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ABSTRACT

Background: Climate vulnerability in sub-Saharan Africa, including Nigeria, has heightened concern
about houschold energy transitions and associated health and economic impacts. Despite clean fuel
initiatives, uncertainty remains regarding household expenditure patterns, health expenditures, and
socioeconomic drivers of adoption.

Objectives: To examine (1) household cooking-energy and respiratory healthcare expenditures, (2)
descriptive expenditure ratios comparing energy costs with respiratory healthcare spending, including
benefits of transitioning to cleaner energy solutions, and (3) the socioeconomic determinants that
influence households’ willingness to transition to cleaner cooking practices.

Methods: A cross-sectional household survey was conducted in Alimosho (Lagos State) and Ado-Odo
Ota (Ogun State) in southwest Nigeria. Using a multistage cluster sampling approach, 292 respon-
dents from 200 households were surveyed on cooking-energy expenditures, respiratory healthcare
costs, and willingness to adopt clean fuels. Expenditure patterns were compared descriptively, and a
model-based cost-utility analysis was performed to estimate the incremental cost-effectiveness ratio in
US dollars per disability-adjusted life-years (DALYs) averted. A multivariable logistic regression model

was used to examine socioeconomic predictors of willingness to adopt clean cooking.

Results: Clean-fuel (liquefied petroleum gas or electricity) households reported higher annual cook-
ing-energy expenditures than polluting-fuel households (US$25.08 vs US$16.27), as well as higher
respiratory healthcare expenditures (US$112.50 vs US$50.64). The healthcare-to-energy expenditure
ratio was also higher among clean-fuel users (4.48 vs 3.11). In adjusted analyses, tertiary education was
associated with higher willingness to adopt clean cooking, while larger household size and urban res-
idence were associated with lower willingness. In the model-based economic evaluation over a 1-year
horizon, clean cooking was cost-saving (dominant) across plausible DALY-averted scenarios.

Conclusions: Expenditure differences by fuel type likely reflect underlying socioeconomic conditions
and variations in healthcare access, rather than causal effects of fuel choice. The model-based cost-util-
ity analysis suggests that clean cooking could be cost-saving or highly cost-effective under plausible
assumptions. Policies that address affordability and supply constraints, alongside stronger longitudinal
evidence, are needed to support equitable and sustained clean-cooking transitions in Nigeria and
across sub-Saharan Africa.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at
htep://creativecommons.org/licenses/by/4.0/legalcode for more information.
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BACKGROUND

Africa faces a disproportionate share of climate change impacts and
health risks, despite contributing minimally to global greenhouse gas
emissions.' In sub-Saharan Africa (SSA), climate-related losses, includ-
ing health impacts, have increased from an estimated US$7 billion to
US$15 billion annually since 2020, with projections reaching up to
US$50 billion by 2030.2 Among other health challenges, the increasing
health burden, including respiratory diseases, driven partly by rising
temperatures, extreme weather events, and deteriorating air quality, has
emerged as a major concern.’

Across SSA, over 70% of households depend on traditional bio-
mass fuels, such as wood and charcoal, for domestic cooking.*> This
reliance increases risk of chronic respiratory diseases, including asthma,
chronic obstructive pulmonary disease, and lung cancer, with vulner-
able groups like women, children, and the elderly most affected.®”
Despite clean energy alternatives, including liquefied petroleum gas
(LPG) and improved biomass stoves, demonstrating some promise in
mitigating pollution-related health risks, many households in these
settings are still without these options.*'® The household energy chal-
lenges observed in Nigeria mirror those across much of SSA, where
more than 80% of the population still relies on solid fuels for cooking.
Regional evidence from Ghana, Kenya, Malawi, and Uganda high-
lights that similar combinations of affordability constraints, unreliable
infrastructure, and entrenched cooking practices slow the uptake of
clean energy technologies.'"'? The CLEAN-Air (Africa) project, for
example, underscores the substantial health benefits that cleaner cook-
ing using LPG can deliver in countries such as Cameroon, Kenya, Tan-
zania, Rwanda, and Uganda.'""?

In Nigeria, the health impacts of climate change compound
pre-existing population vulnerabilities stemming from poverty, poor
housing, and inadequate living conditions, with the country now
ranked 27th worldwide in climate-related fatalities.”® Besides, eco-
nomic losses from these adverse climate events further strain a public
health system already challenged by other climate-related health risks,
including respiratory diseases.' Although initiatives such as the Nige-
ria Distributed Access through Renewable Energy Scale-up (DARES)
and the Nigeria Electrification Project (NEP) have broadened access
to electricity, millions of Nigerians, particularly those living in rapidly
growing slums and informal settlements which now characterize many
urban settings, continue to rely on biomass fuels and polluting options
for household energy.”" Reliance on polluting fuels not only exacer-
bates greenhouse gas emissions but also contributes to poor indoor air
quality and harsh household thermal conditions.'®

Socioeconomic and institutional factors, including education,
income, urban-rural disparities, and infrastructural development,
significantly shape household energy choices and, by extension, the
broader health implications.”?' Consequently, as households persist in
using polluting energy sources, they inadvertently continue to reinforce
climate change. We therefore examined (1) household cooking-energy
and respiratory healthcare expenditures, (2) descriptive expenditure
ratios comparing energy costs with respiratory healthcare spending
including benefits of transitioning to cleaner energy solutions, and (3)
the socioeconomic determinants that influence households’ willingness
to transition to cleaner cooking practices.

METHODS

Study Design

We conducted a cross-sectional household survey in Alimosho (Lagos
State) and Ado-Odo Ota (Ogun State), southwest Nigeria. The house-
hold head (or up to two responsible adults where applicable) was

interviewed on household cooking energy expenditures, respiratory
health-related costs, and willingness to transition to clean cooking. A
total of 200 households were targeted (100 per site), yielding 292 com-
pleted respondent interviews. The study was conducted between 1 June
2024 and 30 November 2024, in line with the STROBE guidelines
(see Supplementary Material).?

Study Area

This study was conducted in two Nigerian local government areas: Ali-
mosho in Lagos State and Ado-Odo Ota in Ogun State. These loca-
tions were purposefully selected due to their shared border and comple-
mentary characteristics, which make both ideal for examining climate
risks and clean energy utilization within rapidly urbanizing contexts
in Nigeria and broader SSA. Alimosho has the largest population in
Lagos, Africa’s most populous city, with an estimated population of
over 21 million in 2025. Ado-Odo/Orta is the most industrialized part
of Ogun State and Nigeria, and it represents an important peri-urban
industrial hub for investigating climate-related challenges and sustain-
able energy practices. Both study sites typify the rapidly urbanizing,
mixed-energy economies that characterize many African cities, facili-
tating comparison of findings and future replication across diverse SSA
contexts.

Data Collection

Data for this study were collected using a structured questionnaire (see
Supplementary Material). The questionnaire was adapted from prior
validated houschold energy and health surveys in African settings to
ensure relevance and reliability.>* The instrument contained sections
on sociodemographic characteristics, energy sources and costs, health
expenditures, and willingness to pay for cleaner energy. Before full-
scale implementation, the questionnaire was piloted on a small sample
of households similar to the main study population. Trained enumer-
ators subsequently administered the final version through face-to-face
interviews. Data were captured electronically using KoBoToolbox
(Harvard Humanitarian Initiative, Cambridge, Massachusetts), which

enabled real-time consistency checks and efficient data management.

Case Definitions

For this study, we worked with the following case definitions:

e Climate-related health risks: These refer primarily to respira-
tory diseases or worsening respiratory symptoms exacerbated by
environmental changes such as extreme heat, poor air quality, and
increased pollution.”

*  Clean energy: In this study, “clean energy” refers to LPG and
electricity, while “polluting fuels” include firewood, charcoal, and
kerosene. We avoided the term “fossil fuels” for these traditional
fuels, as they are more accurately classified as biomass or kero-
sene-based polluting fuels.”

*  Household expenditure: This refers to the monetary outlays
on health-related needs, particularly expenditures on respiratory
healthcare services or interventions within the Nigerian con-
text.?**' We summarized expenditure patterns by comparing the
costs of adopting LPG-based clean cooking solutions with self-re-
ported respiratory healthcare expenditures.

*  Willingness to pay: Willingness to pay (WTP) is the maximum
amount that houscholds are prepared to spend on clean cooking
solutions, specifically LPG, to mitigate climate-related respiratory
risks."”

*  Cost-effectiveness: Cost-effectiveness evaluates the balance
between the costs of adopting LPG-based clean cooking solu-
tions and the resulting reductions in respiratory disease burden

in Nigeria.'*
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Participants
Sampling technique: A multistage cluster random sampling method
was employed to select the study population. First, communities within
each local government area were randomly selected from comprehen-
sive lists provided by the local authorities, with careful consideration
given to the industrial and transport dynamics that influence exposure
to climate risks. In the next stage, detailed maps obtained from local
government offices were used to identify two distinct communities
within each selected area. Within these communities, households were
randomly sampled, and the houschold head (or up to two responsible
adults when the household head was unavailable) was interviewed.
Sample size estimation: The C2REST Nigeria Study primarily
explored the impacts of climate change on respiratory health. Hence,
based on a prevalence of current wheeze and chronic obstructive pul-
monary disease of 9% in Nigeria and an assumed relative risk of 2,% a
2-sided significance level of 5% and a power of 80% was adopted for
the calculation, an initial estimate of 452 participants. Considering that
the average household size in Nigeria in 2019 was approximately 5.06
people, the adjusted sample size corresponded to an estimated 98 house-
holds, which was rounded up to 100 households per study location.””*
Recruitment: Prior to participant recruitment, local commu-
nity leaders were engaged to facilitate entry into the communities and
ensure that the study was conducted with the community’s involve-
ment and support.

Statistical Analyses
We compared household expenditures associated with cooking-energy
use and respiratory healthcare. Current houschold expenditures were
assessed using self-reported annual cooking-energy costs and respira-
tory healthcare spending. These were summarized descriptively and
explored as cross-sectional associations with primary fuel type. The
observed costs were then compared with potential savings or avoided
expenses anticipated from the adoption of clean energy interven-
tions, reflected through reduced healthcare costs and improved pro-
ductivity. Several contextual assumptions were applied to standardize
comparisons across houscholds, including average houschold size,
income levels, and climate-related vulnerability, based on the Nigerian
context.”?

Healthcare-to-energy expenditure ratio: We estimated a health-
care—energy expenditure ratio (HER) to assess the relative health cost
burden associated with clean vs polluting fuels. The HER was defined
as the ratio of annual healthcare expenditures to annual cooking energy
expenditures:

For clean-energy houscholds:

Annual healthcare cost
HER clean

~ Annual clean energy cost

For polluting-fuel households:

Annual healthcare cost
Annual polluting fuel cost

HERpolluting =

Clean-energy costs included annual expenditures on LPG and elec-
tricity. Polluting-fuel costs included annual spending on firewood,
charcoal, and kerosene. Healthcare costs encompassed self-reported
expenditures related to respiratory and associated conditions, including
cough, bronchitis, pneumonia, eye irritation or infection, skin condi-
tions, stroke, cataract, and lung cancer.

A multivariable logistic regression model was used to examine
socioeconomic and demographic factors influencing willingness to
adopt cleaner energy. The dependent variable was binary, indicating

whether a household was willing to change to clean energy (1) or not (0)
and the independent variables were age and sex of the houschold head
(both significant in the bivariate analysis). The model is specified as:

P,
In (ﬁ> = By + BuXy + BoXy + ot B X, + €

L

where P, is the probability that a household is willing to adopt clean
energy, and 1 - Pi is the probability of not being willing. ... are the
coefficients to be estimated, X,... X are the independent variables and
g is the error term.

Cost-utility analysis: We conducted a model-based cost-utility analy-
sis comparing households using clean-only cooking fuels (LPG or elec-
tricity) with those using any polluting fuels, including fuel stacking.
The analysis was conducted from the houschold perspective using a
1-year time horizon.

Annual household cooking costs were defined as the sum of annual
fuel expenditures and annualized capital costs of stoves and cylinders.
Capital costs were annualized assuming a 5-year lifespan. All costs were
converted from Nigerian naira to US dollars using a period-average
exchange rate. DALY reductions were estimated using two approaches:

1. Base-case analysis: A burden-share model derived from

national household air-pollution-attributable DALY esti-
mates, adjusted for houschold size and assumed adoption
effectiveness.

2.  Sensitivity analyses: Exposure-response scenarios assuming

DALY reductions of 0.03 to 0.10 per household-year.
Incremental cost-effectiveness ratios (ICERs) were calculated as the
incremental cost per DALY averted. Cost-effectiveness was evalu-
ated using a willingness-to-pay threshold equivalent to Nigeria’s gross
domestic product (GDP) per capita (US$2160 per DALY averted).
Deterministic and probabilistic sensitivity analyses were conducted to
assess uncertainty. Exploratory simulation analyses were conducted as
a hypothesis-generating sensitivity exercise to illustrate potential pat-
terns under larger hypothetical samples. Given their assumption-driven
nature, these results are not presented as empirical evidence and are
provided in the Supplementary Material.

Ethics

Formal written informed consent was secured from the heads of the
selected households and from every individual member prior to enroll-
ment in the study. The Health Research Ethics Committee of Lagos
University Teaching Hospital (HREC: 19/12/2008A) and Covenant
University (CU/HREC/333/24) granted ethical clearance. Addition-
ally, the study received social approval and clearance from the Lagos
State Government (LSMH/4686/1/27) and the Ogun State Govern-
ment (CHREC/467/25/APP).

RESULTS

Study Participants and Cooking Choices

A total of 292 households from 200 households were included in the
analysis, of which 239 (82%) used clean cooking fuels exclusively, and
53 (18%) used polluting fuels or stacked fuels. The mean age of house-
hold heads was 46.0 years (standard deviation [SD] = 13.4). Household
heads using polluting fuels were significantly older than those using
clean fuels (50.1 vs 45.0 years, P=.019). Most household heads were
male (84%), although a higher proportion of female-headed households
was observed among polluting-fuel users compared with clean-fuel users
(25% vs 15%, P=.079). Urban houscholds accounted for the major-
ity (58%), but a higher proportion of clean-fuel users lived in rural or
peri-urban areas than polluting-fuel users (45% vs 26%, P=.012).
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Marital status differed across groups (P=.028), with single house-
hold heads more commonly represented among clean-fuel users (18%
vs 8%). Educational attainment was also significantly associated with
cooking fuel choice (P=.008). Among clean-fuel households, 45% of
household heads had tertiary education, compared with 23% among
polluting-fuel households. Occupational status did not differ signifi-
cantly between groups (P=.079), although informal or self-employ-
ment was the most common form of work across both groups (66%
overall). Household size was significantly larger among polluting-fuel
users (mean, 5.5; SD = 2.3) compared with clean-fuel users (mean, 4.4;

SD =2.1; P=.001) (Table 1).

Household Expenditure on Cooking Energy and Respiratory Health
Clean-fuel households reported higher annual cooking-energy expen-
ditures than polluting-fuel households (US$25.08 [¥37510] vs
US$16.27 [¥24271]). Similarly, mean annual respiratory healthcare
expenditures were higher among clean-fuel households than among
polluting-fuel households (US$112.50 [¥167911] vs US$50.64
[375554]). These differences likely reflect underlying socioeconomic
status, healthcare access, and health-secking behavior rather than effects
attributable to fuel choice, given the cross-sectional study design.
Figure 1 presents the mean annual cooking-energy and respiratory
healthcare expenditures by fuel type. Clean-fuel households showed
higher median expenditures and a wider interquartile range, indicat-
ing greater variability in spending patterns. The kernel density plots
(Figure 2) suggest that some clean-fuel households incur substantially

higher cooking-energy costs, while polluting-fuel households display a
more compressed cost distribution.

The healthcare-energy expenditure ratio was higher among clean-
fuel households (4.48) than among polluting-fuel households (3.11)
(Table 2).

Cost Utility

From our model-based cost-utility analysis, however, we observed
that annual household cooking costs were lower among clean-only
households (38122 000; US$83) compared with households using any
polluting fuels (¥184000; US$125), yielding an incremental annual
saving of approximately 362000 (US$42) per houschold. Using the
burden-share DALY model, clean cooking was estimated to avert
approximately 0.05 DALYs per household per year in the base-case
scenario. Unlike the observed survey expenditures, the model-based
analysis incorporates standardized fuel use, stove capital costs, and
avoided health expenditures, explaining the lower cost estimates for
clean cooking. Under these assumptions, clean cooking was both
less costly and more effective than polluting fuels, and therefore eco-
nomically dominant (Figure 3). Across conservative and optimistic
health-gain scenarios (0.03-0.10 DALYs averted per household-year),
clean cooking remained cost-saving. The intervention remained
highly cost-effective across conservative willingness-to-pay thresholds
of US$500 and US$1000 per DALY averted, and at the GDP-per-
capita reference threshold for Nigeria (US$2160 per DALY averted).
Probabilistic sensitivity analysis (10000 iterations) indicated a 71%

Table 1. Study Participants’ Characteristics Stratified by Cooking Choices

Characteristic Overall (N=292)

Polluting Fuels (n=53) Clean-Only Fuels (n=239) P

Demographic characteristics

Age of household head, mean (SD) 46.0 (13.4) 50.1 (14.3) 45.0 (13.0) .019
Sex of household head, n (%) .079
Male 244 (83.6) 40 (75.5) 204 (85.4)
Female 48 (16.4) 13 (24.5) 35 (14.6)
Location, n (%)
Rural 122 (41.8) 14 (26.4) 108 (45.2) 012
Urban 170 (58.2) 39 (73.6) 131 (54.8)
Marital status, n (%)
Single 48 (16.4) 4(7.5) 44 (18.4) .028
Married 215 (73.6) 39 (73.6) 176 (73.6)
Divorced/separated 10 (3.4) 3(5.7) 7 (2.9)
Widow/widower 19 (6.5) 7 (13.2) 12 (5.0)
Socioeconomic characteristics
Education level, n (%)
No formal 5(1.7) 2(3.8) 3 (1.3) .008
Primary 39 (13.4) 11 (20.8) 28 (11.7)
Secondary 129 (44.2) 28 (52.8) 101 (42.3)
Tertiary 119 (40.8) 12 (22.6) 107 (44.8)
Main occupation, n (%) .079
Unemployed/retired 12 (4.1) 2(3.8) 10 (4.2)
Agriculture 6(2.1) 2 (3.8) 4(1.7)
Informal/self-employed 194 (66.4) 41 (77.4) 153 (64.0)
Formal employment 80 (27.4) 8 (15.1) 72 (30.1)
Household characteristics
Household size, mean (SD) 4.6 (2.2) 5.5 (2.3) 4.4 (2.1) <.001

Abbreviation: SD, standard deviation.
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Figure 1. Mean Annual Cooking Energy and Respiratory Healthcare Expenditures by Fuel Type
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Figure 2. Distribution of Annual Cooking Energy Costs by Fuel Type
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'The violin plot illustrates the density of annual cooking energy expenditures, while the overlaid box plot shows the median and interquartile range for households

using polluting fuels and those using clean-only fuels.
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Figure 3. Probabilistic Cost-Effectiveness Results for Clean Cooking
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Panel A shows probabilistic simulations of incremental cost and effect for clean cooking vs polluting fuels; points in the southeast quadrant indicate cost-saving and
greater effectiveness. Panel B shows the probability that clean cooking is cost-effective across willingness-to-pay thresholds; the probability exceeds ~99% at US$500
and US$1000 per DALY and remains high at the GDP-per-capita reference threshold (US$2160).

Table 2. Household Expenditures and Model-Based Cost-Urtility Results by Fuel Type

Measure Polluting Fuels ~ Clean-Only Fuels  Increment (Clean - Polluting) ICER Result
Observed annual household expenditures
Cooking energy, ¥ (US$) 24271 (16.27) 37510 (25.08) +13239 (+8.81) -
Respiratory healthcare, ¥ (US$) 75554 (50.64) 167911 (112.50) +92357 (+61.86) -
Healthcare-energy ratio 3.11 4.48 +1.37 -
Model-based cost-utility results
Annual cooking cost, ¥ 184000 122000 -62000 -
Annual cooking cost, US$ 125 83 -42 -
DALYs averted per household-year
Conservative scenario - - 0.03 Dominant (cost-saving)
Base-case scenario - - 0.05 Dominant (cost-saving)
Optimistic scenario - - 0.10 Dominant (cost-saving)

Observed expenditures represent mean annual household values. Model-based cooking costs include fuel plus annualized stove and cylinder costs (5-year lifespan).
Currency conversion used 381475 per US$1. DALYs averted were model-based (0.03-0.10 per household-year). ICER = incremental cost per DALY averted; “dom-
inant” indicates lower cost and greater effectiveness relative to polluting fuels. Cost-effectiveness was assessed at thresholds of US$500, US$1000, and US$2160
per DALY.
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probability that clean cooking was cost-saving and a 97% probability
that it was cost-effective at the GDP-per-capita threshold (Table 2,
Figure 3).

Factors Associated with Willingness to Adopt Clean Cooking

Table 2 presents the socioeconomic and demographic factors that
influence households’ willingness to adopt clean cooking energy.
Household size was a significant factor, with each additional house-
hold member reducing the likelihood of willingness to switch to clean
energy by approximately 20% (adjusted odds ratio [AOR], 0.8; 95%
confidence interval [CI], 0.7-0.9; P=.006). The education level of the
household head also played an important role. Compared with house-
holds headed by individuals with only primary education, households
headed by individuals with tertiary education were 2.7 times more
likely to express a willingness to adopt clean energy (AOR, 2.7; 95%
CL, 1.1-7.2; P=.033), whereas households headed by individuals with
secondary education showed no significant difference. Location was
a significant determinant, with households in urban areas 60% less
likely to be willing to use clean cooking energy than those in rural areas
(AOR, 0.4; 95% CI, 0.2-0.8; P=.012). Other variables, such as sex,
age, marital status, and the houschold head’s employment status, were
not significantly associated with willingness to adopt clean cooking

energy in the adjusted model (Table 3).
DISCUSSION

This cross-sectional study provides houschold-level evidence on
cooking fuel choice, expenditures on cooking energy and respiratory
healthcare, and willingness to adopt clean cooking in two southwest
Nigerian settings. We found that clean-fuel households reported higher
cooking-energy expenditures and higher respiratory healthcare expen-
ditures than households using polluting fuels. Given the cross-sec-
tional design and likely socioeconomic confounding, these differences
should be interpreted as associations that may reflect healthcare access
and health-secking behavior rather than effects attributable directly
to fuel choice. Similar patterns have been reported elsewhere, where
more affluent or educated houscholds are both more likely to adopt
clean fuels and to utilize formal healthcare services, resulting in higher
reported expenditures despite potentially lower disease burden.?*
The higher cooking-energy expenditures among clean-fuel house-
holds also likely reflect the market price and supply dynamics of LPG
and electricity relative to polluting fuels, many of which are collected

at litle or no direct monetary cost. This aligns with global and regional
evidence showing that affordability remains a central barrier to sus-
tained adoption of clean cooking technologies.'**"** Higher reported
respiratory healthcare spending among clean-fuel houscholds may
similarly reflect differences in health awareness, care-secking behavior,
and ability to pay. Globally, household air pollution remains a leading
environmental risk factor, contributing substantially to respiratory and
cardiovascular disease burden, particularly in low- and middle-income
countries.”* These patterns underscore the need to address affordabil-
ity and access barriers alongside behavioral and informational determi-
nants of clean-cooking adoption.

To complement the descriptive expenditure findings and to
explore the longer-term economic implications of fuel transitions,
we conducted a model-based cost-utility analysis. Under base-case
assumptions, clean cooking was both less costly and more effective than
polluting fuels, and therefore economically dominant. Even under con-
servative assumptions about health gains, the intervention remained
highly cost-effective at thresholds commonly used in low- and mid-
dle-income countries. These findings are consistent with earlier eco-
nomic evaluations showing that clean-cooking interventions can yield
substantial net benefits when reductions in healthcare costs, time bur-
dens, and environmental impacts are considered.*** However, these
estimates were derived from modeled parameters and should be inter-
preted as policy-relevant scenarios rather than causal effects derived
directly from the survey. This apparent contrast reflects the different
nature of the analyses, as the model incorporates standardized fuel use,
stove capital costs, and avoided health expenditures. The survey cap-
tures observed spending patterns shaped by socioeconomic status and
healthcare access, whereas the model estimates the expected costs and
health gains attributable to fuel choice under standardized assumptions
(see Supplementary Material).

In adjusted analyses, tertiary education of the household head was
associated with a higher willingness to adopt clean cooking, consistent
with evidence that education improves risk awareness and the capacity
to act on health information.””?"¥ Household size was inversely asso-
ciated with willingness to adopt clean cooking, suggesting that larger
households may face greater affordability constraints due to higher fuel
demand. Similar relationships have been observed across SSA, where
larger households often rely on polluting fuels or engage in fuel stack-
ing as a coping strategy.®'**

Urban households in our study were less likely to report willingness
to adopt clean cooking than rural or peri-urban households. Although

Table 3. Factors Associated with Willingness to Use Clean Energy

Variable Category Yes No Unadjusted OR (95% CI) p Adjusted OR (95% CI) pr
Age (years) Continuous - - 0.97 (0.94-0.99) .013 0.99 (0.96-1.02) .615
Sex Male 204 40 Reference Reference

Female 35 13 0.5 (0.2-1.1) .082 0.5 (0.2-1.2) .138
Location Rural 108 14 Reference Reference

Urban 131 39 0.4(0.2-0.8) 013 0.4 (0.2-0.8) 012
Marital status Not married 63 14 Reference - -

Married 176 39 1.0 (0.4-1.9) 993 - -
Education Primary 31 13 Reference Reference

Secondary 101 28 1.5 (0.6-3.2) 292 1.0 (0.4-2.3) .948

Tertiary 107 12 3.7 (1.5-9.1) .003 2.7 (1.1-7.2) .033
Occupation Unemployed 10 2 Reference - -

Employed 29 51 0.9(0.1-3.5) 891 -
Household size Continuous - - 0.8 (0.7-0.9) .002 0.8 (0.7-0.9) .006

Abbreviations: CI, confidence interval; OR, odds ratio.
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urban areas often have better physical access to modern fuels, afford-
ability pressures, insecure housing, and price volatility may constrain
adoption. Fuel stacking is common in urban African settings and may
partly explain these findings.?**® These socioeconomic gradients suggest
that policies to accelerate clean-cooking transitions should prioritize
affordability, such as targeted subsidies, microfinance, or pay-as-you-go
models, alongside reliable supply chains and tailored behavior-change
communication. Particular attention may be needed for larger house-
holds and groups with lower educational attainment. Strengthening
access pathways in urban settings, where willingness may be constrained
despite proximity to markets, could be especially important.

Although our data were drawn from two Nigerian settings, the
economic and behavioral determinants identified here mirror structural
patterns reported across SSA. Studies from Ghana, Kenya, and Ethio-
pia have documented similar socioeconomic gradients in fuel choice
and adoption behavior.'***%° At a broader scale, such household-level
decisions aggregate into macro-level energy demand patterns, with
implications for electrification planning, climate mitigation, and pub-
lic health outcomes across the region.?4!

This study has several strengths, including the use of primary
household-level data, detailed measures of cooking-energy and health-
care expenditures, and the joint analysis of fuel use patterns and will-
ingness to adopt clean cooking.

However, several limitations should be considered. First, the
cross-sectional design precludes causal inference. Observed expen-
diture differences are likely influenced by underlying socioeconomic
factors, healthcare access, and health-seeking behavior, rather than fuel
effects alone. Second, expenditure data were self-reported and may be
subject to recall bias. Healthcare expenditures were not clinically veri-
fied and may reflect utilization patterns rather than true differences in
disease burden.

Third, fuel stacking was common, and the duration or consis-
tency of clean-fuel use was not captured. This limited our ability to
assess sustained exposure reductions or long-term health and economic
effects. The absence of linked clinical or hospital data also restricted
our ability to validate reported health expenditures or directly associate
fuel use with specific medical diagnoses. Fourth, the healthcare-energy
expenditure ratio was used as a descriptive indicator rather than a stan-
dard economic outcome. To address this, we conducted a model-based
cost-utility analysis using externally derived household air-pollution
burden parameters. These results represent scenario-based estimates
and are sensitive to modeling assumptions rather than causal effects
derived from the survey data.

Fifth, the logistic regression model assumes a linear relationship
between predictors and the log-odds of willingness to adopt clean energy,
which may not fully capture the complex socioeconomic, cultural,
and infrastructural drivers of household energy decisions. The explor-
atory simulation analyses were also assumption-driven and should be
interpreted as hypothesis-generating rather than confirmatory. Future
research should use longitudinal or quasi-experimental designs to exam-
ine the causal health and economic impacts of transitions to clean cook-
ing. Integrating clinical outcomes, routine health record data, and objec-
tive exposure measures would strengthen health impact assessment and
provide more robust evidence for policy and investment decisions.

Despite these limitations, this study provides novel house-
hold-level evidence from Nigeria, combining empirical expenditure
data with model-based economic evaluation to explore the potential
health and economic implications of clean cooking transitions.

Implications
One important implication relates to the need for stronger causal
evidence. To provide stronger evidence on causal long-term effects,

future research should employ longitudinal cohort designs or qua-
si-experimental approaches that can credibly capture changes in
health outcomes following clean fuel adoption. Such designs would
more directly address whether higher energy expenditures are offset
by reductions in healthcare costs over time. The findings underscore
a clear opportunity for integrating cost-effective clean energy inter-
ventions into national climate and health policies. Despite higher
upfront energy costs, the long-term benefits, such as reduced health-
care expenditures, make a strong case for prioritizing these solutions.
Practical implementation should focus on a few key interventions
that have proven effective, such as transitioning households to clean
cooking solutions like LPG or electricity.** Other interventions
that may be considered include improving ventilation within homes,
using green building materials to reduce indoor air pollution, and
promoting community tree-planting initiatives to create natural air
quality buffers.4

However, several barriers could impede these efforts. Cultural
preferences for traditional cooking methods, financial constraints,
and insufficient infrastructure, especially in rural areas, present signifi-
cant challenges. To overcome these hurdles, a coordinated approach is
needed. Governments should consider introducing targeted subsidies
and microfinancing options to ease the financial burden on house-
holds, while simultaneously investing in the necessary infrastructure to
support widespread clean energy adoption. Nongovernmental organi-
zations can play a crucial role by running educational campaigns that
highlight the long-term health and economic benefits of clean energy,
thereby increasing community acceptance. The private sector, in turn,
should be encouraged to invest in innovative clean energy technolo-
gies and collaborate with public agencies to extend these solutions to
underserved regions.

A practical path forward also involves establishing clear mon-
itoring and evaluation metrics to track progress. For example, poli-
cymakers could measure the reduction in healthcare costs associated
with respiratory diseases, the number of households switching to clean
energy, and changes in the energy-to-healthcare cost ratios over time.
Other useful indicators might include improvements in overall quality
of life and socioeconomic markers such as increased household income
and reduced disparities between urban and rural areas.

Extending the analysis beyond Nigeria, a coordinated regional
approach across SSA could leverage shared policy frameworks, such as
the African Union’s Agenda 2063 and the ECOWAS Regional Centre
for Renewable Energy and Energy Efficiency, to scale up clean-energy
adoption and financing.® Cross-border collaborations could har-
monize subsidy schemes, enhance LPG distribution networks, and
strengthen data systems that track health and economic outcomes of
energy transitions. Moreover, embedding behavioral insights and
community participation within energy policy design can ensure that
clean-energy interventions align with everyday practices, gender roles,
and household economies across diverse African contexts.

CONCLUSIONS

In these southwest Nigerian communities, clean-fuel households
reported higher cooking-energy and respiratory healthcare expenditures
than polluting-fuel households. These patterns likely reflect underlying
socioeconomic differences and variations in healthcare access, rather
than causal effects of fuel choice. Education, household size, and loca-
tion emerged as key determinants of willingness to adopt clean cook-
ing. Complementary model-based cost-utility analysis suggests that
clean cooking could be potentially cost-saving or highly cost-effective
under a range of plausible assumptions. Together, these findings high-
light the need for policies that address affordability, supply reliability,
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and equitable access to clean fuels. Strengthening longitudinal and
clinically linked evidence will also be important to support sustained
clean-cooking transitions in Nigeria and across SSA.
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