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Abstract

Communities in the Himalaya continue to use biomass-fueled cooking and heating
arrangements, which have the potential to introduce harmful levels of household air
pollution (HAP) and use fuels inefficiently. Utilizing participatory design practices,
fifteen surveys were conducted in three villages in the Chakrata district of Uttarak-
hand, India to assess household cooking and heating problems and needs. The scale
of the survey implementation was in part limited due to the COVID-19 pandemic
and its devastating impact on India during 2020 and 2021. The results of these sur-
veys indicated a need for more efficient cooking and heating systems that emit less
HAP. These households presented different needs than surveys of other regions of the
Himalaya, underscoring the necessity of participatory design and co-creation at even
the village level for possible cooking and heating solutions. Following this preliminary
survey, next steps were created on clarifying answers from the community, gather-
ing measurements of household cooking and heating methodologies, and evaluating
priorities and potential solutions.
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Chapter 1

Introduction

1.1 Traditional Cooking and Heating

Over 2.9 billion people around the world depend on traditional, or solid, fuels for cook-
ing and heating [I]. Most of these people are from low-income countries with limited
infrastructure and exposure to modern household energy products. The use of tra-
ditional fuels for cooking and heating creates dangerously high levels of household
air pollution (HAP) [2]. HAP can result in numerous health issues to household in-
habitants including acute lower respiratory infections, chronic obstructive pulmonary
disease, lung cancer, and asthma [3]. HAP can even be lethal and contributes to 4.3
million deaths worldwide per year [4]. Furthermore, biomass-fueled cookstoves and
heating infrastructure may not be as efficient as other forms of cooking or heating
technologies [5]. Traditional fuel powered systems also require fuel collection and
gathering, which is often a strenuous activity [4]. All of these issues also have the
potential to significantly affect women more than men given that female members of
households tend to be responsible for cooking, home maintenance, and fuel collection
[6]. Additionally, the continued use of traditional fuels contributes to the climate
crisis by generating carbon emissions and causing deforestation |7, [§].

There have been many efforts to improve cookstove efficiency and decrease haz-
ardous HAP through the dissemination of new products such as the improved biomass

cookstove (ICS) [9, 10]. While these efforts have resulted in varying degrees of suc-
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cess, many point towards important barriers to clean cookstove adoption in local
communities |9, 10} 11} 6, 12} 13]. Affordability remains a widespread barrier to clean
technology adoption, especially in low-income communities. Cultural factors may
also play a role, especially if the use of new cookstove technologies requires significant
behavioral changes or the displacement of traditional cooking practices [14].

Recent developments, including the introduction of ICS to many communities
around the world, have resulted in a practice known as "stove stacking", when house-
holds use a combination of stove and/or fuel types to supplement their cooking, even
if household income allows for cleaner arrangements [I5]. Stove stacking results in
households still using their solid fuel cooking arrangements even if they own newer
and cleaner technologies. This results in only minimal improvements to HAP and
fuel efficiency.

Similar to cooking technology adoption, research in the last couple decades has
aimed to improve home energy efficiency and sustainability in the developing world,
including the Himalayan Region [16]. Even so, many households continue to utilize
traditional fuels, such as coal and wood, for household heating [17, [18]. Like cooking
infrastructure, unvented heating with solid fuels contributes to high HAP within

households [T, 18].

1.2 Cooking and Heating in the Himalaya

In India, specifically, rural areas continue to use traditional fuels for cooking and
heating. Different regions have different types of cooking and heating practices, which
use a variety of different fuels [I9]. In the Himalaya, a wide variety of different
cooking arrangements are used, the most common of which is the traditional chulha
[20). Chulha is a traditional firewood or biomass-fueled mud and stone cookstove.
Households place pots, pans, and other cooking items on the chulha to be heated up
by firewood and other fuels next to and below the hot surface.

Within the Himalaya, numerous cookstove programs have been implemented in

order to provide cleaner cookstove options for residents. The first of which, the
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National Programme on Improved Cookstoves/Chulha by the Indian government,
was implemented in the 1980s and continued for a number of decades [6]. Since then,
other cookstove programs, especially those led by non-governmental organizations
(NGO), have introduced many types of cleaner cookstoves to the Himalayan region
with limited success [2I]. There are many reasons why the introduction of clean
cookstoves in the Himalayan region have not been as successful as other regions in
India and the world. Many studies point towards economic barriers that prevent
local communities from buying cleaner but more expensive ICS [19, 22]. Studies
have pointed to the lack of communication between stakeholders about the merits
and demerits of introduced cookstove options [2I]. Other studies have suggested that
local NGOs and government agencies need to prioritize educating the general public
in these regions about the harms of utilizing traditional fuels to health [6]. There are
also issues with supply chains and market development [9]. Still, others underscore
the importance of traditional methods of cooking, including the taste of food, and
the easy availability and accessibility of fuels, such as wood [9, 23]. Many cookstoves
also have the dual function of being a heat source, and ICS options tend to not offer
that dual feature. The complexities of local preferences suggest that there cannot be
a “one-solution-fits-all” format for the Himalayan region.

Technologies have also been introduced regarding space heating in the Himalaya,
with the Indian government leading efforts to provide renewable sources of energy
for heating [16]. While many households use their chulha for space heating, other
approaches exist depending on the sub-region of the Himalaya [16]. The introduction
of new heating technologies face similar challenges as those faced when introducing
ICS and other clean cooking infrastructure, and firewood usage is directly correlated

to elevation and cold temperatures [106, [24].

1.3 Participatory Design

The complexities associated with introducing cleaner and more efficient cooking and

heating technologies require solutions that are relevant to the local community [21), 22].
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Participatory design can be implemented in different forms and techniques, and it can
be described by several guiding principles including “equalized power relations,” “mu-
tual learning,” and “democratic practices” [25]. Participatory design includes consid-
ering and including people living in the context of where a design will be implemented,
which requires designers to spend time understanding the preferences, history, and
culture of the communities they work with [26]. Co-creation and co-design can be in-
cluded in a participatory design approach, in which target communities and designers
work together to create solutions. Participatory design has become more commonly
used by designers and implementing organizations, with many pointing out the impor-
tance of communicating directly with target communities and balancing co-creation
appropriately and effectively through different means of data collection, prototyping,
and implementation [20], 27, 28, 29]. ICS implementation, specifically, has been shown
to be more effective when co-creation is included [10].

Understanding culture and other factors relevant to participatory design requires
methodologies to gather information about people within those communities. While
there are many methods associated with gathering that type of information, surveys
have been shown to be the most time efficient and direct |30} [3I]. Surveys can also help
to build trust with local communities and include them early in the design process
[31].

Massachusetts Institute of Technology (MIT) D-Lab has implemented numerous
co-creation techniques through its research and course projects. Several contributions
by D-Lab aim to make participatory design more accessible and practical for different
stakeholders, including the User Research Framework, Lean Research Framework, the
Handbook for Biomass Cookstoves, and the Energy Assessment Toolkit [31], [32], [33]
34].

This thesis presents the results and analysis of survey-based research done in
Himalayan villages in Chakrata, India. The survey activities are part of a larger col-
laboration, Livable Himalayan Homes, between MIT D-Lab, the Institute of Chemical
Technology (ICT, Mumbai, India), and the University of Petroleum and Energy Stud-
ies (UPES, Dehradun, India). Inline with the project’s participatory design approach,
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these surveys were the first steps toward improving household cooking and heating
with local Himalayan communities. Specifically, the surveys gauge the current cook-
ing and heating challenges in the Himalayan region of Chakrata. These results will
provide important insights into follow-up surveys, design requirements, and directions

to take the project moving forward.
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Chapter 2

Methodology

2.1 Survey Location and Household Participants

Given the team’s prior connection with these communities, the sub-district of Chakrata
in the state of Uttarakhand was chosen as the location to conduct household surveys
(Figure . Chakrata is located 90 kilometers north from Dehradun, which is the
capital city of the state of Uttarakhand, India. Within this sub district, fifteen house-
holds were surveyed in the villages of Koruwa, Jadi, and Mangrauli. These villages
were chosen due to UPES’ connections with the villages and leaders, the low migration
rates, and the accessibility of households.

All three villages have populations between 400 and 500. They are located at
elevations between 1500 and 2300 meters. The climate in this region is humid sub-
tropical, with temperatures throughout the year ranging from 5°C and 35°C [35].

Like other households in the Himalaya, households in Chakrata use a type of
chulha that is specific to their needs and preferences. Prior interactions with these
local communities suggested challenges with HAP emitted from the chulha. Previous
work by MIT D-Lab in other Himalayan villages of India and Nepal had also found
heating to be a significant challenge in those communities [36]. As such, the proposed

survey instruments would include questions related to cooking, heating, and HAP.
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Figure 2-1: Map of India highlighting Uttarakhand and map of Uttarakhand denoting
the location of Chakrata

]

2
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Figure 2-2: Example of house in Chakrata (Photo credit: Dr. Pranava Chaudhari,
UPES)
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2.2 Survey Topics, Material, and Iteration

In order to evaluate general cooking and heating needs in Himalayan households, the
survey (henceforth referred to as the Chakrata Preliminary Survey, abbreviated as
CPS) provides a preliminary overview of cooking and heating needs in the villages of
Chakrata. Data collection took place during December 2020 and the results will be
used to design follow-up data collection in spring and summer of 2021. While follow-
up surveys were expected to be implemented earlier in the spring, the challenges of
the COVID-19 pandemic and its devastating impact on India have pushed back the
timeline for the surveys. COVID-19 has continued to create challenges in accessing
communities safely, and the course of the pandemic will dictate how and when surveys
will be implemented.

The Energy Assessment Toolkit created by MIT D-Lab was used as a reference
for many of the Chakrata survey questions [34]. The Energy Assessment Toolkit
allows for the standard baseline questions to be modified based on the nuances with
households, the already apparent trends, expertise of the researchers, and the scope
of the research. Given that the scope of the research was particularly about cooking
and heating needs, any standard questions in the Toolkit outside of that scope were
removed.

Additionally, specific questions about the chulha and timing and seasonality of
cooking, heating, and HAP were added to provide information regarding daily and
annual trends.

The CPS was reviewed and revised through a strict iteration process to align the
contents of the survey with Lean Research Principles [32]. The principles require

surveys to be:

1. Rigorous - The survey should capture the important information to gather an
understanding of household challenges, needs and preferences and guide poten-

tial directions to take the project.

2. Respectful - The data collection should occur in a convenient location for the

participants and be arranged with advance notice and consent to participate,
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photograph the home, and collect home dimensions. Institutional Review Board
(IRB) exemption was obtained prior to conducting the surveys (MIT COUHES
E-2663). All survey responses were anonymized to protect the identities of the

respondents.

3. Relevant - While other aspects of household energy could be useful for other
projects, the scope of the research was to remain limited to cooking and heating,

while still offering flexibility for open-ended responses.

4. Right-Sized - The survey was to be short as possible without compromising the

data needed to make relevant conclusions.
The outline of the CPS instrument is as follows:

1. Background Information - This section collected demographic information about

the respondent including their gender, location, and contact information.

2. Fuels Information - This section collected information about the types of fuels
and consumption patterns over time and by use type. Additionally, respondents

were asked about fuel collection behaviors and time and financial costs.

3. Cooking Information - This section collected information about cooking needs,
features of the household cooking arrangement, and likes and dislikes. This
section also asked specific questions about the chulha and information related

to construction materials, methods, maintenance and costs.

4. Heating Information - This section collected information about heating behav-
iors, features of the household heating arrangement, and likes and dislikes. This

section also included questions about HAP.

5. Finances - This section collected information about the financial services used

by households.

Appendix [A] provides the full version of the CPS.
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2.3 Chakrata Preliminary Survey Implementation

The Livable Himalayan Home team from UPES implemented the CPS during De-
cember 2020 and January 2021 in each of the three villages in Chakrata. The villages
were divided into equal geographical sections in order to survey households in each
of those sections. The surveying team also made sure to include a variety of different
types of households given that older homes are commonly constructed of wood while
newer homes are constructed of brick and mortar.

While the written survey provided explicit questions, the actual survey was con-
ducted in a semi-structured format. This format is consistent with participatory de-
sign, allowing respondents to drive the conversation and provide relevant information
that they think is important to the challenges they are experiencing [31]. Addition-
ally, the informal nature of the conversation also allowed surveyors to explore certain
topics in depth and check responses across households. For example, respondents
indicated that there were challenges related to irrigation in the fields where local
farmers work. This was not an explicit question or directly related to household
cooking and heating, but these insights would not have been provided without the
intentional flexibility of the survey.

The CPS was conducted in the Hindi language and within the households to
provide ease and comfort for respondents. Additionally, respondents were able to
directly point to aspects of their homes, including cooking and heating arrangements.
With the consent of respondents, photos were collected of some of the households
and their respective cooking and heating arrangement. The duration of the CPS was
between 40 and 60 minutes.

The surveyors also tried to address multiple members of the family, both men and
women. In total, eight men and seven women were surveyed.

With the respondent’s permission, surveys were recorded and then reviewed at
a later time to check for accuracy and missed responses. After the survey data was

transcribed, the responses were coded into several categories to enable analysis.
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2.4 Coding Answers

Responses from the fifteen surveys were coded into an anonymized and closed-access
Google Sheets spreadsheet. Coding was done manually and based on common themes

among the responses.

2.5 Limitations to Methodology

While these surveys provided important information that would be useful in providing
direction for the future project, any apparent trends only represent a small sample
of the total village communities. Out of approximately 100 available households, 15
were surveyed. The COVID-19 pandemic limited the team’s ability to visit villages
multiple times and survey a large sample size safely. Future work needs to include
larger sample sizes within these villages (on the order of 30 houses or more total)
in order to be able to more confidently determine specific and more detailed trends,
especially across genders. Additionally, only one person per household was surveyed.
There could be differences across preferences within households and this dynamic was
not evaluated in the current study.

Furthermore, the coding of the survey answers was a manual process. For future
surveys that ask more detailed questions, it will be important to have a very precise

protocol for coding more detailed qualitative answers.
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Chapter 3

Results and Discussion

3.1 Results of the Chakrata Preliminary Survey

This section provides an overview of the results from the CPS. Additional survey

results are included in Appendix [B]

3.1.1 Fuel Use

All of the surveyed households indicated wood as the primary fuel source for their
cooking and heating needs. Some households had access to liquefied petroleum gas
(LPG), a few had access to electricity, and one utilized solar energy (Table [3.1)).
The average cost of using LPG and electricity was 36 Rs/month/person and 29
Rs/month /person, respectively. Firewood had no financial cost to households be-
cause it was gathered from nearby forests, although this may incur a "time cost" on
women in the household who are responsible for gathering firewood. However, no re-
spondents explicitly mentioned the time associated with gathering fuel as a problem.
Firewood was often supplemented with other forms of biomass, such as mustard grass
and straw. This was especially the case during the rainy season when it is difficult
to gather and store sufficient quantities of dry wood. The surveyors categorized all

types of biomass, including firewood, as "wood" for the purposes of the CPS.
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Table 3.1: Household fuel breakdown by type and use

Cooking Heating water Space heating Lighting
Electricity 4 1 0 15
Kerosene 0 0 0 0
LPG/gas 11 3 0 0
Wood 15 15 15 0
Solar 0 1 0 1
3.1.2 Chulha

All of the surveyed households indicated that they own and use a chulha (Figure .
The common chulha was constructed from different materials including mud, stone,
brick, grass, cow dung, cow urine, goat hair, goat urine, and starch. Households
utilized the chulha for space heating in addition to cooking. While mud and stone
provided the foundation and structure, other materials were also important including
livestock urine, which was used as a disinfectant and culturally important as well. The
chulha was commonly built and maintained by women, with an average maintenance
frequency of four to five months and chulha reconstruction every two to three years,

usually during an auspicious festival.

3.1.3 Cooking

While all households indicated using their chulha, some households also used LPG
fueled stoves and other cooking appliances. While information was not gathered on
the different uses of cookstoves, households commented that LPG was primarily used
for quickly preparing water for tea and other warm drinks, while the chulha was the
primary cookstove for regular meal preparation. Many households indicated that the
LPG stove was used sparingly due to the cost of operation compared to wood and
biomass, which were indicated as free of cost and accessible.

Meals were usually cooked twice per day, once in the morning and once in the
evening, with some households also preparing a midday meal. The households indi-
cated that the current cooking arrangements had a variety of positive attributes, the

most common being the taste of the food and the low costs associated with cooking
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Figure 3-1: Chulha arrangement in a Chakrata household (Photo credit: Dr. Pranava
Chaudhari, UPES)
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Figure 3-2: Stovetop for the household chulha (Photo credit: Dr. Pranava Chaudhari,
UPES)

Table 3.2: Positives of current cooking arrangement

Reason Total households | Female respondents Male respondents
Taste of food 11 6 )
Cost 11 5 6
Less LPG use 5 2 3
Type of food 3 2 1
Other 3 2 1
No response 1 0 1

(Table B.2). The most common areas in need of improvement were smoke emissions
and quantity of wood consumed (Table . Across genders, males and females both
commented on positives and negatives similarly, with the only notable difference be-
ing that females responded with a greater variety of potential improvements to their
cooking arrangement. This is likely consistent with women’s greater familiarity with

cooking and thus more feedback for areas of improvement.

3.1.4 Heating

All of the participating households considered their homes warm and comfortable
throughout the year. Most households used the chulha as their primary means of

space heating. Homes are usually heated in the morning and evening (Figure [3-3)).
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Table 3.3: Improvements for current cooking arrangement

Reason Total households | Female respondents Male respondents
Smoke 11 5 6
Amount of wood used 11 5 6
Cooking time 8 4 4
Other 4 4 0
Heat in the summer 3 2 1
Carbon deposition 1 0 1
No response 1 0 1

Additionally, more indoor heating was necessary during the winter season, which also
coincided with a reported increase in fuel consumption (Figure [3-4).

Like cooking, households indicated that their home heating arrangements had
several positive attributes and areas for potential improvement. The most common
positive attribute was the wooden walls, which respondents considered to help main-
tain a comfortable indoor environment during the hot and cold summer and winter
seasons, respectively. This was of note because wood is a better insulating material
than concrete, brick and mortar but is not ideal compared to common insulating ma-
terials. Households also commented they liked the dual use of the chulha for cooking
and heating (Table . When asked explicitly if their current heating arrangement
cause high levels of indoor smoke, all households indicated that this was a problem.
HAP was reportedly most common during the winter when the need for heating was
higher (Figure 3-4). The most commonly reported areas of heating improvement
were smoke reduction and fuel consumption (Table . Like cooking, there was
little difference across genders for heating preferences and needs. The only major
difference was that men commented more about the importance of the wooden walls.

The reason for that discrepancy is unclear.

3.1.5 Finances

Almost all of the households had access to bank accounts, more than half had access
to savings accounts, and nearly half had credit cards (Table . Understanding the

financial opportunities available for households provides important context on the
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Table 3.4: Positives of current heating arrangement

Reason

Total households

Female respondents
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Use of kitchen chulha
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Table 3.5: Improvements for current heating arrangement

Reason Total households | Female respondents Male respondents
Smoke 12 6 6
Amount of wood used 12 6 6
Other 2 1 1
No response 1 0 1
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Table 3.6: Financial resources for households

Financial resources | Number of households
Bank account 14
Savings account
Kinsa credit card
Mobile money
Money transfer
Village savings

—= = N O 0o

financial feasibility of future solutions for cooking and heating problems in the region.
This will be an important design parameter when evaluating current technologies on

the market and developing new ones in the communities.

3.2 Design Considerations

The results of the CPS provided important insights into potential solutions to house-

hold energy challenges in the Chakrata communities:

1. Accessibility and Cost - Current wood and biomass-fueled cooking and heating
arrangements are free of financial cost because materials are locally sourced
and built. Future solutions would need to consider these price points although
houses may be willing to pay for a new appliance if the financial costs can be

justified by lower time requirements (less time to gather materials or cook food).

2. Cultural - Respondents commented on the cultural importance of the chulha
and the chulha’s impact on the taste of the food. While this metric may be
hard to quantify, future solutions need to be user tested extensively to ensure
the quality of food is similar to that of the current arrangement. Additionally,
this finding could indicate that a future solution may not be the introduction
of another cooking or heating device but rather modifications to the existing

chulha.

3. Dual Cooking and Heating Features - Respondents also commented on the dual

feature of the chulha for cooking and heating. Solutions may need to con-
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sider this dual feature, especially if a solution will incur a financial cost to the
household. Once again, this may point towards solutions being modifications

of current arrangements rather than new designs.

These insights highlight the importance of co-creation at the local level through-
out the design process, especially because different regions of the Himalaya surveyed
in other studies had differing opinions on cooking and heating. A study in the Lug
Valley found most households surveyed in that region used cookstoves with chimneys
(Himanshu tandoor) [23]. Like the households surveyed in Chakrata, households in
the Lug Valley indicated LPG stoves were expensive compared to traditional stoves
[23]. Households in that region also commented on their seasonal use of different cook-
ing appliances. LPG stoves were used more in the summer because they provided less
heat [23]. This type of pattern was not observed from the CPS households. Villages in
Punjab also indicated LPG to be more expensive than their traditional cooking infras-
tructure (fueled mostly by cow dung instead of wood) [37]. Unlike in Chakrata, nearly
half of the surveyed Punjabi households had outside kitchens which offer improved
ventilation [37]. Survey research in Salambu, Nepal found that households saw LPG
as undesirable due to high costs compared to traditional wood-fueled stoves, similar
to the responses from the CPS [36]. However, unlike those of Chakrata, Salambu
households indicated more heating challenges, and many households responded that
their homes were not warm enough throughout the year [36].

These differences in cooking and heating needs point towards necessary co-design
and co-creation activities with the communities to create solutions that are suitable
to the specific local needs. The localized nature of such problems means that partici-
pation of the community is an important facet of the design process in this and other

cases.

3.3 Unanswered Questions and Information

Given that the CPS demonstrated clear needs for the Chakrata communities for

cooking and heating, more specific questions need to be asked in order to provide a
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strong foundation to co-create solutions with the villages.

The unanswered questions can be arranged into three categories:

1. Observe - This data can be documented without a discussion with the house-
holds. Observation can help provide context to certain responses and also pro-
vide input in a way that would not otherwise be explainable through surveys
[31]. Specifically, areas that would benefit from observation includes details
about ventilation (including chimneys), pot and stove information, and cooking

behavior.

2. Measure - Certain aspects of cooking and heating procedures can be measured
directly. For example, fuel consumption can be measured using a variety of
simple methods including the Kitchen Performance Test [38]. Sensors can also
be installed to measure cookstove use and HAP over time [15]. Specifically,
data needs to be gathered about the amount of wood and biomass burned per
unit time of cooking; indoor and outdoor temperatures throughout the day and
the year; carbon dioxide (CO3), carbon monoxide (CO), and particulate matter

levels (PMsy 5 and PMyg); and dimensions of the cooking arrangement.

3. Survey - Additional questions need to be directly asked to households. These
constitute a survey which will include questions that elaborate on the fuel
(amount, types, and collection timeline), the use of the chulha (foods pre-
pared, usage timeline, comparison to LPG), and specifics about design priorities
for the households (affordability, HAP, ease of cooking/convenience, ability to
build/maintain by oneself, taste/type of food or traditional cooking methods,

safety, dual cooking/heating capability, amount of fuel consumption).

The additional survey questions began to be instituted into a protocol for an
extended follow-up survey (see Appendix . This extended survey (henceforth called
the Chakrata Extended Survey, abbreviated as CES) will include questions related
to observations where the surveyor will record notes on aspects of the household they
observe. There will also be space to include measurements that can be taken on the

day of the survey rather than monitored through sensors.
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Time permitting, the CES will also include questions about potential solutions
by providing respondents pictures or the opportunity to try existing solutions. A

protocol will be developed to test these solutions and provide feedback over time.

3.4 Next Steps and the Chakrata Extended Survey

In order to better understand the community and continue the co-creation process,
a timeline for the CES and sensor setup was created. Originally, these surveys were
to implemented in late spring, but given the rise of COVID-19 cases in India, the
timeline was pushed back. This timeline is subject to change depending on the
current COVID-19 pandemic and other factors and only provides a rough guideline

for next steps:

1. August 2021 - Households will be asked questions for the CES. Additionally,

sensors will be installed and measurements collected.

2. August 2021-January 2022 - Depending on the responses from the CES, work-

shops will be set up to continue the co-design process.
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Chapter 4

Conclusion

Traditional biomass-fueled cooking and heating practices can be dangerous to house-
holds because of high emissions of HAP. In addition, many traditional means of
cooking are inefficient compared to improved and modern appliances. In the Hi-
malaya, traditional methods continue to be used for cooking and heating with limited
adoption of new technologies.

Through a participatory design approach, the Chakrata Preliminary Survey (CPS)
for household cooking and heating needs was implemented in the Chakrata region of
the Himalaya to initiate co-design efforts to address household energy challenges.
The CPS was implemented in fifteen households in Chakrata. All fifteen households
utilized the chulha, a traditional biomass cookstove that also functions as a space
heater. Households indicated that while the chulha utilizes fuel that comes at a zero
financial cost and has an important role in the local culture, the current arrangement
consumes too much firewood and emits large amounts of smoke. Similarly, given
that the primary space heater is the chulha in many of these households, household
members appreciated the low costs but believed there should be improvements to
efficiency and smoke emissions for their heating needs as well.

These surveys provided useful information about potential barriers to implemen-
tation of future solutions, including cost and accessibility, the interconnected nature
of cooking and heating, and cultural factors. These barriers may differ from other

regions of the Himalaya, underscoring the importance of participatory design even at
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the most local level.

Given the results of the CPS, an additional survey will need to be implemented
to provide more context and information to generate design specifications and begin
the solution co-design process. This survey, the Chakrata Extended Survey (CES),
will be conducted during 2021 when conditions permit the research team to visit
the communities and will provide D-Lab and our research partners the necessary
information to gauge the effectiveness of solutions already on the market, determine
the viability of new solutions, and lay the foundation to begin workshops to design
and disseminate technologies.

While the surveys presented here only build on a long history of research on
cooking and heating in the Himalaya region, the research presented in this thesis
demonstrates the importance of implementing broad participation of different stake-
holders at every step of the design process. This approach is likely to be effective not
only in other regions of the Himalaya but also in communities around the world who

are facing similar cooking and heating challenges.
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Appendix A

Chakrata Preliminary Survey

The following pages provide the questions of the CPS. The sections of the survey are
labeled the following:

1. Identification and Basic demographics
2. Questions about Fuels

3. Cooking/Pollution Problems

4. Home Heating Problems

5. Financial Questions

6. Wrap-Up

The CPS also included questions for interviewers to note down dimensions of the
houses and other physical features. These were not relevant to the outcome of this

thesis and thus were not included in this Appendix.
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Survey for Himalayan Home User Needs — Preliminary Survey Winter 2020

This outline is for a preliminary survey of households in the Himalayas that will be
administered in November. The results from this preliminary survey will help provide
necessary information to develop a more involved and longer survey to be conducted in
the spring, understand household needs and challenges, and inform new solutions.

Equipment List
e Camera
e Scale (to measure fuel)
e Tape measure
e Audio recorder/tape recorder/phone

A. Identification and Basic Demographics

1. Interview date and time

2. Interviewer name

3. Respondent name

4. State

5. Local Government Area

6. Community/village

7. Other location information

8. GPS coordinates (with phone if possible)

9. Altitude (with phone if possible)

10.Respondent gender

11.Age of respondent

12. Number of people that live in home
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B. Questions about Fuels (4 minutes)

1. What energy sources do you use for the following activities (fill out table)?

Energy Cooking Heating water | Space Heating | Lighting
Source

Electricity (ask
about source)

Kerosene

LPG/gas

Wood

Solar

Dung

Other

2. For the energy sources that had an answer above, please answer the following
questions.

Energy What is the cost? How much used on | How do you collect
Source a daily basis? the energy
source/fuel?

Electricity
(ask about
source)

Kerosene

LPG/gas

Wood
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Solar

Dung

Other

C. Cooking/Pollution Problems (4 minutes targeted)
1. Please describe your cooking appliances.

2. During the day, when do you use your cooking appliances? (check mark)

12am 12pm
1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

10 10
11am 11pm

3. During which months do you use the most fuel for cooking and heating? (check

mark)
January July
February August
March September
April October
May November
June December
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4. What do you like about your current cooking and heating appliances?

5. What would you improve on your current cooking appliances?

6. Questions about chulha (if applicable) (take picture of chulha or draw schematic
after survey)

How often do you buy or build a new chulha?

What are examples of when you buy or build a new chulha?

Who builds the chulha?

What materials are used to make the chulha?

How much money does it take to buy or build a new chulha?

D. Home Heating Problems (4 minutes targeted)

1.

Is your home warm and comfortable throughout the year?
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i.  During what hours do you heat your house each day? (check mark)

12am 12pm
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11am 11pm
ii.  During what months in the year does your home require the most heating?
(check mark)
January July
February August
March September
April October
May November
June December

2. What do you like about your home heating system?

3. What would you improve on your home heating system?

4. Do you experience smoke or other air pollution when cooking and heating in your
home?
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i. [if yes] Are there any months during the year when pollution is worse than
other months? (check mark)

January July
February August
March September
April October
May November
June December

E. Financial Questions (1 minute targeted)
1. What of the following financial services have you used?

Bank account

Mobile Money (e.g. PayTM, Google Pay)

Money transfer (e.g. NEFT, UPI)

Savings account

Business account

Village savings and loan/self help group

Microfinance loan

“Thandal” informal loan

Other

F. Wrap-Up (2 minutes targeted)
1. Is there anything else you would like to tell us about cooking and heating in your
household or in your community?

2. Are you interested in receiving updates and more information about this project
and future activities?

[yes] [no] (circle)
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i. [if yes] What type of communication would be best?

ii. Contact information
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Appendix B

Additional Results from the Chakrata

Preliminary Survey

The following tables are additional results that have not been presented earlier in the

thesis.

Table B.1: Average costs of fuel per person per month

Fuel | Cost (Rs)
Electricity 36
LPG 29
Wood 0

Household Number 1 2 3 4 5 ] 7 8 9 10 1 12 13 1 15
#of people in household 6 7 4 7 13 8 10 9 9 5 6 5 6 7 8
Cost (Rs/month) 200 125 600 575 125 75 250 450 125 100 100 200 100 190 a7
Electricity Cost (Rs/monthperson) 33 8 150 82 10 2 2 50 14 20 7 0 17 27 a7
Uselday (unitsiday) 10 75 20 75 75 10
Use (units/daylperson) 17 14 75 00 00 00 00 00 15 13 20
Cost (R/cylinder) 600 600 600 650 600 600 600 750 630 675
Cost (Rs/month) 40 #owvio 1 200 o oo 43 sovo T sovon 343 240 1 250 210 450
LG Cost (Rsimonthiperson) 80 #ovo 43 29 o #owior T 43 ool T sovior T 69 w0 ) 2 30 56
Months of use 125 35 3 3 15 175 25 35 3 3 15
Days of use 375 o 105 ) ) o 4 o 0 525 75 105 %0 ) 45
Cylindersiperson/day 0004 #ovior " 0002 0.002 0001 #owvior " 0002 #oiviol " #Diviol 0.004 0.002 0.002 0.002 0002 0.003
Collection carry cylinder to town carry cylinder to carry cylinder to town carry cylinder to town carry cylinder to carry cylinderto carry cylinder to town
Cost 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wood
Use (kglday) 55 55 55 55 5 65 6 15 10 55 55 55 10 185
Use(kg/person/day) 09 08 14 08 04 08 06 7 11 14 09 14 100 135
Time to callect (hrs) 3 e “ Lessthan2 ~ 3+ - 23 - Lessthan2 - Lessthan2 ~ Lessthan2 ~ Lessthan2 ~ 23 - 23 - 3+ - -3 - 23 -

Figure B-1: Calculation for determining fuel costs
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Table B.2: Wood collection time per trip

Time ‘ Number of households
<2 hours 5
2-3 hours 4
3+ hours 6

Table B.3: Occasion to build new chulha

Reasons Number of households
Festivals
Broken
No response
Auspicious day
Other

— N O O

Table B.4: Gender of chulha manufacturer

Reasons ‘ Number of households
Female 14
Both male and female 1
Male 0

Table B.5: Materials in chulha as mentioned by households

Material | Number of households
Cow Urine 15
Mud 14
Brick 13
Grass 12
Stone 7
Goat hair 5
Cow dung 2
Starch 1
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Appendix C

Draft of the Chakrata Extended

sSurvey

Prior to the submission of this thesis, work was being done on a follow up extended
survey to conduct on households interviewed in the preliminary study. The following
pages provide one of the initial iterations of this survey. This version will continue to

be worked and iterated on until it is ready to implemented in the summer or fall of

2021. The full survey will be completed by MIT D-Lab, UPES, and ICT-Mumbai.
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General Observations
1. Chimneys
a. Does the house have a chimney?

b. What is the chimney made of?

c. Comments on the chimney’s size, construction, etc.:

2. Cooking Pots
a. Do the cooking pots have lids?

b. Comments on the cooking pot’s size, shape, material, etc.:

3. What cooking utensils are used?

4. Stove

a. Is the cookstove fixed or portable?

b. How many pot holes does the stove have?

c. Additional comments on the stove:
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5. Observations of family cooking (TAKE VIDEO WITH CONSENT)
a. Batch or metered fuel feeding?

b. Other observations:

6. Firewood
a. Take measurements of the dimensions, shape, and weight of a few pieces of
firewood, to be used in determining the firewood’s density

b. Take measurements of the firewood’s moisture levels at a few different locations
along the length of the wood

7. Additional observations (TAKE PICTURES AND VIDEO WITH CONSENT)
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Questions about Fuel Usage
1.

Fuel Frequency of Gathering | Time to Gather (X hours) | Amount of fuel
(Every X gathered per trip
days/weeks/months)

Wood

LPG

Cattle
dung?

Other
Biomass

2. What species of wood is used? What species of other biomass is used in place of wood?

3. How is wood cut and stored (or prepared)?

4. Are certain fuels used more depending on the season?

a. When is non-wood biomass used to cook?

5. What will people do with the time saved by collecting fuel?
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Questions about Current Cooking and Heating Setups
1. What specific cooking operations are used on the chulha? (e.g. boiling, grilling,
bread-making, etc.)

2. What foods are commonly made on the chulha?

3. How much time per day is the chulha used for cooking?

4. How much time per day is the chulha used for heating in winter (not counting the amount
of cooking hours)?

5. How much wood is used per day?
a. Summer kg

b. Winter kg

6. What else is the chulha used for beyond cooking/heating? (Water heating, bathing?)

7. What noticeable effects have the chimneys had with respect to cooking and heating
safety and effectiveness? (if applicable)

8. How much time per day is the LPG stove used for cooking? hours
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9. What foods/drinks do you prepare using the LPG stove?

Questions about Potential Solutions

1. Rank your top 3 most important attributes towards an improvement to your cooking
setup. (1=Most important....)

Affordability

Pollution/Smoke

Ease of cooking/cooking time

Ability to build/maintain yourself

Taste/type of food or Traditional cooking methods

Safety

Dual cooking/heating capability

Amount of fuel consumption

2. What of the following are your top 3 most important attributes towards an improvement
to your heating setup? (Select 3)

Affordability

Pollution/Smoke

Ease of heating/heating time

Ability to build/maintain yourself

Safety

Dual cooking/heating capability

Amount of fuel consumption

3. How important is building your own cooking/heating setup within cultural/traditional
practice?
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a. How does your chulhal/current heating or cooking setup fit into your cultural
practices?

4. What is the availability of the following materials? Who would be able to work with these
materials?

a. Metals

b. Ceramics

5. How much are you willing to pay for an improvement to your cooking or heating setup?
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