water® Ltd.’s grading method, the following testing
procedures for evaluating filter performance, and possibly certifying a filter in the future, is
presented for further consideration. Ideally, the next step would be for the emerging
Household Water Treatment System Network®, or some sub-committee thereof, to agree
upon a standard, and/or for an organization such as NSF International to define a method for

certification.

The choice of parameters to measure depends on the purpose for which the filter is being
utilized. For the ceramic water filter being considered in this thesis, the primary goal is to
remove microbial contamination. Thus, microbial removal and flow rate are chosen as

preliminary performance parameters.

7.2.1.1 Microbial Performance
The microbial reduction requirements suggested by the US EPA in their guide for water
purifiers are presented in Table 7.2. The basis for these values is discussed in the EPA

guide.®’

2 The Household Water Treatment System Network is a public private partnership, coordinated by the
World Health Organization.
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Table 7.2: Suggested US EPA Microbial Reduction Requirements for Water Purifiers®’

Organism Influent Challenge Minimum Required Reduction
LRV %
Bacteria: 107/100 mL 6 99.9999

Klebsiella terrigena

Virus: 107/L 4 99.99
a. Poliovirus 1 (LSc)

b. Rotavirus (Wa or | 107/L 4 99.99
SA-11)
Cyst (Protozoan): 10%/L 3 99.9

Giardia muris or

Giardia lamblia

Log Reduction Value (LRV) was defined in Equation 3.2, and is presented here for reference:

Equation 3.2

LRV = Log Redction Value = Loglo(
treated

untreated )

Where,
untreated = concentration of organism in untreated water (usually # cfu/100 mL)
treated = concentration of organism in treated water (usually # cfu/100 mL).

Note that the equation is not valid if the concentration of organisms in the treated water is
measured as 0 cfu/100 mL. For cases when this occurs, a value of 1 ¢fu/100 mL should be

used.

Microbial removal is often reported as percent-removal efficiency, as was defined in Equation
3.3. For reference, percent-removal efficiency is defined as:

(untreated — treated)

% Removal = -100% Equation 3.3

untreated
Where,
untreated = concentration of organism in untreated water (usually # cfu/100 mL)
treated = concentration of organism in treated water (usually # cfu/100 mL).
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The results for this value should correspond to the % removal efficiencies recorded in the last
column of Table 7.2. In particular, the number of significant figures is absolutely critical to
properly reporting the % removal of microbial contamination. It is best to include the
untreated concentration value along with the % removal efficiency just to clarify the accuracy

of the value that is reported.

Using LRV (Equation 3.2) to report microbial reduction efficiency is recommended over using
% removal efficiency simply due to the problems associated with reporting % removal values
to the correct significant figure. For example, a lot of the literature reports 100% removal

efficiency, which is simply unrealistic both in theory and practice.

First Water® Ltd.’s grading system for water purifiers in terms microbial reduction efficiency,
as well as a number of other performance parameters, is presented in Table 7.3.

Table 7.3: The First Water® Ltd Grading System for Water Purifiers

Grade Level | LRV | Bacteriostasis | Quality Capacity Candle Cost
Control (Liters) (SUS)
A >6 Impregnated Total 50,000 9-10
Silver
B 4-5 Coated Silver Some 12,500 2-3
C 2-3 None None 5,000 1

As an example of the results for a Grade C filter:
Example 1:

« Microbial concentration in untreated water = 1,500 ¢fu/100 mL
« Microbial concentration in treated water = 5 ¢fu/100 mL

LRV = Logm(untreatedjz Loglo(ISOO) _25
treated 5

Example 2:

« Microbial concentration in untreated water = 1,500 cfu/100 mL
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« Microbial concentration in treated water = 0 c¢fu/100 mL

LRV = Logm(untreated ) _ Logw[lsoo) _35
treated 1

From these examples, one can see that the order of magnitude of the microbial
concentration in the untreated water dictates the upper limit of the LRV. A 3-order microbial
concentration (1000-9999 cfu/100 mL) at best will show an LRV of 4.0 (3.999). Similarly, a 2-
order microbial concentration (100-999 cful/100mL) at best will show an LRV of 3.0 (2.99).
Therefore, to demonstrate that a filter is a Grade B filter requires the microbial concentration

in the untreated water to be greater than 10,000 cfu/100 mL?2.

The US EPA guide outlines the certification test procedures in detail. Readers interested in
performing these tests are encouraged to download a copy of the procedures from the First
Water® Ltd Website at:

First Water® Ltd website: http://www.firstwater.info/noflash/td_test_certify.html

United States Environmental Protection Agency. Guide Standard and Protocol for Testing
Microbiological Water Purifiers. Registration Division, Office of Pesticide Program,
Criteria and Standards Division, Office of Drinking Water. Revised April 1987.

In summary, the US EPA suggested methodology for testing microbiological water purifiers
to determine their microbial reduction efficiency as per Table 7.2 is presented below.®'

1. 3 Units be tested simultaneously for 10 %2 days
2. The test water be prepared to specified standards as described below. For filters with
colloidal silver, three test water samples are required:
a. General test water

s pH: 6.5-8.5,
« Total organic carbon: 0.1-5.0 mg/L
« Turbidity: 0.1-5 NTU

« Temperature: 20°C +/- 5°C
« Total dissolved solids (TDS): 50-150 mg/L

2 It is important to reiterate that this section is on certification and the results from testing would reflect
laboratory conditions. The next section discusses REAL world conditions or field conditions, where
microbial contamination, for example, will vary greatly and user behavior influences overall filter
performance.
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b. Challenge test water

o pH: 9.0 +/- 0.2,

« TOC: > 10 mg/L

o Turbidity: > 30 NTU

« Temperature: 4°C +/- 1°C

« TDS: 1500 mg/L +/- 500 mg/L
c. Leaching test water for units containing colloidal silver

e pH: 5.0 +/- 0.2,

« TOC: ~1 mg/L

« Turbidity: 0.1-5NTU

o Temperature: 20°C +/- 5°C

« TDS: ~100 mg/L

3. The guide recommends a sampling plan where challenge tests begin on day 7. See
Section 3 of the guide. The guide also recommends a separate 3-day test of colloidal

silver concentration using the leaching test water.
Some additional notes that the guide makes with respect to ceramic filters:

« Samples that are collected for analysis should be immediately treated to neutralize any
residual disinfectant. For silver-based disinfectants, the guide recommends using
thioglycollage-thiosulfate neutralizer solution. “All results are invalid unless samples are
neutralized immediately upon collection.”

« Two cleanings of the filter should be performed according to the manufacturer’s
directions. No cleaning should be done near the time of microbiological sampling.

« The geometric mean of all microbiological reductions must meet or exceed the LRV
requirements of Table 7.2 for no less than 10% of the total number of samples. See the
guide for specific instructions on how to determine if the results meet the requirements.

« The lifespan of the filter must be clearly indicated by the manufacturer.

The standards for certification should be strict, but not too strict to impede people from
developing POU technologies. Consistency in terms of evaluating performance is more
important than having to necessarily meet strict drinking water quality guidelines or
standards. The US EPA’s required LRV values presented in Table 7.2 are strict (and well-
justified in the guide), but possibly too strict for some of the POU treatment technologies
being developed for developing countries. Thus, a grading system such as that proposed by
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First Water® Ltd in Table 7.3 is a possible remedy to relaxing the guidelines slightly and to
encourage the development of POU treatment technologies.

7.2.1.2 Flow rate

Flow rate is an important performance parameter for two reasons. Firstly, there is a minimum
flow rate required to provide the basic human requirement of 7.5 L/person/day, which is
based on estimates of requirements for lactating women engaged in moderate physical
activity in above average temperatures.” Thus, at a bare minimum, a filter should have a
flow rate of 1 L/hr such that over an eight hour period (say overnight), 7.5 L of water will be
treated. For practical purposes and based on the literature on ceramic water filters, 1-4 L/hr
seems readily achievable and should be held to a minimum standard.

Flow rates above 4 L/hr are relatively rare, although some of the literature reports flow rates
in excess of 4 L/hr. For example, in his 2002 Master of Engineering thesis, C.S. Low
measured flow rates for the TERAFIL Indian disk filter as high as 6.9 L/hr, and this was

achieved without sacrificing microbial removal efficiency.®

At some point, the flow rate will become too high to substantiate efficient removal of microbial
contamination through physical means (i.e. filtration). A measure of abnormally high flow rate
is usually a good indication of cracks or breaks in the filter media and/or seal with the filter
system. Thus, setting the maximum allowable flow rate for a filter can be used as a quick

method for quality control to ensure some level of reliability in terms of microbial efficiency.
Two pieces of information should be reported along with the calculation of flow rate:

1. The dimensions of the filter element
2. The recorded water-column height throughout the experiment — in particular, if it changes
with time or whether it is held constant.

The flow rate for a filter should ideally be reported in terms of a constant column height of
water so that an average value can be calculated. If the water column height is allowed to
decrease over time, then the flow rate will obviously decrease as well making it difficult to
calculate a representative flow rate value. Thus, ideally, flow rates should be reported for

conditions where the water-column height is held constant.
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On a final note, it may be beneficial in the future to propose a flow rate grading system
similar to the First Water® Ltd. microbiological grading system introduced in Table 7.3, for the
sake of comparing the efficacy of different POU water treatment technologies. Some
technologies, for example, might have a relatively low microbiological grade (i.e. say a Grade
C), but could have a high flow rate, thus providing some benefits in terms of water quantity.

7.2.1.3 Other Parameters

The decision to include additional parameters for testing depends on the purpose of the filter
and the conditions under which it is being tested. This thesis has focused on the
development of a ceramic water filter for reducing microbiological contamination. Arsenic
filters, which often use a relatively porous ceramic filter to remove coagulated arsenic, are an
example where the parameter of importance would be arsenic as opposed to microbiological
contamination. Turbidity is another parameter that is often measured along with
microbiological contamination, especially in the field during rainy seasons when water
turbidity is high. The WHO water quality guideline for turbidity is 5 NTU®.

7.2.2 Field Testing

The previous section outlined a procedure for certifying a ceramic water filter. Certification
may be done periodically to ensure a filter is performing to well-defined standards under
laboratory conditions. Once certification has been completed, the filter system is ready for a
period of ongoing field testing.

Field testing is slightly different since one is testing for the performance of the filter under
actual-use conditions. Field testing methodology should follow standard methods as
applicable to the field conditions under which testing takes place. For example, MIT students
have been using portable Millipore Membrane Filtration units when conducting field tests in
Nepal and Nicaragua and have performed E.coli, fecal coliform, and total coliform tests.

Whether or not test results should be reported in terms of LRV (Equation 3.2) or percent
removal (Equation 3.3) is up for debate. Considering field conditions often yield low microbial
counts (less than 100 cfu/100 mL) means that LRV values will be less than 2; possibly
misrepresenting the “grade” of the filter. Thus, reporting results in terms of percentage
removal along with reporting of the source/contaminated water microbial concentration may

be the most representative way of reporting field test results. The latter reading of source

122



Development of a Ceramic Water Filter for Nepal

concentration is often left out, which can result in misleading interpretations of results®. The
LRV method could also be used along with reporting of the source/contaminated water

microbial concentration.

Aside from evaluating the technical performance of filters in actual-use, field testing can
reveal many non-technical behavior-based issues that are arguably just as important in terms
of measuring “performance” of a filter system, or, more specifically, finding the root causes
for why the filter system is not performing to the standards that were achieved during
certification. This is particularly relevant for the developing country context since users are so
intimately involved in the treatment of their water. The success of a ceramic water filter in the
home, for example, depends on the user’s acceptance of the technology as well as behavior

with respect to filter maintenance and general hygiene around the filter system.

Thus, field testing requires more than just measuring the technical performance of a filter
system if the reasons for the results are desired. It is useful to consider both technical
performance of the filter system and user behavior as separate, yet interdependent, factors
that lead to an improvement or deterioration of human health, as affected by the quality of
the drinking water. The interconnections between human health, technical performance, and
user behavior are demonstrated in Figure 7.6 as performance gaps. The technical and
behavior gaps are defined in terms of the difference between an ideal state, or goal, and the
actual state that is measured. A gap then leads to action, which is directed at changing the
actual state to meet the intended goal and to eventually close the gap. Some factors that can
affect user behavior, like education/awareness and product design, are listed in the figure.
Monitoring and evaluation is the activity that drives this process of improving overall product

performance and, more importantly, human health over time.

# A good example of this is reporting “100%” removal when the source/contaminated water
concentration is say 100 cfu/100 mL.. As was discussed in 7.2.1.1, realistically it is not possible to
achieve 100% removal efficiency.
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Figure 7.6: Closing the Behavior and Technical Gaps Associated with Using Point of
User Technology to Treat Drinking Water

7.3 Preliminary Financial Analysis

A preliminary cost analysis is presented in Table 7.4 as a rough estimate of the cost to
produce a single complete ceramic disk filter system. The cost estimate is for a generic disk
filter system. It is based on research conducted in January 2003 as well as a cost analysis of
the Potters for Peace Filtron provided by Ron Rivera.*® A better estimate will be possible
once Lily Cheung’s working prototype is completed in May, 2003.

The total wholesale cost of a complete system is estimated at 475 NRs ($6.21 USD). A 15%
retail markup equates to 546 NRs ($7.14 USD) (Table 7.4).

Table 7.4: Preliminary Cost Analysis

Part NRs | USD | % Total Estimates based on:
Cost

Filter Disk

Filter Disk 40 $0.52 8.4% Hari’s estimate

Colloidal Silver 10 | $0.13 @ 2.1% PFP'

Sub Total 50 | $0.65 10.5%
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Filter System

Top Bucket 80 $1.05 | 16.8% Cost of simple bucket in market
Bottom Bucket 80 $1.05 | 16.8% Cost of simple bucket in market
Seal/Cartridge 80 $1.05 | 16.8% Estimate

Lid 20 $0.26 4.2% Cost of simple lid in market
Spigot 80  $1.05 16.8% PFP*
Assembly/Labor 45 $0.59 9.5% PFP*

Shipping 30 $0.39 6.3% PFP*

Packing 10 $0.13 2.1% PFP*

Sub Total 425 $556 @ 89.5%

Disk Filter Sub Total 50 | $0.65 10.5%

Wholesale Cost 475 | $6.21 100%

Markup (15%) 71 $0.93 Pokhara Retailers

Retail Price 546 $7.14

PFP* = Potters for Peace Filtron cost estimate provided by Ron Rivera®
76.5 NRs = $1.00 USD

The estimate of the filter disk is based on Hari Govinda Prajapati’s estimate of how much it
would cost to manufacture a grog disk filter like Reid Harvey’s grog disks. Hari’s white candle
filter currently costs 35 NRs. Manufacturing a grog disk takes longer than what it would take
for manufacturing a disk filter made of clay, combustible material, and water since the grog
has to be manufactured first. The disk requires less material than the candie filter (to get the
same flow rate as was discussed in Section 4.5), so it is conceivable that the cost of a non-
grog disk could be more along the lines of 20-30 NRs.

Costly items include the container systems and spigot. The cost of a typical 10-15 L bucket
that can be purchased in marketplaces throughout Nepal is roughly 80 NRs. It may be
possible to reduce the costs of the container systems through mass production and or using
a cheaper plastic material or perhaps using ceramic containers instead.

The cost of the seal/cartridge, which is one of the most critical design parameters, is
probably the most uncertain cost estimate. The seal issue was discussed in Section 7.1.4.
The estimate is probably low considering the system may require some additional features to

ensure a proper seal (like latches, for example). Cementing the disk into the cartridge is
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probably the cheapest alternative, but possibly the most susceptible to problems with respect

to the seal breaking.

A more drastic measure to reduce costs would be to eliminate the spigot and replacing it with
a length of rubber hose and a clamp for clamping off the hose. The cost of a piece of rubber

tubing is probably no more than a quarter of the estimated price for a spigot.

If the cost of the disk filter element can be reduced to 25 NRs; the containers to 50 NRs
each; and the spigot to 50 NRs, then the total wholesale cost would come to = 370 NRs
($4.84) and retail price to 426 NRs ($5.56). This is still above the willingness to pay (300 NRs
or ($3.92 USD)) of the poorest families that we interviewed. Most of the other families we

visited were willing to pay more provided the system made a difference (Section 0).
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Chapter 8 Bringing a Product to Market

The development of a business or marketing plan for the current prototype is beyond the
scope of this thesis. Furthermore, it is too early to develop a thorough business and
marketing plan at this stage since the current Lily Filter prototype has yet to be tested either
in the laboratory or field. Nevertheless, the concept of a business and marketing plan is
presented in this section with some general comments on the steps that an entrepreneur can
take to bringing a ceramic water filter to market. In particular, some comments on marketing
strategies are presented below.

8.1 Business Plans

A business plan is a useful tool for any entrepreneur intending to bring a ceramic water filter
product to market and/or managing an existing filter technology; regardless of whether the
entrepreneur operates as a not-for-profit organization or a for-profit venture. In short, a
business plan is simply a tool for systematically evaluating a market and demonstrating to
someone else how a product or service can meet the needs of that market. Quite often they
are used to convince investors of the value of investing in a product or service, but they can
also be used internally by organizations to help define and clarify strategic goals and
operating procedures.

An example of a generic business plan outline is presented in Appendix 4%. In general, a
business plan begins with an executive summary that summarizes the key points of the plan.
The first few sections review the industry, the company, and the potential market along with a
description of the product(s) and or service(s) that are proposed to meet the assessed needs
of the market/customers. Following this, there will likely be some sections on the economics

and finances of the proposed venture to demonstrate how the organization plans to remain
stable financially through time. A marketing strategy will then demonstrate how the

organization plans to market the product(s) and or service(s) to the potential customers. In
the case of developing a ceramic water filter, it would also be useful to have a section

describing the manufacturing and production plans to demonstrate how and where the

product will be manufactured and assembled. Furthermore, because there may be a number

of partnerships involved in the development of a ceramic water filter product, it would be
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important to define the organizational structure and functional roles of each stakeholder
along with any compensation arrangements that would need to be clarified. Lastly, potential
risks and major assumptions should be identified.

Another useful template for marketing a product within a developing-country context is the
Centers for Disease Controls (CDC) handbook on “Safe Water Systems for the Developing
World: A Handbook for Implementing Household-Based Water Treatment and Safe Storage
Projects”.* The CDC’s handbook follows along the lines of a business plan, with particular
emphasis on marketing strategies and how to change behavior. This is relevant to
developing a ceramic water filter for Nepal considering some of the unique behavior

components of implementing such a system within the home.

The basic components of a marketing strategy (one aspect of the overall business plan) are
outlined below with respect to marketing a ceramic water fiiter in Nepal.

8.2 Marketing Strategy

Chapter 6 presented an assessment of the need for clean drinking water in Nepal along with
a preliminary consumer analysis. Indeed, the market research section of the business plan,
where the market and potential customers are characterized, is one of the most important
sections of the plan and should be one of the first tasks to complete. % The preliminary
consumer analysis presented in Section 0, identified three primary users: urban users, rural
users (accessible), and rural users (remote). These are very general user groups that need
to be characterized in more detail and categorized into specific consumer groups. Once
these groups are identified and characterized, then a marketing strategy can be customized
to meet the needs of these target groups. For Nepal, it would be useful to identify specific
villages to target when the ceramic water filter is first being tested in the field. A monitoring
and evaluation program could then follow to provide feedback in terms of user behavior and

user reaction to the product.

For now, the general components of a marketing strategy: product, price, distribution, and
promotion are introduced along with some suggestions for future consideration when a

thorough marketing plan is developed.

128



Development of a Ceramic Water Filter for Nepal

8.2.1 Product Strategy

A proposed product line strategy is presented below. This is a list of the products/spare parts
that would be available to customers. These product(s) may be offered by a single
organization or multiple organizations. For now, just a preliminary list of products is
presented, without considering the organization(s) that would market/supply these products.

1. Provide multiple filter system capacities: small (15 L total capacity); medium (20 L total
capacity); and large (30+ L total capacity).

2. Provide a filter system that uses a ceramic disk filter (i.e., the current prototype being
developed)

3. Provide a filter system that uses a candle filter. The system should be as similar in

shape and size as the disk filter system (i.e., the upper and lower containers should be

identical; the only difference being the method for installing the filter element).

Provide replacement disk filter elements.

Provide replacement candle filter elements (primarily for legacy systems).

Provide replacement parts such as spigots, lids, connecting pieces, etc.

N o o M

The upper and lower containers and lid should be made of high-quality, clear
Polyethylene Terephthalate (PET) plastic or High Density Polyethylene (HDPE). Also
consider using ceramic containers where appropriate, such as in the Terai where there
are added benefits to keeping water cool by using a ceramic container as opposed to
plastic. Be prepared to adapt a plastic version to a ceramic version if users reject using
plastic.

8. Consider marketing water-purification products, such as Piyush?® (liquid chlorine solution)
that can be used in conjunction with the ceramic water filter to encourage a multi-barrier

approach to water purification.

8.2.2 Price

The pricing strategy summarizes prices for the various products offered in the product line.
For this thesis, a preliminary financial analysis of a disk filter system estimated the retail price
for a complete system to be 546 NRs ($7.14 USD) (Section 7.3). This estimate will be refined

# ENPHO manufactures and markets Piyush as a disinfectant for treating drinking water for microbial
contamination. Three drops of Piyush are mixed with 1 L of water and allowed to sit for 1 hour before
consumption. ENPHO encourages using Piyush with candle filter systems — putting drops of Piyush
in the upper container of a filter system. More information; www.enpho.org.
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once a working prototype is brought to Nepal to determine how much it will cost to
manufacture the complete filter system.

The urban poor that we visited in January 2003 indicated that they would be willing to pay no
more than 300 NRs ($3.92 USD). The current price estimate is thus nearly double what the
urban poor, who represent the lowest-income bracket of all groups that we surveyed, are
willing to pay. Most of the other village groups seemed willing to pay more provided the

product demonstrated tangible benefits.

One option to explore in terms of dealing with the price issue is to consider micro-financing
schemes through a micro-financing lending institution like the Grameen Bank in
Bangladesh?®. The Grameen Bank provides small financial loans for income-generating
ventures (highest interest rate), housing (medium interest rate), and education (smallest
interest rate). The Bank grants loans without requiring collateral, such as land, to receive the
loan. The process is based on mutual trust and the loan repayment rate is 98%, which,
considering the perceived risk of lending to the poor, is quite remarkable.'® In 2002, the bank
had approximately 2.4 million borrowers, 95% of whom were women, which reflects the

strong emphasis on engaging women as entrepreneurs.'®

A number of companies that have spun off of the Grameen Bank use the micro-lending
scheme and institutional network provided by the Bank to their advantage in terms of
developing a business. For example, Grameenphone Ltd.? is a company that delivers cellular
phone services to rural villages throughout Bangladesh. “Telephone-Ladies” take out a loan
to buy the mobile phones, which they can then offer as a service in their home villages.
Grameenphone Ltd. uses the existing network of people and channels provided by the
Grameen Bank to find suitable entrepreneurs (women with good credit ratings), methods to

collect bills, etcetera.

There are branches of the Grameen Bank in Nepal as well as other similar micro-finance
institutions. In 1998, approximately 75 different organizations were providing micro-financing
schemes to nearly 8.2 million people in Nepal.® The geography of Nepal poses significant

challenges for micro-financing organizations to reach remote villages where the need is often

# Grameen Bank website: www.grameen-info.org
® Grameenphone Ltd.: www.grameenphone.com
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the greatest. A good summary of the various micro-financing lending organizations in Nepal
is presented on the Center for Micro Finance in Nepal webpage®.

As another example, the Rural Water Development Program (RWD) in Western Kenya
provides a pay-back system for customers who cannot afford to pay for the Kisii Water Filter
Bucket (Section 2.3.5) in one installment. The customers pay for the filter system in small
weekly installments until the filter system has been paid for by the user. RWD has noticed
that users tend not to value the system as much if it is simply given away at a subsidized
price. Thus, they insist on selling the filter at cost and help users pay for the system over
time.

There may be opportunities to partner with a micro-financing lending institution to help
finance the cost of a ceramic water filter system if it is beyond the immediate willingness to
pay. The Grameen Bank, for example, expands its loan portfolio with customers over time to
meet diverse development needs such as lending credit for building sanitary latrines,
installing tubewells for supplying drinking water and supplying credit for leasing equipment
and machinery.'® Research on the potential for using micro-financing as a means to help
market and promote a ceramic water filter is worth investigating further.

8.2.3 Production and Distribution

The production and distribution strategy describes how the product will be manufactured and
distributed throughout Nepal. As a start to building this strategy, a list of the activities leading
up to the sale of a filter system is presented in Table 8.1. Some examples of potential agents
who would carry out the activities are also presented. For example, ceramists such as Hari
Govinda Prajapati of Madhyapur Clay Crafts, would manufacture the disk filter while a
plastics company would manufacture various parts for the filter system such as the
containers and spigot.

There are numerous ways to organize how the product would be assembled and distributed.
One method is to have the ceramist assemble and package the product and to then
distribute the product to points of sale. Another method is to hire agents to assemble the
product.

& Center for Micro Finance in Nepal: http:/www.cmfnepal.org
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In terms of packaging, the container system should be designed such that one of the
containers fits into the other container. The various parts — spigot, filters, etc. — can then be
placed inside the compacted container system for transportation.

Shipping and transportation will be a major issue considering the geography of Nepal and the
poor transportation system. As was recommended by CeraMIT™, the initial phase of taking
the product to market would concentrate on marketing the product in villages close to
Kathmandu. This could be tied in with a monitoring and evaluation program carried out as
part of the field testing required to ensure that the product works properly under actual
conditions. Later stages of the business would require some novel transportation solutions in
order to move the product to some of the farther reaches of Nepal, such as the northwest.

This is partly why plastic was chosen for the filter system since it is light to carry.

Table 8.1: List of Activities Leading to the Sale of a Filter

Activity

Responsibility

Example

Manufacture Disk
Filter

Ceramist

Hari Govinda Prajapati of
Madhyapur Clay Crafts

Manufacture Filter
System parts

Plastics company & other
manufacturers/suppliers

There are a number of plastics
manufacturers within the

Kathmandu Valley

Assemble Filter
System

Ceramist, retailer, separate
assembler/distributor...

Hari Govinda Prajapati

Transport Filter
System

Assembler/distributor...

Tie in with established

distribution networks...

Sell Filter System

Retailer, individuals/direct sale

Village women

Monitor & Evaluate
Filter Performance

Government agencies, non-
governmental organizations,

academic institutions.

Environment & Public Health
Organization (ENPHO), MIT
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8.2.4 Promotion

The promotional strategy focuses on methods for marketing and selling the proposed product
line. In the case of developing a ceramic water filter, this strategy could also tie in with a
monitoring and evaluation program, as part of field testing, to gather pertinent information for

developing the promotional strategy.

There are a number of unique challenges to selling the benefits of a ceramic water filter. For
example:

« How to demonstrate to users the link between good health and clean water?

« How to convince potential customers that ceramic water filters can improve drinking
water quality?

« How to quantify the health-related costs associated with poor drinking water quality and

in turn, to justify the cost of a ceramic water filter system?

The CeraMIT team made a number of marketing recommendations’®, which have been

slightly modified and elaborated on below.

Branding

CeraMIT recommended creating a strong brand name and/or image to market the product.'
A brand name/image essentially embodies the characteristics of a product or service into a
feeling or an emotion that is invoked upon recognition of the brand name or image. For
example, Coca-Cola’s bottled water products in Nepal are marketed with the comment
“100% Trust” printed on the bottle. “Trust” is certainly an important factor to associate with a
ceramic water filter product, considering the primary purpose of a filter system is to improve
drinking water quality and in turn, human health. Finding a Nepali name or image that

embodies trust would provide a good starting point for developing a brand name/image.

Certification

Certification could help to market a product to organizations that are familiar with the
certification process. Many users may not recognize a certification body such as NSF
International, but most of the larger aid organizations, such as UNICEF and the Red Cross,
will. If these organizations become potential customers, as described in Section 6.4.2, then it
would be beneficial to promote a product as being certified under an internationally-

recognized organization like the NSF International.
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Engaging Women in the Sale of Ceramic Water Filters

Women are the primary caretakers of water and so it makes sense to focus on women as
important contributors to an overall marketing campaign. A successful model to consider is
the Avon Model where women act as sales representatives, selling products directly to
customers (primarily women) at the village level. The Grameenphone does this to some
degree with “Telephone Ladies” who purchase cellular phones from Grameenphone and
then offer phone services to customers in local villages. Similarly, “Water Women” could
organize orders for ceramic water filters from villagers and then send in bulk orders to the
nearest distributor/assembler. Water Women would be rewarded financially depending on
the number of orders generated. They would be able to build on an existing network of family
and friends. Furthermore, they could provide local support to users when
maintenance/operational problems arise. For example, they could be trained on how to fix
problems, ensure proper maintenance and use, and possibly to carry out simple presence-
absence tests® as part of an ongoing monitoring and evaluation program. Whatever
marketing strategy is used, women should be engaged as central facilitators of the strategy,

considering the role women play in managing water at the household level.

Collaborating with Well-Established Networks/Campaigns

A lot of work has already gone into establishing networks for promoting national health and
development campaigns. Well-established health and development-based campaigns should
be considered as potential networks to tap into. Grameenphone, for example, used the
existing Grameen Bank network of people to identify potential candidates for selling the

phone services, to collect bill payments, etc...

As another example, part of receiving a loan from the Grameen Bank requires customers to
participate in the “sixteen decisions” which are intended to help improve socio-economic
conditions through education and awareness of such issues as health care, family planning,
and, incidentally, water use. Decision Number 10 states that, "We shall drink water from
tubewells. If it is not available, we shall boil water or use alum." (Figure 8.1). Partnering with
an education and awareness program such as this would help to encourage customers to

use ceramic water filters as another option.

2 Presence-absence tests detect the presence or absence of hydrogen sulfide, a gas that is often
generated by H,S-forming bacteria. The presence of H,S-forming bacteria serves as an indication of
microbial contamination. If H2S is present, then the water sample will turn a dark color.
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Figure 8.1: Grameen Bank Decision Number 10: "We shall drink water from tubewells.
If it is not available, we shall boil water or use alum. "

Picture Source: Grameen Bank website: www.grameen-info.org

Demonstrating Benefits/Value: Health and Economic Savings

Arguably the toughest selling point of a ceramic water filter will be to demonstrate that it
makes a positive contribution to the health and well-being of a family/individual. How does
one sell the virtues of clean drinking water when it is difficult to demonstrate the link between
water quality and human health, let alone to actually quantify this link?

One direct method of demonstrating that water is unsafe to drink is to perform a simple
presence-absence test of the raw water and the filtered water. If the presence-absence test
is positive for the raw water, then it will turn black indicating the presence of H,S-forming
bacteria, which are indicators of microbial contamination. Comparing the presence-absence
results for the raw water versus the filtered water would provide a visual indication of product
performance.

Using clear plastic containers also helps to demonstrate the benefits of a ceramic water filter
by visually demonstrating the improvement in the color of the water if the raw water is highly
turbid (Figure 8.2).
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Figure 8.2: Demonstrating Benefits: Turbid Raw Water and Clear Filtered Water
Picture Source: Tom Clasen, First Water Ltd. Doulton Candle Filter, Bolivia

Furthermore, it will also be important to demonstrate the economic savings of having a water
filter. For example, data on the health costs associated with waterborne diseases, such as
diarrhea, would be useful marketing information. Lastly, cost savings associated with not
having to boil water would also help make the case for water filters; although most people

cannot afford to boil their water.
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Chapter 9 Conclusions

Countries like Nepal face tough challenges in terms of providing safe, clean drinking water
for their citizens. Centralized water supply systems may be a solution in the long-term, but
the immediate need for clean drinking water necessitates new approaches that can provide
solutions and solve the crisis now. Household water treatment technologies, such as ceramic
water filters, offer a potentially viable solution to providing clean drinking water by treating
water at the point-of-use. Advancements in low-cost ceramic water filter technology coupled
with the pressing need for clean drinking water offers an attractive business opportunity for
local Nepali entrepreneurs — especially local ceramists who have the resources and

capability to manufacture ceramic water filters.

The first section of this thesis, Chapters 2 through 4, provided a comprehensive overview of
ceramic water filter technology, including some recent laboratory tests performed on disk and
candle filters in Nepal (Chapter 3), and the production processes involved in the
manufacturing of ceramic water filters (Chapter 4). The last sections, Chapters 5 through 8,
provided a guideline for bringing a prototype to market. In particular, Chapter 6 assessed the
current needs for drinking water in Nepal and presented a preliminary consumer analysis.
Chapter 7 provided an overview of the development of a prototype and Chapter 8 concluded
with a brief introduction to the components of a business plan and some market strategy
ideas to consider in the future. In summary, the information and research compiled in this
thesis provides a basis for future work on developing a ceramic water filter for Nepal.

A number of relevant conclusions can be drawn from this thesis.

9.1 Laboratory Test Results

Three different types of disk filters and five types of candle filters were tested for microbial
removal efficiency and flow rate. Based on microbial removal efficiency and flow rate, the
most promising filter elements that were tested were the Katadyn® drip filters (Ceradyn and
Gravidyn); the modified-Hari Govinda candle filter coated with colloidal silver; and the Reid
Harvey red-clay grog disk filter coated with colloidal silver. All four filters had comparable flow
rates ranging from 650 to 800 mL/hr/filter. The microbial log-reduction value (LRV) for all

three candle filters was 1.9 for total coliform and 1.7 for E.coli, given a raw water total
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coliform concentration of 89 c¢fu/100 mL and E.coli concentration of 56 cfu/100 mL. The LRV
for Harvey’s disk filter was 2.6 for total coliform and 2.9 for E.coli, given a raw water total
coliform concentration of 2,500 cfu/100 mL and E.coli concentration of 1,561 ¢fu/100 mL. No
conclusions can be drawn comparing the three candle filters to the one disk filter since
different raw-water microbial concentrations were used; however, these four filters offer a
starting point for future product development and research.

The results support the hypothesis that colloidal silver acts as a bactericide and aids in the
inactivation of indicator microorganisms such as total coliform and E.coli bacteria; howver,
more testing is required to determine the effectiveness of colloidal silver over longer periods
of time (greater than one day) and after repeated usage of the filter system.

9.2 Theoretical Flow Rate Calculation

The theoretical flow rate through a disk filter was compared to the theoretical flow rate
through a single candle filter with equivalent surface area and volume (Equation 4.2 and
Equation 4.3). The theoretical flow rate through the disk filter is greater than the theoretical
flow rate through the candle filter for a given surface area/volume of material and height of
water above the base of the upper container (constant head). Thus, a disk filter is more
efficient, or economical, in terms of flow rate per unit surface area or volume of material used
(in theory). This result supports the decision to develop a disk filter prototype by the CeraMIT

team and Lily Cheung.5'®

9.3 Prototype Development

Four prototype designs were discussed and one prototype design, the Lily Filter, has recently
been fabricated.® A preliminary financial analysis of the cost and price of a ceramic disk filter
was completed. The estimated cost of manufacturing a ceramic disk filter is 475 NRs (USD
$6.21) and the estimated price, with a 15% markup, is 546 NRs (USD $7.14 USD). The price
is nearly double the willingness to pay of the poorest urban group (300 NRs, USD $3.92) that
our team interviewed in January 2003. The financial estimate will be improved once a
physical prototype is brought to Nepal to get accurate production cost information from

plastics manufacturers and ceramists.
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Chapter 10 Recommendations

The following recommendations are intended to help guide future work on the development
of a ceramic water filter for Nepal. A schedule of tasks is presented in Appendix 5 and
discussed in Section 10.9.

10.1 Colloidal Silver Research

More research is needed to determine the effectiveness of colloidal silver over time. In
particular, how does colloidal silver physically and/or chemically remain within the filter
element, how does it bio-chemically inactive microorganisms, and how long does it remain
active? Further studies by a student in the MIT Chemistry Department, Chemical

Engineering, and/or Environmental Engineering is recommended.

10.2 Colloidal Silver Production Process

Colloidal silver is not commercially available in Nepal to our knowledge; however, a
centuries-old metal working craft industry is well established. There will be a need to either
produce colloidal silver locally or to import it from elsewhere if it is further proven effective as
a disinfectant for use in ceramic water filters. The production of colloidal silver should ideally
be done by a laboratory or an organization that is capable of managing the quality of the
colloidal silver that is produced.

10.3 Ceramic Media/Material Research

More research is needed to understand how the ceramic filter element works on a
microscopic level. In particular, what mechanisms lead to an effective filter element that
reduces microbial contamination while still maintaining an acceptable flow rate? This
research should tie in with the ceramic filter production process, to understand how material
characteristics (i.e.: clay and combustible material) and production procedures (i.e.: material
preparation, material mixtures, and firing) affect filter performance. For example, to what
extent does the ceramic material vitrify during the firing process and how does this level of
vitrification affect filter performance in terms of microbial removal efficiency and flow rate?
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Further studies by a student in the Department of Materials Science and Engineering are

recommended.

10.4 Hydraulic Studies

Erikson®, Lantagne®, and Fahlin'? have conducted hydraulic studies of the Potters for
Peace Filtron filter. In particular, the authors were interested in determining the hydraulic
conductivity and tortuosity of the Filtron. It would be useful to extend the theoretical flow rate
equations derived in Section 4.5 to the research conducted on the PFP Filtron. This research
would tie in with the research on material/media properties (Recommendation 10.3) to
understand the pore structure, hydraulic conductivity, permeability, tortuosity, and overall

hydraulics of both disk and candle filters.

10.5 Product Certification

There is currently no method for certifying low-cost point-of-use water treatment technologies
such as ceramic water filters. An international organization, such as the National Sanitation
Foundation International (NSF), should develop such standards or MIT should collaborate
with other organizations, such as the Household Water Treatment System Network, to
develop a global standard. The standards for removal of microbial contamination could be
based on the US Environmental Protection Agency (EPA) draft guideline for water purifiers®'
(developed in 1987) as well as a grading system that has been proposed by First Water® Ltd
(Table 7.3). A certification and grading system would provide a benchmark for assessing and
comparing the effectiveness of different POU treatment systems under controlled laboratory

conditions.

10.6 Field Testing

Just as certification is important for ensuring a level of product quality, field testing is equally
important in terms of understanding the effectiveness of a POU treatment system under
normal household conditions. Field testing of the current prototype is absolutely necessary
and should be carried out once the prototype is ready to be taken to the field. Such field
testing by Master of Environmental Engineering students in the Department of Civil and

Environmental Engineering is recommended.
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It would also be useful to perform laboratory tests on the prototype — as per the certification
process proposed by the US EPA in 1987 — prior to taking the prototype to the field. In the
future, the procedure for testing a ceramic water filter should begin with certification, and
then move on to continual field testing with periodic certification testing. Not only will field
testing provide feedback on user behavior and acceptance of the technology, but it will also

provide information on long-term technical performance.

10.7 Prototype Development

A prototype ceramic water filter system (all components except for the filter element) has
been designed by Lily Cheung® of the Mechanic Engineering Department at MIT. The next
step is to test the Lily Filter system; focusing particularly on the effectiveness of the seal
formed between the filter disk element and the filter system cartridge. A proper seal between
the disk and the filter system is one of the most critical design challenges to overcome with

the decision to go with a ceramic disk filter system.

Once a working prototype has been completed, then the prototype can be brought to Nepal
as well as other project sites. The benefit of having a working prototype is that it can be used
to test various ceramic disk filter media that are being developed by local ceramists. MIT
students could request ceramists to make disks of a certain size that would fit into the
prototype. Such a prototype would save a lot of time having to build custom filter systems to
house the disk filters for testing. Furthermore, it would provide a method for consistently

testing different filter media compositions.

10.8 Ceramic Filter Element/Media

MIT has yet to develop, or choose, a ceramic filter element to go with the complete filter
system. Preliminary laboratory tests on three different ceramic disk filters and five candle
filters showed favorable resuits, but more testing by future Master of Environmental
Engineering students is recommended. Based on the laboratory results, the most promising
locally-produced filter elements are the Hari Govinda Prajapati white clay candle filters
(capped on both ends) coated with colloidal silver and the Reid Harvey red-clay grog disk
filters also coated with colloidal silver. Thus, future testing in Nepal should begin with these

two filter media designs. Continuing to partner with Mr. Prajapati, owner and managing
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director of Madhyapur Clay Crafts in Thimi Nepal, on developing a ceramic disk filter is
recommended considering MIT has now worked with Mr. Prajapati since 1999.

10.9 Future Work: Project Schedule

A recommended schedule of project tasks is presented below along with a Gantt chart in
Appendix 5. The recommended schedule of tasks is geared for the MIT Nepal Water Project
and thus the timing of tasks reflects the academic terms in which students will be available to
complete the required tasks. There is some room to shorten the schedule length if more
students are available to do the work; a long-term student commits to the project (i.e., a PhD
student); and/or MIT collaborates with external organizations to help carry out the work. For
example, there is a large gap during the end of 2004, where we would have to wait until
returning to Nepal in January 2005 to work with plastics manufacturers/suppliers to make the
first round of products in preparation for field testing. This activity could potentially start in
April 2004 with the aid of an organization in Nepal.

10.9.1 Complete Certification Protocol and/or Grading System
Goal: December 2003

Aim to have a procedure or guideline for objectively assessing the “Grade” of a filter in terms
of removal of microbial contamination under laboratory conditions as per First Water® Ltd.’s
Grading System (Table 7.3) and the draft version of the US EPA Guide for certification of
water purifiers (Section 7.2.1). Having a procedure provides a method for objectively
assessing and comparing the technical merits of different filter media. Ideally, the emerging
Household Water Treatment System Network, or some sub-committee thereof, should agree
upon a standard, or, an organization such as NSF International would define a method for
certification. In the meantime, develop our own in-house system based on the First Water®
Ltd. grading system and the US EPA Guide.

10.9.2 Complete Final Prototype Design
Goal: December 2003

Aim to have a working prototype with design drawings ready to be taken to Nepal in January
2004. The current Lily Filter needs to be evaluated, tested, and then possibly modified before

being taken to Nepal to be tooled at a local plastics manufacturer. It is highly recommended
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that another graduate student continue the work of Lily Cheung to ensure this is completed
by January 2004.

10.9.3 Complete Prototype Financial Analysis
Goal: January 2004

Once in Nepal, contact local plastics manufactures and potential parts suppliers to complete
a financial analysis of the proposed filter system design. Collect information on the costs of
different parts/methods for production so that the design can be modified accordingly if
necessary. For example, find out the cost of manufacturing different shapes or designs to

determine how costs could be reduced.

10.9.4 Prepare for Field Testing
Goal: January 2004

Aim to locate one to three villages/consumer groups that will be used for the first round of
field testing that will begin in January 2005 (Task 10.9.8). Collect demographic information
and other relevant data to prepare a proper monitoring and evaluation plan (See Task
10.9.8).

10.9.5 Preliminary Filter Element/Media Testing
Goal: January 2004

The purpose of this task is to work with Hari Govinda Prajapati of Madhyapur Clay Crafts to
develop two or three different filter elements for testing (1 candle filter and 1-2 disk filters).
Contact Mr. Prajapati in November so that he can have some filter designs ready when
students arrive in early January. Some refinements to the designs may be required over the
course of January, so be prepared to do one or two production runs with Mr. Prajapati.
Suggested filters to begin testing:

« A candle filter capped on both ends and coated with colloidal silver (i.e., like the Hari
candle filters tested this year — Section 3.2.)

« An up-to-date version of one or two of Reid Harvey’s grog disk filters (i.e., like the red
grog disk filter tested this year — Section 3.2 .)
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The first test should consist of a simple flow rate test. Discard any filter designs that do not
pass an initial flow rate test as per Section 7.2.1.2.

The second test should be a 1-day test for removal of microbial contamination. Follow a
similar procedure as outlined in Chapter 3 of this thesis, but use a minimum raw-water
microbial concentration of 1000 cfu/100 mL. Ideally, try 10,000 cfu/100 mL to determine
where the filter might fall within the grading system proposed by First Water Ltd. (Table 7.3).

Choose the 2-3 best filter designs and bring duplicates or triplicates back to MIT for testing
as per Task 10.9.6.

10.9.6 Filter Element/Media Laboratory Testing
Goal: February — April 2004

Perform laboratory tests on the filters brought back from Nepal.
Microbial Reduction & Colloidal Silver:

« 5-10 day continuous test

« Try to follow the guidelines proposed by the US EPA (Section 7.2.1.1) as closely as
possible — at least try to follow the general concept. Ideally, the test would be
performed over 10.5 days, but this may be too arduous for one student to do.

« Test for total coliform, E.coli, and the presence of colloidal silver.

« The raw water concentrations should ideally exceed 10,000 cfu/100 mL to determine
the grade of the filter as per First Water® Ltd.’s proposed grading system (Table 7.3).
Removal of 10,000 cfu/100 mL, for example, would result in an LRV of 4, putting the
filter into Class B.

« Measure the concentration of colloidal silver in the filtered water to determine how it

changes over time.
Flow Rate:

« 2-day test, which can be done before and/or after the microbial tests.
« Day 1: prime the filters by filling the upper container with water and allowing the filters

to operate for one full day.
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» Day 2: fill the upper container to a specified column height and then maintain this
column height throughout the 6-hour experiment. Measure the volume of water that

enters the lower chamber at 1-hour increments for 6-hours total (or longer if possible).

10.9.7 Recommend Complete Filter Design
Goal: April 2004

Aim to have a recommended design by the end of April 2004. This will include both a

recommendation for the filter system and the filter element.

10.9.8 Complete Field Testing Design and Implementation
Goal, Design: December 2004

Goal, Implementation: January — June 2005.

Aim to design a monitoring and evaluation program for testing the first round of filters in the
field. This will be based on the information collected during January 2004 (Task 10.9.4).
Based on the cumulative experience over several academic years of field studies in Nepal,
Nicaragua, and Haiti and based on lessons learned about pilot study design by the Center for
Disease Control Safe Water System, WHO, and others, develop a pilot project study design
that is more rigorous, reproducible, and that incorporates technical and health-based
performance parameters, social acceptability, and willingness to pay aspects. This plan may
require an organization such as the Environment and Public Health Organization (ENPHO) to
help carrying out the field testing, ideally over a period of six months.

10.9.9 First Production Run
Goal: January 2005

Aim to manufacture a small quantity of filter systems in preparation for field testing. Ideally,
the filters could be manufactured after the recommended prototype design is completed in
April 2004 (task 10.9.7), but this may have to wait until the MIT Nepal Water team returns to
Nepal in January 2005. Another option is to work with an organization such as ENPHO or
IDE-Nepal to manufacture the first batch of products.
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10.9.10 Develop Business Plan
Goal: September 2005 Onwards

Investigate methods for transferring the technology and product(s) to a local entrepreneur.
This would be a good opportunity to engage business students to help develop a business
plan for the product(s). This process could begin in January 2005 along with the field testing.
In some ways, however, it would be convenient to complete field testing before designing a
business and marketing plan since the field testing would provide a lot of valuable feedback.
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Appendix 1. Summary of Literature Review
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Filter Date |Reference |Flow Rate |Estimated (Total Coliform IE Coli Fecal Turbidity Removal |Application [Durability |Price Notes
(LUtheffiter |Pore Size Caliform (Raw Water |of Colloidal |(Longevity)
element) |(micron) (Raw Water Concentration (CFU/100 mL)/ | NTU/% Removal) |Silver (CS)
Indian TERAFIL 1999 |2 2 15 >1100/>99% No 5 years Pore size - Khuntia, 2001;
Longevity - Khuntia, 2001,
Indian TERAFIL 2001 |3 25-3 60/98.3% No Tested TERAFIL's distributed in
Orissa after a cycle dunng Oct
1999 - Mar 2000.
Indian TERAFIL 2000 |1 1.8-25 N.A./93%- No Concluded that the TERAFIL
29% cannot be recommended for
appropriate inactivation of microbial
contamination
Indian TERAFIL NA 12 2.7 Avg. 426-1300/95%- No Recommended that water be
99% disinfected after filtration to ensure
proper inactivation of microbial
contamination. Was not confident
in filter's ability to inactivate
microbial contamination
Indian TERAFIL 2001 |5 16 241/93%  [27/>99% No
Ava) 96 %
Indian TERAFIL 2002 |10 5.9-6.9 (222-14500)  |(30-7000) (56-6850) 38-70/97%-99% |No $3.77 Cost - Low, 2002 This version of
7450/94%; 1425/80%, |1740/80%; the TERAFIL, tested at ENPHO,
222/9955%  |6B0/89.89% |125M100% showed flowrates between 5.9-6.9
L/hr without sacrificing microbial
removal efficiency.
Indian TERAFIL 2001 |10 1.1-19 (500-12333) 2-4/33%-84% No
1000/95.3%;
B750/99.93%
Red Terracotta Disk[2002 (10 0203 (625-1295) (16-48) (15-43) 100% |3-4/57 %-B4% Manufactured based on the PFP
(Nepal) 6525/89%; 28/96.43%; design
1295/99.69% |18/100%
Red Terracotta Disk|2003 |4 085 2500/80.2% [1561/79.5% No
by Reid Harvey (No
CS) (Nepal)
Red Terracotta Disk|2003 |4 076 2500/998% [1561/29.9% Yes
by Reid Harvey
s)
Black Clay Disk by |2003 |4 041 2500/996% |1561/99.8% No
Reid Harvey (No
CS) (Nepal)
Black Clay Disk by |2003 |4 034 2500/99.1%  |1561/99.4% Yes
Reid Harvey (CS)
(Nepal)
White Clay Disk by |2003 (4 038 2861/99.2% |1550/99.3% No
Hari Govinda (No
CS) (Nepal)
White Clay Disk by |2003 (4 0.35 28651/100% 1550/100% Yes
Hari Govinda (CS)
(Nepal)
Han Candle Filter |2000 |11 0.25-0.1 Presence/Absence tests were positive for  |14/94.3% System + Candle Prices based on Sagara, 2000
(Nepal) 0.18 Avg) both total coliform and E Coli. MPN tests for (retail) $4.00-36.00; |except for the retail candle price

H2S-producing bacteria showed 3.9
MPN/100 mL with raw water > 8.8 MPNA00
mL

Candle (retail) $0.72;
System + Candle
(wholesale) $2.75;
System (wholesale)
$1.83; Candle
(whaolesale) $0 46

which is based on CeraMIT, 2003
CS concentrations greater than 99
ppm reduced H2S-producting
bacterial contamination below the
detection limit of 1.1 bacteria/100
mlL
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Filter Date |Reference |Flow Rate |Estimated |Total Coliform |E Coll Fecal Turbidity Removal |Application |Durability |Price Notes
(Uheffilter |Pore Size Coliform (Raw Water  |of Colloidal |(Longevity)
element) |(micron) (Raw Water Concentration (CFUA00 mL)/ | NTU/% Removal) |Silver (CS)

Hari Candls Filter |2003 |4 074 o 6984 3%  |s6m87% | | No This candle fiter is a vaniation of
(capped ends) (No the candle filters tested by Sagara
CS) (Nepal) in 2000. Both ends are capped
Hari Candle Filter 2003 [4 0.68 89/100% 56/100% Yes with a plastic cap.
(capped ends) (CS)
(Nepal)
Indian Bajaj 2000 |11 03202 Presence/Absence tests were positive for  |14/96.2% $7.84-$23.53 (B00- |12 cm height by 7 cm dia; price
Stainless-steel (0.26 Avg) total coliform and negative for E Coli. MPN 1800 NRs) based on 3-candle system &
Ceramic Candle tests for H2S-producing bacteria showed 1.6 CeraMIT research January 2003
Katadyn - Ceradyn |2003 |4 0.64 89/100% 56/100%
Candle Filter
(Switzerand)
Katadyn - Gravidyn |2003 |4 0.84 89/100% 56/100%
Candle Filter
(Switzerland)
Katadyn - Ceradyn |2002 |7 1.33 0.2 Protection against bacteria, protozoa, and 150,000 L [$190

cysts or2-3

Years

Katadyn - Gravidyn |2002 |7 1.33 0.2 Protection against bacteria, protozoa, 6 Months  ($160

cysts, and chemicals
Hong Phuc Candle [2003 |6 0.8 4 Years |$5
Filter (Vietnam)
Vietnamese Hong [2003 |4 0.3 89/85.4% 56/100%
Phuc Candle Filter
Potters for Peace 2001 |B 15175 |06-3 96-100% removal rate Yes
Filtron (Nicaragua)
Potters for Peace 2001 |39 0.98 6% filtters removed total coliform; 25% 10/83% Yes Some
Filtron (Nicaragua) removed H2S-producing bacteria, and 53% were still

removed E.coli in use

after 7
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Appendix 2. Interviews with Experts

The Engineering-Sloan team CeraMIT conducted a number of interviews with experts while
visiting Nepal in January 2003'°. A brief summary of the feedback received during these

interviews is presented below.
Nepal Red Cross Society and Japanese Red Cross Society

The International Red Cross is well known worldwide for its disaster relief and health
education programs. The Nepal Red Cross works very closely with the Japanese Red Cross
Society in providing these types of programs to the people of Nepal. Their feedback:

« The product should be: light, durable, inexpensive, and easy to carry.
Integrated Development Society (IDS)

IDS is a Nepali NGO, dedicated to improving the quality of life in Nepal by implementing

sustainable community-based infrastructure development programs. Their feedback:
« Villagers will believe that saving money is more important than saving time.
» Target schools and persons of status as potential early adopters.

Gurkha Welfare Scheme (GWS)

GWS is a Nepali NGO that works to develop the home villages of retired Gurkha soldiers
returning from careers in the British army. Mrs. Bhim Kumari Aale, director of the GWS Water
and Sanitation division, provided expert insight into conditions in rural villages surrounding
Pokhara. She confirmed that there is a problem with drinking water quality in the Hills, but
that the main concern for most villagers is quantity, especially during the dry season. Her
feedback:

« Partner with NGO’s working on sanitation education

+ Contrast the filter with boiling as the filter will require less time and fuel and therefore

less money in the long run.

Mr. Poshan Nath Nepal

150



Development of a Ceramic Water Filter for Nepal

Mr. Poshan Nath Nepal is the former Secretary of the Ministry of Science and Technology.
His feedback:

» People will accept the product if it is inexpensive, easily transportable, and effective at

microbial removal.

« A disk shaped filter may be better due to a constant filtration surface area as well as
being easier to transport.

« He estimates that at least 80% of villages are accessible by transportation.

» He also estimates the cost of boiling drinking water for the average Nepali family that

uses electricity as a heat source is 600 NRs per year.
Department of Water and Sanitation Services (DWSS)

DWSS is the agency of the Nepali national government responsible for providing water and
sanitation services to all of Nepal except for municipalities, which provide these services for

their residents. Their feedback:

« Ram Mani Sharma informed us of a lime problem in the low Hills, which would result in

a hard scale that could clog our filtration media.

« Thakur Pandit directed us to a village called Naikap where filters had been distributed
by the Conserve Nepal NGO a few years ago. We visited this village to evaluate their

current situation.
Ms. Mangala Karanjit

Ms. Mangala Karanjit is the Chief of the Information Division of the Melamchi Water Supply
Development Board. She is also a member of the board of the Federation of Business and
Professional Women and one of two lead organizers of the 1998 2nd Women and Water

Conference held in Kathmandu. Her feedback:

« She expressed concern about the use of plastic. In traditional households during
menstruation women are considered impure and everything they touch must be purified

or discarded. Plastic could not be purified by flame; a metal container could.
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« She also stressed the importance of ensuring that any gasket used with the filter

should not react with chlorine, as city water supplies are chiorinated.
Professor Subodh Sharma

Dr. Sharma is a professor in the Department of Biological and Environment Sciences at
Kathmandu University. He has developed a portable lab kit, allowing him to analyze water
samples for numerous parameters in the field. He has conducted sampling in many areas of

Nepal. His feedback:

» He estimates that 85% of the rivers and streams and 70-75% of the springs that he has

sampled are contaminated.

« He suggested that sometimes villagers will not admit to breaking traditional practices
(for example drinking collected rainwater), even though they do if they deem it

necessary.
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Appendix 3. Interviews with Villagers

The Engineering-Sloan team CeraMIT conducted a number of interviews with villagers while
visiting Nepal in January 2003."° A brief summary of the feedback received during these

interviews is presented below.
Kaun: Small Village near Pokhara

Kaun is a village of approximately fifty households near a new India-built hospital in the hills
outside Pokhara. CeraMIT held a group discussion with nine women and two men,
translated by Deepak Adhikari of IDE, and were accompanied by three members of IDE’s
Pokhara field office. Important information gathered during this visit:

+ A typical 5 person family in Kaun uses 5-8 liters of drinking water each day, with a
maximum of 10 liters in the hot season.

» About 40% of the households in Kaun have a filter, though only a quarter of those
households (10% of total) use their filter.

» Complaints about the existing filters were that they had a low flow rate and were
difficult to clean.

« The villagers expressed that they do not like to drink “stale” water: water that has been
left sitting in its container for too long.

« Villagers will use water collected the previous day, if it is kept outside overnight, but not
for drinking. They usually keep drinking water in a covered container, but will leave it
uncovered if using it soon.

« Villagers claim to not have much difficulty with waterborne illnesses. One man
estimated that he spent 40-50 NRs (USD $0.52-$0.65) per month on treatment of such
diseases.

«+ Villagers differentiate between water for drinking and water for other uses, which
apparently is not the case with some villages in the Hills near Pokhara. Kaun has
participated in some Red Cross educational efforts and so this may explain why they
do this.

Begnas: Small Village near Pokhara

Begnas is a lakeside village of 100 households in the hills of Kafki district, near Pokhara.

CeraMIT held a group discussion with two women and four men, translated by Deepak
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Adhikari of IDE, and were accompanied by one member of IDE’s Pokhara field office.

Important information gathered during this visit:

« Villagers suggested that the filter capacity should be 15-20 liters.

« Villagers expressed concern about plastic containers. Most people currently use metal
containers, and believe that plastic would be less effective at keeping water cool in the
hot season.

« Begnas apparently does have some trouble with waterborne illnesses among children
and each household spends up to 2,000 NRs (USD $26.14) per year on medicine.

« Villagers expressed that they would be willing to spend up to 500 NRs (USD $6.54) on
an effective filter.

« When villagers are sick, they boil their water. They expressed that they do not like the
taste of boiled water.

» One party to the discussion did have a filter and used it actively. He cleaned the filter

weekly, without removing the candle, and has broken the candle twice.
Retailer Interviews in Pokhara

While visiting Pokhara, CeraMIT interviewed two storekeepers who sell existing ceramic
filters. Most of the storekeepers’ customers were from the town of Pokhara. Important

information gathered during this visit:

« In both stores, sales exhibit a strong seasonal pattern. Sales are 2-4 filter systems per
day during the rain season, when water sources have visible turbidity. During the
remainder of the year, very few units are sold; one storekeeper estimated 2-3 per
month in the cold season.

« The best selling units are between 13 and 21 liters in size.

« The aluminum filters are the lowest priced filters, between 360 and 580 NRs (USD
$4.70 - $7.58) depending on size and number of candles. Stainless steel and copper
filters are more expensive, ranging from 700 to 1800 NRs (USD $9.15 - $23.53).

« Each storekeeper prices the filters to earn 15-20% margin, as they may have to lower
the price by 10% during haggling.

« Both storekeepers would be willing to sell a plastic model provided it is made of good

quality plastic, and that the tap does not drip.
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+ One storekeeper expressed that Nepalis prefer metal because it is more durable, and
also because they believe that plastic containers cause water to smell.

+ Both storekeepers believed they could sell a disk shaped filter, provided that the seal
was good and available as a spare part. One also thought the disk had good potential
because the candles often break. She sells 20-30 replacement candles each month.

« Current customers for ceramic filters often purchase the filters as wedding gifts.

» Customers tend to ask questions about the overall quality of the product, but very few
ask about the effectiveness of microbial removal.

« Some customers will ask how to use and clean the filter. As a preemptive measure
against product returns, one of the storekeepers teaches all customers how to use and
clean the filter unless the customer claims to know already.

» Although most customers do not inquire about the filtration rate, many people we spoke

with cite low flow rate as the reason they stop using the filters.
Naikap: Small Village in Kathmandu Valley

Naikap is a village of over 100 households in the Hills at the western periphery of the
Kathmandu valley. An NGO (Conserve Nepal), with the support of Susan Murcott,
distributed 24 aluminum candle filters over a two year period (12 in 1999, 12 in 2000).
CeraMIT held a group discussion with 16 women and 3 men, all but 2 of which were
participants in the filter program. Important information gathered during this visit:

« Of the 24 households who received filters in the study, 14 were represented in the
discussion. Two of these households were still using filters, though these were not the
original filters. They purchased stainless steel filters to replace the aluminum ones.

» Approximately 75% of the filters stopped functioning properly during normal use. The
women cited three modes of failure: broken candles, leaking taps, and aluminum
corrosion. Three of the families bought new candles or new taps, which worked for a
while but broke again; the families then stopped using the filters.

« Two families upgraded to the stainless steel filters, and continue to use them and are
pleased with their performance. These two families observed health benefits from the

original filter and decided it was worth spending the money on a better filter.
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« Villagers expressed concerns about the durability of plastic, and that water would smell
if stored in plastic. They did say they would consider it if the product is consequently
less expensive.

« They were asked about the concern with women’s “impurity” during menstruation
raised by Ms. Mangala Karanijit and they felt that it did not apply to plastics, only to
ceramics.

« A new water source was developed a few years ago and since that time, villagers have

noticed a significant improvement in the quality of their water supply.
Madhyanna Women’s Group

Madhyanna Women’s Group is a group of 16 women responsible for households in Lalitpur
Municipality #20 Nayag. The group that CeraMIT met with was very poor and lived in
relatively high poverty compared to the other village groups. Important information gathered
during this visit:

« The group had no concerns about using plastic to store water.

« They seem to be much more price sensitive, quoting target filter prices of 100-200 NRs
(USD $1.31 - $2.61), with a maximum at 300 NRs (USD $3.92).

« They are the only group that expressed concerns about having enough space for the
filter.

« The family sizes were significantly larger than the other families in the villages we

visited. The size was 6 persons and the largest was 18 persons.
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Appendix 4. Business Plan Outline

The following business plan is an excerpt from the book, New Venture Creation, by Jeffrey
Timmons (IRWIN, 1999. Exhibit 11-2, Page 374). The business plan is presented in its
entirety and thus, some sections may not be applicable to an organization developing a
business for a ceramic water filter in a country like Nepal. Nevertheless, it provides a useful

template for systematically planning a successful venture.

I. EXECUTIVE SUMMARY

A. Description of the Business Concept and the Business
B. The Opportunity and Strategy

C. The Target Market and Projections

D. The Competitive Advantages

E. The Economics, Profitability, and Harvest Potential

F. The Team

G. The Offering

Il. THE INDUSTRY AND THE COMPANY AND ITS PRODUCT(S) OR SERVICE(S)

A. The Industry

B. The Company and Concept
C. The Product(s) or Service(s)
D. Entry and Growth Strategy

lll. MARKET RESEARCH AND ANALYSIS®

A. Customers

B. Market Size and Trends

C. Competition and Competitive Edges
D. Estimated Market Share and Sales
E. Ongoing Market Evaluation

@ Timmons recommends completing the market research section first. (pg 379).
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IV. THE ECONOMICS OF THE BUSINESS

A. Gross and Operating Margins

B. Profit Potential and Durability

C. Fixed, Variable, and Semi-Variable Costs
D. Months to Breakeven

E. Months to Reach Positive Cash Flow

V. MARKETING PLAN

A. Overall Marketing Strategy
B. Pricing

C. Sales Tactics

D. Service & Warranty Policies
E. Advertising and Promotion
F. Distribution

VI. DESIGN AND DEVELOPMENT PLANS

A. Development Status and Tasks

B. Difficulties and Risks

C. Product Improvement and New Products
D. Costs

E. Proprietary Issues

VIl. MANUFACTURING AND OPERATIONS PLAN

A. Operating Cycle

B. Geographical Location

C. Facilities and Improvements
D. Strategy and Plans

E. Regulatory and Legal Issues
VIll. TEAM ORGANIZATION

A. Organization

B. Key Management Personnel
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C. Management Compensation and Ownership

D. Other Investors

E. Employment and Other Agreements and Stock Options and Bonus Plan
F. Board of Directors

G. Other Shareholders, Rights, and Restrictions

H. Supporting Professional Advisors and Services

IX. OVERALL SCHEDULE
X. CRITICAL RISKS, PROBLEMS, AND ASSUMPTIONS
XI. THE FINANCIAL PLAN

A. Income Statements and Balance Sheets
B. Pro Forma Income Statements

C. Pro Forma Balance Sheets

D. Pro Forma Cash Flow Analysis

E. Breakeven Chart and Calculation

F. Cost Control

G. Highlights

Xll. PROPOSED COMPANY OFFERING

A. Desired Financing
B. Offering

C. Capitalization

D. Use of Funds

E. Investors Returns

XIll. APPENDICES

159



Development of a Ceramic Water Filter for Nepal

Appendix 5. Project Schedule
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Development of a Ceramic Water Filter for Nepal: Project Schedule
High-Level Project Gantt Chart

Activity

2003

2004

Feh

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan

Feh

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Filter System (Prototype) Design

Round 1 Design

Round 1 Evaluation & Testing

Round 2 Design

Round 2 Evaluation & Testing

Final Design

Finacial Analysis

Filter Element/Media Selection

Preliminary Selection of Filter Media

Laboratory Testing for Cerification

Final Product

Choose Filter System & Element

First Production Run

Lab Certification

Develop Testing & Certification Protocal

YWebsite?

Field Testing

Background Research

Design Field Testing Program

Implement Field Testing Program

Product to Market

Business Plan

Marketing Strateqy

Distribution Strategy

Organizational Strategy

The Gantt chart is primarily for the MIT Nepal Water Project and thus the timing of some activities corresponds to the academic term (i.e.. when students will he
available to do the required work). There is a large gap during the end of 2004, in preparation for bringing the prototype design to Nepal to he built for the first run of field
testing. It may be possible to close this gap if the initial production run could begin sometime in the summer of 2004 or fall of 2004. This could be coordinated with a

Nepali partner such as ENPHO or IDE-Nepal.
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Development of a Ceramic Water Filter for Nepal: Project Schedule
High-Level Project Gantt Chart

2005
Activity Jan | Feb | Mar | Apr | May| Jun | Jul | Aug |Sep | Oct | Nov | Dec

Filter System (Prototype) Design

Round 1 Design

Round 1 Evaluation & Testing

Round 2 Design

Round 2 Evaluation & Testing

Final Design

Finacial Analysis H

Filter Efement/Media Selection

Preliminary Selection of Filter Media

Laboratory Testing for Certification

Final Product

Choose Filter System & Element

First Production Run n

Lab Certification

Develop Testing & Cerification Protocaol

Website?

Field Testing

Background Research

Design Field Testing Pragram

Implement Field Testing Program

Product to Market

Business Plan

Marketing Strategy

Distribution Strategy

Organizational Strategy
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Appendix 6. Contact Information

Department of Biological and Environment Sciences
Dr. Subodh Sharma

Dhulikel, Kavre

P.O. Box 6250

Kathmandu, Nepal

Telephone: (011) 61511

Email: sharmaku @wlink.com.np sharmaku @yahoo.com
Web: www.geocities.com/sharmaku

Department of Water Supply and Sewerage (DWSS)
Ram Mani Sharma

Thakur Pandit

Kathmandu, Nepal

Telephone: 355133

Environment & Public Health Organization (ENPHO)
Dr. Roshan Raj Shresthra, Executive Chairman
Thapagon, New Baneswor

P.O. Box 4102

Kathmandu, Nepal

Telephone: (977-1) 468641, 493188, 491052

Email: enpho @ mail.com.np

Web: www.enpho.org

Federation of Business and Professional Women — Nepal
Mrs. Ambica Shrestha

Bhotebahal, Kathmandu

Tel: 479-328

Email: dwarika@mos.com.np

Integrated Development Society (IDS) Nepal
Mrs. Prabha Pokhrel

Head Office

P.O. Box 6413, Baluwatar

Kathmandu, Nepal

Telephone: 427329, 433951

International Development Enterprises (IDE-Nepal)

Country Director: Bob Nanes; Ceramic Filter Coordinator: Deepak Lochan Adhikari
Sanepa, Lalitpur

P.O. Box 2674

Kathmandu, Nepal

Telephone: (977-1) 526221, 533953

Fax: (977-1) 533953

Email: ide @ide.wlink.com.np

Web: http://www.ideorg.org/html/countries/nepal.htmi
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Japanese Red Cross Society Delegation in Nepal
Mike Naoto Usami, Coordinator

c/o Nepal Red Cross Society

P.O. Box 217 Red Cross Marg, Kalimati
Kathmandu, Nepal

Telephone: (977-1) 285089

Email: jrcsdn@mail.com.np

Lumanti

Sama Vajra Upreti

Kathmandu, Nepal

Telephone: (977-1) 523822

Email: shelter@lumanti.wlink.com.np

Madhyapur Clay Crafts
Hari Govinda Prajapati
Arniko-highway

Thimi-12, Bhaktapur
Telephone: (977-1) 633874
Email: sidhicom@ntc.net.np

Melamchi Water Supply Development Board
Mangala Karanijit

Chief, Information Division

Devkota Marg, Baneswor,

Kathmandu-10, Nepal

Telephone: (977-1) 468964

Email: mwsdb @ntc.net.np

Mr. Poshan Nath Nepal

Former Secretary of the Ministry of Science and Technology
Kathmandu, Nepal

Telephone: 431941

Pottery Purification Media
Reid Harvey
Website: hitp:/www.purifier.com.np/

Massachusetts Institute of Technology
Department of Civil and Environmental Engineering
Susan Murcott

77 Massachusetts Avenue

Cambridge, MA, 02139

Email: murcott@mit.edu

Website: http://web.mit.edu/civenv

Potters for Peace
2216 Race Street
Denver, CO 80205
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303 377-7998
Website: www.potpaz.org
Email: potpaz@igc.org
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