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ABSTRACT

Access to clean cooking fuels is critical for human health and features, prominently in the UN Sustainable
Development Goals. However, our understanding of the probabilities of access to clean cooking across sub-
Saharan Africa (SSA) is emergent. A pooled regression analysis of the compositional and contextual factors
that cumulatively influence access to clean cooking fuels in 31 SSA countries, between 2010 and 2016, was
carried out. Household access to clean cooking fuels across the 31 countries was just 10%. Access of urban
households to clean cooking fuels was 26% and it was 2% for rural households. Higher probabilities of access
were observed for households that were rich and highly educated compared with households that were either
rich but with low education or poor but highly educated. Middle households with heads educated to secondary
level or higher in both urban and rural areas almost have the same chance with the rich households with
uneducated heads or educated to primary level regarding access to clean cooking fuels. The average probability
of poor households with heads educated to secondary level or higher is twice that of poor households with
uneducated heads or educated to primary level. The average probability of access to clean cooking of rich
households with heads educated to secondary or higher level is ten times higher than for poor households with
uneducated heads. These findings are mediated and attenuated by compositional and contextual factors, giving
credence to the fact that the challenge of access to clean cooking fuels in SSA is multifaceted and requires
interdisciplinary research and policy interventions encompassing health, environment, culture, and economics.
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step toward addressing poverty, inequality, and climate
change over the next 15 years. Clean cooking features
prominently in the SDGs as it is directly or indirectly
related to 8 out of the 17 SDGs, including poverty,
hunger, good health and well-being, quality education,
and gender equality."? It is also linked directly to climate

"Robert Costanza, Lorenzo Fioramonti, and Ida Kubiszewski.
“The United Nations Sustainable Development Goals and the
Dynamics of Well-Being.”” Frontiers in Ecology and the En-
vironment 14 (2016): 59.

*Mans Nilsson, Dave Griggs, and Martin Visbeck. “Policy:
Map the Interactions Between Sustainable Development Goals.”
Nature 534 (2016): 320-322.

118



Downloaded by University of Cape Coast Ghana from www.liebertpub.com at 12/03/20. For personal use only.

ACCESS TO CLEAN COOKING FUELS IN AFRICA

action, affordable and clean energy and indirectly to decent
work and economic growth, sustainable cities, and life on
land."? Access to energy at household level is critical for
human survival and remains a topical issue in international
development and environmental management.> It has been
described as ‘‘the golden thread” linking economic
growth, social equity, and environmental sustainability by
the International Energy Agency and World Bank. In this
regard, the pursuit of sustainable economic development
cannot be delinked from access to clean household en-
ergy.* Nonetheless, access to clean energy at the house-
hold level remains a daunting task for many low- to
medium-income households in developing countries.>
Globally, 1.2 billion people are without electricity and
depend on oil and kerosene lamps for lighting. More than 2.7
billion people do not have access to clean energy and rely on
traditional solid biomass as the main choice for cooking.’
Household reliance on traditional biomass fuels for
cooking has a wide range of adverse effects on public
health and the environment.® The use of traditional bio-
mass fuel is regarded as a first-order public health crisis.’
A study® revealed that 1.5 million premature deaths that
occur annually worldwide are attributed to indoor air
pollution from the use of solid fuels. Biomass use ac-
counts for 85% of such deaths.’ Indoor air pollution
linked with combustion of biomass kills more people
than malaria in developing countries, exceeded only by
malnutrition, unprotected sex, and unimproved water and
sanitation in terms of health threats.'® According to the
International Energy Agency (IEA),? indoor air pollution
is responsible for about 36% of lower respiratory infec-
tions and 22% of chronic respiratory disease. The over-
reliance on traditional biomass energy is also detri-
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mental to our environment. It is the leading contribut-
ing factor to increases in greenhouse gas emissions,
deforestation, loss of biodiversity, and decline in ca-
pacity to mitigate climate change."' The combustion of
fuel wood, roots, agricultural residues, and animal dung
release high emissions of carbon monoxide, hydrocar-
bons, and particulate matter.'?

Sub-Saharan Africa (SSA) accounts for about 13% of
the world’s population.'' SSA has the highest percentage
of population dependin% on biomass resources as it is the
main fuel for cooking.'” In SSA, two out of three people
have no access to electricity”; as a result, 90% of the
population uses traditional fuels for cooking, heating, and
lighting.'> The region recorded an increase of 0.3 per-
centage points in access to clean cooking fuels annually
between 2014 and 2016."°

Nine out of the top 20 access-deficit countries in clean
cooking are in SSA.'® Currently, 7.5 million tons (Mt) of
PM, 5 (particulate matter with diameter less than 2.5 mi-
crometers) are released annually in Africa, of which al-
most three-quarters is attributed to the combustion of
biomass fuels indoors.’ Nearly 600,000 Africans died
annually from household air pollution from emissions
produced by solid fuels.” SSA and Southeast Asia are
ranked highest in terms of the number of premature deaths
caused by the use of solid fuels.

To overcome the adverse effects associated with the
use of traditional biomass fuel and other forms of ““dirty”’
energy at the household level and improve living stan-
dards in SSA, there must be a transition toward cleaner
and modern forms of household energy. Insights into
cumulative determinants of access to clean cooking fuels
are critical to aid appropriate interventions to effectively
enhance living standards in SSA. It is, therefore, neces-
sary to understand the compositional and contextual
factors that independently or jointly influence access to
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clean cooking fuels in SSA. A large body of empirical
studies have highlighted the strong influence of wealth
status and level of education of household head on access
to clean cooking fuels.!” However, these studies assessed
the influence of wealth and education separately. Be-
sides, most of the studies were done for a country or few
countries. It has been suggested that the factors likely to
affect household energy choices systematically vary by
geographical location.” In this study, we carried out a
pooled regression analysis of multi-country data to
evaluate the joint effect of wealth and level of education
of household heads in determining access to clean
cooking fuels across 31 sub-Saharan African countries.

THEORETICAL CONTEXT

In the past, access to clean cooking fuels was assessed
by using the energy ladder model.'®'*?° The energy
ladder model has become a common representation used
to describe the differences in energy use patterns of
households. The energy ladder hypothesizes that with the
rise in income, households shift from traditional biomass
energy to cleaner and more modern forms of energy.'®

The ladder model envisions a three-stage energy-use
pattern at the household level.'® The lowest stage rep-
resents the least efficient and most polluting fuels (i.e.,
universal reliance on biomass energy). Households rely
entirely on biomass energy through the combustion of
firewood and animal wastes. In the intermediate stage,
households move to ‘“‘transition” fuels that burn more
efficiently, nonetheless still have significant emissions.
The fuels include charcoal, kerosene, and coal. In the
third stage, which is the most advanced stage, households
rely on the cleanest forms of energy such as liquefied
petroleum gas (LPG), natural gas, electricity, or biofuels.

Access to clean cooking fuels currently receives much
attention especially in SSA due to the adverse impact of
traditional fuel use on environment and health.?' It makes
it imperative to empirically assess the determinants of
access to clean cooking fuels, particularly in SSA where
the vast majority do not have access. Studies have shown
that the variations in access to clean cooking fuels are

17 Jean-Michel Cayla, Nadia Maizi, and Christophe Marchand.
“The Role of Income in Energy Consumption Behaviour: Evi-
dence from French Households Data.” Energy Policy 39 (2011):
7874-7883.
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able and Sustainable Energy Reviews 72 (2017): 661-672.
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dependent on household economic status.**** A study?*
has suggested that the energy ladder also assumes that
clean and expensive energy technologies are locally and
universally perceived to indicate higher status, hence the
desire of households to switch to more efficient and
cleaner energy just to demonstrate an increase in socio-
economic status and nothing to do with the negative ef-
fects of unclean energy. Studies®* assert that a complex
set of factors inform the transition and have subsequently
questioned the assumption that energy choice is solely
based on income or wealth status of households.

METHODS
Data source

This study used nationally representative household
survey data from Demographic and Health Surveys
(DHS) for 31 SSA countries. The DHS are an important
source of comparative quantitative data across develop-
ing countries on both rural and urban populations.® The
DHS provide data on several indicators for monitoring
population, health, nutrition, and household energy. Data
on cooking fuel are collected at the household level. DHS
are based on probability sampling using existing sam-
pling frames primarily, population censuses. The selec-
tion criteria for including a country in this study were as
follows: (1) The country should be found in SSA based
on the United Nations regional groupings; (2) should
have DHS dataset with standardized questions on type of
cooking fuel, level of education, wealth index, and other
important demographic variables such as age of house-
hold head, gender, household size, and type of place of
residence; (3) and should have datasets in the study time
frame, 2010-2016.

Study countries

Based on the criteria, a total of 31 countries in SSA
were included in the study (Fig. 1). Where multiple da-
tasets were available for the time frame for a country, the
most recent survey was used. The classification of study
countries into major regions in Table 1 was based on the
United Nations World Population Aging report 2015.%
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Saharan Africa.

The study countries in SSA. The spatial distribution of the study countries in SSA is shown. SSA, sub-

TABLE 1. STUDY COUNTRIES DISAGGREGATED BY GEOPOLITICAL REGION AND YEAR OF DATASET

Western Africa

Eastern Africa

Central Africa

Southern Africa

Year of Year of Year of

Country dataset Country dataset Country dataset Country  Year of dataset

Burkina Faso 2010 Burundi 2016-2017 Angola 2015-2016  Lesotho 2014

Benin 2011-2012  Ethiopia 2016 Democratic 2013 Namibia 2013
Republic
of Congo

Cote d’Ivoire  2011-2012 Kenya 2014 Congo 2011-2012

Ghana 2014 Comoros 2012 Cameroon 2011

Guinea 2012 Malawi 2015-2016  Gabon 2012

Liberia 2013 Mozambique 2015 Chad 2014-2015

Nigeria 2015 Rwanda 2014-2015

Niger 2012 Tanzania 2015-2016

Sierra Leone 2013 Uganda 2011

Senegal 2012-2014 Zambia 2013-2014

Togo 2013-2014 Zimbabwe 2015

Mali 2012-2013
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Measures

Response variable. The dependent or outcome vari-
able considered in this study was access to clean cooking
fuels. Clean and unclean cooking fuels were represented
as a dichotomous variable, with ““1” representing ‘“‘clean”
and “0” representing ‘“‘unclean.” The study considered
clean cooking fuels as cooking energy sources that fall
under the advanced fuels (LPG, natural gas, biofuel, and
electricity) category in the energy ladder model. The un-
clean cooking fuels refer to cooking energy sources that
fall under both traditional and transition fuels such as
firewood, animal waste, agriculture waste, kerosene, coal,
and charcoal.

Key explanatory variable. The main explanatory or
independent variable was selected based on literature,
parsimony, practical significance, and theoretical rele-
vance. The explanatory variable was derived from
combining two variables, that is highest education level
attained (no education/preschool, primary, secondary,
higher) and wealth index (poorer, poor, middle, rich,
and richer) of the household head. Based on the need
for sufficient cases in each sub-group to facilitate ro-
bust analyses, the observations regarding no education/
preschool and primary were recoded as no education or
educated to the primary level. Observations under
secondary and higher were combined and recoded as
educated to secondary or higher level. Observations
under poorer and poor were combined and recoded as
“poor.”” Observations under richer and rich were also
combined and recoded as ‘‘rich.”

The combination of the two variables produced the ex-
planatory variable—"wealth educational attainment” with
six mutually exclusive groups: poor household with un-
educated head or educated to primary level, poor house-
hold with head educated to secondary or higher level,
middle household with uneducated head or educated to
primary level, middle household with head educated to
secondary or higher level, rich household with uneducated
head or educated to primary level, and rich household with
head educated to secondary or higher level.

Compositional and contextual factors. In this study,
the compositional factors included gender of household
head (male or female), age of household (young adult:
less than 35 years, middle-aged adult: 35-55 years, old-
aged adult: more than 55 years), and household size
(small: 1-5, medium: 6-10, large: above 10). The con-
textual factors were place of residence (urban, rural) and
geographical region (western Africa, eastern Africa,
southern Africa, and central Africa).

Data analysis

All statistical analyses were carried out in STATA 13
MP (StataCorp, College Station, TX). Descriptive an-
alyses were done on access to clean cooking fuels be-
tween urban and rural households and also to explore
the inequalities among study countries. The descriptive
analyses also evaluated the disparities in access among

ARMAH ET AL.

the four geographical regions in SSA. Inferential and
multivariate techniques were applied to examine asso-
ciations between access to clean cooking fuels and the
joint effect of wealth status and highest education level
(wealth educational status) of household heads. Theo-
retically relevant compositional factors and contextual
factors were controlled for in the multivariate analyses.

Univariate analysis. Univariate analyses of predic-
tors of access to clean cooking fuels were performed to
determine whether the observed differences in house-
hold access to clean cooking fuels were independent
by using Pearson chi-square and Cramer’s V statistic.
Statistical significance was set to 0.05 for all the ana-
lyses. The outputs were presented as contingency tables
in the results. The chi-square test of independence is a
nonparametric statistical test that is used to determine
whether two or more groups of samples are independent
or not.?°

The associations between the compositional and con-
textual factors and access to clean cooking fuels (re-
sponse variable) were also explored. Cramer’s V statistic
was used to measure the strength of association between
the variables.*’

Multivariate regression. The joint effect of wealth
and education on access to clean cooking fuels was es-
timated by using a negative log—log regression model and
reported as odds ratios (OR). An OR of 1 means that the
predictor does not affect the odds of access to clean
cooking fuels; OR >1 means that the predictor is asso-
ciated with higher odds of access to clean cooking fuels;
and OR <1 means that the predictor is associated with
lower odds of access to clean cooking fuels. A negative
log—log regression model is apt for a dichotomous re-
sponse variable, in which 55% or more of responses are
not affirmative. The study accounted for clustering of
observations in units of household, and robust estimates
of variance was used to correct for this and any statistical
outliers in the estimation of standard errors.

The study employed a 95% confidence interval (CI),
and the level of statistical significance was set at 0.05.
Compositional (sex of household head, age of household
head, household size) and contextual (type of place of
residence, geographical region) variables that are known
in literature to influence access to clean cooking fuels
were controlled for in the models. Three models were
run, namely, wealth educational status of household head
and biosocial (model 1), sociocultural (model 2), and
contextual (model 3).

In the multivariate analysis, the practical significance
of the findings was also estimated by using predictive
probabilities. The predictive probabilities calculated were

2Mary L. McHugh. “The Chi-Square Test of Independence.”
Biochemia Medica 23 (2013): 143-149.

"Jerry Trusty, Bruce Thompson, and John V. Petrocelli.
“Practical Guide for Reporting Effect Size in Quantitative Re-
search.” Journal of Counsulting and Development 82 (2004):
107-110.
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FIG. 2. Rural-urban heterogeneities in access to clean energy across the 31 countries. Access to clean energy was
higher in urban areas than in rural areas in each of the 31 countries that were included in the study.

adjusted predictions that are referred to as margins in
Stata.?® Margins are statistics computed from predictions
of a model at fixed values of some covariates and aver-
aging or otherwise integrating over the remaining cov-
ariates.”’

Ethical statement

The procedures and copies of the questionnaire used to
obtain the study data in the DHS program have been
reviewed and approved by the ICF Institutional Review
Board (IRB). In addition, the ICF IRB ensures that the
survey agrees with the United States Department of
Health and Human Services regulations for the protection
of human subjects CFR 46. The survey protocols used
also complied with various host country laws.

RESULTS

Descriptive analyses

Access to clean cooking fuels across the study countries
in SSA is shown in Figure 2. Access to clean cooking fuels
across the 31 study countries in 2010-2016 was ~ 10%.
Gabon had the highest access to clean cooking fuels of

ZRichard Williams. “Using the Margins Command to Esti-
mate and Interpret Adjusted Predictions and Marginal Effect.”
The Stata Journal 12 (2012): 308-331.

9Stata Corporation. Stata Base Reference Manual (College
Station, TX: Stata Press, 2005).

60% and Liberia had the least access of 0.07%. The best
performing countries with access above 20% were Gabon
(60%), Namibia (42%), Angola (40%), Zimbabwe (35%),
Lesotho (32%), and Ghana (21%). The least performing
countries with access less than 1% were Mali (0.7%),
Tanzania (0.5%), Rwanda (0.5%), Guinea (0.4%), Burundi
(0.2%), Sierra Leone (0.1%), and Liberia (0.1%).

The descriptive statistics indicate a wide gap between
the urban households and the rural households in terms of
access to clean cooking fuels. The urban households that
had access to clean cooking fuels were 26% and the rural
households had 2% access. The disparities were observed
in all the countries from the best performing country
through to the least performing country. Zimbabwe had
the highest disparity in access to clean cooking fuels be-
tween urban households (76%) and rural households (6%).

The descriptive results also show significant inequal-
ities in access to clean cooking fuels among the geo-
graphical regions. Southern Africa had the highest
access, accounting for more than half (54%) of the
population in SSA that have access to clean cooking
fuels. Central Africa had the second highest of about half
(27%) of that of southern Africa. Western and Eastern
Africa had the lowest access to clean cooking fuels with
9% and 10%, respectively.

Univariate analyses

Nonparametric Pearson chi-square test of indepen-
dence was calculated for access to clean cooking fuels
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and wealth educational attainment as well as the compo-
sitional and contextual factors. The chi-square static report
rejected the hypotheses that access to clean cooking fuels
is independent of the wealth educational attainment, and
the compositional and contextual factors of the households
(Table 2). The Cramer’s V statistic for wealth educational
attainment, type of place residence, geographical region,
and country indicates strong associations with access to
clean cooking fuels. However, the Cramer’s V statistic for
sex, age, and household size shows weak associations with
access to clean cooking. All the results for the univariate
analyses were statistically significant.

Multivariate analyses

In the multivariate analyses, three models, namely,
wealth educational attainment and biosocial (model 1),
sociocultural (model 2), and contextual (model 3), were
developed to assess their relationship with access to clean
cooking fuels. Table 3 shows the OR, robust standard errors,
probability values, and CIs in the models. In model 1 (wealth
educational attainment and biosocial factors), poor house-
holds with heads educated to secondary or higher level were
65.7% more likely to have access to clean cooking fuels
compared with poor households with uneducated heads or
educated to primary level. Middle households with unedu-
cated heads or educated to primary level were 34% more
likely to have access to clean cooking fuels compared with
poor households with uneducated heads or educated to pri-
mary level. Middle households with heads educated to sec-
ondary or higher level were 124.6% more likely to have
access to clean cooking fuels compared with poor house-
holds with uneducated heads or educated to primary level.

Rich households with uneducated heads or educated to
primary level were 92.7% more likely to have access to
clean cooking fuels compared with poor households with
uneducated heads or educated to primary level. Rich
households with heads educated to secondary or higher
level were far more likely to have access to clean
cooking fuels compared with poor households with un-
educated heads or educated to primary level. Female-
headed households (OR=1.22, p<0.0001) were also
more likely to have access to clean cooking fuels than
male-headed households.

In the sociocultural model, poor households with heads
educated to secondary or higher level were 65.6% more
likely to have access to clean cooking fuels compared
with poor households with uneducated heads or educated
to primary level. Middle households with uneducated
heads or educated to primary level were 35% more likely
to have access to clean cooking fuels compared with poor
households with uneducated heads or educated to primary
level. Middle households with heads educated to secondary
or higher level were 124.6% more likely to have access to
clean cooking fuels compared with poor households with
uneducated heads or educated to primary level. Rich
households with uneducated heads or educated to primary
level were 91% more likely to have access to clean cooking
fuels compared with poor households with uneducated
heads or educated to primary level. Rich households with
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heads educated to secondary or higher level were far more
likely to have access to clean cooking fuels compared with
poor households with uneducated heads or educated to
primary level.

Female-headed households (OR=1.18, p <0.0001) were
also more likely to have access to clean cooking fuels than
male-headed households. With regards to age of household
head, households with middle-aged adult (OR=1.05,
p<0.0001) and older-aged adult (OR=1.02, p<0.0001)
heads were marginally more likely to have access to
clean cooking fuels than households with young adult
heads. Regarding household size, medium- (OR=0.83,
p<0.0001) and large- (OR=0.84, p<0.0001) sized
households were less likely to have access to clean cooking
fuels compared with small-sized households.

When the contextual factors were controlled in model
3, poor households with heads educated to secondary or
higher level were 42.2% more likely to have access to
clean cooking fuels compared with poor households with
uneducated heads or educated to primary level. Middle
households with uneducated heads or educated to pri-
mary level were 32.1% more likely to have access to
clean cooking fuels compared with poor households with
uneducated heads or educated to primary level. Middle
households with heads educated to secondary or higher
level were 91.4% more likely to have access to clean
cooking fuels compared with poor households with uned-
ucated heads or educated to primary level. Rich households
with uneducated heads or educated to primary level were
94.2% more likely to have access to clean cooking fuels
compared with poor households with uneducated heads or
educated to primary level.

Rich households with heads educated to secondary or
higher level were far more likely to have access to clean
cooking fuels compared with poor households with un-
educated heads or educated to primary level. Female-
headed households (OR=1.11, p<0.0001) were also
more likely to have access to clean cooking fuels than
male-headed households. Households with middle-aged
adult heads were 3.6% slightly more likely to have access
to clean cooking fuels than households with young adult
heads. Medium- (OR=0.78, p<0.0001) and large-
(OR=0.79, p<0.0001) sized households were less likely
to have access to clean cooking fuels compared with
small-sized households. The rural households were
50.6% less likely to have access to clean cooking fuels
than urban households. Regarding geographical region,
households in southern Africa (OR=3.49, p<0.0001)
and central Africa (OR=2.32, p<0.0001) were more
likely to have access to clean cooking fuels compared
with households found in western Africa.

Predictive probabilities of independent variables to ac-
cess to clean cooking fuels. The margins for the inde-
pendent variables for model 3 were computed to estimate
predictive probabilities of responses for specified values
of covariates. The margins are presented with the stan-
dard errors, p-values, and the Cls (Table 4). The results
show that the higher the wealth and education status, the
higher the probability of having a greater proportion of
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TABLE 2. PERCENTAGE DISTRIBUTION OF ACCESS TO WATER SOURCES BY PREDICTOR VARIABLES

Variable, N=392,990

Unclean Clean

Inferential statistics

Wealth educational attainment

Poor household with uneducated head or educated to primary level
Poor household with head educated to secondary or higher level
Middle household with uneducated head or educated to primary level
Middle household with head educated to secondary or higher level
Rich household with uneducated head or educated to primary level

Rich household with head educated to secondary or higher
education level

Sex of household head
Male
Female

Age of household head
Young adult (below 35 years)
Middle-aged adult (35-55 years)
Older-aged adult (Above 55 years)

Household size
Small (1-5 members)
Medium (6-10 members)
Large (above 10 members)

Type of place of residence
Urban
Rural

Geographical region
Western Africa
Eastern Africa
Southern Africa
Central Africa

Country
Angola
Burkina Faso
Benin
Burundi
Democratic Republic of Congo
Congo
Cote d’Ivoire
Cameroon
Ethiopia
Gabon
Ghana
Guinea
Kenya
Comoros
Liberia
Lesotho
Malawi
Mali
Mozambique
Nigeria
Niger
Namibia
Rwanda
Sierra Leone
Senegal
Chad
Togo
Tanzania
Uganda
Zambia
Zimbabwe

%
98.9
94.0
96.6
87.3
90.8
64.8

90.1
88.5

87.2
92.7
93.4

87.6
92.9
93.7

74.3
97.7

94.1
93.4
63.0
81.6

59.8
94.9
95.6
99.8

%
1.1
6.0
3.4
12.7
9.2
352

9.9
11.5

12.8
7.3
6.6

12.4
7.1
6.3

—_
NO=OAWW O
—_— N BN W= -

WO —

x> =6.7e+04
p-Value=0.000
Cramér’s V=0.4128

$>=206.9524
p-Value=0.000

Cramér’s V=0.0229

v>=2.1e+03
Pr=0.000
Cramér’s V=0.0737

¥>=2.9e+03
Pr=0.000
Cramér’s V=0.0859

v =5.2e+04
Pr=0.000

Cramér’s V=-0.3650

x*=2.6e+04
Pr=0.000
Cramér’s V=0.2555

¥>=7.9e+04
Pr=0.000
Cramér’s V=0.4490
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TABLE 4. PREDICTIVE PROBABILITIES OF INDEPENDENT VARIABLES TO ACCESS TO CLEAN COOKING

Variable

Margin  SE p CI

Wealth educational attainment

Poor household with uneducated head or educated to primary level 0.024  0.001 0.000 0.023 0.025

Poor household with head educated to secondary or higher level 0.051 0.001 0.000 0.048 0.053
Middle household with uneducated head or educated to primary level  0.044  0.001 0.000 0.042 0.045
Middle household with head educated to secondary or higher 0.088 0.002 0.000 0.084 0.091

education level

Rich household with uneducated head or educated to primary level 0.090 0.001 0.000 0.088 0.092
Rich household with head educated to secondary or higher 0.246  0.002 0.000 0.243 0.249

education level

Sex of household head
Male
Female

Age group of household head
Young adult
Middle-aged adult
Older-aged adult

Household size
Small
Medium
Large

Place of residence
Urban
Rural

Region
Western Africa
Eastern Africa
Southern Africa
Central Africa

0.099 0.000 0.000 0.099 0.100
0.114  0.001 0.000 0.112 0.115

0.101  0.001 0.000 0.100 0.103
0.106  0.001 0.000 0.105 0.107
0.102  0.001 0.000 0.100 0.104

0.114  0.001 0.000 0.113 0.115
0.083  0.001 0.000 0.082 0.085
0.084 0.002 0.000 0.080 0.088

0.151  0.001 0.000 0.150 0.153
0.050  0.001 0.000 0.049 0.051

0.065 0.001 0.000 0.064 0.067
0.064 0.001 0.000 0.063 0.066
0.286  0.002 0.000 0.282 0.291
0.191 0.001 0.000 0.189 0.194

CI, confidence interval; SE, standard error.

households having access to clean energy. Based on the
model of wealth educational attainment with composi-
tional and contextual variables on household access to
clean cooking fuels: 0.024 (2.4%) would be the average
probability of access to clean cooking fuels if every
household in the data were treated as if they were poor
households with uneducated heads or educated to pri-
mary level; 0.051 (5.1%) would be the average proba-
bility if every household were treated as if they were poor
households with heads educated to secondary or higher
level; 0.044 (4.4%) would be the average probability if
every household were treated as if they were middle
households with uneducated heads or educated to primary
level; 0.088 (8.8%) would be the average probability if
every household were treated as if they were middle
households with heads educated to secondary or higher
level; 0.090 (9%) would be the average probability if every
household were treated as if they were rich households
with uneducated heads or educated to primary level; and
0.246 (24.6%) would be the average probability if every
household were treated as if they were rich households
with heads educated to secondary or higher level.

In terms of sex of household head, 0.099 (9.9%) would
be the average probability of access to clean cooking
fuels if every household in the data were treated as if they
were headed by men and 0.114 (11.4%) would be the

average probability if every household were treated as if
they were headed by women. Considering age group of
the household head, 0.101 (10.1%) would be the average
probability of access to clean cooking fuels if every
household in the data were treated as if they were headed
by a young adult; 0.106 (10.6%) would be the average
probability if every household were treated as if they
were headed by a middle-aged adult; and 0.102 (10.2%)
would be the average probability if every household were
treated as if they were headed by an older-aged adult.

With regards to household size, 0.114 (11.4%) would
be the average probability of access to clean cooking
fuels if every household in the data were treated as if they
were of small size, 0.083 (8.3%) would be the average
probability if every household were treated as if they
were of medium size; and 0.084 (8.4%) would be the
average probability if every household were treated as if
they were of large size. When the margins of type of
place of residence were considered, 0.151 (15.1%) would
be the average probability of access to clean cooking
fuels if every household in the data were treated as if they
were found in an urban area and 0.050 (5%) would be the
average probability if every household were treated as if
they were located in a rural area.

Regarding geographical regions, 0.065 (6.5%) would
be the average probability of access to clean cooking
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fuels if every household in the data were treated as if they
were in western Africa; 0.064 (6.4%) would be the av-
erage probability if every household were treated as if
they were in eastern Africa; 0.286 (28.6%) would be the
average probability if every household were treated as
if they were in southern Africa; and 0.191 (19.1%)
would be the average probability if every household were
treated as if they were in central Africa.

Geographical location variables, including place of
residence and geographical region, were found to have
strong influence on wealth educational attainment in
predicting access to clean cooking fuels. We further
sought to find out the interaction of wealth educational
attainment and these two moderating variables on access
to clean cooking fuels by plotting the predictive margins
of their joint effect and access to clean cooking. Figure 3
shows a vast disparity in access to clean cooking fuels
between urban and rural areas that was observed in the
descriptive statistics.

Poor households with uneducated heads or educated
to primary level in urban areas have higher probability
in access to clean cooking fuels than all the categories
of wealth educational attainment in rural areas, except
rich households with heads educated to secondary or
higher level. Middle households with heads educated
to secondary or higher level in both urban and rural areas
almost have the same chance with the rich households
with uneducated heads or educated to primary level re-
garding access to clean cooking fuels. Rich households
with heads educated to secondary or higher level in both
urban and rural areas have a relatively high probability

Predictive Margins of Education Wealth and
Geographical Region

Predicted Mean Clean Energy

o._lé—/—/
1 2 3 4 5 6

Education Wealth

—e— Western Africa  —e— Eastern Africa
—e— Southern Africa Middle Africa

FIG. 3. Joint effect of wealth educational attainment
and geographical region on household access to clean
energy. 1 denotes poor household with uneducated head
or educated to primary level; 2 denotes poor household
with head educated to secondary or higher level; 3 de-
notes middle household with uneducated head or edu-
cated to primary level; 4 denotes middle household with
head educated to secondary or higher level; 5 denotes
rich household with uneducated head or educated to
primary level; and 6 denotes rich household with head
educated to secondary or higher level.
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Predictive Margins of Education Wealth and Type of
Place of Residence

4

3

A

Predicted Mean Clean Energy
2

0

T T T T

1 2 3 4 5 6
Education Wealth

| Urban —e— Rural|

FIG. 4. Joint effect of wealth educational attainment
and type of place of residence on household access to
clean energy. 1 denotes poor household with uneducated
head or educated to primary level; 2 denotes poor
household with head educated to secondary or higher
level; 3 denotes middle household with uneducated head
or educated to primary level; 4 denotes middle household
with head educated to secondary or higher level; 5 de-
notes rich household with uneducated head or educated
to primary level; and 6 denotes rich household with head
educated to secondary or higher level.

of having access to clean cooking fuels compared with
the remaining five categories of wealth educational
attainment.

Figure 4 show that access to clean cooking by western
and eastern Africa households overlaps with all the ca-
tegories under wealth educational attainment. All the
categories under wealth educational attainment in west-
ern and eastern Africa had low probabilities of access to
clean cooking fuels, except rich households with heads
educated to secondary or higher level. Middle households
with heads educated to secondary or higher level in
central Africa and poor households with heads educated
to secondary or higher level in southern Africa stand a
higher chance of having access to clean cooking fuels
compared with rich households with heads educated to
secondary higher level. Poor households with heads ed-
ucated to secondary or higher level in southern Africa
have a higher probability of having access to clean
cooking fuels compared with all the groupings under
wealth educational attainment in central Africa. Middle
households with uneducated heads or educated to pri-
mary level in all the four geographical regions have
lesser chance of having access to clean cooking fuels
than poor households with heads educated to secondary
or higher level.

DISCUSSION

Based on the findings, a vast majority of SSA house-
holds did not have access to clean cooking fuels and
relied on solid fuels, which have adverse implications on
human health and the environment. Only 10% of the
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population had access to clean cooking in the period
2010-2016. A study®® came out with similar findings.
This value is less than the 18% that has been reported.®’ In
their report, kerosene was considered a clean fuel, unlike
in this study. The slow progress in access to clean cooking
fuels in SSA has been attributed to rapid population
growth, escalating fuel costs, and fuel supply interrup-
tions.>’ Another setback to access is fuel stacking whereby
households continue to use biomass alongside the clean
energy for cultural reasons, such as predilection for the
taste of food cooked in traditional ways.>? Even though
the SSA had seen marginal improvement in access, the
region’s overall population grew four times faster than the
population with access to clean cooking fuels, thereby
overshadowing the little improvement achieved.'®

The findings also indicate enormous disparities in access
to clean cooking fuels among SSA countries. The geo-
graphical disparity in access can be attributed to the adop-
tion of good policies that favor the use of clean cooking
fuels in households at the national levels. However, issues
such as affordability, lack of knowledge on deleterious ef-
fects of dirty fuel, and availability of clean fuel sources may
inhibit access to clean energy. Subsidizing the cost of clean
energy for households has also increased access to clean
cooking fuels in countries such as Senegal, Ghana, and
Gabon."*'® All the world’s 20 lowest access countries over
the 2010-2016 reported'® were countries in SSA. These
countries were part of the worst performing countries ob-
served in our study. The SSA countries (Gabon, Angola,
and Ghana) that have been identified to be part of the fast
growing developing countries in terms of access to clean
cooking by IEA'®*? were found to be part of the best
performing countries in this study.

Several studies have been carried out to explore the as-
sociations between access to clean cooking fuels and wealth
as well as education. However, these studies treated wealth
and education as separate determinants. Wealthy house-
holds prefer clean cooking fuels, whereas poor households
may opt for other forms of fuels that are regarded as
“dirty” due to their inability to afford cleaner fuels.'®”?

A study®* found that in Bhutan the use of electricity
continued to increase with a rise in income whereas the

3%Fiona Lambe, Marie Jiirisoo, Hanna Wanjiru, and Jacque-
line Senyagwa. Bringing Clean, Safe, Affordable Cooking En-
ergy to Households Across Africa: An Agenda for Action.
(Stockholm, Sweden, Nairobi, Kenya: Stockholm Environment
Institute, New Climate Economy, 2015).

3lyenkata Ramana Putti, Michael Tsan, Sumi Mehta, and Srilata
Kammila. The State of the Global Clean and Improved Cooking
Sector. ESMAP Technical Paper; No. 007/15. (Washington, DC:
World Bank, 2015) <https://openknowledge.worldbank.org/han-
dle/10986/21878>. (Last accessed on June 4, 2018).

*International Energy Agency. Energy Access Outlook 2017.
“From Poverty to Prosperity.” (Paris, France: International
Energy Agency, 2017). .

*¥Kivilcim Metin Ozcan, Emrah Giilay, and Senay Ucdogruk.
“Economic and Demographic Determinants of Household En-
ergy Use in Turkey.” Energy Policy 60 (2013): 550-557.

**Dil Bahadur Rahuta, Sukanya Das, HugoDe Groote, and
Bhagirath Behera. “Determinants of Household Energy Use in
Bhutan.” Energy 69 (2014): 661-672.
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consumption of solid fuels and kerosene progressively
declined with an increase in income. Studies also show that
education is a strong determinant of access to clean cooking
fuels. The higher the education level, the larger the proba-
bility of having access to clean cooking fuels and the lesser
the probability of using solid fuels.*® This is attributed to
the fact that educated people become aware of the harmful
effects of using traditional biomass fuels both on health®
and on the environment.>> However, the relationship is not
linear given that awareness does not always translate into
desirable behavioral change (i.e., knowledge-action gap).

The findings of this study give a strong indication of
influence of the joint effect of wealth and education
(wealth educational attainment) on access to clean
cooking fuels. The results show that the household shift
to cleaner cooking fuels is not solely based on the wealth
of the household as indicated by the energy ladder the-
ory. It was observed that education is equally important
when assessing the determinants of the household choice
of cooking fuel, which is consistent with other stud-
ies."”?® This also agrees with another study,* which
questioned the energy ladder model on the basis that
wealth determines the shifting of households to different
cooking energy. For instance, the model 3 in this study
shows that poor households with heads educated to sec-
ondary or higher level had higher odds of having access
to clean cooking fuels than middle households with un-
educated heads or educated to the primary level.

Besides, the average probability of poor households
with heads educated to secondary or higher level was
higher than middle households with uneducated heads or
educated to the primary level. It gives credence to the fact
that even though some households may have the means to
afford clean cooking fuels, they still resort to less efficient
and polluting fuels because they may be uninformed of the
dire consequences of using such energy sources. Thus, a
low level of education moderates the probability of access
to clean cooking fuels by even income groups that can
afford them. Otherwise, households with poor education
have to be in the rich category to have a higher probability
of access to clean energy. The joint effect of wealth and
education is clearly seen in the multivariate analyses where
rich households with well-educated heads were ~300%
more likely to have access than poor households with
uneducated heads. This suggests that progress toward a
greater access to clean cooking fuels will be positively
influenced by concurrent improvement in the level of
education and incomes of households.

There have been contradictory study outcomes on the
gender of the household head and its association with
access to clean cooking fuels. The findings of this study
reveal that female headed households were marginally

3Yonas Alem, Abebe D. Beyene, Gunnar Kohlin, and Alemu
Mekonnen. ‘“Modelling Household Cooking Fuel Choice: A Panel
Multinomial Logit Approach.” Energy Policy 59 (2015): 129-137.

SAlemu Mekonnen and Gunnar Kohlin. Environment for
Development Determinants of Household Fuel Choice in Major
Cities in Ethiopia. (Gothenburg, Sweden: University of Go-
thenburg, 2008).
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more likely to have access to clean cooking fuels than
male-headed households. This observation is consistent
with other studies.?'3738 However, studies>>*%*! have
found that this observation was not statistically signifi-
cant. The plausible explanation to female-headed house-
holds having higher odds to access to clean cooking fuels
is that women are in charge of cooking and this makes
them more aware of the beneficial effects (in terms of
health, dignity, and cooking time or effort) of clean cooking
fuels. However, most female-headed households fall within
the poorest class of society, which limits their access to
clean cooking fuels,?® and this accounts for the marginal
likelihood of access to clean cooking fuels observed in
this study. The role of gender in explaining access to
clean cooking fuels is attributed to a combination of
preference characteristics, time opportunity cost consid-
erations, and the within-household bargaining position
of women.*!

The empirical findings of some studies have come out
with diverse views on the role of age in explaining access
to clean cooking fuels. Our findings indicate a positive
and significant impact of age of the household head on
access to clean cooking fuels. As the age of the house-
hold head increases, access to clean cooking fuels also
increases. The odds of middle-aged headed households
were 3.6% higher than those of households headed by
young adults and this agrees with other studies.™~>%4* A
study”' asserted that young people have liquidity con-
straint and are only able to afford cheaper fuels that have
undesirable effects. Conversely, a study®' found that in
Bhutan, older heads prefer fuel wood to electricity. Older
people are usually conservative and tend to preserve their
culture, including traditional household energy use.
Findings from other studies®*** suggested that the role of
the age of the household heads has no association with
access to clean cooking fuels.

The study found that larger households have less
likelihood of having access to clean cooking fuels com-
pared with smaller households and this agrees with the
findings of other studies®>*' that allude to the fact that
larger households prefer dirty fuels to clean fuels. Wealth

3'Dil Bahadur Rahuta, Sukanya Das, Hugo De Groote, and
Bhagirath Behera. ““Determinants of Household Energy Use in
Bhutan.” Energy. (2014). <https://doi.org/10.1016/j.energy
.2014.03.062>. (Last accessed on May 27, 2015).

38Mehdi Farsi, Massimo Filippini, and Shonali Pachauri.
“Fuel Choices in Urban Indian Households.” Environment and
Development Economics 12 (2007): 757-774.

L4 An, Frank Lupi, Jianguo Liu, Marc A. Linderman, and
Jinyan Huang. Modeling the Choice to Switch from Fuelwood to
Electricity Implications for Giant Panda Habitat Conservation.”
Ecological Economics 42 (2002): 445-457.

Degnet Abebaw. ‘“‘Household Determinants of Fuelwood
Choice in Urban Ethiopia: A Case Study of Jimma.” The
Journal of Developing Areas 41 (2007): 117-126.

“'Boukary Ouedraogo. “Household Energy Preferences for
Cooking in Urban Ouagadougou, Burkina Faso.” Energy Policy
34 (2006): 3787-3795.

*2Gautam Gupta and Gunnar Kohlin “Preferences for Domestic
Fuel: Analysis with Socio-Economic Factors and Rankings in
Kolkata, India.” Ecological Economics 57 (2006): 107-121.
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decreases with increasing household size and reduces the
ability to afford cleaner energy sources that are deemed
to have high commercial value. Larger families require a
large quantity of food and as a result, they consume a
larger quantity of energy, which prevents them from
having access to clean cooking fuels due to economic
constraint.*> On the contrary, other studies argue that
larger households have higher odds of having access to
clean cooking fuels.*"**

Access to clean cooking fuels was higher in urban
households than in rural households. In the pooled de-
scriptive analyses, the urban households recorded 26%
access to clean cooking fuels compared with 2% for rural
households. The huge disparities were in all the 31
countries studied. Zimbabwe recorded the highest vari-
ation between urban (76%) and rural (6%) households.
The inequality was also observed in the multivariate
statistics. Rural households were more than 50% less
likely to have access to clean cooking fuels.

The gap between urban and rural in access to clean
cooking fuels observed in this study has been reported by
several studies and reports from international agencies
that monitor access to clean cooking.>'*'®3! This means
that the location where a household resides is crucial in
determining access to clean cooking fuels in SSA. Ur-
banization, therefore, is a major driver of access to clean
cooking fuels.”® The two main factors (wealth and edu-
cation) found in this study to have strong and posi-
tive associations with access to clean cooking fuels are
known to be low in rural areas and explain why access is
also low. In addition, clean energy sources may not be
readily available as compared with solid fuels in rural
areas and this may also contribute to rural households’
lower preference for clean cooking fuels.

The disparities in access were also high in the four
geographical regions in SSA. Households located in
southern and central Africa are more likely to have ac-
cess to clean cooking fuels compared with households
found in western Africa. The finding is amply evident in
Figure 3. Sub-regional inequalities in access can be at-
tributed to factors that are not different from those that
contribute to reducing disparities among countries, which
include eradication of poverty and reduction of illiteracy
rate, proactive clean energy policies such as subsidies
for those below the safety net, and adoption of modern
cooking technologies.

CONCLUSION

This study sought to examine the joint effect of wealth
and education on household access to clean cooking fuels

“Danladi Yusufu Bisu, Aondoyila Kuhe, and Humphrey
Aondover Jortyer. ‘“Urban Household Cooking Energy Choice:
An Example of Bauchi Metropolis, Nigeria.”” Energy, Sustain-
ability and Society 6 (2016): 1-12.

“Lloyd James Baiyegunhi and Muhannad Kabir Hassan.
“Energy for Sustainable Development Rural Household Fuel
Energy Transition: Evidence from Giwa LGA Kaduna State,
Nigeria.” Energy for Sustainable Development 20 (2014): 30-35.
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in SSA. In summary, the determinants of access to clean
cooking in SSA have socioeconomic and geographical
dimensions. Despite the well-known and documented
harmful effects of solid fuels on health and the envi-
ronment, SSA countries continue to record slow progress
in access to clean cooking fuels, as evidenced by our
findings. The study found that the joint effect of educa-
tion and wealth has a strong and magnified influence on
access to clean cooking fuels. Apart from the very rich
households, low level of education moderates access to
clean cooking fuels by non-poor households that could
potentially afford them.

Higher probabilities of access were observed for
households that were rich and highly educated compared
with households that were either rich but with low edu-
cation or poor but highly educated. Access to clean
cooking fuels was observed to be significantly dispropor-
tionate in geographical locations (urban/rural) within
countries and across countries as well as the four sub-
regions studied. Some household-level demographics such
as gender and age, household head, and household size
were found to influence access to clean cooking fuels. In
general, poor and uneducated, male-headed, young-adult
headed, rural, and medium- to large-sized households have
lower odds of access to clean cooking fuels.

The findings of the study have significant implications
on access to clean cooking policies in SSA countries.
Increasing access to education is crucial for promoting
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awareness about the dire consequences of using tradi-
tional biomass energy and raising household income by
creating employment opportunities. Thus, promotion of
large-scale education and increasing household income
are two major factors that can potentially help accelerate
access to clean cooking fuels. Henceforth, SSA govern-
ments should endeavor to invest in education and job
creation, which will have a direct positive impact on
access to clean cooking fuels. Providing targeted sub-
sidies on clean energy, especially for poor households
and rural dwellers, will also have a direct positive impact
on access to clean cooking fuels and by extension, raise
the living standards of sub-Saharan Africans.
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