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Abstract

Background: Sustainable Development Goal (SDG) 7 calls for the adoption and continued use of clean-burning
stoves by the 2.9 billion people relying on unclean fuels (both solid biomass and kerosene). However, to date, the
clean cooking literature has found low rates of efficient stove adoption and continued use. This paper presents the
application of a public health community engagement model to the use of clean cooking fuels. We implemented
a pilot study with Community Technology Workers (CTWs) as a means to overcome maintenance, education, and
behavioral barriers to clean fuel use in rural Tanzania.

Methods: The intervention was a free 6 kg Liquified Petroleum Gas (LPG) cylinder and stove coupled with education
from a local technically trained CTW on LPG use. We evaluated the training, work, and impact of a CTW on LPG use on
30 randomly selected households from two villages in a rural district of Tanzania over a 1-year period. After an initial
baseline survey, technically trained local CTWs educated the households on safe LPG use and conducted 34 follow up
surveys over the next year on their cooking fuel use. Additionally, we conducted qualitative interviews with all house-
holds and a focus group with six of the households.

Results: The results from the mixed methods approach show that 80% of families (n = 24) consistently refilled their
LPG cylinders and ~40% of households exclusively used LPG. Households reported appreciating the CTWs'visits for
providing education and maintenance support, giving them confidence to use LPG safely, reminding them to save for
their cylinder, and providing a community driven effort to use clean fuel.

Conclusions: The findings demonstrate the feasibility of this type of community infrastructure model to promote
and facilitate consistent LPG use, but suggest the need to couple this local support with financial mechanisms (e.g., a
microsavings program). This model could be a mechanism to increase LPG use, particularly in rural, low-income areas.
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Background

Sustainable Development Goal (SDG) 7 calls for the
adoption and continued use' of clean-burning stoves by
the 2.9 billion people relying on unclean fuels” includ-
ing both biomass and kerosene [1]. Universal access to
clean cooking fuel would help prevent up to 2.3 million
annual untimely deaths that are attributed to household
air pollution (HAP) [2]—a toll that disproportionately
affects women and children—and reduce carbon emis-
sions [3, 4]. In Tanzania, 96% of the population [5],
rely on polluting or “unclean” fuels. The combustion
byproducts from polluting fuels are harmful for human
health as particulate matter (PM) is retained in the
lungs and is linked to respiratory infections, chronic
obstructive pulmonary disease (COPD), and lung can-
cer. Overcoming barriers to clean fuel adoption and
continued use is critical for helping to prevent these ill-
nesses and untimely deaths.

The UN Sustainable Energy For All Initiative
launched the Global Liquified Petroleum Gas Partner-
ship (GLPGP) under the premise that liquified petro-
leum gas (LPG) was the preferred cooking solution
for the next 15-20 years [6]. LPG is a byproduct of oil
and natural gas refining and meets the World Health
Organization’s Tier 4 standards for thermal efficiency,
carbon monoxide (CO) emissions, fine PM emissions,
safety, and durability. LPG has also been shown to have
a lower Global Climate Change Potential than charcoal
and lower black carbon emissions than firewood [7]
and is in global surplus [6]. Modeling has also shown
that even partial LPG or fossil fuel cooking fuel adop-
tion and continued use could prevent 1.3 million deaths
annually across sub-Saharan Africa [8].

Given the health and climate benefits of a transition,
several low and middle-income countries have created
LPG initiatives and set LPG targets. The largest LPG ini-
tiative has been India’s Pradhan Mantri Ujjwala Yojana
(PMUY) which provided women from below-the-pov-
erty-line (BPL) households as of 2018 1600 Rs (~ 22 USD)
to purchase an LPG connection and an optional loan of
1500Rs (~20 USD) to cover the cost of the stove and the
first cylinder refills [9]. This 2016 initiative had reached
57 million households as of 2018 and was introduced on

! We define adoption as the initial uptake of the technology (i.e., deciding to
purchase the technology) and continued use as the long-term usage of the
technology. In this study, we provide and cover the cost of the technology, and
thus we evaluate only continued use.

% The World Bank’s Energy Sector Management Program (ESMAP) defines
clean cookstoves as “cookstoves that produce significantly less household air
pollution than traditional three-stone open-fire stoves and meet a specified
emissions standard” [47]. However, we will explicitly refer to fuels or cook-
stoves as “clean” only if they meet the WHO's air pollution limits of<35
1ug/m? Particulate Matter and <7 mg/m? Carbon Monoxide.
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top of India’s LPG subsidy which has been in place since
the 1970s [10, 11]. In Africa, Cameroon, in addition to
subsidizing LPG, created an LPG Masterplan with the
GLPGP which aims to have 58% of the population using
LPG as a primary cooking fuel source by 2035. Rwanda
set an LPG adoption target of 40% of the population by
2024 [12]. Ghana’s 2015 Sustainable Energy for All Action
Plan aimed at increasing LPG use by 2020, although in
2020, only 22.3% of the population was using LPG [13].

Tanzania, the country in which our study took place,
announced in 2015 a goal to increase the population
with access to modern cooking fuels to greater than 75%
by 2030; however this goal is not exclusive to LPG use
[6]. In 2008, Tanzania removed the import duties and
value added tax (VAT) on LPG but does not subsidize it.
Despite these goals, according to the 2017-2018 Tanza-
nian Household Budget Survey, only 8.1% and 0.4 of the
urban and rural populations respectively in Tanzania use
LPG as a primary fuel [14]. This low rate of LPG use is
not unique to Tanzania as LPG programs face common
barriers. Previous LPG studies have provided the stove
for free, provided subsidies, or provided micro loans with
payment schedules, and still found low rates of adoption
and continued use [15-18]. This suggests that the initial
startup cost is not the only barrier to adoption and con-
sistent use.

The evaluations of various LPG programs have eluci-
dated the need for education, information, and mainte-
nance support. LPG rollouts in India, Indonesia, South
Africa, Sudan, Mozambique, and Nicaragua found that
proper education on LPG safety and maintenance was
necessary as was the provision of cooking demonstra-
tions and instructions on how to make the traditional
foods [19-23].

Community involvement has often been suggested as
a way to mitigate these barriers. To increase LPG adop-
tion, studies have argued to integrate community per-
spectives [24], to identify local early adopters [17], and
to hold community cooking demonstrations [25]. The lit-
erature speaks to the viability of community engagement
to increase LPG adoption, but also suggests that it is not
sufficient at the current levels being pursued.

Based on of this literature, our research hypothesizes
that providing increased training, safety information,
maintenance support, and local mentors for LPG could
result in higher rates of continued use.

Community health workers

To triangulate the rationality of this theory of change, we
looked for analogies in other international development
fields that overcame barriers to behavior change during
community transitions. Specifically, our research focused
on the literature on Community Health Workers (CHW),
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local workers who link their underserved communities to
health systems, improving health outcomes [26]. Com-
munity Health Workers were implemented at the village
level to provide individual care that was both effective,
culturally appropriate, and cost effective. The World
Health Organization (WHO) defines CHWs as “members
of the communities where they work, [who are] selected
by the communities, answerable to the communities for
their activities, [and are] supported by the health system,
but not necessarily a part of the organization, and have
shorter training than professional workers” [27]. Tanza-
nia has attempted to expand its national CHW program-
ming and has deployed different types of CHWs who
received various trainings, held different responsibilities,
and faced a multitude of program challenges [28-30].

Observing the range and success of Tanzanian CHW
programs, our project considered the model for the
continued use of gas stoves to achieve clean cooking.
Although CHWSs have been used in cook stove pro-
grams in the past [31], USAID warns that CHWs are
overworked, limiting their ability to complete all their
tasks and decreasing their effectiveness at improving the
health of individuals in low and middle income commu-
nities [32]. Integrating cooking assistance, or any other
technical assistance, into the CHW role could compro-
mise their success in improving the health outcomes that
they currently address. Therefore, we investigated the
creation of another trained worker, a Community Tech-
nology Worker (CTW), in parallel with Tanzania’s CHW
program. This study addresses the feasibility of the CTW
to provide support for LPG use. We define the CTWs
role within the specific application for LPG use, however,
this role could ultimately be expanded to more technolo-
gies in rural areas.

Definition of a CTW
CTWs provide vital local infrastructure for technol-
ogy adoption and use in rural villages. Technology
infrastructure is as equally fragmented and weak as the
health systems in many developing countries. The role
and responsibility of the CTW was built off the duties
of a CHW. The study defines a CTW as an individual
with background knowledge and local expertise who has
strong ties to a specific community to which they will be
assigned. In this pilot study, we chose LPG as the tech-
nology; however, this model could be applied to other
technologies. CTWs are technically trained by a local
LPG company on LPG use and safety features.

After their training, CT'Ws assist households to adopt
LPG by delivering a 6 kg LPG cylinder and burner that
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the pilot study provided,® training the family on use and
safety measures, and navigating any repairs. They are a
constant resource about the technology, maintenance,
and optimization of welfare acquired from the technol-
ogy. This expertise consists of, but is not limited to, eval-
uation of broken technology, understanding the general
mechanism of the technology, understanding usual or
expected maintenance, and connecting to networks for
efficient replacement of parts. The workers report back
detailing the households’ struggles and successes in LPG
use.

In order to address the array of barriers to LPG use
and test the flexibility of a human centered model, this
study investigated the implementation of locally trained
LPG experts, CTWs, and the subsequent rates of house-
holds’ LPG use. The aim was to provide a case study to
aid in the formulation of holistic clean cooking policy to
achieve high rates of clean fuel use. Specifically, the study
attempted to answer the following research questions:

1. Do households initially adopt and continue to con-
sume LPG within this CTW model?

2. What level of LPG use (i.e., exclusive or partial use)
does this model help households reach?

3. How and why do households respond (or not respond)
to the CTW pilot to increase their LPG use?

4. How do households understand, view, and like the
pilot?

5. What barriers remain and how could the pilot be
adjusted to further meet household cooking fuel
needs?

Methods and materials

Study site

We conducted this pilot study in Shirati, Tanzania, a town
of ~ 50,000 on the edge of Lake Victoria near the Kenyan
border (Fig. 1A). Shirati has a tropical climate with dis-
tinct rainy and dry seasons (light rains from October to
December and heavy rain from March to June). Most
households engage in subsistence agriculture. Within
Shirati, there are sub-villages, two of which are included
in this study: Kabwana and Michire (Fig. 1B). Kabwana
is a larger, electrified trading area with a regional hos-
pital, small shops, and unofficial vendors selling vegeta-
bles, fruit, and charcoal. Michire is closer to the lake and
has a smaller trading post without grid electrification
(some shops have single panel solar). Households can

% In this pilot study, the LPG cylinder and burner were provided to the house-
hold for free, while the household was responsible for the refill cost. The
CTW is neither responsible for the upfront cost of the cylinder and stove nor
the refill cost.
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Fig. 1 A depicts Shirati within the Country of Tanzania. B Identifies the villages of Michire and Kabwana within Shirati and in relation to the
Tanzanian and Kenyan border. C The intervention package of a 6 kg LPG cylinder, burner, and stove plate. D Charcoal for sale at the trading post,
which can be found both in Kabwana and Michire E A typical home in Michire F A typical home in Michire
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Fig. 2 This figure depicts the timeline of the methodology. A baseline energy survey was conducted in June 2018. The treatment of the 6 kg LPG
cylinder and burner with education from the Community Technology Worker (CTW) started in June of 2018.The CTW then visited the households
34 times conducting follow-up surveys each visit throughout May of 2019. With 6 randomly selected households, we held a focus group in August
of 2018. We also conducted in-depth interviews with each household in both August of 2018 and January of 2019

purchase charcoal at trading posts in both sub-villages filling station in Shirati, and thus households are able to
(Fig. 1D). Since Michire is a largely wooded area, house-  exchange (or refill) their empty cylinder for a full cylinder
holds mostly collect firewood for free. Kabwana is more  at retail points in Kabwana and a neighboring sub-village,
urban and firewood is only collected within individuals’ Obwyere.

yards. In Kabwana, women and children have to walk

far distances to obtain free firewood. There is no LPG
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Study design and intervention

Our study invited 30 households (15 from Kabwana and
15 from Michire) to participate in a yearlong pilot (June
2018—May 2019) that consisted of the intervention of a
6 kg LPG cylinder and burner and weekly visits from a
CTW who would track their LPG and biomass use. The
study provided each household with a free 6 kg LPG cyl-
inder and burner (Fig. 1C), but it was the household’s
responsibility to refill the cylinder (~ 10 USD per refill of
the 6 kg cylinder). After collecting a baseline energy sur-
vey, the CTW trained the household on how to use the
stove and provided additional safety and maintenance
information. The CTW trained households to safely
check for gas leaks, put out uncontrolled flames on the
burner, and protect against improper use accidents. The
CTW then visited the household weekly to encourage
LPG use and conduct a follow-up survey on their LPG,
firewood, and charcoal use and expenditure (see sec-
tion on Data Collection: Surveys). We also conducted
two rounds of interviews with all households and a focus
group with six households. Figure 2 depicts the timeline
of the methodology.

Sampling strategy

Households were randomly chosen by approaching every
fourth house, since the most recent Tanzanian Census
was in 2012. The only additional household selection
criterion was that the household could not already use
LPG. However, this was not a limiting criterion as only
one approached household already was using LPG. We
therefore did not include this household in the study. No
households refused to participate.

CTW recruitment and training

We recruited two female CTWs, based on the require-
ments that they be trustworthy, highly respected, inter-
ested in community development projects, and available
for the year-long study. With a representative of a local
LPG company, Mihan Gas Ltd., we trained the CT'Ws on
safe LPG stove and fuel use, including maintenance.

Data collection

Surveys

In June of 2018, we obtained informed consent and
conducted baseline energy surveys with each of the 30
households (See Additional file 1: Appendix A) to col-
lect information on socio-demographics and energy
consumption and expenditure. The survey captured
quantity used and cost information on all cooking fuels
(primary, secondary, etc.), grid electricity, generators,
solar home systems, and solar lanterns. A week after the
initial training and the LPG cooking equipment deliv-
ery, the CTW returned to check-in with the family and
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conduct a shorter survey to gauge gas/charcoal/firewood
use, stove issues, and report any problems or concerns to
adopting gas (Additional file 1: Appendix B). The CTW
visited weekly throughout 2018 and transitioned to bi-
weekly starting in 2019. They conducted a total of 34 of
the same follow up survey, with data collection ending
in May 2019. All quantitative data from the surveys were
exported from Qualtrics and analyzed in Microsoft Excel
and R.V.3.6.2 (R Foundation for Statistical Computing,
Vienna, Austria).

Cooking fuel use was self-reported through these sur-
veys. We utilized meals cooked as a proxy for energy con-
sumption. All households reported cooking three meals
per day, and thus these categories were defined for 0/3
meals cooked with LPG (No LPG Use), 1/3 meals cooked
with LPG (Minority LPG Use), 2/3 meals cooked with
LPG (Majority LPG Use), and 3/3 meals cooked with
LPG (Exclusive LPG use). The number of meals cooked
with LPG was calculated from the quantitative survey
that asked how many meals the household prepared
each day, and of those meals how many were made with
LPG. The households using LPG as a majority or minor-
ity fuel were using both LPG and biomass (stacking the
fuels). Therefore, the CTW would inquire exactly what
they prepared the day before and with which cooking
fuel to determine the proportion of meals with each fuel
type. Exclusive LPG use and no LPG use was determined
from the quantitative survey that asked about continued
biomass expenditure and if the household was refiling
their cylinder. In Additional file 1: Appendix D, we also
include analysis without differentiating between Major-
ity or Minority users, but rather group these households
together as Stacking LPG Users.

Throughout study, the first author monitored data
collection on a weekly basis and held weekly meetings
to discuss research findings to ensure data quality. We
ensured that the two women did not have any relatives in
the households in the study or other conflicts of interest.

Interviews and focus groups

Over the course of the study, we conducted two rounds
of hour-long individual interviews with all households
and the two CTWs (Additional file 1: Appendix C). The
first round was conducted 2 months into the study and
investigated perception of the pilot, their comfort level
with the CTW, the challenges to adopting gas, and areas
for pilot improvement and adjustment. After 6 months, a
second round was conducted to investigate social pres-
sure to refill and how often the CTW should visit each
household. While the first author speaks Swabhili, the
interviews were conducted with a help of a translator
to ensure clear communication. These interviews were
recorded, transcribed and translated in the days after the
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Table 1 Household demographic and baseline energy information of the 30 households
Overall Kabwana Michire Mara Region
Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.)
Panel A: Demographic
Household Size (Individuals) 6.1(2.2) 6.7 (2.1) 5322 59
Age (Years) 48 (18.72) 439 (17.6) 51.4(19.6) 47 (14.8)
Age Range (Years) [21,90] [23,90] [21,85] [13,97]
Female Main Cook 97% 100% 93%
Occupation
Cares for Home and Children 23% 13% 27% é
Farmer 47% 53% 40%
Business 30% 33% 33%
Marital status
Single 17% 20% 13% 6%
Married 60% 60% 60% 70%
Divorced 0% 0% 0% 8%
Widow 23% 20% 27% 16%
Education level
No Education 13% 7% 20% 21%
Primary 67% 80% 53% 62%
Secondary 17% 7% 27% 12%
University 3% 7% 0% 5%
Panel B: baseline energy usage
Grid
Connected to the National Grid 23% 20% 27% 20.8%
Cost per Month (USD/month) 51(3.7) 3.8(3.8) 59(43) 12(1.2)
Solar
Panels 17% 20% 13% 26.6%
Solar Lanterns 43% 33% 53% 319%°
Cost per Panel (USD/panel) 60.3 (42.8) 739 (67.6) 46.7 (67.6) 38.0(51.2)
Installation Fee (USD) 76.0 (64.6) 304 (0) 121.8(0)
Kerosene for lighting 23% 40% 7% 12.3%"
Liters per Day 0.14 (0.11) 0.14 (0.12) 0.165 (0)
Cost per Day 0.15 (0.07) 0.14 (.07) 0.21(0) 0.07 (0.1)
Cooking fuel types Only tracked primary fuel
Firewood Only 33% 13% 53% 72.9%
Charcoal Only 13% 20% 7% 23.5%
Firewood and Charcoal 54% 67% 40% N/A
LPG 0% 0% 0% 1.4%
Charcoal
Sacks per Month (2.25) 2.1(3.0) 1.0(9)
Cost per Day (USD/day) (if using charcoal) (0.24) 0.3(0.2) 0.5 (0.26) 0.19 (0.16)
Firewood
Cost per Day (USD/day) (if purchasing firewood) 0.52 (0.26) 041 (.03) 0.76 (0.15) 0.25 (0.22)
Hours Collecting Firewood per Day 0.83(0.5) 0.66 (0.6) 0.94 (043)
Source of firewood
Both Buying and Collecting 37% 33% 3%
Only Collecting 43% 3% 40%

Only Buying
Neither

7%
13%

3%
10%

3%
3%
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Table 1 (continued)
Overall Kabwana Michire Mara Region
Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.)
Total expenditure on cooking fuels
No Cooking Fuel Expense (i.e., only collecting firewood  27% 0% 53% 20%
and no charcoal use)
Total Cooking Fuel Expense (USD/day) (if purchasing 0.68 (0.4) 0.73(0.3) 0.57 (04) 0.32(.25)

cooking fuel)

@The Household Budget Survey had different employment categories, but 63.72% of female heads of households were self-employed, 14% were unemployed, never

worked, or didn’t know, and 17.5% were unpaid household workers

b The Tanzanian Household Budget Survey does not parse out solar as systems vs. solar lanterns. This 31% represents Torches or Rechargeable Lamps

©Wicks and lanterns

interview. We coded by hand the interviews for emergent
themes and then grouped these themes. This analysis
was then conducted a second time to ensure consistency.
These themes were then evaluated for frequency by par-
ticipant and village. Finally, we triangulated these qualita-
tive findings with the quantitative results to further our
understanding.

Two months into the study, the CTWs and the first
author held a two-hour long focus group with six of the
main cooks to evaluate the pilot. Three main cooks from
each village were randomly chosen to participate. In a
manner similar to the interview analysis, the focus group
meeting was recorded, promptly transcribed and trans-
lated with the help of a translator, analyzed for themes,
and triangulated with quantitative results.

Results

Household demographic results

Table 1 provides information on household level base-
line demographic characteristics and current energy use.
Only one household had a main cook who was male.
Household size ranged from 1 to 10 with an average of
6.1. The age range of 21-90 years demonstrates that the
pilot represents both young and old cooks’ response
to this model. The occupation of each main cook was
roughly split between caring for the home and children,
farming, and business. Sixty percent of main cooks were
married, while 17% were single and 23% widowed. Sixty
seven percent of main cooks had finished primary school,
and 13% had no education. Only 23% of the households
were connected to the national grid, TANESCO. Seven-
teen percent and 43% relied on solar panels and lanterns
for lighting respectively. No household utilized kerosene
for cooking, but 23% used it for lighting.

We compare our results to the 2017-2018 Tanzanian
Household Budget Survey for the Mara Region. The
region has a slightly higher rate of marriage, divorce and
solar use, while significantly lower rates for expenditure

on electricity. The Tanzanian Household Budget Survey
utilized different employment categories, but 63.72%
of female heads of households were self-employed, 14%
were unemployed, never worked, or didn't know, and
17.5% were unpaid household workers.

Baseline cooking fuel use and expenditure results

In our study, 54% of households used both charcoal and
firewood for cooking, while 33% or 13% used only fire-
wood or only charcoal respectively. The only other fuel
that two individuals used was “magoonzi, a type of
agricultural waste. Forty-three percent of households
were only collecting firewood, while 37% were both buy-
ing and collecting firewood. Eight households, all from
Michire, reported no expenditure on cooking fuel as they
only collected firewood for free. However, 22 households
purchased cooking fuel. On average, households who
purchased fuel spent 0.68 USD/day on cooking fuel. We
note that this cost per day does not include the opportu-
nity cost of time for those collecting. From the Tanzanian
Household Budget Survey, we determined the percent-
age of households purchasing fuel and the total cost of
cooking based off reported expenditure on gas, char-
coal, firewood, coal, and kerosene. The Mara region has
slightly lower rates for expenditure on kerosene, charcoal,
and firewood for those households purchasing cooking
fuel. This is expected as this average from the Tanzanian
Household Budget Survey captures the entire region,
including more remote areas than Kabwana and Michire
in Shirati. The percentage of households that purchase
fuel is roughly the same between our sample and the
regional average, and thus those purchasing throughout
the Mara region must be supplementing purchased fuel
with collected fuel which the survey does not account for.
The Tanzanian Household Budget Survey in addition did
not measure the time spent collecting firewood or cook-
ing fuel consumption values.
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Fig. 3 Trends in Exclusive LPG Users, Majority LPG Users, Minority LPG Users, and No LPG Users over the course of the study (June 2018-May
2019). These results revealed that exclusive and majority use of LPG steadily declined throughout the study period, while abandonment of LPG

(No LPG User) increased throughout the study; however, the percentage of minority LPG users stayed relatively constant. All households reported
cooking three meals per day, thus these categories were defined as 0/3 (No LPG Use), 1/3 (Minority LPG Use), 2/3 (Majority LPG Use), 3/3 LPG use
(Exclusive LPG Use). The number of meals cooked with LPG was calculated from the quantitative survey that asked how many meals the household
was cooking each day, and of those, for how many did the household use LPG. Exclusive LPG use and no LPG use were determined from the
quantitative survey that asked about continued biomass expenditure and whether the household was refiling their cylinder

Cooking patterns

All households in the study reported preparing three
meals per day, consisting typically of tea and ugi (a por-
ridge) in the morning and a lunch and dinner of ugali (a
traditional dish of corn flour and boiled water), dagaa
(small fish), and vegetables. Occasionally, households
prepare rice, larger fish, potatoes, beans, and makande
(a corn and bean mixture). Households reported being
unable to prepare beans with LPG; however, the CTW
explained that if you soak the beans overnight then the
beans will cook much faster. Households that did cook
beans, only reported making them once a week. No
household mentioned using LPG to reheat meals. The
use of hotpots is common to keep food warm throughout
the day. Households complained that they were unable to
prepare larger meals with LPG.

Refilling

The small sample allowed us to follow individual house-
holds. Over the course of the year, 24 families out of the
30 consistently refilled the gas cylinder each month (80%).
Three households had stopped refilling after 6 months of
consistent refilling due to sickness, loss of a parent (who
provided the income), and loss of a business (10%). The

remaining three families inconsistently refilled due to
economic setbacks from school fees or decreased busi-
ness revenue (10%). This resulted in a lag time between
their refills, but the households eventually resumed refill-
ing the gas cylinder. Initially, without a meter, households
struggled to know when the cylinder would run out. Over
time, households were able to estimate how long the cyl-
inder would last, which reduced the gap between refills.
Over the course of the study, among the 24 families that
consistently refilled their gas cylinders, the households
averaged 1.2 kg of LPG per person per month (Range
0.4-3 kg/person/month SD: 0.6).

Exclusive use, mixed use, no use

Figure 3 depicts the temporal trends (from the time of
intervention) of the percentage of families who were
exclusive LPG users, majority LPG users, minority LPG
users, and those who did not use any LPG. Examin-
ing the trend lines throughout the study revealed that
exclusive LPG use and majority LPG use were the most
common categories. Exclusive LPG use and majority
LPG use were higher initially in the first few weeks of
the study, but slowly decreased over time. Contrast-
ingly, No LPG use increased in the latter 6 months of
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the study. However, minority LPG users were stable
throughout the study period (Fig. 3). On average, 41%
of households were exclusive users, 40% of households
were using LPG for the majority of meals, only 7% were
using LPG for the minority of meals, and 11% were not
using any LPG (Table 2). At the endline, 47% of house-
holds were exclusive users, 23% of households were
using LPG for the majority of meals, only 13% were
using LPG for the minority of meals, and 17% were not
using any LPG (Table 2). We note that there was high
variability week to week for each category; therefore,
we emphasize the trends throughout the study period,
rather than any specific week’s average. Overall, we
find that although relatively high throughout the study
period, rates of exclusive LPG use declined over the
study period and rates of no LPG use increased.

Interviews revealed that these trends were largely due
to liquidity constraints, the LPG refill is a lump sum
compared to the small daily purchases of firewood or
charcoal. However, households noted that the CTW
visits were important reminders to save. Additional
investigation at the village level offered further explana-
tion of these trend lines.

Village comparison

LPG cylinders can be exchanged* at retail points in Kab-
wana or a nearby village, Obwere, which has the largest
trading post in Shirati. Therefore, households in Michire
faced a longer distance to refill their cylinder. All house-
holds were within 2 miles of an LPG retail location.

On average in Michire, 30% of households were exclu-
sive LPG users, 58% were majority LPG users, 7% were
minority LPG users, and only 4% used no LPG (Table 2).
Michire had consistently higher rates of partial use and
consistent fuel stacking than Kabwana (Table 2). Con-
trastingly, Kabwana had higher rates of exclusive use
(52%), lower rates of majority LPG use (22%), similar
minority LPG use (6%), and higher rates of no LPG use
(19%) (Table 2). The majority of households in Kabwana
used LPG exclusively or not at all, while the households
in Michire consistently stacked their cooking fuels. The
endline values for both villages support these results. At
endline in Kabwana, 47% of households were using LPG
exclusively, 0% were majority users, 13% were minority
users, and 27% were not using any LPG. At endline in
Michire, 47% of households were exclusively LPG users,
58% were majority LPG users, 0% were minority users,
and 7% were not using any LPG.

* There is no filling station in Shirati, and thus we define refiling the LPG cyl-
inder as exchanging an empty cylinder for a full cylinder at these retail points.
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Qualitative interviews revealed that Michire’s prox-
imity to wooded areas and therefore free biomass led to
continued fuel stacking. Despite access to free biomass,
Michire households reported that the CTW reminded
them and encouraged them to prioritize LPG use. In
Kabwana, households reported school fees, hospital vis-
its, and other expenses unexpectantly arose and drained
the funds that the CTW encouraged them to save. How-
ever, the CTW in Kabwana noted that she would meet
with troubled households and create a plan to help them
refill again.

Boiling water

The consistent need for sterilized water prohibited exclu-
sive LPG use. On average throughout the entire study
period, 3 households out of the entire sample (~10%)
were using firewood to boil water (4 SD, 0 Min, 14 Max).
The CTWs reported that households did not want to
boil water with LPG, as they preferred LPG for cook-
ing. Subsequently, the CTW educated the households
on Water Guard, a purification tablet, to help eliminate
biomass burning for water purification. After 10 months,
no household in the pilot used biomass to boil for the
remainder of the study. Therefore, at endline, no house-
hold was using firewood or charcoal for boiling water.
Discussion in the focus group revealed that the CTW
had taught the families techniques to rid the water of a
distinct smell associated with Water Guard. Households
were then able to adopt Water Guard and abandon boil-
ing with biomass.

Perceived ability to refill

At the endline, 86.6% of families overall (80% in Kabwana
and 93.3% in Michire) reported feeling confident about
being able to refill their cylinder. On average throughout
the study period, 93.7% of families (87.9% in Kabwana
and 97.4% in Michire) reported feeling confident in their
ability to refill. The families did not report experiencing
an overbearing economic burden in refilling the stove.
The follow-up survey taken around the Christmas holi-
days (the 26th follow up survey) reported the lowest lev-
els of household’s confidence in their ability to refill the
cylinder at 50%, 93.3%, and 73% for Kabwana, Michire,
and overall, respectively. Interviews revealed that this was
because households often have extra expenses around the
holidays. Households reported that the CTW increased
their confidence in their ability to refill. The CT'Ws exam-
ple and vote of confidence improved the households’ per-
ception of their capability to refill their LPG cylinder.

Savings
Our study asked if households were saving for their next
cylinder and if so, how much they were saving. An LPG
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refill costs~10 USD (23,000 TSH) or~1.67 USD/kg.
Families saved on average 5.2 USD [Range: ~0.5-8 USD
(1500 TSH-18000 TSH)] for the refill throughout the
study period. At the endline, households in Kabwana had
saved 3.8 USD (8900 TSH), while households in Michire
reported no savings. It is interesting to note that the fami-
lies in Michire claimed they were able to save for the next
cylinder, but then revealed that after the first 3 months
of the study, they consistently had no amount saved.
Households in both villages expressed that they wanted
a more formal savings account for their LPG cylinder
refill. The households that were saving for their cylinders
were doing so informally at home. The reported barriers
to refill were the fluctuating LPG prices and the lack of
an organized mechanism for saving. Although the LPG
price changes throughout the study period were mini-
mal (+0.5 USD (1000 TSH)), this amount is substantial
to low-income households. Households noted that it was
hard to save that large of a lump sum compared to spend-
ing smaller sums more frequently on biomass, especially
when the LPG price changes month to month. They
articulated that it is often hard to set aside money for the
refill when they have so many other financial demands.
The interviews revealed that households appreciated the
CTW visits specifically for the reminder and encourage-
ment to save little by little.

Maintenance and safety

In total, there were 10 issues reported with the stoves,
all within the first 6 months of the study. Most problems
were due to defective, flimsy burners, which the CTW
helped replace. Interviews revealed that the CTW pro-
vided a level of convenience and speed to minimize the
number of meals cooked with unclean fuels before get-
ting the new part. Households did not understand that
they could request a free replacement from the gas com-
pany and did not know where they could purchase a new
burner, as some of the refilling stations in the village did
not sell them. On occasion, the CTW would re-review
stove use and safety training. There were no accidents.

Education

In post household visit interviews, families stressed the
importance of the education that the CTW provided on
stove use and safety. Thirteen of 30 interviews expressed
an appreciation for education and for the knowledge that
we did not foresee as an effect of the pilot. These fami-
lies appreciated learning and gaining the education about
the gas stove. A woman in Michire said, “There is noth-
ing that has passed me... I have memorized it” Women
in Kabwana asked “if there were any more teachings” A
woman in Michire offered “I do welcome you anytime if
there is anything else that you want to teach me” They
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expressed that the presence of the CTW gave them con-
fidence in LPG use and safety. The CTWs also enjoyed
providing education as Michire’s CTW said, “My favorite
part of my job is teaching families how to use the stove”
The CTWs felt a desire to help the community.

Community involvement for LPG use and beyond
Households noted the friendship and trust that they had
built with the CTWs. Households alluded to a contin-
ued relationship with the CTW in a positive light. Many
families wanted to continue and sustain the relationship
with the CTW. For example, one Kabwanan woman,
when asked about CTW visits, said “Come in the morn-
ing, afternoon, evening. Wake me up. There is no prob-
lem” Another woman in Michire revealed the intimacy of
the pilot and the importance of proximity. When asked if
she felt comfortable contacting the CTW, she responded
“Yes and if she does not answer, I will send a kid to her
house” The focus group reiterated the importance of
the relationship between the CTW and the households.
For example, one woman from Kabwana said, “We have
become friends. We greet each other. You find out what
the problem is, and you help. If there is a problem, we
find a solution”

All families suggested the continuation or expansion
of the project. They wanted to include other commu-
nity members and even expand it to other topics such as
electricity, HIV, orphans, and solar lights. A main cook
in Michire said, “This project should not just focus on
cooking” These narratives indicated the importance of
community involvement in achieving any sustainable
solution.

Throughout the interviews, we asked if the households
would prefer text messages or phone calls instead of
physical visits. Highlighting the importance of face-to-
face interactions, households suggested the use of phone
calls for emergency situations, but implied that they
may not be honest about their LPG use over the phone.
Households stressed the importance of the physical visit
but did note that bi-weekly visiting would be acceptable
compared to weekly.

Social pressure to refill?

Finally, the interviews investigated why the households
were refilling to ensure that the CTW was not placing
an undue burden on already financially and psychologi-
cally stressed households. Families noted that they had
adjusted to the gas stove and were not refilling to please
the CTW, but rather refilling for their own benefit. One
woman posed the question, “How can [the CTW] pres-
sure me when the gas helps me, not the CTW?” The
families discussed how the gas stove eases the work
and allows them to finish cooking faster and continue
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with other activities. The majority of families claimed
that it was their responsibility to refill the cylinder as it
was benefiting their family. One family noted that “It is
my responsibility to refill it even without being moni-
tored because I know how valuable it is” Participants
felt this “responsibility” not to the CTW, but rather to
themselves.

Discussion

Previous LPG programs to date have failed to achieve
high rates of consistent use, let alone exclusive use, par-
ticularly in rural areas [16, 33—35]. These programs often
fail due to an inability to address all (or even many) of the
barriers to clean fuel use. Our pilot study attempted to
holistically address these barriers at the household level,
by leaning on a local engagement model proven effective
in global health. Our results identify the CTW model as a
possible mechanism to increase rates of LPG use. While
this model shows the potential to reduce social and tech-
nical barriers if scaled, economic barriers such as liquid-
ity constraints and the availability of freely collected
biomass still remain, preventing universal exclusive use.
However, the qualitative results reveal opportunities to
pair this engagement model with other financial policies
to achieve exclusive use. While comparing it to CHW
programs, we discuss how this pilot might be funded and
scaled as a potential public—private partnership (PPP),
its advantages over IT solutions, and the applicability of
CTWs beyond LPG.

Holistic role of CTW: education, financial advising, water
purification, etc

Overall, the results revealed that households appreci-
ated the CTW visits for providing education and mainte-
nance support, giving them confidence to use LPG safely,
reminding them to save for their cylinder, and providing a
local effort to increase clean fuel use. Households are not
simply financial entities, but also have educational, social,
and cultural facets that shape their ultimate behavior. The
CTW model leverages the strength in grassroots solu-
tions towards clean fuel use.

The role of the CTW was holistic and engaged many
aspects of the households needs including water purifica-
tion. The literature confirms that water boiling is a barrier
to clean fuel use [36], at times accounting for a third of all
biomass collection [37]. Although the CTW’s main role
was to increase LPG use, households face many demands
that affect the choice of fuel, and the CTW was able to
adjust to help meet those needs as well.

This holistic aspect of the CTW is similar to CHWSs
who often work with their clients on various ailments
as well as non-medical aspects that affect their ability to
receive care [26, 38, 39].
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Necessary, but insufficient

Our study found high rates of exclusive LPG use com-
pared to other LPG evaluations in Sub-Saharan Africa.
An evaluation of Ghana’s Rural LPG promotion pro-
gram found that only 8% households were refilling after
18 months [16]. Evaluations of Cameroon’s LPG Master-
plan in peri-urban and rural communities in the south-
west of the country revealed that in rural communities
only 16% of households were using any LPG [33] and only
1.2% did all their cooking with LPG [34]. Beyond national
LPG programming, a pilot of a microfinance interven-
tion for the upfront cost of the LPG stove in Kenya found
that 81.1% of participants were using multiple fuels [35].
Without income data, we are unable to speak to the rela-
tive poverty between our sample and the other studies,
as income is a factor in the ability to refill. However, as
all are low-middle income countries, the ~80% of house-
holds continuously refilling their cylinder and 40% exclu-
sively adopting LPG still stands out in the literature.

If we factor in the opportunity cost of the time for
cooking and collecting firewood, gas becomes a more
attractive option as women could use that time for eco-
nomic activity. However, the pattern of LPG payment
remained a challenge. The survey did not collect any
direct household income information, but Tanzania
reported in 2015 that the GDP per capita was 834 USD
(1,918,928 TSH) or 70 USD (159,910 TSH) per month
[40]. Fuel is therefore a large part of household expend-
iture. Refilling the gas stove monthly is 13% of that
average monthly income. This is a large percentage of
monthly income to accumulate at one time, and often the
inability to save up the lump sum leads to a day or month
long gap between refills [41]. Thus, the CTW could be
useful in addressing affordability concerns and shorten-
ing these gaps, especially if paired with savings options,
for which the households expressed a need. Households
could create financial plans with the CTW to save the
money they would have spent daily or weekly on fire-
wood or charcoal towards their LPG refill. In a rural con-
text, this could be in the form of a lock box, while urban
populations may prefer a dedicated mobile account. A
recent review of affordability in clean cooking called for
increased research into microsavings as a tool to increase
the affordability of fuel refill cost [42].

The CTW does not remove all barriers to gas use, spe-
cifically the economic aspects. However, these results
suggest that a CTW does help mitigate a wide range of
barriers through education and maintenance support.
These results imply that the CTW pilot simply should
adjust and continually strive for holistic programming to
overcome all barriers to LPG use.

This challenge is not unique to CTWs as CHW pro-
grams do improve the health of the local communities
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they serve, but they are not a complete replacement of
full-service medical care, nor can they mitigate hospital
or medication fees.

Funding and feasibility at scale

This CTW model could be funded as a PPP between the
government’s Ministry of Energy and Minerals (or the
Ministry of Health and Social Welfare) and the LPG com-
panies. This PPP model would be very different from the
funding models of CHW programs, where there is a clear
public interest in improving health care. With CTWs,
there is not always that clear public interest. However,
in this case of CT'Ws being utilized to increase LPG use,
there is rationale for some of the funding to come from
the public sector as the CTW is clearly focused on activi-
ties of public interest with regard to health, the climate,
and gender empowerment. However, the CTW also pro-
motes a technology provided by a private sector firm.
This local outreach model not only acts as advertising for
the company, but also promotes the expansion of their
markets and distribution networks. The CTW financial
management model does not require that the private sec-
tor offer a new product. It stretches the private sector’s
business models to work with customers who consume
small amounts of gas. The private sector has the chal-
lenge of supplying a dispersed customer base, while still
providing the maintenance, repair, and sales support.
The safety of LPG distribution networks is often also
a challenge for the private sector; the CTW could pro-
vide further confidence that safety issues will not arise at
the household level. The CTW could lessen the burden
on the private sector, while simultaneously addressing
household continued use.

Private companies should be building their own mar-
ket creation, and thus should contribute to the funding
of these local workers. CTWs could even become a rec-
ognized role within the companies, especially since they
provide the technical training for these works. However,
in the case of clean cooking, there is also a clear and
urgent public interest in the adoption and continued use
of clean fuel; thus, a PPP could be a compromise.

The CTW pilot itself is quite intensive with frequent
visits to a small set of households and would arguably be
very expensive to implement at scale. However, in this
pilot study we only assigned 15 households to each CTW,
conducted weekly visits, and paid CTWs a rate that
included translation work and survey enumeration. The
results and discussion address that these aspects could
and would be adjusted in scaling this model. For exam-
ple, CT'Ws would be paid the same rate as CHWs, CTWs
could work with 50 households each, and/or the CTWs
could visit weekly for a month and then adjust to monthly
check-ins in combination with weekly phone calls). The
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range of CHW programs in Tanzania reveal how differ-
ent models could be adapted based on community needs
and local government budgets. Finally, the expense of the
pilot could be mitigated through a public—private part-
nership. The health, climate, and gender implications of
unclean fuel use indicate that we must pursue aggres-
sive policy to ensure universal adoption and even more
importantly continued, exclusive use.

IT vs. in-person visits

The advantage of this model for cooking over an IT-based
solution (i.e., text message education or reminders) is
that human workers can respond and adapt to the spe-
cific issues of the household and provide helpful advice.
Cooking is particularly entrenched in cultural and social
issues that pose adoption and use issues that lighting, for
instance, does not. These challenges, similar to those in
health care, require in-person visits to overcome these
barriers as opposed to telephone conversations or text
messages. Even companies like Envirofit, that pursue
large scale cookstove deployment mostly through IT-
based communication [43], admit that “while investing in
training resources increases costs, it also increases adop-
tion” [43]. Technology does not negate the need for a
local worker to assist in the behavioral, safety, education,
and maintenance issues.

Most CHW programs provide a combination of physi-
cal visits and IT outreach [26]. A few studies of CHW
programs in Malawi, South Africa, and Kenya found text
messages to be successful in a variety of use cases includ-
ing appointment reminders, questions for physicians, and
even cardiovascular disease screening [44—46]. However,
the CHWs in the Kenya study stressed that these visits
should be combined with in person visits [44]. To our
knowledge, there are no CHW programs in Tanzania that
rely only on IT outreach. Although mobile phones are
pervasive even in rural communities, network issues, the
inability to re-charge phones, and the expense of phone
credit, may make only IT visits not as viable.

Despite this, there is a financial incentive for imple-
menters to reduce the physical visits. Even reducing the
physical visits to once a month (coupled with a weekly
text message), compared to physical visit on a bi-weekly
basis could cut CTW costs in half. Another pilot of this
model could provide phone credit, so as not to burden
the household with an additional expense, but still pur-
sue an inexpensive alternative to an additional visit. Fur-
ther research into comparison studies between a physical
visiting model and a remote check in system could assist
policy makers in deciding whether the financial burden
of the CTW salaries was necessary to provide this sup-
port for continued use. From interviews, the fact that the
CTW was from their community and the household was
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able to create a personal relationship with them proved to
be very important, but further research is advised.

Beyond LPG

Based on the discussion of expanding the CTW project,
this model may be most cost effective in areas where you
could pair the role of this local outreach worker with
other rural community needs. This model may not be as
cost effective in an urban setting where IT-based solu-
tions may suffice, but rural, traditional settings require
intra-community support. As rural communities are
being exposed to new technologies, the CT'Ws could play
a wider role in supporting renewable energy technologies
as well as other technologies (mobile phones, IT systems,
water and waste related technologies). This local worker
could also address lighting, water pumps, mini grids,
etc. to holistically support rural household energy infra-
structure. There is an opportunity for the CTW to play a
wider role in energy access, but also development goals
in general. Expanding the role of CTWs is in line with
the CHW literature as most CHWs are trained in “pro-
motive, preventive, curative and rehabilitative aspects
of care related to maternal, newborn and child health,
malaria, tuberculosis, HIV/AIDs as well as other com-
municable and non-communicable diseases” [26] (pg. 8).
However with this expansive role, we recognize the need
to support these local workers, with funding, transport,
and education [26].

Limitations

This is a pilot feasibility study with a small sample size
and only reports results from one rural district in North-
West Tanzania. Additionally, as noted in the Data Col-
lection section, all cooking fuel use is self-reported
although the CT'W could monitor LPG refills. Thus, our
results are vulnerable to recall bias. Our results are also
vulnerable to social desirability bias; however, in all sur-
veys and interviews, we reminded the participant that
we simply wanted to understand barriers to LPG use and
appreciated their honesty regarding their biomass use
and experience with the pilot. Over the study period, on
average ~40% of households were using LPG exclusively
indicating that this model is insufficient to address all the
barriers to exclusive clean fuel use. We acknowledge that
we are unable to isolate the effect of the CTW. Barriers
to continued technology use overlap and cover a range
of disciplines, and thus may be best addressed together.
Further research into this model with differing levels of
visits or engagement could help isolate the CTW’s effect.
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Conclusions

The results that 80% of households refilled throughout
the study and ~40% became exclusive LPG users sug-
gest that this outreach model could be a mechanism to
increase rates of LPG use. This is a particularly high rate
of exclusive use considering the availability of free fire-
wood. The CTW was found to address a range of bar-
riers facing the households including lack of education,
behavior change challenges, financial hardships, and
even water purification. Our results indicate that local
outreach is necessary, yet insufficient to achieve 100%
exclusive use. Our results encourage a partnership of the
CTW model with the private LPG sector and or a micro-
savings program to ameliorate affordability issues. Social
and economic support are critical to achieving exclusive
LPG use. Community based outreach is invaluable in any
transition, but especially to increase the continued use of
clean energy for cooking and beyond.
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