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Abstract

Liquefied Petroleum Gas Fuel Trends After the Household Air Pollution Intervention

Network Trial

By Jesus Arias

Household air pollution (HAP) caused by burning solid biomass fuel leads to
serious health problems such as high blood pressure and cardiovascular disease.
Cleaner fuels which may reduce health impacts exist, however efforts to improve
adoption among biomass users need further study. The Household Air Pollution
Intervention Network (HAPIN) provided free liquified petroleum gas (LPG) fuel to
enrolled pregnant women across Guatemala, India, and Rwanda to analyze the health
benefits of fuel switching to cleaner alternatives. Following completion of the trial
period and discontinuation of free LPG supply, extended follow-up evaluated
continued LPG use one and two years later amongst both intervention and control
households.

During the trial period LPG adoption and adherence were high in the
intervention group. However, this study focused on the sustained changes after the
study, considering socio-economic status (SES), household size, and education level as
potential influencing factors. The outcome for the follow-up was categorized as
households reporting either using some LPG or no LPG, exclusive LPG, exclusive
biomass, or combined (“stacked”) fuel usage.

Following the completion of the trial, there was a notable decline in LPG use
among intervention households and little uptake of LPG among control households.
There was some variation by country, but this was mainly attributable to post-trial
treatment of controls in India who received LPG in consideration for participation in the
trial. High SES was consistently associated with increased odds of continued LPG use,
both exclusively and alongside biomass and stacked usage, suggesting economic factors
play a role in sustaining cleaner fuel use. A larger number of persons per household
had a tendency towards biomass and stacked usage, indicating possible economic and
practical constraints. Education levels had mixed associations with fuel choice,
underscoring the complexity of factors influencing the adoption of cleaner cooking
technologies. This study showed the challenges of sustaining use of cleaner fuel LPG in
low and middle-income countries. It also demonstrated the need for targeted policies
and interventions that address the educational and economic barriers to adopting and
maintaining cleaner cooking practices.
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Introduction

Cooking with biomass fuel (wood, charcoal, dung, agricultural residue) contributes
strongly to household air pollution (HAP). These fuels are often used in high concentrations of
pollutants that are less than 2.5 pm in aerodynamic diameter PM.;s, carbon monoxide,
hydrocarbons, nitrogen oxides, sulfur oxides, and black carbon that are associated with serious
health problems such a high blood pressure and cardiovascular disease (Nicolaou 2022). HAP
has been responsible for an estimated 2.3 million deaths each year globally (GBD Collaborators

2020).

Cleaner burning fuels such as liquid petroleum gas (LPG) have emerged as potential
solutions to address the adverse health impacts of HAP in low and middle-income countries. One
study showed that an LPG intervention decreased PM2.5 exposure from approximately 270
pg/m3 to approximately 70 pg/m3. While not reaching the World Health Organization (WHO)
recommended target of 35 pg/m3, this was due in part to fuel stacking (Steenland 2018) . While
the intervention group was using LPG, they also continued using biomass fuel which shows the

importance of switching completely to exclusive LPG usage.

The consistent and sustained use of these cleaner fuels, however, remains a challenge. In
India, the government has been promoting the change from biomass fuel to LPG fuel. While
India’s study in Maharashtra, India (Pillarisetti 2019) showed that after the study 85% of
households paid to keep their LPG cylinder, it was a small overall sample size with no records of
their fuel usage patterns long after the study was over. A study in Peru (Fandifio-Del-Rio 2017)
undertook an LPG intervention where in the second year of the study, the intervention group
could keep their LPG, but the gas supply would stop while the control group received LPG

stoves with vouchers but will not be delivered. The struggle in this study came from ensuring



exclusive LPG usage. The participants in this study could have stacked fuels, meaning they not
only use LPG but other types of fuels as well. Ghana (Asante 2018) also struggled with their
study with 58% of households never refilling their LPG cylinder nine months after initial

delivery and lack of exclusive LPG use.

Numerous observational studies have explored factors influencing the adoption of cleaner
cooking fuels. Income and education have consistently been associated with higher adoption
rates (Lewis, 2012; Pye, 2020). Household size is another factor that influences fuel switching
(Peng 2010). Gill-Wiehl et al. (2021) emphasizes the significance of affordability as a barrier to
adoption. Diverse frameworks and metrics have been used to assess affordability, including stove
prices, fuel costs, microfinance, and procurement quantities. Long term use of LPG will be
interrupted by seasonally accessible wood (Thompson 2018). Recommendations suggest
aligning financing strategies with the financial behaviors of low-income households and
considering gender and rural-urban divides (Gill-Wiehl, 2021). Socio-economic factors,
including education and income, are significant drivers of adoption. Higher education and
household wealth correlate with a greater likelihood of adopting cleaner cooking technologies
(Pye, 2020; Guta, 2022). Income does not determine gas fuel obtainment, but it may predict
sustained use (Thompson 2018). Efforts to raise awareness around safe LPG use and

interventions addressing financial barriers are needed to encourage wider adoption (Pye, 2020).

The Household Air Pollution Intervention Network (HAPIN) trial was an environmental
health research study that aimed to assess the health impacts of switching biomass cooking fuels
to LPG among households in four countries, Guatemala, India, Rwanda, and Peru, where HAP is
a large health concern. In the HAPIN trial, the intervention consisted of providing free LPG

stoves and continuous fuel supply to enrolled pregnant women with free delivery and adequate



training (Clasen 2022). The trial achieved high fidelity and strong adherence to near exclusive
LPG use among intervention households during the trial period (Quinn 2021). After the trial, the
control groups from each country received their own compensation package that would address
concerns about loss to follow-up, fairness, and potential effects on household economics.
Guatemala’s control compensation came with coupons at comparable values of an LPG stove
that can be used to obtain household items, including an LPG stove. Peru’s control group
received small items during trial and an intervention stove with 1 month fuel after. Rwanda’s
control group were given small items during the trial and a choice of a solar kit, LPG stove with
four-cylinder refills, or cash equivalent at the trials end. India was the only country whose
control group received the intervention after the study, which is an LPG stove and 18 months of
fuel at the end of the trial while also being compensated for their participation in accordance with
local ethic committee requirements (Quinn 2019). The data used in this study focuses on the time
during the intervention and two years after the study. Currently, HAPIN is continuing to follow

the participants for an additional two years, after the children’s 5™ birthday.

Twelve months after the child was born to pregnant women participants, the intervention
period and free supply of LPG was discontinued, leaving an open question regarding sustained
LPG use behavior following a prolonged period of free supply. This paper aims to describe the
changes in fuel usage behavior between LPG and alternative fuels at two time points following
the conclusion of free LPG supply. Furthermore, we assess how several baseline characteristics
are associated with continued LPG use at these two follow-up time points. These analyses will
contribute to our understanding of short-term changes to cooking fuel choices and the

sustainability of short-term freely supplied LPG fuel, and in future studies will be coupled with



extended follow up through four years to better understand the longer-term cooking fuel

behavioral changes associated with short-term free supply interventions.

Methods

Participation Selection

The study was conducted as part of the extended follow-up in the HAPIN trial
Guatemala, India, and Rwanda. Peru was not included in the extended follow up due primarily to
funding limitations. While all participants were included in descriptive results, statistical
analyses focused solely on the LPG use of women in intervention households who completed

follow-up surveys.

Data Collection and variable definition

Follow-up surveys were administered within a 60-day window surrounding the HAPIN
index child’s 2- and 3-year birthdays, or roughly 12- and 24- months following the conclusion of
the primary trial observation period when free fuel deliveries terminated. The outcome of
continued LPG use was defined by survey responses given by participants to the question: “What
fuel do you use in [your primary] stove most of the time?” The fuel options were wood, LPG,
electricity, charcoal, cow dung, agricultural waste, and grass/shrubs. Responses were then
categorized into either ‘exclusive LPG,’ ‘exclusive biomass,” and ‘stacked fuel’ or ‘LPG user,’
‘Biomass user,” and ‘Stacked fuel user’ depending on whether the focus is on exclusive fuel use

or any usage of that fuel.



The type of stoves used in the household were recorded by checking for up to two of each
type: LPG, Biomass, Open, Rondereza, Portable, Kerosene. Fuel acquisition was self-reported
and pertains to how the fuel was obtained, which can be through purchase, collection, both, or

other.

The independent variables SES, household size, and mothers education were looked at as
categorical variables for predictors of some LPG compared to no LPG and exclusive LPG
compared to exclusive biomass or stacked fuel usage. These variables have been shown in the
literature review (Pye 2020) to correlate with a higher chance of adopting cleaner fuel .Socio-
economic status (SES) is the socioeconomic index variable. Originally being continuous, they
were evenly divided into three level categories. For SES, low SES is from ranges -2.23 to -0.77,
medium SES -0.77 to 0.43, and high SES 0.43 to 2.12. Household size is defined as the number
of people sleeping in the mothers’ house, including the mother, on a typical weeknight.
Household size had values grouped evenly from values 1-3 persons, 3-4 persons, and 4-18
person. Mothers’ education was recorded and defined as the education level completed by the
start of the study period. The choices for this variable were primary school, secondary school,
vocational, some college, no formal or education. The treatment group is divided into two
groups, intervention group which receives LPG, and the control group which continues to use

biomass.



Data Analysis

Descriptive statistics were calculated across country, timepoint, and intervention/control
groups. To find the fuel usage patterns, different variables were used for timepoint 12 month than
the timepoints 24, 36, and baseline, due to different survey structures. For the 12-month
timepoint, information on each type of stove of interest was recorded. If LPG stove was checked
then it would count for LPG fuel. If any other type of fuel was checked it would count for
biomass fuel. For the other timepoints, information on up to three different fuels was recorded.
With this information, there is some LPG usage if there is any check for LPG fuel or LPG stove.
Exclusive LPG is when there is only record of LPG, exclusive biomass, is when there is only

record of Biomass, and stacked is when there is both a record of LPG and biomass.

Multivariable binary logistic regression analyses were run to estimate the association
between SES at baseline and continuation of some LPG 1-2 years (24 and 36 timepoint) after the
trial among the intervention group after adjusting for household size and education at baseline
(Equation 1). The outcome variable, Access to LPG is treated as a binary variable, some LPG
use, or no LPG use. Multivariable multinomial logistic regression analyses were run to estimate
the association between SES at baseline and continuation of exclusive LPG 1-2 years (24 and 36
timepoint) after the trial among the intervention group after adjusting for household size and
education at baseline (Equation 2). Single factor logistic regressions were run to obtain crude
odds ratios (OR) and 95% confidence intervals (CI) for some LPG use and exclusive LPG use.
Missing variables were treated as excluded in all the calculations. Analyses were conducted in R

(version 4.3.2)



Equation 1. Association between socioeconomic status and continued use of some LPG
(Intervention Group)

P(Y = Some LPG |z;)r, = bo + bl z;

where: k; = 24, 36 months, ks = baseline

SES = High,,
SES = Mediumg,
SES = Lowy,

( \‘ HH Size = 1-3y,

bo HH Size = 3-dy,

b=1. Fi= HH Size = 418,
Education = No Educationg,

Education = Primary

Edueation = Secondayy,

Education = College Vocationaly,

Equation 2. Association between socioeconomic status and continued use of Exclusive LPG
(Intervention Group)

P(Exclusive Biomass, Stacked | z;;)

=b+ bTxij
P(Exclusive LPG | z;;) .

where: k; = 24, 36 months, ky = baseline

SES = High,,
SES = Mediumy,
SES = Lowy,
b HH Size = 1-3,,
bia HH Size = 345,
. gy =

HH Size = 4-18;,

bao Education = No Educationy,
Education = Primary,,
Education = Seconday,
Education = College Vocationaly,




Results
Participants

Across all three country settings, there were 2397 mothers in the study. Of these, 1194
(49.8%) were in the treatment arm. Among the baseline characteristics, 1251 (52.2%) mothers
overall attended primary school (Table 1). The average household size for both the control and

intervention group was 4 persons per household.

Fuel Usage

Overall, at baseline, most participants used wood, 1154 (95.9%) among the control group,
and 1102 (92.3%) among the intervention group. At baseline, Rwanda contributed to all the 129
charcoal users in the control group and 185 of the 186 charcoal users in the intervention group

(Table 2a).

By the 12-month timepoint (Table 2b), the intervention group had received their LPG
with 1,005 (47.8%) of the study using some LPG. In the 24-month timepoint (Table 2c¢), India’s
control had received 18 months of LPG fuel which increased the countries LPG usage to 550
(85.1%), 300 (91.7%) in the control group, and 250 (77.6%) in the intervention group. At 36-
month (Table 2d), Guatemala and India had their highest stacked percentages throughout the

study with 194 (28.1%) for Guatemala and 306 (56.1%) for India.

Participants were almost entirely exclusive biomass users at baseline (Figure 1-3). As
expected, this changed for the intervention group at the 12-month timepoint, showing nearly
exclusive LPG usage as previously reported (Williams 2023). Overall, in the countries at the 24-
month timepoint, out of 943 in the control group, there were 577 (61%) exclusive biomass users,
222 (24%) exclusive LPG users, and 144 (15%) stacked users. For the intervention group at the

24-month timepoint, out of 925, there were 476 (52%) exclusive biomass users, 151 (16%)



exclusive LPG users, and 298 (32%) stacked users. For the control group at the 36-month
timepoint, out of 904, 617 (68%) were exclusive biomass users, 60 (7%) were exclusive LPG
users, and 227 (25%) were stacked users. For the intervention group at the 36-month timepoint,
out of 869, 475 (55%) were exclusive biomass users, 76 (9%) were exclusive LPG users, and

318 (37%) were stacked users.

Fuel Usage Associations

At the 24-month timepoint 449 (48.5%) of the 926 participants that were in the
intervention group used some LPG (Table 3a). In both crude and adjusted analyses, the odds of
some LPG usage were higher for subjects with high SES when compared with low SES (adjusted
OR 19.46, 95% CI 11.98 — 31.59), medium SES had also higher odds of some LPG compared to
low SES (adjusted OR 3.69, 95% CI 2.46 — 5.55). In the crude OR for household size, the odds
of some LPG usage were lower for subjects with 3-4 people per household when compared with
1-3 (crude OR 0.69, 95% CI 0.51 — 0.96), 4-18 per household had also lower odds of using some
LPG compared to 1-3 (crude OR 0.63, 95% CI 0.46 — 0.86), both the adjusted OR’s for these
groups were not significantly different from the odds for 1-3 per household. Only the crude OR
for primary school education was statistically different from the odds for 1-3 per household. In
the adjusted analysis for education, the odds of some LPG usage were lower for primary school
(adjusted OR 0.44, 95% CI 0.25 — 0.78), secondary school(adjusted OR 0.43, 95% CI 0.23 —
0.79), and college/vocational school (adjusted OR 0.41, 95% CI 0.19 — 0.89) when compared

with no formal education.
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At the 36-month timepoint, the intervention group had 394 (45.2%) who used some LPG
(Table 3b). In both crude and adjusted analyses, the odds of some LPG usage were higher for
subjects with high SES when compared with low SES (adjusted OR 17.34, 95% CI 10.61 —
28.33), medium SES had also higher odds of some LPG compared to low SES (adjusted OR
4.22,95% CI 2.79 — 6.37). Both the adjusted and the crude for all categories except the crude OR
for 3-4 per household were not statistically different odds from the odds for 1-3 per household. In
the adjusted analysis for education, the odds of some LPG usage were lower for both secondary
school (adjusted OR 0.45, 95% CI 0.24 — 0.85) and college/vocational school (adjusted OR 0.44,
95% CI1 0.20 — 0.96) when compared to no formal education, primary school was not statistically

different from no formal education.

At the 24-month timepoint, the intervention group had 151 (16.3%) who used some LPG
(Table 3b). In both crude and adjusted analysis, aside from stacked comparisons among medium
SES which was not statistically significant, the odds of choosing exclusive biomass are less
compared to exclusive LPG among the high SES vs low SES (adjusted OR 0.009, 95% CI 0.003
—0.03) and medium SES vs low SES (adjusted OR 0.13, 95% CI 0.04 — 0.43), odds of stacked is
also less compared to exclusive LPG among the high SES vs low SES (adjusted OR 0.11, 95%
CI 0.03 —0.39). In the adjusted analysis for household size, the odds of choosing exclusive
biomass are less compared to exclusive LPG among the 3-4 vs 1-3 person households (adjusted
OR 1.19, 95% CI 0.69 — 2.05), all other adjusted OR’s showed no statistical differences. In the
adjusted analysis for education, odds of exclusive biomass usage were lower compared to
exclusive LPG among primary school vs no formal education (adjusted OR 2.65, 95% CI 1.05 —
6.65), odds of stacked usage were lower compared to exclusive LPG among college/vocational

vs no formal education.
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At the 36-month timepoint, the intervention group had 76 (8.75%) who used some LPG
(Table 3b). In the adjusted analysis for SES, the odds of using exclusive biomass was lower
compared to exclusive LPG for both high SES vs low SES (adjusted OR 0.01, 95% CI 0.001 —
0.04) and medium vs low SES (adjusted OR 0.11, 95% CI 0.01 — 0.92), the odds of using stacked
fuel was lower compared to exclusive LPG for high SES vs low SES (adjusted OR 0.08, 95% CI
0.01 — 0.59), it was not statistically different between medium SES vs low SES. In the adjusted
analysis for household size, the odds of using stacked fuel usage compared to exclusive LPG is
less when comparing 3-4 vs 1-3 person household (adjusted OR 0.75, 95% CI 1.17 — 4.71) but
the odds were higher of using stacked fuel usage when comparing 4-18 vs 1-3 person household
(adjusted OR 2.17, 95% CI 1.16 — 4.05), there were no statistical difference when comparing
exclusive biomass and exclusive LPG. In the adjusted analysis for education, the only significant
difference shown was in the odds of using stacked fuel is less among exclusive LPG when

comparing college/vocational vs no formal education (adjusted OR 0.21, 95% CI 0.06 — 0.83).
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Table 1. Study population description

Table 1. Baseline Characteristics

Control Treatment
Characteristic Guatemala, N = 400 India, N = 399’ Rwanda, N = 404’ Guatemala, N = 400’ India, N = 400’ Rwanda, N = 394
SES -0.47 (0.71) 0.94 (0.65) -1.13 (0.75) -0.45 (0.74) 0.97 (0.69) -0.75 (0.92)
Household Size 5.14 (2.63) 3.78 (1.50) 3.51 (1.46) 5.27 (2.66) 3.75 (1.58) 3.50 (1.48)
Mother's Highest Education
No formal education 43 (10.8%) 75 (18.8%) 28 (6.9%) 25 (6.3%) 46 (11.5%) 24 (6.1%)
Primary school complete 115 (28.8%) 37 (9.3%) 91 (22.5%) 113 (28.3%) 50 (12.5%) 82 (20.8%)
Primary school incomplete 149 (37.3%) 80 (20.1%) 163 (40.3%) 164 (41.0%) 84 (21.0%) 123 (31.2%)
Secondary school complete (e.g. high school) 50 (12.5%) 67 (16.8%) 34 (8.4%) 45 (11.3%) 77 (19.3%) 69 (17.5%)
Secondary school incomplete (e.g. high school) 37 (9.3%) 74 (18.5%) 76 (18.8%) 47 (11.8%,) 66 (16.5%) 69 (17.5%)
Some college or university 1(0.3%) 56 (14.0%) 8 (2.0%) 1(0.3%) 67 (16.8%) 17 (4.3%)
Vocational 5(1.3%) 10 (2.5%) 4(1.0%) 5(1.3%) 10 (2.5%) 10 (2.5%)

"Mean (SD); n (%)

Table 2a. Fuel Use at Baseline

Control Treatment

Characteristic Guatemala, N = 400" India, N = 309" Rwanda, N = 404 Guatemala, N = 400 India, N = 400’ Rwanda, N = 394’
Access to LPG

No LPG 400 (100.0%) 396 (99.2%) 403 (100.0%) 400 (100.0%) 394 (98.5%) 393 (100.0%)

Some LPG 0 (0.0%) 3 (0.8%) 0 (0.0%) 0 (0.0%) 6 (1.5%) 0 (0.0%)
Fuel Use Pattern

Exclusive Biomass 400 (100.0%) 396 (99.2%) 403 (100.0%) 400 (100.0%) 394 (98.5%) 393 (100.0%)

Stacked 0 (0.0%) 3 (0.8%) 0 (0.0%) 0 (0.0%) 6 (1.5%) 0 (0.0%)
Uses Wood 399 (99.8%) 399 (100.0%) 356 (88.1%) 399 (99.8%) 400 (100.0%) 303 (76.9%)
Uses LPG 0 (0.0%) 3 (0.8%) 0 (0.0%) 0 (0.0%) 6 (1.5%) 0 (0.0%)
Uses Electricity 1{0.3%) 3 (0.8%) 0 (0.0%) 2 (0.5%) 3 (0.8%) 0 (0.0%)
Uses Charcoal 0 (0.0%) 0 (0.0%) 128 (31.9%) 1 (0.3%) 0 (0.0%) 185 (47.0%)
Uses Cow Dung 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1(0.3%) 0 (0.0%)
Uses Agricultural Waste 0 (0.0%) 0 (0.0%) 6 (1.5%) 3 (0.8%) 0 (0.0%) 6 (1.5%)
Uses Grass/Shrubs 1(0.3%) 0 (0.0%) 3 (0.7%) 0 (0.0%) 0 (0.0%) 6 (1.5%)

" (%)
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Characteristic
Access to LPG
Mo LPG
Some LPG
Fuel Use Pattern
Exclusive Biomass
Exclusive LPG
Stacked

"n %)

Table 2b. Fuel Use at 12 Month

Control Treatment

Guatemala, N = 373’ India, N = 378’ Rwanda, N = 371’ Guatemala, N = 379" India, N = 379" Rwanda, N = 337’

347 (99.1%) 367 (97.9%) 339 (99.7%) 10 (2.9%) 8 (2.1%) 26 (8.2%)
3 (0.9%) 8 (2.1%) 1 (0.3%) 334 (97.1%) 367 (97.9%) 292 (91.8%)

346 (99.1%) 363 (97.8%) 337 (99.7%) 10 (2.9%) 4 (1.1%) 22 (7.0%)
0 (0.0%) 8 (2.2%) 1 (0.3%) 331 (96.2%) 367 (98.9%) 286 (91.1%)
3 (0.9%) 0 (0.0%) 0 (0.0%) 3 (0.9%) 0 (0.0%) 6 (1.9%)

Characteristic

Access to LPG

Table 2c. Fuel Use at 24 Month

Control Treatment

Guatemala, N = 356" India, N = 327’ Rwanda, N = 287" Guatemala, N = 358" India, N = 322" Rwanda, N = 270’

No LPG 294 (87.2%) 25 (7.7%) 264 (92.0%) 219 (65.4%) 71 (22.1%) 187 (69.39%)
Some LPG 43 (12.8%) 300 (92.3%) 23 (8.0%) 116 (34.6%) 250 (77.9%) 83 (30.7%)
Fuel Use Pattern
Exclusive Biomass 294 (87.2%) 19 (6.0%) 264 (92.0%) 219 (65.4%) 70 (21.9%) 187 (69.3%)
Exclusive LPG 1(0.3%) 220 (69.0%) 1 (0.3%) 10 (3.0%) 137 (42.8%) 4 (1.5%)
Stacked 42 (12.5%) 80 (25.1%) 22 (7.7%) 106 (31.6%) 113 (35.3%) 79 (29.3%)
Uses Wood 336 (94.4%) 98 (30.0%) 259 (90.2%) 325 (90.8%) 180 (55.9%) 211 (78.1%)
Uses LPG 43 (12.19%) 300 (91.7%) 23 (8.0%) 116 (32.4%) 250 (77.6%) 83 (30.7%)
Uses Electricity 3 (0.8%) 6 (1.8%) 0 (0.0%) 1(0.3%) 2 (0.6%) 1 (0.4%)
Uses Charcoal 0 (0.0%) 0 (0.0%) 89 (31.0%) 0 (0.0%) 0 (0.0%) 122 (45.29%)
Uses Cow Dung 0 (0.0%) 1 (0.3%) 0 (0.0%) 0 (0.0%) 3 (0.9%) 0 {0.0%)
Uses Agricultural Waste 0 (0.0%) 0 (0.0%) 0 (0.0%) 1(0.3%) 0 (0.0%) 0 {0.0%)
Uses Grass/Shrubs 0 (0.0%) 0 (0.0%) 1 (0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

" (%)
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Characteristic
Access to LPG
Ma LPG
Some LPG
Fuel Use Pattern
Exclusive Biomass
Exclusive LPG
Stacked
Uses Wood
Uses LPG
Uses Electricity
Uses Charcoal

Uses Cow Dung

Uses Agricultural Waste

Uses Grass/Shrubs

" (%)

Guatemala, N = 353 India, N = 269" Rwanda, N = 287" Guatemala, N = 346" India, N = 278" Rwanda, N = 252

290 (82.9%)

60 (17.1%)

289 (82.8%)
6 (1.7%)
54 (15.5%)
343 (97.2%)
60 (17.0%)
6 (1.7%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Table 2d. Fuel Use at 36 Month

Control

56 (20.8%)

213 (79.2%)

56 (20.8%)
54 (20.1%)
159 (59.1%)
215 (79.9%)
213 (79.2%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

0 (0.0%)

272 (95.1%)

14 (4.9%)

272 (95.1%)
0 (0.0%)
14 (4.9%)

264 (92.0%)
14 (4.9%)
0 (0.0%)

82 (28.6%)
0 (0.0%)
0 (0.0%)

1(0.3%)

192 (56.3%)

149 (43.7%)

192 (56.3%)
9 (2.6%)
140 (41.1%)
331 (95.7%)
149 (43.1%)
2 (0.6%)
1(0.3%)
0 (0.0%)

0 (0.0%)

0 (0.0%)

Treatment

64 (23.0%)

214 (77.0%)

62 (22.5%)
67 (24.3%)
147 (53.3%)
209 (75.2%)
214 (77.0%)
5 (1.8%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

0 (0.0%)

221 (87.7%)

31 (12.3%)

221 (87.7%)
0 (0.0%)
31 (12.3%)
202 (80.2%)
31 (12.3%)
0 (0.0%)
114 (45.2%)
0 (0.0%)
1(0.4%)

0 (0.0%)
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Table 3a. Subject Characteristics (n=926) and Crude and Adjusted Associations with reference = some LPG usage at
24 month timepoint

Fuel Usage
mean (SD)
Overall No LPG Some LPG Crude Odds Ratios Adjusted Odds Ratios
Characteristic (n=926) (n=477) (n=449) (95% Confidence (95% Confidence
Interval) Interval)
SES: Low 267 (28.83) 220 (23.76) 47 (5.08) - -
Medium 315 (34.02) 183 (19.76) 132 (14.25) 3.38 (2.29, 4.97) 3.69 (2.46, 5.55)
High 344 (37.15) 74 (7.99) 270 (29.16) 17.1(11.4,25.7) 19.46 (11.98, 31.59)
HH Size®: 1-3 307 (33.15) 137 (14.79) 170 (18.36) - -
3-4 295 (31.86) 158 (17.06) 137 (14.79) 0.69 (0.51, 0.96) 1.05(0.72, 1.53)
4-18 324 (34.99) 182 (19.65) 142 (15.33) 0.63 (0.46, 0.86) 0.74 (0.52, 1.07)
Education:
No Education 75 (8.10) 34 (3.67) 41 (4.43) - -
Primary 469 (50.65) 303 (32.72) 166 (17.93) 0.45 (0.28, 0.74) 0.44 (0.25, 0.78)
Secondary 289 (31.21) 115 (12.42) 174 (18.79) 1.26 (0.75, 2.09) 0.43 (0.23,0.79)
College/Vocational 93 (10.04) 25 (2.70) 68 (7.34) 2.26 (1.18, 4.30) 0.41 (0.19, 0.89)

1. SES: Low (-2.23,-0.77), Medium (-0.77, 0.43), High (0.43, 2.12)
2. EB = Exclusive Biomass
3. HH size = Household size (person per household)
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Table 3b. Subject Characteristics (n=871) and Crude and Adjusted Associations with reference = some LPG usage at

36 month timepoint

Fuel Usage
mean (SD)
Overall No LPG Some LPG Crude Odds Ratios Adjusted Odds Ratios
Characteristic (n=871) (n=477) (n=394) (95% Confidence (95% Confidence
Interval) Interval)
SES: Low 263 (30.20) 219 (25.14) 44 (5.05) - -
Medium 304 (34.90) 174 (19.98) 130 (14.93) 3.72 (2.50, 5.52) 4.22 (2.79, 6.37)
High 304 (34.90) 84 (9.64) 220 (25.26) 13.03 (8.65, 19.64) 17.34 (10.61, 28.33)
HH Size®: 1-3 287 (32.95) 148 (16.99) 139 (15.96) - -
3-4 278 (31.92) 168 (19.29) 110 (12.63) 0.69 (0.49, 0.97) 1.03 (0.70, 1.51)
4-18 306 (35.13) 161 (18.48) 145 (16.65 0.96 (0.69, 1.32) 1.29 (0.89, 1.87)
Education:
No Education 70 (8.04) 36 (4.13) 34 (3.90) - -
Primary 454 (52.12) 288 (33.07) 166 (19.06) 0.61 (0.37, 1.01) 0.62 (0.35, 1.11)
Secondary 269 (30.88) 126 (14.47) 143 (16.43) 1.20 (0.71, 2.03) 0.45 (0.24, 0.85)
College/Vocational 78 (8.96) 27 (3.10) 51 (5.86) 2.00 (1.03, 3.87) 0.44 (0.20, 0.96)

1. SES: Low (-2.23,-0.77), Medium (-0.77, 0.43), High (0.43, 2.12)
2. EB = Exclusive Biomass
3. HH size = Household size (person per household)
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Table 4a. Subject Characteristics (n=925) and Crude and Adjusted Associations with refence = Exclusive LPG usage
at 24 Month (as categorical variables)

Fuel Usage
n (%)
Overall Exclusive Exclusive Stacked Crude Odds Ratios Adjusted Odds Ratios
Characteristic (n=925) Biomass LPG (n=298) (95% Confidence (95% Confidence
(n=476) (n=151) Interval) Interval)

SES®: Low 267 (28.86) 220 (23.78) 3(0.32) 44 (4.76) - -
Medium 315 (34.05) 183 (19.78) 20(2.16) 112 (12.11) EBZ 0.13 (0.04, 0.43) 0.13 (0.04, 0.43)
Stacked:0.39 (0.11, 1.35) 0.43(0.12, 1.55)

High 343 (37.08) 74 (7.89) 128(13.84) 142 (15.35) EB% 0.01(0.002, 0.03) 0.009 (0.003, 0.03)

Stacked:0.08 (0.02, 0.25) 0.11 (0.03,0.39)

HH Size® 1-3 307 (33.19) 137 (14.81) 71 (7.68) 99 (10.70) - -
3-4 294 (31.78) 157 (16.97) 40 (4.32) 97 (10.49) EB?: 2.03 (1.29, 3.19) 1.19 (0.69, 2.05)
Stacked:1.74 (1.08, 2.81) 1.39 (0.84, 2.32)
4-18 324 (35.03) 182 (19.68) 40(4.32) 102 (11.03) EB?2: 2.36 (1.51, 3.69) 1.93 (1.14, 3.25)
Stacked:1.83 (1.14, 2.94) 1.62 (0.98, 2.68)

Education:

No Education 75 (8.11) 34 (3.68) 10 (1.08) 31 (3.35) - -
Primary 469 (50.7) 303 (32.76)  33(3.57)  133(14.38) EB?: 2.70 (1.22, 5.96) 2.65 (1.05, 6.65)
Stacked :1.3 (0.58, 2.92) 1.19 (0.51, 2.80)
Secondary 289 (31.24) 115(12.42) 65(7.03) 109 (11.78) EB2: 0.52 (0.24, 1.12) 2.14 (0.86, 5.37)
Stacked:0.54 (0.25, 1.18) 0.89 (0.39, 2.03)
College/Vocational 92 (9.95) 24 (2.59) 43 (4.65) 25 (2.70) EB2 0.16 (0.07, 0.39) 1.45 (0.52, 4.05)

Stacked:0.19 (0.08, 0.45)

0.39 (0.16, 0.99)

1.
2.
3.

SES: Low (-2.23, -0.77), Medium (-0.77, 0.43), High (0.43, 2.12)

EB = Exclusive Biomass

HH size = Household size (person per household)
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Table 4b. Subject Characteristics (n=869) and Crude and Adjusted Associations with reference = Exclusive LPG
usage at 36 Month (as categorical variables)

Fuel Usage
n (%)
Overall Exclusive Exclusive Stacked Crude Odds Ratios Adjusted Odds Ratios
Characteristic (n=869) Biomass LPG (n=318) (95% Confidence (95% Confidence
(n=475) (n=76) Interval) Interval)

SES!: Low 263 (30.26) 219 (25.20)  1(0.12) 43 (4.95) -- -
Medium 304 (34.98) 174 (20.02) 7 (0.81) 123 (14.15) EBZ% 0.11 (0.01, 0.93) 0.11 (0.01, 0.92)
Stacked:0.41 (0.05, 3.42) 0.46 (0.06, 3.90)
High 302 (34.75) 82 (9.44) 68(7.83) 152(17.49) EB2 0.01 (0.001, 0.40) 0.01 (0.001, 0.04)
Stacked:0.05 (0.01, 0.39) 0.08 (0.01, 0.59)

HH Size®: 1-3 286 (32.91) 147 (16.92)  42(4.83) 97 (11.16) - -
3-4 278 (31.99) 168 (19.33) 14 (1.61) 96 (11.05)  EBZ 3.43(1.80, 6.53) 1.99 (0.98, 4.07)
Stacked:2.97 (1.52, 5.79) 0.75 (1.17,4.71)
4-18 305 (35.10) 160 (18.41)  20(2.30)  125(14.38)  EB2 2.29(1.28,4.07) 1.47 (0.77, 2.81)
Stacked:2.71 (1.49, 4.91) 2.17 (1.16, 4.05)

Education:

No Education 70 (8.06) 36 (4.14) 3(0.35) 31 (3.57) - -
Primary 454 (52.24) 288 (33.14) 20(2.30) 146 (16.80) EB2:0.09 (0.03, 0.33) 0.91(0.23, 3.61)
Stacked: 0.1 (0.03, 0.37) 0.54 (0.14, 2.03)
Secondary 267 (30.72) 124 (1427) 28(3.22) 115(13.23)  EBZ 1.20 (0.34, 4.24) 1.42 (0.36, 5.56)
Stacked:0.71 (0.19, 2.53) 0.64 (0.18, 2.35)
College/Vocational 78 (8.98) 27 (3.11) 25 (2.88) 26 (2.99) EB2: 0.37 (0.11, 1.28) 0.73 (0.18, 3.04)

Stacked:0.39 (0.11, 1.39)

0.21 (0.06, 0.83)

1.
2.
3.

SES: Low (-2.23, -0.77), Medium (-0.77, 0.43), High (0.43, 2.12)

EB = Exclusive Biomass

HH size = Household size (person per household)



Figure 1. Trends in fuel usage over time for the Intervention and Control group (Overall)
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Figure 2. Trends in fuel usage over time (by Country)
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Figure 3. Count of Fuel Users that are Exclusive LPG vs Exclusive Biomass vs. Stacked Fuel Users (with
sample sizes)
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Discussion

Through the descriptive statistics we found that at baseline almost all participants were
exclusive biomass users with very few stacked users. That changed 12 months later when the
treatment group switched over to LPG. The decrease of LPG continued in the remaining time
overall for the treatment group. When looking at it by country, this continues to be the case
except for an increase in LPG usage in the treatment group at the 36-month timepoint. India’s
control group also reached higher percentages of LPG users in the control group than the
intervention group after the study. Both Rwanda’s control and intervention group almost
completely reverted to exclusive biomass two years after the trial. The most used biomass fuel

throughout the study and by country was wood.

Looking at the regression models, high SES, which is the participants within the top 33%
highest SES in the entire study, had a high odd of using some LPG compared to those in medium
SES (middle 33%), and low SES (bottom 33%). This result was consistent with models at both
timepoints, crude, and adjust models, and for the other two models showing high odds of
exclusive LPG over exclusive biomass and stacked fuel. Looking at household size for the crude
models, people were less likely to use some LPG in larger person households compared to
smaller ones (1-3 per household), the results were not significant in the adjusted model. Those in
larger households were more likely to use either stacked or exclusive biomass than exclusive
LPG when comparing with smaller households, these results were also not significant in the
adjusted model. Education in the crude models showed that the higher the education the greater
the odds of using some LPG, the adjusted models showed the opposite, higher education had

lesser odds of using some LPG. When looking at exclusive LPG, higher education led to higher
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odds of using it compared to exclusive biomass or stacked fuels in the crude model and the

exclusive model showed there is no significant difference between education and fuel usage.

Fuel patterns at baseline and the 12-month timepoint can be explained from the stages of
the study. It was required for the participants to be biomass users to be considered for the study
which explains the studies exclusive biomass usage in Figure 2a. At the 12-month timepoint, the
intervention group was assigned to be LPG users, explaining the spike in LPG usage. This study
showed improvements from other LPG intervention studies like the ones in Peru (Fandifio-Del-
Rio 2017) and Ghana (Asante 2018) in ensuring exclusive LPG usage throughout the trial for the

intervention group.

Among several predictors of continued LPG explored here, SES had a significant
association in both the 24- and 36-month timepoint where on average, the greater the SES the
higher the odds of using some LPG. This suggests that socioeconomic factors significantly
influence a households ability to adopt and sustain LPG use, as higher SES households have
more likely more disposable income to focus on cleaner fuel. This was consistent with the
drivers of adoption in one study in Sub-Saharan Africa (Pye 2020) that mentioned that SES
would be associated with a higher odd of adopting LPG. These results however were not
consistent with the study (Pye 2020) which found education was another significant factor in
LPG adoption. Here, we report that education was tested as a predictor but showed very
inconsistent results, limiting the ability to generate a definitive conclusion. This result could be
due to the lack of even distribution between the categories leading to a lack of variability and
wide confidence intervals, most participants attended primary school, few had no formal
education, and even fewer went to college or vocational school. This could also mean that

education level and fuel usage could be influenced by other intervening factors such as income
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or accessibility factors. For household size, it was significant association at the 24-month
timepoint with a greater household size leading to a lesser odd of using some LPG but was not a
significant association at the 36-month timepoint. This suggests that household size on fuel usage
may vary over time, this could be due to many reasons such as household income, fuel
availability, or cooking practices. Larger households also could struggle more in transitioning to
LPG due to greater overall fuel needs and costs. This had mixed consistency with another study
that showed that household size is not only a significant association to fuel switching but it
negatively related biomass consumption the greater the household size. These results show the
importance of taking into consideration socioeconomic disparities and household characteristics
in interventions that promote cleaner cooking fuels. Efforts to improve fuel choice should
include subsidies or financial incentives for lowering SES household, educational campaign
related towards cleaner fuel choices, and targeted support for households with larger amounts of

people to make sustained LPG use more feasible.

A spike in LPG in the control group can also be noticed at 24 months in India due the 18-
month LPG supply given to the control group after the initial study as compensation for trial
participation. Regardless, after the 12-month period, exclusive LPG (among whom) usage
dropped drastically but did not revert entirely to exclusive biomass usage. This could be because
some LPG users reverted to stacked use of biomass and LPG. In Guatemala and India at 36
months, it was the highest stacked usage both have recorded throughout the study. For India, it
could be partially because of the control groups reward of 18 months of LPG fuel but it could
also be in part due to India’s government trying to promote uptake of LPG in poor rural families
(Pillarisettia 2019). Another reason for India’s and Guatemala’s persistent biomass usage comes

from how the biomass fuel is obtained. We found that majority of India’s and Guatemala’s
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biomass fuel usage is wood. For India’s group, most of the wood users collected their fuel while
Guatemala had high counts for both collection and purchasing wood. This constant wood usage
throughout the study could be due to seasonal availability of wood and LPG being viewed as a
“prize possession” compared to wood leasing to LPG to be used only on certain occasions
(Thompson 2018). Safety perceptions also play a crucial role in LPG adoption. Positive
perceptions of safety, cooking speed, affordability, availability, and cooking capabilities are
associated with exclusive adoption of LPG (Pye, 2020). Moreover, the acceptance of LPG and
ethanol stoves in rural areas suggests that ease of use, cleanliness, speed, and versatility are

influential factors (Tawiah, 2022).

Rwanda is the only country in the study that has consistently high amounts of charcoal
users throughout the study. By 24 and 36 months the remaining participants were almost entirely
exclusive biomass users with some stacked users. Charcoal might be preferred over wood for its
high energy density, burns evenly, for a long time and can easily be extinguished. In Rwanda,
deforestation and shortage of wood has become a problem. Some local communities even cut
trees to burn charcoal or to make charcoal for commercial purposes (Nahayo 2013). Charcoal is
made by heating the wood in some types of kilns (type of oven) undergoing a process called
carbonization. While charcoal is a significant source of income in Rwanda it leads to issues of

greenhouse gas emissions and health risks, even with improved kilns.

Despite HAPIN being an improvement from previous LPG studies by including a larger
sample size, including multiple countries, and collecting a lot of data on fuel usage, a longer
study that looks at the effects several years after the study is needed. Because of India’s control
group receiving LPG after 12 months of the study, and for the other countries only having their

fuel recorded for 2 years after the initial study, it would be useful to see more data on fuel trends
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for a much longer period. It should be noted, the data used in this study focuses on the time
during the intervention and two years after the study. Currently, HAPIN is continuing to follow
the participants for an additional two years, after the children’s fifth birthday. It would be
important for future studies to find out how wood usage affects exclusive LPG use. Instead of
looking at wood usage per 12 months, see if there is a seasonal change in wood usage throughout
that year through more frequent data collection. Collecting information on the cost of each
participants fuel usage might show why some biomass fuels are more popular than others and
over LPG. With that information, how long participants work, how much money they make, how
much time they spend collecting biomass fuel, and how far away or how long they must travel to
obtain fuel could show a clearer picture as to a participants choice of fuel. Collecting additional
data over a longer period and across different seasons can provide a better insight into the
motivation behind fuel choices in diverse populations. Having a better understanding of these
dynamics can help shape effect interventions and policies that can lead to sustained clean fuel

use.

Conclusion

The transition to cleaner fuel usage like LPG is a possible solution to mitigating HAP and
its associated health risks. Following the period of free LPG supply in the HAPIN trial, only a
few of the participants continued use of some LPG and less exclusive users despite considerable
uptake and adherence during trial period (Quinn 2021). While the participants are still using
LPG, a longer observation is needed in shorter intervals to see if the intervention aided in
creating consistent and permanent LPG users. SES was shown as a good predictor for continued

LPG use, showing the importance of economic factors in adoption to cleaner fuels.
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