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Welcome from the Project Coordinators

The partnership between the Indian Insti-
tute of Technology (IIT) Mandi, India,
and the Worcester Polytechnic Institute
(WPI), Massachusetts, USA, is a prime
example of the potential that cross-
cultural academic engagement holds in a
globalized world. From small beginnings
in 2013, the joint projects -- termed the
"Interactive Socio-Technical Practicum"
or ISTP course in IIT Mandi and the
"Interactive Qualifying Project" or IQP in
WPI -- this year involved 10 teams, 28
IIT Students, 24 WPI students, 17 IIT
faculty mentors, 10 Teaching Assistants,
5 Coordinators, and a number of stake-
holders, study participants and support
staff from from the local communities too
numerous to count!

The programme is motivated by a num-
ber of factors: the vision of IIT Mandi
that mandates constructive and positive
engagement with the local community;
WPI's aspiration to foster well-rounded
engineers and change agents through pro-
ject-based learning; the emphasis on in-
terdisciplinarity in both institutions that

encourages exploration of the social con-
text in which technology operates; and, of

course, the idea that students and mentors
working in tandem can apply their tech-

nical knowledge to bring about social
change.

This year's teams have worked on pro-
jects (proposals, prototypes, or both) un-
der the broad theme of Mountain Ecolo-
gy and Sustainable Development. These
include projects as diverse as a proposal
for the development of a riverside walk-
way in Mandi town, documentation of
food processing and preservation tech-

niques including a solar food dryer, a pro- ¥
posal for the creation of seed banks to |

tainable development of this mountainous
region of Himachal Pradesh and beyond.
We also hope that students who have par-
ticipated in these projects will be inspired
to set up social enterprises and launch ini-
tiatives for the benefit of their communi-
ties in the years to come and will cherish
the lessons and memories of their cross-
cultural collaboration.

preserve indigenous plants, creation of a Vi &#

prototype of a smokeless stove, assess- &

ment of drinking water in the region, sug-
gestions for food waste management on
campus, awareness raising about natural
disasters such as earthquakes and human-

caused road accidents, and development |
of a pebble-bed thermal energy storage |

system. The reports of these projects are
compiled together in this booklet.

We hope that these reports will serve not
only to document the work done by these
teams, but that they will also become im-
portant research resources filling the gaps
in under-researched areas of vital im-
portance to the Mandi region. We hope
these studies will contribute to the sus-
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Greetings from the Director of IIT Mandi

This booklet containing 10 project With the support of Catalyst (IIT come of the ISTP, and I hope it will
reports is the result of collaboration Mandi’s technology-business incu- serve as a source of inspiration to
between IIT Mandi and WPI stu- bator), it is both desirable and likely students participating in the course.

dents and represents their joint ISTP- that several of these projects will

IQP projects. Two elements of the outlive the duration of the ISTP I am sure that participating WPI stu-
culture of IIT Mandi find full and course, and will find new avatars as dents from the USA will cherish the
creative expression in their collabo- social enterprises geared towards so- memories of this unique ‘participant

ration: the emphasis on partnership, cial

and the focus on interdisciplinarity.
IIT mentors drawn from all four
Schools of IIT Mandi have, since
2013, proposed projects on which
third year students from both Insti-
tutes have focused their energy and
attention. This has resulted in the de-
velopment of prototypes as well as
proposals, all derived after extensive
field research in rural areas of Mandi
disrict and beyond. It has also pro-
vided all participating students with

observation’ that they have undertak-
en, immersed as they have been in
an academic culture and way of life
very different from their own, in a
uniquely beautiful part of India. I
hope IIT students will, armed with a
deeper knowledge of rural India that
they have acquired through this
course, apply their technological ex-
pertise to benefit causes larger than
themselves.

I convey my best wishes to all par-

an invaluable experience of working good. The EWOK (Enabling Women ticipating students, and congratulate
in an inter-cultural environment, of of Kamand) project, which has its faculty mentors and the coordination
getting deeply involved in the lives origins in two ISTP projects, has team on the successful culmination
of the people among whom they will come to fruition this year as campus of the programme.

spend formative years or memorable residents patronize services (ranging

weeks, and of developing sensitivity from catering to tailoring) provided - Timothy A. Gonsalves
to the close linkages between society by women of the local community.

is i : Di f T Mandi
and technology. This is the first major real-world out- (Director o andi)
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Improving Water Quality Treatment and Monitoring Techniques in

Rural Himachal Pradesh Villages

Abstract

The goal of our project was to assess water quality, mon-
itoring, and treatment methods in rural Himachal Pradesh vil-
lages. To realize this goal we assessed local perceptions and be-
haviors regarding drinking water. We then investigated the rela-
tionship between local water quality and regional health. Final-
ly, we assessed the levels of water contamination. This project
resulted in recommendations to revise current water quality
monitoring, a public awareness prototype to increase accessi-
bility of water quality data, and a water treatment prototype that
aims to improve water quality within two villages.

Team Members: Advisors:

Amod Choudhary, IIT Dr. Aditi Halder, IIT

Rishabh Kumar, IIT Dr. Ramna Thakur, IIT

Kent Fong ,WPI Professor Fabio Carrera, WPI
Evelyn Grainger , WPI Professor Svetlana Nikitina,
Randy Melanson, WPI WPI

Daniel Salisbury, WPI

An Interactive Qualifying Project/Interdisciplinary Sociotechnical Project submitted to:




Introduction

India has significant ground and
surface water pollution in both rural and
urban areas. Agricultural and industrial
chemical runoff and improper sewage
treatment are major contributors to this
pollution. It is estimated that water con-
tamination causes the death of up to
500,000 children under the age of five
annually (Ganapati, Mudur). It is neces-
sary to control pollution and to set up a
more strict water quality monitoring sys-
tem to reduce the instance of disease. De-
veloping communities, especially in rural
areas in India, often lack the ability to ef-
fectively monitor and maintain good
quality drinking water.

There are many rural villages in
the Mandi district of Himachal Pradesh
that currently lack the infrastructure to
monitor and maintain drinking water
quality. The Irrigation and Public Health
department (IPH) is responsible for test-
ing and monitoring for twelve potential
water contaminants annually or biannual-
ly. With only one to two yearly tests, it is
not feasible to get a clear and consistent
view of the overall water quality in these
villages.

Many rural villages depend on
three main sources for drinking water:

groundwater from government hand
pumps, tap water from the government
distribution system, and untreated natural
water from springs. Despite public pref-
erence for untreated natural sources, the
government only treats and monitors
hand pumps and the distribution system.
Untreated natural sources may contain
dangerous contaminants unknown to the
residents. Thus, in rural villages, there is
a need for monitoring of untreated natu-
ral water sources to determine if public
water supplies are safe to drink.

These three results have the poten-
tial to be scaled up to the block or region-
al level to improve water quality treat-
ment in additional rural villages in Hima-
chal Pradesh. This study is intended to
assess water quality treatment and
monitoring in rural Himachal Pradesh
villages. To accomplish this goal we as-
sessed local perceptions and behaviors
regarding drinking water. We then in-
vestigated the relationship between lo-
cal water quality and regional health.
Finally we quantified the levels of wa-
ter contamination. By accomplishing
these three objectives we provide a more
complete water quality assessment of ru-
ral villages than is possible through the
current practices. From this information
we developed and implemented a pub-

lic awareness campaign, provided rec-
ommendations to improve current test-
ing, and designed a water treatment
prototype that aims to improve water
quality within the two villages.

Background

Two rural villages of the Mandi
district were identified for the purposes
of this study: Salgi and Neri. The yellow
and purple faucets on Figure 1 represent
the locations of Salgi and Neri respec-
tively while IIT Mandi South Campus is
represented by the blue faucet. The rural
villages depend on the government distri-
bution system, ground water, and untreat-
ed natural sources for their drinking wa-
ter. Table 1 provides additional infor-
mation regarding population size and
number of drinking water sources by

type.

© iT-Mandi
9 Neri

Salgi

Figure 1: Map identifving locations of Salgi, Neri,
& IIT-Mandi



cysts and 100 parasite eggs that can have
detrimental human health impacts if in-
® 1 government distribution system from natural spring gested (Mihelcic, 2009). E. coli is a bac-
terium that is exclusively found in mam-

Salgi 160 . .
& 3 ground water hand pumps mal digestive tracts and can be used to
indicate the presence of other disease-
causing microorganisms. This study
® 2 natural springs measured bacteriological contamination
e 1ground water hand pump by de'termmmg the presence qf E. coli in
Neri 100 drinking water sources in Salgi and Neri.
e 1 surface water (tributary of Uhl River)
® 1 government distribution system
Table 1: Community population & water sources Chemical Contamination

C oo o This study also quantified chemi-
The map in Figure 2 indicates the Water contamination for these cal contamination. Organic chemicals are

locations of the three major types of drinking water sources can be catego- often found in water as a result of human
drinking water sources: government dis- rized as bacteriological, chemical, or activities that include agriculture and in-
tribution systems, ground water hand physical. Given that bacteria and chemi- dustry. Inorganic chemicals are often pre-
pumps, and untreated natural sources. cals are the more dangerous and prob- sent in water due to drilling and mining

lematic contaminants we elected to only that releases naturally occurring, but tox-
focus on those. ic, heavy metals. Organic and inorganic
chemicals are dangerous to health and
result in a multitude of diseases, general-

. ly from long-term exposure. We focused
The number of harmful and benign 7, 4,0 chemicals parameters tested by the

microorganisms within a water sample Irrigation and Public Health (IPH) that

g/?ﬁnesh ba%ﬁrlol.oglcal (;ontamlr'la.tm?. are dependent on the concentration of or-
Figure 2 (Lefi) Map of Salgi. (Right) Map of P any harm m(licroo.rgarlus?qs ?rlglnél € ganic and inorganic ions in water. The
gure 2. €, ap oy daigi, 1 ap o .
& P & (e P rom human and animal lecal wasle, ,,.ameters chosen from the IPH included

ert causing gastrointestinal. illnesge 5 On_e hardness, alkalinity, and conductivity.
gram of feces can contain 10 million vi- ’ ’

ruses, 1,000,000 bacteria, 1,000 parasite
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IPH Water
Mandi District

Quality Monitoring in

Water quality standards created by
local or national governing bodies regu-
late the maximum levels of contamina-
tion allowed in drinking water sources. In
the Mandi region, the IPH is in charge of
monitoring water sources for contamina-
tion levels. To measure water quality, the
IPH conducts a chemical analysis twice a
year, and a bacterial analysis once a year.
This testing includes three sampling sites
in Salgi and two sampling sites in Neri.
The IPH, however, only conducts water
quality testing on official government-
operated water sources. Government
sources include tanks, distribution sys-
tems and hand pumps but not the untreat-
ed natural waters sources.

Known Water Treatment Techniques in
Mandi District

In developing rural areas such as
Salgi and Neri, people often collect
drinking water from untreated natural
water sources. Untreated sources are
risky because they frequently contain
bacteriological contamination that mani-
- 1l O

duce morbidity, the water source itself use of chemicals such as bleach that can

may be purified, or contamination may
be reduced at the point of use. Methods
of treatment that purify contaminants at
the point of use have been proven to be
more effective and economically effec-
tive at reducing diarrheal illnesses than
treatment at the water source. In Mandi
District, chlorine and heat are two locally
available technologies that disinfect wa-
ter. These technologies are considered for
the water treatment prototype discussed
in the recommendations.

Chlorine

Chlorine is an effective and afford-
able disinfection method. Chlorination is
most effective at treating water sources
with a low turbidity and a pH lower than
8. Disinfection by chlorine occurs via pri-
mary disinfection and secondary disin-
fection. The primary disinfection inacti-
vates microbiological activity and the
secondary disinfection refers to the resid-
ual chlorine that remains in treated water.
Residual chlorine is preferable to protect
against future contamination.

Heat

Heat is another effective disinfec-
tion method and it does not require the

leave an undesirable taste. Boiling water
destroys all types of microorganisms by
raising the water temperature to 100°C.
This approach ensures that the water is
safe but requires enough energy to effec-
tively heat the water sample. Additional-
ly, it does not prevent future biological
growth.

Water only has to reach 70°C to
kill most microorganisms. The point at
which bacteria die is called the pasteuri-
zation temperature. Devices have been
created that help indicate when water has
reached the pasteurization temperature.
These devices have solidified wax that is
situated at the top end of a tube. Once
water has reached 70°C, the wax falls
and the heat has killed the bacterial con-
tamination in the water, indicating that
the water has been pasteurized. A water
pasteurization indicator (WPI) is consid-
ered for a water treatment design in the
Recommendations section.



Methodology

Three objectives were identified in
order to complete an assessment of drink-
ing water quality in Salgi and Neri. The
three primary objectives investigate the
perceptions and behaviors regarding wa-
ter quality, the water-health relationship
in the villages, and the water quality of
the various sources. The objectives and
methodologies can be found in Figure 3.

1. Assess local 2. Investigate the
perceptions and relationship between 3. Quantify water
behaviors regarding ‘water quality and contamination
water quality regional health
Interviews .In te rviews Physical
| with locals - wlth‘prlvate & o
public doctors clorky; smek,
Interviews | Chemical |
— F - -
oS Groups with locals e
ARrptey
Physical | Physical |_|Bacteriological
Observations observations codforms, . col

Figure 3: Objectives and Methodologies

Assessing Local Perceptions and Behav-
iors Regarding Drinking Water Quality

Local perceptions of drinking wa-
ter can help reveal behaviors that may be
affecting water quality. To assess the per-
ceptions and behaviors of the villages, we
conducted interviews, a men’s focus

group, surveys with local schools and IIT
-Mandi students and faculty, and record-
ed observations of how people interacted
with their water sources.

Assessing the Government Approach to
Water Quality

The IPH is responsible for the de-
velopment, operation, and maintenance
of drinking water supply schemes. We
interviewed two people, Mr. Hemraj
Thakur, senior chemist, and Miss
Aprajita, consultant chemist, at the IPH
to learn more about the government’s in-
volvement in protecting water quality.

Perceptions in Rural Villages (Salgi &
Neri)

Surveys and physical observations
were conducted at nineteen homes in the
rural villages of Salgi and Neri. Figure 4
outlines the objectives and types of ques-
tions asked within the household inter-
views. Physical observations provided
supplementary information to our inter-
views.

Investigating the Relationship Between
Water Quality and Health

To understand the relationship between
water quality and local health we inter-

viewed doctors at three medical clinics: a
private medical doctor in Salgi, a doctor

Understand Identify ways in
people's perception  which authorities
of potable drinking are helping/hurting

water

Understand how
people manage &
use water

Interview
Objectives

Health-water
relationship
water quality

Do you like the
taste of your
drinking water?
Example
Interview

Questions What methods

of water
treatment do

Figure 4: Interview objectives and example ques-
at tions used to achieve the objectives of each inter-

IIT-Mandi Medical Unit, and a few medi-
cal doctors and lab technicians at the
Community Health Center in Kataula.
The medical doctor in Salgi provided in-
formation about the frequency of water-
borne diseases in the immediate area. Dr.
Neha Sood at the IIT-Mandi Medical
Unit provided insight into regional health
concerns. In addition, the doctors and lab
technicians at the Community Health
Center in Kataula shared information
about the frequency of waterborne dis-
eases and explained the existing public
awareness campaigns that prevent these
diseases. From these interviews we gath-
ered a holistic perspective on how water
quality may be impacting regional health
and the measures currently being taken to
prevent these diseases.

Page 12



Assessing Water Con- testing were followed for alkalinity and

. . hardness via titration. pH and electrical
tamination conductivity were measured using
Drinking water from a variety of probes.

different sources was collected and tested
for overall quality. Our testing included
existing sampling sites from the govern-
ment testing program and also expanded
to include untreated natural sources. Fig-
ure 5 shows a map of the sampling loca-
tions for chemical and bacterial testing.

Bacteriological contamination was
assessed based on Bactaslyde Microbe
Detection (BMD) devices. The BMD de-
vices to measured total bacterial colonies
and E. coli colonies. The total bacteria
test was measured by red dots on a yel-
low medium while E. coli was measured
by yellow or clear dots on a purple medi-
um. Counting the colonies on each medi-
um allowed bacteriological contamina-

tion to be quantified. An example
0 Chemical

of the BMD devices can be seen in
Figure 6. The six tests and infor-
maeisogiol ation about each test can be
o found in Table 2.

Chemical &
Bacterialogical
Figure 5: (Left) Testing locations of Salgi, (Right) Testing [
locations of Neri 7

To quantify water chemical con-
tamination our study analyzed existing
government data and tested nineteen
sources pre and post rain for four differ-
ent chemical parameters. Tests were con-
ducted within the IIT-Mandi Kamand
chemistry lab with the assistance of IIT
PhD teaching assistant, Ashwin Sharma.
The standard methods for water quality

Figure 6: (Top) Total Bacteria indicator
‘Bottom) Total E. coli indicator

Alkalinity Hardness

Rationale: Indicates the ability of Rationale: Measurement of mag-

water to buffer pH changes nesium, calcium, and other dis-

Limit: 600 mg/L solved ions concentrations

Health Impact: Reduce stomach Limit: 600 mg/L as CaCO;

acid which reduces the ability for
the stomach to prevent harmful
pathogens from entering blood-
stream, can degrade pipes lead-

Health Impact: No known health
impacts unless water is soft &
causes degradation of pipes lead-
ing to metal contamination

pH Electrical Conductivity

Rationale: Indicates how acidic ~ Rationale: Large increases or de-

or basic water is, can be indicator creases can be indicative of con-

of large chemical contamina- tamination
tion Limit: 800
Limit: 6.5-8.5

Health Impact: N/A, Indicator of
Health Impact: N/A, indicator of other contamination

other contamination

Total Bacteria E. Coli

Rationale: An indicator for po- Rationale: An indicator for fecal

tentially harmful bacterial con-  contamination that carries harmful

tamination bacteria

Limit: N/A Limit: 0

Health Impact: Potential gastro- 'Health Impact: Potential gastroen-
enteritis, cholerZQ%ﬁ&d,WGFﬁf Qfé‘?ﬁ@f M@m,ef?ﬁﬁoid, vomiting,

iting depending on type of bacte- diarrhea




Results

The results of our seven-week
study indicate a community dependence
on drinking water that is not treated or
monitored. This conclusion is based up-
on our findings of:

1. Village dependence on un-
treated natural water

2. Failure of the government to
monitor untreated natural sources.

3. Natural sources have signifi-
cant levels of bacteriological contami-
nation

4. Lack regular water treatment
practices

Village Dependence on Untreated Natu-
ral Water

74% of people in Salgi and Neri rely on
untreated natural sources for their drink-
ing water. When residents were surveyed
about drinking water, they indicated a
strong satisfaction with drinking water.
92% of village members in Salgi and
100% of village members in Neri liked
the taste of their drinking water. Addi-
tionally, the majority of residents posi-
tively ranked water quality, indicated by

green, as a 4 or higher on a scale from 1-
5 as seen in Figure 7. Many residents not-
ed that families have relied on untreated
natural water sources for generations and
that saw no apparent need to break this
habit.

Figure 7: When asked to rank their drinking water on a

4 ) 4
3
5 3

Salgi ‘ Neri

scale of 1-5, with 5 being the best, most village members
ranked their water a 4 or above.

Lack of Government Monitoring of Nat-
ural Sources

Upon surveying villagers and com-
paring the results to government data, it
is clear that the IPH is not monitoring an
important source of drinking water, the
untreated natural sources. Government
data suggests that drinking water quality
for Salig and Neri is of good quality, but
it fails to monitor untreated natural
sources. This gives an incomplete and in-
accurate representation of water quality
in Salgi and Neri. Figure 8 shows the
government testing locations.

Figure 8: (Top) Salgi govern- i
ment sampling sites indicated

in yellow, (Right) Neri govern-
ment sampling sites.

Natural Sources Have Significant Lev-
els of Bacteriological Contamination

Bacteriological testing for E. coli
and total bacteria indicated harmful con-
tamination for natural water sources in
Salgi and Neri. While the study was lim-
ited to five coliform and five E. coli tests,
the results show an alarming and signifi-
cant difference between the levels con-
tamination in natural sources from the
levels of contamination in government
and groundwater sources.

Total bacteria tests indicate low
bacterial contamination in Neri Natural
Source A and Salgi Natural Source B,
and high total bacterial contamination in
Salgi Natural Source A. The government

Page 14



and hand pump sources, however, did not
show any bacterial contamination. Figure
9 depicts the results of the total bacteria
tests, with colonies indicated by red dots
on the yellow testing medium.

E. coli appeared only in natural
water sources. Similar to the total bacte-
ria test, the E. coli test yielded no con-
tamination for the government or ground-
water sources. Salgi Natural Source B
had no E. coli contamination, but the oth-
er two natural sources had high levels of
contamination. The results of the bacteri-
ological tests and the corresponding
health risks for each source are shown in
Figure 9 and Table 3 respectively.

Ntrl Natural| Salgi Nmnl Salgi Natural
A Source B

bl

Salgi Natural|
Source B

Wmﬂ

Figure 9: (Top) Results of Tc otal Bacteria Test,
(Bottom) Results of E.Coli Test
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Risk Lev-
el from

Total E.
Coli

Total
Bacte-
ria (#
colo-

(# colo- Bacterio-

logical
Contami-

nies)
nies)

Neri Nat-

ural

Salgi Nat- 33 51

ural

Salgi Nat- 3 0 Low
ural

Salgi Gov- 0 0 None
ernment

Salgi 0 0 None
Pumped

Ground-

walerble 3: Bacterial Contamination and Corre-

Chemical Tests Suggest Possible Nitrate
or Iron Contamination

Chemical testing results indicated
soft water, with results suggesting po-
tential additional contamination such
as iron and nitrates. All drinking water
sources had hardness values ranging from
16 to 46 ppm. Table 4 shows levels of
hardness as ranked by the World Health
Organization. Very soft water can be cor-

rosive to metal pipes and storage con-
tainers. Many of the pipes observed in
the villages that contained running wa-
ter were brown and rusted on the inside.
When compared to alkalinity, the hard-
ness was much higher which indicated
possible contamination of nitrates from
human waste and fertilizers or iron from
rusty pipes. This hypothesis is also sup-
ported by the high readings for conduc-
tivity. Conductivity is usually twice the
magnitude of hardness, but was found
to be 6.8 times the hardness. This again
points to contamination from nitrates or
iron. These tests show possible chemi-
cal contamination but the primary
health concern still lies in bacteriolog-
ical contamination.

Calcium car- Designation
0-43 Soft
43-150 Slightly Hard
150-300 Moderately Hard
300-450 Hard
450 Very Hard

Table 4: Water Hardness levels by ppm of calcium




Lack of Regular Water Treatment

While both our chemical and bacteriolog-
ical water quality testing have indicated
that some contamination exists in natural
sources, villagers in both Salgi and Neri
infrequently treat their water. As shown
in Figure 10, the majority of villagers do
not regularly boil. However, more than
75% of the village has reported boiling
water for various reasons within the last
year. This suggests that the village resi-
dents have the technical capacity to
regularly boil drinking water but
choose not to.

Figure 10: Majority of villagers do not boil regularly

Medical Officials Encourage Boiling Wa-
ter

All medical officials interviewed
in this study believed a relationship be-

tween water quality and public health
is evident. Although none of the medical
officials reported any cases of cholera,
they reported many cases of typhoid, gas-
troenteritis, vomiting, and diarrhea. If a
patient were suffering from a waterborne
illness, the doctors recommend boiling
water to reduce the bacteriological con-
tamination of drinking water. Although
each medical official cautioned against
drawing a clear and definitive relation-
ship between water quality and health,
they indicated observable increases in
water-related illnesses during the rainy
season due to decreased water quality.

Local and National Government Encour-
age Water Treatment

Interviews with the Kataula Gov-
ernment Medical Office and the Depart-
ment of Mass Education indicated how
the government encourages regular water
treatment. An awareness campaign called
Integrated Diarrhea Control Fortnight
(IDCF) is run during July when water-
borne illnesses peak. The campaign fo-
cuses on methods of improving water

village surveys indicate an apparent lack
of treatment. It can be concluded that the
lack of treatment is not from insuffi-
cient education but rather from lack of
awareness about water contamination
in untreated natural sources.

Recommendations

From the results it is evident that
there must be an improved water quality
testing program to promote public aware-
ness regarding the safety of untreated wa-
ter sources. The following recommenda-
tions will improve upon current water
quality monitoring and treatment:

1. Revised drinking water testing
scheme for IPH

2. Effective communication of
IPH water quality results to villagers

While these recommendations are
based on data for Salgi and Neri, these
recommendations can be extrapolated to
improve the drinking water quality of
other rural villages in Himachal Pradesh.

quality through practices such as boiling Revised drinking water testing scheme
water, using chlorine tablets, washing for IPH

hands and storage containers. Local gov-
ernment schools have taken measures to
encourage regular water treatment but the

We recommend that the IPH de-
partment communicate with villages to
determine the water sources which are
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most commonly used. To identify the Effective Communication of IPH Water

water sources that a village relies on, we
recommend using similar metrics such as
the household surveys used in this study
or alternatively to collaborate with the
panchayats of each rural village. Alt-
hough identifying the proper water
sources to monitor will be time consum-
ing, it will allow the water quality tests to
get a more accurate representation of the
drinking water in the villages.

The IPH should also expand test-
ing parameters to include E. coli and
nitrates. Currently the IPH tests for total
coliform but E. coli is a more meaningful
indicator for bacterial contamination.
Testing for nitrates will also help indicate
possible sources of contamination. Identi-
fying the source of contamination will
allow villages to reduce pollution in
drinking water.

Drinking water sources should
be tested and monitored more fre-
quently. Currently the IPH test water
sources annually or biannually, but bacte-
riological contamination can vary greatly
with seasonal shifts. Thus, it is recom-
mended that the [PH test drinking water
sources at the beginning of every season
in order to properly track pollution
throughout the year.

Quality Results to Villagers

The IPH should work with the
local panchayat to publish results of
water quality data. Many residents are
knowledgeable about boiling water but
do not practice this treatment method be-
cause water may appear safe. For com-
munities relying on natural sources, the
IIT-WPI designed Water Quality Stop-
light should be implemented. This design
will include the most recent and future
dates of the IPH tests. Based on the most
previous test, the water will be assigned a
color, green for safe, yellow for caution,
and red for unsafe. Beside this sign will
be a legend that reminds community
members to properly treat water if the
sign reads yellow or red. This design will
effectively inform the villages about the

risks of drinking water from untreated

natural water sources.

Future Testing

The chemical tests of drinking
water sources in Salgi and Neri show
evidence of soft water. Soft water is gen-
erally safe but can be corrosive to pipes
and hand pumps. Based on the physical
observation in the villages, many of the
pipes were rusted which may have result-

Figure 11: Rusting pipes

ed from the water hardness. A degraded
pipe can be viewed in Figure 11. A fur-
ther study should investigate if pipes are
corroding faster than expected due to
this chemical property of the water.

Physical observations showed that
villagers stored water in recycled chemi-
cal barrels. Testing for heavy metals
should be conducted on these barrels to
ensure safety. To eliminate the need for
testing, the local panchayat should en-
sure that no residents are using these
barrels to store water. Figure 12 shows
an image of a barrel that one resident was
using to store drinking water.

Py NERD 3

Figure 12: Chemical barrels
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If communities still rely on untreated natural water
sources after implementation of the Water Quality Stoplight
there should be an investigation into a home-level water treat-
ment device. Potential water treatment devices for the house-
hold level include: water pasteurization indicator (WPI) using
local materials, solar filtration (SOFI) prototype, and chlorine
tablets. A preliminary design and decision matrix of these tech-

nologies is can be seen in Table 5.

Drinking Water Water Pasteurization SOFI Water Treat- Chlorination
Treatment Meth- | using WPI Prototype ment
od
Description Small plastic tubing 3 part system (1) a Tablets that are
with local wax on the | black holding compart- designed to be
interior, weighted on ment for solar treat- used per specified
one end to be placed ment (2) plastic con- number of liters
in water to indicate tainer with sand, grav-
when water has el, and activated char-
reached pasteurization | coal filter, (3) clay pot
point holding container
Cost ~$2 for WPI ~$15 for initial Free at govern-

Energy for boiling de-
pends on heating

~$1.50 every 3-4
weeks for activated

ment hospital

(transportation

Time for Treat-

10 minutes, additional

1/2 day

30 minutes

ment time for water to cool
to room temperature
Difficulty to Low: need to know Medium/Hard: need to | Medium: need to
Properly Treat how to properly use know how to clean/ use proper
indicator change multiple layers, | amount of chemi-
valve and maintenance | cal per volume of
Taste No change in taste No change in taste Changes the taste

Table 5: Decisi

n matrix for future inv

stigation into at home
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Viability of Improved Chulhas in Himachal Pradesh

Abstract

Generations of rural village mhabitants of Himachal Pradesh have
used “chulhas,” a traditional cook stove, often homemade from clay
and cow dung, that bums wood as fuel for cooking and heating homes.
Our project investigates the viability of improved prototype chulhas in
Himachal Pradesh. We tested two prototype chulhas ourselves before
asking local stakeholders to test them and provide us feedback about
its design and usability. We then designed and assembled a prototype
chulha, based on the feedback received from locals about the existing
prototypes and our own test results. Finally, we questioned the practi-
cality of improved chulhas in this region based on our findings, In-
dia’s increasing LPG use, and India’s ongoing infrastructure develop-

ment.
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Introduction
Even today, in many parts of the

world, the simple act of cooking a meal
poses a health risk to people as well as
the environment. The World Health Or-
ganization (WHO) estimates that over
four million people die prematurely from
illnesses due to smoke inhalation pro-
duced by cooking fires.

In India, according to a 2004 study,
most rural households burn biomass fuels
for cooking. Biomass fuels, such as
wood, are conventionally burned in
homemade clay stoves or steel stoves,
called ‘chulhas’ (Anuj, 2004). The com-
bustion of these biomass fuels is often
incomplete because of the inefficient de-
sign of traditional chulhas. Cooking with
chulhas in the home generates pollutants

slow, and to date these efforts have not
been successful (Bhojvaid, 2014). Recent
government subsidies on liquefied petro-
leum gas (LPG) stoves have increased
improved cook stove use throughout the
country (Jain, 2016).

The district of Mandi, Himachal
Pradesh, India, is made up of a primarily
rural population who seem to gravitate
towards traditional cooking methods us-
ing “unsafe” chulhas (Jeuland, 2015). To
offset the negative effects of chulhas and
increase the accessibility of improved
cook stoves, the Indian government
launched the social welfare program Pra-
dhan Mantri Ujjwala Yojana on May 1%,
2016. The act provides government sub-
sidies on LPG canisters and stoves to
families below the poverty line. The act

that, unvented, can cause a plethora of ultimately aims to transition at least fifty

life-threatening diseases.

Organizations and businesses have
brought a range of safer and cleaner
burning stoves to market. An effort has
been made to sell these stoves at a range
of prices to the rural Indian population.
Progress in the private sector has been

million people to cleaner and safer cook-
ing technologies (Indian Government,
2016).

One previous Interactive Socio-
Technical Practicum (ISTP) study at the
Indian Institute of Technology Mandi
(IIT Mandi) addressed the health effects

related to chulha use. However, this study
did not address the practicality of chulhas
in a changing Indian society. The goal of
our project is to assist in determining the
viability of improved chulhas in Hima-
chal Pradesh. We laid out three objectives
that will guide us to the successful com-
pletion of our goal:

1. Assess the demand for an improved
chulha

2. Identify low cost enhancements to im-
prove a chulha

3. Test and implement chulha enhance-
ments.

Background

Before conducting fieldwork for
this project, we completed background
research regarding the current methods of
cooking in Himachal Pradesh and the is-
sues associated with them. We also inves-
tigated how the region of Himachal Pra-
desh is changing with respect to LPG use
and infrastructure.
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In Himachal Pradesh, the traditional
stove used for cooking is called the
chulha. Chulhas are typically placed on
the floor inside the home. Some, but not
all, households have a separate room for
cooking. The most basic form of the

___chulha 15 a bowl

 with a wu-shaped
"'gslnt_

Chulhas are ¥
J‘Cﬂmmﬂlﬂ‘_f CON- Figurs 1
pp structed from a
““mixture of clay and traditional design is effective or efficient.
‘cow dung. An ex- The basic chulha’s mam flaw is its open
ample of a tradi- fire cocking, requiring large amounts of
. tional chulha can be wood to maintain cocking temperature.
seen in Figure 1. The more advanced chulha addresses this
" Note that there 1s flaw, but has hmited airflow. Chulhas
no wventilaion of have now been surpassed in design by
Figure 1. Basic Chulha the smoke produced other tvpes of stoves that use cleaner
from buming biomass fuels within the buming fuel sources and are far more ef-
homes. The main fuels used in chulhas ficient.
are wood and cow dung, both considered LPG Sioves — Increasing in Popularity
biomass fuels. Biomass fuel tvpes pro- .
duce a wide range of pollutants that can In Himachal P]I:adeslh= LPG stoves
affect evervone inside the home, whether have become the d.ESlrEd 1,“,1]?1"3"'3‘1 cock
they are the ones cooking or not (UNDE, Stove to use a.lcmgmdle traditional chulhas.
1997). A more advanced chulha design In our visit to Bagi Village. where no
can be seen in Figure 2. It is a hollow families currendy had access o LPG
block with several openings allowing for stoves, some families said they would
multiple cooking surfaces. This design prefer to use an LPG stove. It shows that
E.].SCI includes an OVEN. S0ome more E.d- thE fE.IIllllES ]:'LHE“-’ E.bﬂut LPG sloves, but
vanced chulhas include chimneys to help they simply did not have the means to ac-
ventilate smoke out of the home. Neither quire one. The PMUY social welfare act

inmey (chulha.ors)

,um:.ed . *'tr.i:

subsidizes LPG canisters for Indian
households at an affordable rate. The goal
of this act is to increase access to LPG
cooking for households below the pov-
erty line (BPL) (PTL 2016).

In March of 2015, Prime Minister
Shri Narendra started a campaign called
“Fgiveitup” to persuade those who could
pav market price for LPG canisters to
give up their government subsidies
(Indian Government, 2015). With the up-
per and middle classes giving up their
govermnment subsidies, more and more
money was freed up in the national budg-
et for the less formunate (PTI, 2016). Gov-
emment subsidies will help BPL house-
holds transition from their use of chulhas
and biomass fuels to LPG stoves for
cooking.

The PMUY act caters directly to BPL
families and set requirements to ensure
subsidies are exclusive to BPL families.
There are three main requirements for the

act (BankBazaar, 2016):

1. One subsidv would be provided per
household.

_ A female, overthe age of 18 from the

house must register in her name for
the subsidy.

3. The household must be registered asa
BPL household with the govemment.

fed
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The PMUY act will be effective from

2016 to 2019 and is projected to influ-
ence over 5 million households (Jain,
2016). However, even with the current
act and those that have come before it al-
ready in place, LPG stoves have not com-
pletely phased out chulhas.

A 2015 study has found that the
rural population of Himachal Pradesh fol-
lows a system called °‘stove stack-
ing’ (Wang, 2015). The basis of this sys-
tem is the continued use of traditional bi-
omass burning chulhas, alongside the use
of the new improved cook stoves. While
conducting surveys, we found that 63%
indeed follow this practice of owning
both an LPG and a chulha, a much great-
er percentage than we anticipated.

There are several different theories
as to why LPG stoves have not complete-
ly superseded chulhas as the primary
stove used by the rural population of Hi-
machal Pradesh. One theory is that the
rural population does not know the envi-
ronmental and health effects of burning
biomass fuels. The population assumes
that renewably harvested biomass fuels
do not harm their surrounding environ-
ment. According to a study at the begin-
ning of the century, they believe carbon
released through the burning of biomass
fuels is entirely recycled through photo-

synthesis (Smith, 2000). Additional theo-
ries take into account economic, geo-
graphic, and social factors that prevent

LPG stoves from entirely replacing the
chulha.

Even with government subsidies,
LPG prices can be still too high for BPL
families. According to a recent survey,
95% of BPL households without LPG
connections cite their inability to pay as
the main reason for not using an LPG
stove (Jain, 2016). Most households sur-
vive on a subsistence level. The yearly
income per household for the Himachal
Pradesh region is about 1000 USD (India
Census, 2015).

Another reason why LPG’s have
not completely replaced chulhas has to
do with the geography of Himachal Pra-
desh. Traveling in Himachal Pradesh can
be time consuming due to the mountain-
ous terrain. Furthermore, during mon-
soon season, many roads become danger-
ous to the point that driving is not feasi-
ble. Delivering LPG canisters to remote
villages is always difficult and occasion-
ally impossible (Jain, 2016). Availability
and access can make the preference for
chulhas over LPGs for a rural household
easy.

Social factors also play into why
the region has not converted to LPG
stoves exclusively. Lack of awareness
about the PMUY act is negatively im-
pacting the conversions in the most rural
areas of the region. About 40% of house-
holds in the rural regions of the country
that do not have LPG stoves entirely lack
the information about the act and its ben-
efits or lack the information pertaining
ways of obtaining a subsidized LPG con-
nection (Jain, 2016).

Finally, LPG stoves can also fail to
meet households' culinary preferences,
which are tied to the use of traditional
chulhas. The chulha is valued for its per-
ception that food cooked on the chulha
has superior taste, an opinion strongly
held especially by elders (Wang, Y.,
2015). This social factor can possibly ex-
plain why some households in Himachal
Pradesh still retain a chulha even though
they also own an LPG stove.

Health Risks Associated with Burning Bio-
mass Fuels

India’s indoor air pollution is an
environmental problem and a major
health problem. In developing countries,
biomass fuels burned in stoves within
households create dangerous pollutants
(Arora, 2014).
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NEEII} 50% of the world’s popula- 1

tion and 75% of Indian households bum
biomass fuels - primanly wood and cow
dung (Prasad, 2012) The noxious gases
produced from burning biomass fuels in
high volumes is a primarv contributor to
indoor air pollution. The noxious gases
also contribute to greenhouse gas emis-
sions in northern ndia.

Biomass fuels are inefficient,
meaning thev must be bumed in large
quantities to maintain a cooking fire. The
efficiency of biomass fuels when bumt in
traditional chulhas is tvpicallv as low as
10-15% (Perez-Padilla, 2010). In other
words, this means that up to 90% of the
energy produced bv burmning biomass
fuels is not used for cooking.

Women and children are at the
greatest risk for health complications, as
thev are tasked with cocking in the home.
There are manv diseases and health ef-
fects caused bv exposure to pollutants
produced bv traditional chulha use
Health effects include: chronic obstruc-
tive pulmonarv disease (COPD), lung
cancer, tuberculosis, acute lower respira-
tory infection, and asthma (Perez-Padilla,
2010, and Forum of International Respir-
atorv Societies Report, 2016). Acute low-
er respiratory infections and asthma are
the two main health complications seen

in children. Unbom children m women
exposed to pollutants can also develop
health issues (Perez-Padilla, 2010)
COPD and lung cancer can be diagnosed
in individuals as early as 30 vears of age.
COPD 15 a major confributor to prema-
ture deaths due to smoke inhalation from
bumed biomass fuels. Lung cancer is pni-
marily found in those who smoke tobac-
co products and cook with biomass fuels
(Perez-Padilla, 2010).

Difficulfies in Supplying LPG’s to Rural
Villages

der the Pradhan Manrti Gramin Sadak
¥ojana (PMGSY) act in December of
2015 (Bhandar, 2015).

The PMGSY act is under the au-
thority of the Ministry of Bural Develop-
ment and aims to provide roads to villag-
es (Government of India, 2004).

1. with a population of 1000 persons and
above by 2003

2. with a population of 500 persons and
above by 2007

3. in hill states, mibal and desert areas

LPG stove users in the region of with a population of 300 persons and

Himachal Pradesh rely on the availability
of LPG canisters. Availability is deter-
mined largelv by the quality of roads that
connect users and suppliers. We believe
India’s infrastructure, at least in Hima-
chal Pradesh, will continue to develop,
which will open the door for those whc:
want to make the switch from chulha to
LPG.

above by 2003

4. in hill states, mbal and desert areas

with a population of 250 persons and
above by 2007.

PMGSY is stll currently being
completed, and its progress can be moni-
tored on omms nic.i. To date, 12 200 kil-

ometers of roads have been built in Hi-
machal Pradesh as a result of PMGSY act

In the past five years, nndreds of (pdian Government, 2017).

millions of dollars have been spent for
the improvement of Himachal Pradesh
roads. Improvements include the paving
and widening of existing roads and the
construction of new roads. The state gov-
emment in Himachal Pradesh proposed
188 road projects to receive funding wn-

In Mav of 2016, approval was ob-
tained for 17 new national highwavs in
Himachal Pradesh (Press Trust of India,
2016). These 17 national highwavs will
undergn much needed improvements to
improve their quality. At the conclusion
of the project, the highwavs will meet the
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country’s national highwav standards.

India’s infrastructure is improving,
but there is no clear timeline as to when

Assessing the Demand of an Improved

Chulha
To assess the demand for an 1m-

constructions, LPG canisters, and visual
signs of smoke.

Identifving Low Cost Enhancemenis fo

projects like those described above will proved chulha our team, with the help of Improve a Chulha

be completed. However, it is almost cer-
tain there will be similar projects in the
future. These projects will greatly im-
prove LPG access to the villages of Hi-
machal Pradesh. With increased access to
LPG canisters, life in the region will con-
tinue to evolve. As more improvements
to infrastructure are completed, the once
rural region of Himachal Pradesh may
become more modemized.

Methodology

The goal of our project was to as-
sist in determining the viability of im-
proved chulhas in Himachal Pradesh.
We laid out three objectives that guid-
ed us to the successful completion of
our mission:

our teaching assistant Vipul Sharma
identified eight villages to survey. These
survevs allowed us to identify what tvpe
of stove individuals were using to cook,
if the government’s subsidies were bene-
fitting the area, and the price that individ-
uals interested in the prototvpe would be
willing to payv. Each interview was con-
ducted in Hindi, a popular local lan-
ouage. OQur IIT teammates would trans-
late the responses to our survev questions
as the interview was conducted. As we
moved from village to village our team
made quantitative and qualitative obser-
vations of the location and condition of
the household. These observations in-
cluded distance from a main road/India
highway, stacks of firewood, new house

Objectives

1. Assess the demand of an improved chulha

2. Identify low cost enhancements to improve a chulha

3. Test and implement chulha enchancements

We started our testing with two ex-
isting prototypes. Prototvpe #2 has higher
air flow rate compared to prototvpe #1.
After initial studv, prototype #3 was de-
signed with the intention of further im-
proving the orginal design. The re-
design was based on the feedback re-
ceived from stakeholder testing and was
guided by two primary goals: lowering
the price to build the prototype and -
creasing its manufacturability.

Qur group conducted baseline tests
of the two existing prototypes to identify
strengths and weakness in each design.
The data from the testing was compared
to determine the more suitable prototype
for stakeholder testing and for further im-
provement. Prototvpe 2 was determined
to be more efficient and was chosen to be
used for stakeholder testing. Three tests
were performed on the primary bum
chamber in each chulha. This consisted
of iming how long it took for one liter of
water boil over the bum chamber.
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Before each test, each stove was with the prototvpe, and what they would
brought to cooking temperature. This was like modified.

determined when the syphons were visu-
ally directing smoke up the chimmeys.
Each test would begin when the smoke . . .
exiting the chimney became clear and al- While testing was being conducted
most invisible, indicating a good bum. In stakeholders’ homes, our team began
The total time and total weight (in grams) building prototype 3 based on testing and
of wood require to complete each test USEr fEE‘ibﬂd{ of earlier prototypes. Base-
was recorded. At our altitude. which is line testing allowed us to determine the
about 3500 feet above sea level, we esti- better of the two existing prototypes. We
mated that water boils at ninety-six de- had planned to allow stakeholders to test

orees Celsius. Data was recorded m a bF’th prototypes, buF because of the sig-
notebock. To ensure accuracy between Dificant difference in how much wood

Testing and Implementing Chulha En-
hancements

tests each stove was tested once per dav
to allow each stove to cool down com-
pletely after each test. Data was trans-
ferred at the conclusion of the testing day
into an Excel spreadsheet. The estimated
energy output was calculated in this
spreadsheet usmg the recorded data and
the specific heat of water.

Stakeholder testing was conducted
with construction workers at IIT Mandi's
construction site and with local villagers
who use chulhas on a dailv basis. Each
stakeholder household was given proto-
tvpe 2 for a mmimum of 24 hours. Stake-
holders were interviewed after the com-
pletion of their testing to find out how
user-friendly the design was, what bene-
fits and liabilities stakeholders associated

was bumt and how long each took to get
to temperature, we decided onlv to use
prototvpe 2 for stakeholder tests. The
first draft of the design focused on manu-
facwrability of the prototvpe. Improving
manufacturability helped us reduce the
cost of prototype 3. The final design also
factored in stakeholder feedback of pro-
totvpe 2.

Prototvpe 3 was built in the ma-
chine shop located on the IIT Kamand
campus. Overall construction took about
twentv-one hours for a single person
Materials used to build the prototype
were sourced from the machine shop or
obtained in Mandi Town. Final estimates
of the cost to build the prototype were

made on the basis of building a single
product.

Results and Discussion

Some of our results from survey-
ing and fieldwork didn’t vield what we
expected. In fact, what we found from
completing our mitial field work sur-
prised us. We found that most of the local
population uses both chulhas and LPG
stoves, contrary to what most previous
studies suggested. LPG stoves are used as
the primarv method for cooking, while
chulhas are used seasonally — primarily
in the winter when chulhas are needed for
heating the home.

Objective 1: Demand for Improved
Chulhas

We engaged with stakeholders from forty
-three households in eight different vil-
lages. The map in (Figure 3) shows seven
of the eight locations.

v

V. ¢

Figure 3. Map af Survesy Locarions

(Google Maps). 2017
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In response to a question asking if thev Additionally, we asked all house-
use a chulha or LPG stove for cooking, holds that use LPGs to share with us how
we found that only 2% of households use many LPG cvlinders they purchase each
solely LPG for cooking, whereas 35% of vear Our results indicated that every
stakeholders use only chulhas. 63% of household purchases subsidized cvlin-
stakeholders surveved use both a chulha ders. Of the twentv-six homes using LPG
and LPG stove for cooking (see Figure stoves, the average number of cvlinders
4). Therefore, 98% of the households we consumed per vear was six. One house-
engaged with use a chulha for some kind hold informed us they use twentv-four
of cooking. We LPG cvlinders per vear, which we con-
then became cu- firmed later in the interview. This house-
rious as to why hold represented the 2% of those mter-
families would viewed who use only LPG stoves. Addi-
use both a chulha tionallv, we asked families whether or not
and an LPG thev would be interested in an improved
stove. Most fami- prototype chulha. We did not infomm

Cook Stove Lised

stating the chulha the chulha, which is about INR 3.,000.
is only used for This was done to determine their overall
boiling water used interest in the concept, but also to estab-
to make tea or pre- lish an unbiased price range that stake-
paring small holders would be willing to pav for the
snacks. In these households with both improved chulha Figure 5 represents the
chulhas and LPGs, chulhas are used as a interest of households in an improved
backup, especiallyv when a household chulha. 60% were immediatelv interested
needs something to cook on while they and 40% were not interested. While we

Figure 4 Reported cook
stove used i homes

wait for their next LPG cvlinder to be de-
livered. Furthermore, these housecholds
increase the number of hours spent cook-
ing per dav on the chulha in the winter,
since it is cheaper to heat their home by
buming free firewood.

were satisfied the majority of those mter-
viewed were interested in potentially
owning an improved chulha, we had be-
lieved that far more than 60% would be
interested. It is important to note that
more families who were initially hesitant
could become interested if allowed to test

a working prototvpe. We asked families
who replied that they were not interested
to provide us
with justification
so we could ad-
dress their con-
cerns and make
our  prototype
suitable for eve-
Iyone. Some
families cited
Figure 5. Reported i~ 10W  Income  as  the
tersstinimproved  main  reason  they
chula were not interested.
Others claimed they

were more comfortable cooking on the

Intarest in Prototype Chulha

lies responded by them of the current manufacturing cost of traditional clav-made chulhas they were

accustomed to.

We asked families who replied that
they were interested if they could give
us a price range that seemed reasona-
ble to them. We found a general range
of about INR 1000-2000 to be the most
acceptable. Some asked for a cheap
model to be available in the range of
INR 1,000 or below. Figure 6 (below)
shows the preferred price of an im-
proved chulha among stakeholders.
The current manufacturing cost of I[IT's
prototype is INR 3000, which was well
out of the range stated by most
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stakeholders. If the manufacturing cost of a funneled ash collection, and a larger
alone is well above what consumers want bum chamber.

to pav, the product will most likelv not be
commercially successful nor helpful to
CONSUMErs.

Pretemred Price of Improned Chulba

1.

Price [INE)

Flaredeer ol Hiowos baabds

Fi O Swakehold d pri : sed chulh type 2.
igure 0 Smkaholder praferred price of mproved chulha tvpe 1
Objective 2: Low-Cost Enhancements fo

Improve a Chulha

e  average
test results to
boil one liter
of water using
prototvpes
and 2 are com-
pared below in
Table 1. Com-
pared to proto-
proto-

1

used

about 200 grams

Figure & Protonpe !

that of prototype 1. In terms of energy
output vs weight of wood, prototype 2
again bested prototvpe 1, with an average

of 632 klkg.

Based on our baseline test results,

we decided to only test prototype 2 with
' stakeholders. Our initial stakeholder as-
sessments took place on IIT's campus,
¥ where we were fortunate to enlist three
households to test prototvpe 2 and pro-
vide us feedback, which was used in the
later design stages of prototvpe 3.

Stakeholder testing was completed

on the campus of IIT and in Ban Village.

To determine enhancements for prototype
3. we first performed baseline tests of

prototvpes 1 and 2 to give us an idea of
how well each chulha performed. Figure 1
7 shows a picture of prototype 1. Proto-

type 2 can be viewed in Figure 8. Two
2

Total
Wood (g) Time Kl sec Kl kg
[mins)
Proto
type 690 311 0.19 458.6
Proto
Type 491 145 0.35 632.2

.ﬁ === notable attributes
of prototype 2 are
that it 1s wider and
much heavier than

prototvpe 1. Inter-
* nal differences

e '
large air flow
pipes, the removal

Figure 7. Protonpe 1

calculated. Looking at ki-
lojoules produced per second for both
stoves, prototvpe 2 vielded almost double
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Three households located on IIT's
campus tested and provided feed-
back about prototype 2. Additionally,
one household in Ban tested the pro-
totvpe, which included friends thev
invited to test it. Although we were
satisfied, prototvpe 2 used less wood
and allowed for faster cooking, there
are still many improvements that

more wood and took about twice as long could be made.
to boil a liter of water. After determining
how manv kilojoules (kI) were produced
bv each stove durmg testing, the kJ pro-
duced per second and kJ produced per
from prototype 1 © Lkilogram of wood for each prototype

- prototype 2 include .ould be

Manv suggestions by stakeholders

were taken into consideration when we
began construction of prototvpe 3. One
recommendation we inchided in our de-
sign 1s making the wood inlet horizontal.
This will allow users to insert larger

sticks into the chulha



Some other recommendations included: a afford the chulha, it doesn’t matter how
net to be placed in the chimnev to catch well it works or what additional featres
newspaper when lighting the flue, a it has. Our mitial survevs helped us iden-
chulha made of a different matenal that tifv a reasonable price that stakeholders
would not give off heat in the summer would be willing to pay for a smokeless
time while cooking, and a container lo- metal chulha. The cost of matenals for
cated inside the chulha that could store prototvpe 2 is about 2300 INE.
water and dispense it when cooking.

Objective 3: Implementation and Testing
Results

To implement the enhancements
identified with our tests and survevs, we
built a third prototvpe chulha. A 3D com-
puter model of prototype 3 was designed
in Solidworks. Over the course of our
study, the design of prototype 3 was al-
tered almost dailv. Prototvpe 3 is based
on the design of Prototype 2, with some
modifications. One person (with moder-
ate assistance) was able to construct pro-
totyvpe 3 in about twentv-one hours of
work. We believe this time can be re-
duced, especiallv bv someone who has
had practice buildng prototype 3 with
proper instructions.

L Figure 9 Final dezign af Frowofipe 3 — blus arrow
Perhaps our most significant  indicater wood ilst and rad amow paints o bum

“enhancement™ m the design of prototype chamber

3 is the cost. Prototype 2 costs about . .

3000 INR to manufacture, which is high- Figure 9 shows our final design for
er than the preferred amount for 83% of prototype 3. Some notable modifications
the households surveved. If people can't from prototype 2 are a cylindrical inlet

chamber These two features are empha-
sized by the blue and red arrows. We
modified the fuel inlet to be both hon-
zontal and cylindrical, which neither of
the previous two chulhas adopted. This
feature was implemented based off of
feedback from two households that tested
prototvpe 2. Eliminating the an-
gled wood inlet will allow users to
slide larger pieces of wood into
the bum chamber. An additional
reason for makmg both of these
parts cvlindrical is for better man-
ufacturability. Instead of having o
bend and weld materials into a
square prism shape, it is much
easier just to use prefabricated cy-
lindrical pipe. Additionally, the
small holes, located mside the
burn cvlinder, allow additional air
to enter the chamber and fuel the
fire. Prototypes 1 and 2 also fea-
tured air inlet holes similar to
these, but ran air tubes through the
center of the bum chamber at var-
ving levels. This resulted in a clut-
tered bum chamber and made adding bio-
mass fuel somewhat difficult for stake-
holders.

for biomass fuels and the cylindrical bum
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Figure 10 is a closer view of the CAD de- to heat water while cooking is an added access to improved cook stoves. The sec-

sign which shows a copper coil. The coil
was integrated in prototypes 1 and 2 but
in a vertical nnentaunn We placed the
coil horizon-
tallv to in-
vestigate
whether
not it would
work better
than the ver-
tical align-
ment in ear-
lier proto-
tvpes. The copper coil allows stakehold-
ers to heat water using heat tra.nsferred
from smoke produced from the mam
bum chamber while theyv cook. Prototype
3 retained the copper coil since the ability

Figure 10. Copper coil i heat watsr
whils cooking

—

incentive for the purchase of the proto-
tvpe. A picture of the ccmpleted proto-
tvpe 3 can be seen below in Figure 11,
alongside the previous images of proto-
types 1 and 2.

or Discussion

When we amived at the IIT Mandi
campus it was apparent that the back-
ground research our group had completed
in the United States was no longer up-to-
date.

Through our research, we identi-
fied two factors that had made our back-
ground information less relevant, the first
being that the Indian government had
subsidized LPG stoves for BPL families.
Thls gave many huusehr::lds in the region

Figure 11. From lgft o right: pmm.q,pe}. prowoape ], and proohpe 3
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ond factor was the road network im-
provements being carmried out in Hima-
chal Pradesh. Understanding these two
factors impacted how we conducted our
fieldwork and how we would analvze the
data we collected.

The data collected from our sur-
veys showed that chulhas are still in use
in almost every household in the area. In
these households, chulhas had become
seasonal cook stoves, reserved for cook-
ing traditional meals or just for hot water
heating. It became apparent that an im-
proved chulha that could heat water and
cook more efficiently was best suited for
those households thatused chulhas exclu-
sivelv. Though households who used both
LPG stoves and chulha did express an in-
terest in a smokeless chulha, we do not
believe an improved prototype would
have a substantial benefit for these
households due to their limited use of

chulhas.

For the success of our prototvpe
we needed to offer incentives for the
stakeholders to buy the prototvpe. Our
prototype was designed to be economi-
cally competitive, provide the ability to
heat water while cooking, and provide a
smokeless environment for the user.



To understand our design deci-
sions, it is important to understand the
basis on which our prototvpe chulha has
was built. Prototype 3 was created m an
attempt to improve upon prototvpe 2.

infrastmucture, which completelv changed
our outlook With improving infrastruc-
ture our group feels that LPG use will on-
ly increase as access to LPG’s and the
knowledge of govemment subsidies m-

Project Outcomes

Prototype Recommendations

Because of time restramts, we rec-

Prototype 3 is smaller and easier to man- creases. This effectually addresses two of ommend testing prototype 3 for several
ufacture on a larger scale. The ease of the key factors highlighted in our back- Weeks. TIhIESE tests can be used to pro-
manufacturing was the main focal point ground research for why households did duce additional prototypes that can better

in our team’s design for prototype 3. Im-
proving manufacturability results in a
lower cost per unit, making the prototvpe
economically competitive. The fmal de-
sign was also mfluenced by feedback

from stakeholder testing of prototype 2.

Of course, prototype 3 is far from
perfect and still needs to be tested. Proto-
tvpe 1 has an expected lifetime of about
three wvears. Traditional, homemade
chulhas can last longer than a decade, alt-
hough maintenance needs to be per-
formed up to three times a week, accord-
ing to locals. Because of the time con-
straint in our study, we unfortunately can-
not accurately provide anv kind of est-
mate about the durability or expected
lifetime of prototvpe 3.

While prototype 3 can be a com-
petiive and beneficial product to the
state of Himachal Pradesh, the future for
chulha use is unclear While completing
surveys and traveling throughout the re-
gion our group observed the improving

not obtain LPG stoves.

We do not believe, however, that
chulhas will be done away with com-
pletelv. In the single homes and villages
that are very remote we believe tradition-
al chulhas will continue to be used almost
exclusively. This market of chulha users
will eventually become a very niche mar-
ket and our prototype would have the
biggest impact in such niche markets on-
ly. In more urban areas, we believe peo-
ple will continue to stove stack. Using
chulhas for simple tasks such as hot wa-
ter heating and small space heating in the
winters is an intelligent wayv to use tradi-
tional technology.

We do not see this prototvpe be-
coming a need for the population of Hi-
machal Pradesh. Overall, we believe this
prototyvpe and its future iterations will be
a “band-aid” for a significant percentage
of those who don’t vet have LPG stoves
due to low income or lack of accessibil-

ity

meet the specifications of users. Addi-
tional modifications should be made as
the team sees necessary. Performing tests
in the homes of villages will help expose
improved chulhas to the population of
northem India.

The followng recommendation
comes directly from feedback we re-
ceived during stakeholder testing. A
household recommended making a small-
er prototype, about half the size of all
three existing models. The ideal proto-
tvpe should be light, easv to move, con-
tain one bum chamber, and cost between
no more than 2000 INE. It would be best
suited for workers who need to wavel of-
ten. We would like to recommend further
investigation about the feasibility of this
idea. A major recommendation we would
like to discuss is to make the bodv of the
prototvpe out of traditional matenals
such as clay and cow dung.
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A large part of the cost comes from the ment subsidies on LPG canisters have Acknowledgments

steel body of prototvpe 3. The intemal jeopardized chulha popularity in the re-

design of prototype 3 allows for adapta- gion. LPG use is growing, and for those |

tion of the body walls to be replaced with who are able to afford the cost of subsi-
clay. dized cvlinders, the decision to switch is
easy. Our surveys indicated that (contrary
to popular belief) most households in the
region own both an LPG stove and a

holders also recommended a body not chulha. Because of this, we believe as m-

made out of metal because of how hot it frastruliture dlcclzgunbues to develop faélld
oets during the summer The chulha MOT® NOUSENONS Decolle aware of e

would heat the room even more because S0Vemment subsidies, stove stacking will

of the metal body. It must be noted that CORURUE IO MCrease.

the ability to move the chulha is greatly We set out to determme if im-
reduced when the bodyv is made out of proved chulhas were a practical necessity
traditional materials. A prototype made of for residents of Himachal Pradesh, and
traditional materials would need to be we believe improved chulhas will be
tested as well prior to stakeholder testing. practical for a small percentage of the
While we do not believe the traditional population, at least for some time. Keep-
design of chulhas has much of an impact ing in mind our limited time, reducing
on the vounger generation, this more tra- the cost and making an easier-to-
diional desion of an improved cook manufacture prototype were our team’s
stove may be more popular among the main focuses in creating an improved
elderly, as we found the elders tend to chulha. We successfully accomplished
prefer raditional methods of cooking in both of those goals. Increasing efficiency
OUr SUIVeys. significantly could take vears of testing
and slight modifications. In conclusion,
we believe improved chulhas are a “band
-aid” fix that will prove useful, but only
to a very niche market of households who
will struggle to obtain a