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ARTICLE INFO ABSTRACT

Keywords: Cooking is the most energy-intensive activity in the household sector. In developing countries, it accounts for

HOUS?hUId about 90% of the total domestic energy use. With this, knowledge of its dynamics in terms of energy choice and

gootmg energy use is imperative. This study explored the nexus between household dynamics and cooking energy choice in
ookstove

Kaduna State, Northwestern Nigeria. Data were collected from 400 households with the aid of a structured
questionnaire following a multi-stage sampling approach. Descriptive statistics was used to analyze the data and
a multinomial logit regression model was employed to assess the impact of household factors on the choice of
primary cooking energy. The results from the descriptive analysis depict charcoal as the most used cooking
energy in the surveyed area, followed by fuelwood and Liquified Petroleum Gas (LPG). These choices are
influenced by cost, accessibility, and availability. Furthermore, the results from the multinomial logit regression
analysis indicated that the choice of cooking energy is significantly influenced by household factors such as
household size, household income, occupation of household head, marital status, age, and education of the main
cook, and the household head. These findings can be crucial for policymakers and organizations working towards
promoting clean and sustainable energy, climate change mitigation, and the reduction of household air pollution.

Energy choice
Multinomial logit model

1. Introduction

Access to clean and affordable energy for all corresponding to the
United Nations Sustainable Development Goal (SDG) 7 is one of the
pivotal goals targeted for realization by 2030. While a lot has been
invested in attaining the stated goal, about 2.4 billion people are still
cooking with harmful fuels [1]. This implies that more than one-third of
the world’s population lives in energy poverty [2]. The continuous rise
in population across the globe has significantly increased energy de-
mand and has made it incommensurable to the available energy re-
sources. Similarly, as energy consumption keeps increasing the emission
of greenhouse gasses also increases. According to the International En-
ergy Agency (IEA) [3], the global carbon dioxide (CO2) emissions that
emanate from the use of energy have increased by 0.9% or 321 Mt in
2022. While a substantial proportion of the said emissions are induced
by anthropogenic activities, especially through the use of fossils, it is
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worth noting that attaining the 1.5 °C or 2 °C target surface temperature
must involve a rapid decline from the use of non-renewable fuels [4]. In
the phase of household cooking energy, it becomes imperative to curtail
the use of solid fuels and traditional cookstoves and adopt clean cooking
solutions such as the use of Liquefied petroleum gas (LPG) and elec-
tricity [5], or improved biomass cookstoves in the case of biomass users
[6]. For low-income households that cannot afford or access clean
cooking energy, Yunusa et al. [7] recommended the use of biomass
briquettes as they are products of lignocellulosic biomass that are
emission neutral. Furthermore, the use of briquettes in place of fuelwood
and charcoal curtails deforestation and climate change.

The household or residential sector is one of the major energy-
consuming sectors. This trend of energy consumption in the household
sector is said to continue and increase even further as population and
economic activities increase [8]. In Sub-Saharan Africa, cooking is the
most energy-intensive activity in the household sector [9]. In developing
countries cooking accounts for about 90% of domestic energy
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Nomenclature

SDG Sustainable development goal
UN United Nations

IEA International energy agency
CO, Carbon dioxide

Mt Megatonnes

°C Degree celsius

LPG Liquefied petroleum gas

CO, Carbon dioxide

CCA Clean cooking alliance

NGOs Non-governmental organizations

STIRPAT Stochastic impacts by regression on population, affluence,
and technology

ARDL  Autoregressive Distributed Lag Model

LGAs Local government areas

n Sample size

N Population

e Margin of error

Vij Indirect utility function of households i for cooking with

energy j
Y; Vector of individual households
B; Vector of coefficients of explanatory variables
Uj Stochastic component of unobserved utility
1A Independent of irrelevant alternative
P(Z=j) Probability of a household choosing energy j
Y Explanatory variable
t Dummy variable of respondent’s age
A Province dummy variable
€ Error term
JSCE Junior secondary school certificate
SSCE Senior secondary school certificate
HND Higher national diploma
B.Sc. Bachelor of science
M.Sc. Master of science
Ph.D. Doctor of philosophy
LR Log likelihood ratio
Chi2 Chi-square
R2 R-square

consumption [10]. From an estimate released by the Clean Cooking
Alliance (CCA) [11], the burning of solid fuels especially fuelwood in
cooking accounts for about 1.9% - 2.3% of the global CO; emissions. If
the stated emissions are combined with the impact of deforestation
recorded through fuelwood and charcoal production, it significantly
impacts climate change. Currently, there are over 2.8 billion people
globally who rely solely on solid fuels (charcoal, fuelwood, coal, dung,
and agro-residues) and kerosene to meet their cooking energy needs
[12]. Owing to this, about half of the world’s population is exposed to
household air pollution [13]. In Africa over 82% of the population relies
on solid fuels to meet their energy needs [14]. With this, it becomes
imperative to assess the nexus between household dynamics and cook-
ing energy choice as a measure of tracking and reducing the carbon
footprint in the household sector.

Population growth is one of the major factors inducing anthropo-
genic greenhouse gas emissions. With over 200 million people in Nigeria
[15], the country is susceptibleto an increased carbon footprint and
climate change. Despite being blessed with diverse socioeconomic re-
sources, Nigeria still battles with an unstable electricity supply as the
cumulative wattage generated is below the country’s requirement [16].
With this, most of the households rely heavily on solid fuels and kero-
sene owing to their inability to afford cleaner options [17]. This, coupled
with other factors has made the country to be energy inefficient [18].
Hence, an extensive study on the factors influencing energy choice and
use is essential for understanding household energy dynamics [19].
While the choice of cooking energy has been influenced by several
factors, household income was found to be a major factor influencing the
choice of cooking energy [19,20]. On this basis, transiting to cleaner
options such as biofuels, LPG and electricity would require interventions
from the government, NGOs, and other relevant stakeholders. However,
in the absence of adequate intervention, several studies have developed
low-cost biofuels and improved biomass cookstoves with enhanced en-
ergy efficiency and low emissions compared to conventional fuels and
cookstoves. These include a double-burner biomass cookstove devel-
oped by Yunusa et al. [21], a rock bed cookstove developed by Bailis
et al. [22], and a twisted tape-incorporated cookstove [23]. The use of
the stated cookstoves is not only better than using traditional cookstoves
and open fires but perceived to be cleaner than LPG because they are
powered with biomass which are form of renewable energy, whereas
LPG is a non-renewable fuel. This assertion was verified in the study of
Dioha and Kumar [9] where transiting from using fuelwood to LPG was
found to reduce indoor air pollution but with the potential of increasing

CO; emissions by 2050.

Considering the relevance of cooking energy in the household sector,
several studies have employed different approaches ranging from
descriptive analysis, dynamic modeling, and simulations to comprehend
the dynamics influencing household energy choice, adoption, and use
especially in developing countries where the use of clean and renewable
energy is limited. In the study of Shari et al. [24], a system dynamics
model was employed to predict how some strategies could influence the
adoption of clean cooking. The simulation revealed that clean cooking
adoption occurs faster in the early years among urban households
compared to rural households, as factors such as awareness are required
to enhance adoption in rural households which comes up in the later
years. Imran et al. [25] used the STIRPAT model to examine the impact
of some household factors on energy consumption. The result revealed
biomass (fuelwood, dung, and crop residue) as the most consumed form
of energy, and further found out that its consumption increases as the
size of households increases and as the level of income decreases. Nwaka
et al. [26] studied the determinants of household fuel choice among
family heads by gender. The study revealed heterogeneity by gender of
household heads as biomass usage was found to be more dominant
among de-jure female-headed households compared to male-headed
households. However, because the male-headed households were
found to be more educated, the use of clean fuels such as electricity,
biogas, and LPG was more prevalent in such households.
Ogbeide-Osaretin [27] examined the nexus between energy consump-
tion and poverty reduction using the Autoregressive Distributed Lag
Model (ARDL). The study observed that the use of traditional fuels like
fuelwood and coal significantly impacts poverty, whereas the use of
clean energy has a negative correlation to poverty. Overall, some of the
factors influencing the choice of cooking energy are, income and edu-
cation [19,27], age [28], health status and family records [29],
geographical location, access to credit, assets, and the Internet [30],
access to sanitation facilities and information [31,32], as well as
affordability and accessibility to the source of energy [33].

In Nigeria, several studies have examined the factors influencing
household energy choices. This includes the study of Oyeniran and Isola
[20], Ifegbesan et al. [34], and Ozughalu [35] where secondary data
previously collected on a national scale were adopted and used in
comprehending the various cooking energy choices and uses in the
country. The findings in these studies revealed firewood as the primary
energy used by most households in Nigeria. However, these studies are
from secondary data collected between 2013 and 2019. Others include
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the study of Bisu et al. [36], and Danlami et al. [37] carried out in Bauchi
State, Northeastern Nigeria, where fuelwood was also found to be the
most used cooking energy. However, in the Southwestern part of
Nigeria, kerosene was found to be the most used cooking energy based
on a survey conducted in Ondo, Lagos, and Oyo State [38-40]. In the
Southeastern part of the country, LPG was discovered as the most used
cooking energy [41].

Though several studies have attempted to comprehend the nexus
between energy choice and household factors, the nexus is still not
adequately studied [42]. The bulk of the literature on cooking energy
choices among households is predominantly focused on rural and
peri-urban areas where the use of solid fuels has intensified. Knowledge
of the various cooking options and choices in the urban parts is grossly
limited. This could be because the rural parts are more vulnerable to the
effects of unclean cooking and deforestation as they primarily rely on
solid fuels. However, it is imperative to note that the users of charcoal
and fuelwood have also increased significantly in the urban parts
especially now that the cost of electricity and LPG has skyrocketed in
many parts of the world. In this vein, fuelwood and charcoal are trans-
ported from the rural parts into the cities which also contributes to CO»
emission. Therefore, knowledge of the cooking energy dynamics in both
rural and urban parts is very important as it will give an insight into the
real-time differences and the influencing factors. Similarly, previous
studies focused more on cooking fuels with just a few reports on the
types and conditions of the cookstoves used in various households. In
Nigeria, recent studies on household cooking energy are grossly un-
available, as the available studies were conducted between 2009 and
2020. The few recently reported studies were carried out with secondary
data obtained on a national scale. Apart from the fact that these sec-
ondary data are susceptible to errors, they may not reflect the status of
cooking energy in the country as they were collected more than a decade
ago (2013), with some collected about a decade ago (2015), and half a
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decade ago (2019). Also worthy of note is that there are no such studies
conducted in the Northwestern part of Nigeria as previous studies in the
country were carried out in the Southeastern, Southwestern, and
Northeastern parts. Similarly, none of these studies assessed the pres-
ence and use of biofuels such as briquettes, pellets, and biogas as energy
options in the surveyed households. It is pertinent to note that knowl-
edge of this would inform the scientific community on the progress
made thus far in terms of awareness, acceptance, and use of these
renewable energy options in the study area. Most importantly, while
only a few studies modeled household factors relating to cooking energy
choice, the factors related to the main cooks were not previously
considered.

It is against the foregoing background that this study deemed it
necessary to explore the nexus between household dynamics and
cooking energy choice in Kaduna State Nigeria while assessing the
progress in the use of biofuels in the study area. Another novelty of the
study is that it considers the main cooks in the households as the re-
spondents and integrates factors related to them such as age, gender,
marital status, and education level into the fuel choice modeling. This is
contrary to the existing approach of using only factors related to
household heads.

2. Materials and methods
The flowchart highlighting the stages followed in the study is pre-
sented in Fig. A1 (Appendix). This ranges from the design of a structured

questionnaire to the analysis of collected data using descriptive analysis
and a multinomial logit regression model.

2.1. Study area

The study was conducted in six Local Government Areas (LGAs) of
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Kaduna State, Northwestern Nigeria. The state lies on latitude 10° 34’ 5”
North and longitude 7° 27' 7" East (Fig. 2). Kaduna State has a land mass
of 46,053 km? and is characterized by a unimodal rainfall pattern with
an annual average of 1323 mm [32,33]. The state lies within the
northern Guinea Savanna ecological zone comprising typically of
woodland and deciduous vegetation type with grasses and shrubs of the
androgenae family occurring in tussocks [43].

2.2. Household sampling and data collection

The sample size (n = 400) was computed based on a 5% margin of
error (e) using Eq. 1 as brought by [44].

N
" 1+ Ne?

The population (N = 1155,029) which is the number of households
in the study area was obtained from the Kaduna State Bureau of Sta-
tistics. In distributing the sample size (400 households), a multi-stage
sampling technique was employed. The study area was first stratified
into the three (3) existing districts, namely: Kaduna North, Kaduna
Central, and Kaduna South. In the first sampling stage, two Local Gov-
ernment Areas (LGAs) were randomly selected from each of the state’s
three (3) districts (making six LGAs). Consequently, Sabon Gari and
Zaria LGAs were selected from Kaduna North, while Chikun and Kaduna
South were selected from Kaduna Central, and Jema’a and Zangon Kataf
were selected from Kaduna South. In the second sampling stage, five (5)
Wards were randomly selected from each of the six LGAs (making a total
of 30 Wards), and in the third stage, 10 — 15 households were randomly
selected from each of the 30 Wards to obtain the 400 households.

The criterion followed in selecting the respondents in this study was
based on the person who is most familiar with the household cooking
energy use, defined as the main cook. To ensure a hitch-free session,
respondents were made to consent to take part in the survey by signing a
consent form. Due to the volatile nature of the surveyed area in terms of
security, questions on household income were kept in confidence and
analyzed based on the type and level of energy use, as well as the type of
building. Thus, the households were classified as either low-income or
middle to high-income households.

The data obtained were classified into three main categories, viz:
data on respondents and households (age, gender, marital status, edu-
cation level, occupation, household size, and income), data on cooking
energy use (cooking energy, primary cooking energy, energy purchase
frequency, the reason for selection, quantity of energy used per day, and
daily cooking hours), and data on cookstove usage (daily usage of
cookstove and cookstove type). Before commencing the survey, the
questionnaire was validated through a pre-testing survey. Based on the
observation made during the pre-testing phase, some questions and
methods were modified. The variables used in the survey are described
in Table 1.

n

@

2.3. Theoretical framework and model

Like the study of Bofah et al. [45], this study theoretically follows the
‘utility-theory’ approach. The utility theory assumes that users of energy
have preferences, thus their choice of cooking energy also depends on
those preferences. While this study is not oblivious of the fact that in
some instances, household energy choices follow the energy-ladder and
energy stacking hypothesis, an econometric theory was deemed more fit
as it aligns better with the study objective. Nonetheless, the outcome of
this study was compared with the energy-ladder hypotheses. The
energy-ladder hypothesis assumed that advancing to cleaner energy
options such as LPG and electricity depends on the households’ income.
Thus, according to the model, household income and wealth are the key
factors [46]. Whereas the energy stacking hypothesis suggests that a
household switch to a different cooking energy option occasionally, or
accumulate and continue to use multiple energy options [47]. This
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Table 1
Description of the variables used in the analysis.
Variable Description
Cooking Energy This is a multiple response variable that considers the
whole cooking energy options
Primary Cooking 1 = Firewood, 2 = Charcoal, 3 = Kerosene, 4 = LPG, 5 =
Energy Electricity
Age This is a continuous variable of respondents’ age in years
Gender The gender of the respondent, 1 if Male, 2 if female

Household Income
Marital Status

Size of Household
Occupation of head

1 if low-income households, 2 if middle to high-income
Current marital status of the respondent

Number of individuals in the household

This is a categorical variable of the primary source of
income of the head

This is a categorical variable of the highest educational
qualification of the head

This is a categorical variable of the highest educational

Education of head

Education of

Respondent qualification of the respondent
Daily usage of The number of hours cookstoves are used in a household
cookstove

Daily usage of fuel
Fuel purchase

The quantity in kg of fuel used by households in a day
The rate at which fuel is purchased in the household

frequency
Knowledge of health If the respondents are aware of the health implications of
impact their energy choices

Reason for selection Major reasons why a household selects the cooking energy
types being used

Cookstove types The type of cookstoves present in a household

implies that users of traditional energy may occasionally switch to
modern energy options based on peculiar needs or based on household
income and vice versa.

Thus, following the utility theory, if a variable Y represents a set of
options, a consumer-choice model can be considered in the form Y C Rn,
which implies that there are n different cooking energy choices (fire-
wood, charcoal, LPG, electricity, etc.,). In addition, it can be assumed
that y C Y so that y = (yl, ..., yn), where y = clean energy and other
energy types (i.e., wood and charcoal). Thus, the utility function for the
household cooking energy options can be explained by Eq. 2 [45].

Where Vij is the indirect utility function of household i for cooking
with energy j; Yi stands for the vector of individual households and other
factors that influence a household’s choice of cooking energy; Bj, on the
other hand, is a vector of coefficients of explanatory variables which
quantifies the average likelihood that a household chooses a particular
cooking energy type; and Uij is the stochastic component that captures
the unobserved utility.

2.3.1. Multinomial logit model

Multinomial logistic regression is a powerful statistical tool used in
analyzing the relationship between multiple categorical independent
variables and a categorical dependent variable with more than two
levels. The multinomial logit model works on the hypothesis known as
the independent of irrelevant alternative (IIA) [20]. This implies that the
link between probabilities of being part of an energy category (e.g.,
fuelwood) is independent of the other categories (e.g., LPG and elec-
tricity) [20]. The multinomial logit regression model is expressed in Eq.
3 [29].

PZ=Jj)| _
ln{m} = a+pY+t+i+e 3

Where P (Z=j) is the probability of a household choosing energy j as
its primary cooking energy. Y is the independent variable (explanatory)
that may influence cooking energy choice by the various households, t is
a dummy variable of respondents’ age in years, A is the province dummy
variable, and ¢ is the error term. Thus, the regression coefficients can be
expressed as the effect of the explanatory variables on the log of the
probability ratio between energy type j and energy type i, where energy
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type i is the baseline group, and i # j.
2.4. Statistical analysis

Descriptive statistics in the form of proportions and frequencies using
a linearized method of variance estimation were used in the analysis.
Because the outcome variable is nominal with more than two mutually
exclusive unordered categories, a multinomial-logit regression model
was employed in estimating the impact of the various household dy-
namics on the choice of primary cooking energy. The data were analyzed
using Stata SE version 17.0 software.

3. Results
3.1. Descriptive analysis of variables

3.1.1. Household characteristics

The result of the various household factors is presented in Table 2.
The result shows that 63% of the respondents are between the age of 21
and 40 years. The result further revealed 87.5% of the respondents to be
females based on which 78% are married. The findings also showed that
most of the households (62.7%) have large family sizes (five or more
members) and are predominantly (68.2%) low-income households.

Table 2
Descriptive statistics of household variables.

Variable Options Proportion  Std. Err. [95%_Conf.
Interval]
Age of respondent <20 0.043 0.017 0.018  0.098
21-30 0.353 0.048 0.256 0.463
31-40 0.282 0.032 0.217  0.358
41-50 0.166 0.030 0.110  0.244
>50 0.156 0.037 0.091 0.255
Gender Male 0.125 0.081 0.028  0.415
Female 0.875 0.081 0.585  0.972
Marital Status Married 0.78 0.042 0.676  0.857
Divorced 0.028 0.012 0.011  0.068
Single 0.117 0.046 0.048 0.258
Widow(er) 0.075 0.024 0.037  0.148
Size of household Single 0.033 0.026 0.006 0.167
2 0.087 0.022 0.050 0.149
3 0.095 0.020 0.060 0.148
4 0.158 0.015 0.127  0.194
5 or more 0.627 0.059 0.494 0.744
Occupation of head ~ Farming 0.090 0.013 0.065 0.124
Civil Servant 0.320 0.033 0.251  0.397
Self-employed 0.553 0.049 0.443  0.658
Part-time Job 0.037 0.016 0.014  0.096
Household Income Low 0.682 0.050 0.564  0.780
Middle to High  0.318 0.050 0.220 0.436
Education of Head None 0.075 0.031 0.029  0.182
Primary 0.097 0.030 0.047 0.187
JSCE 0.053 0.011 0.034  0.082
SSCE 0.293 0.025 0.241  0.351
Diploma 0.131 0.016 0.100 0.169
HND 0.065 0.017 0.036  0.117
B.Sc. 0.234 0.041 0.155  0.336
M.Sc. 0.044 0.008 0.030 0.064
Ph.D. 0.009 0.007 0.002  0.045
Education of Resp. None 0.122 0.049 0.048  0.277
Primary 0.144 0.027 0.094 0.215
JSCE 0.107 0.017 0.073  0.152
SSCE 0.392 0.037 0.313  0.476
Diploma 0.147 0.030 0.092 0.228
HND 0.019 0.008 0.008  0.045
B.Sc. 0.066 0.010 0.047  0.092

M.Sc. 0.003 0.003 0.000 0.028
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Similarly, the heads of the households are mainly (55.3%) self-employed
who are engaged in farming and small-scale businesses. In terms of the
educational qualification of the household heads and respondents, the
result depicts a higher proportion (29.3%) of the household heads to be
senior secondary school certificate (SSCE) and bachelor’s degree (B.Sc.)
holders (23.4%). However, these were more common among urban
households, as heads of rural households are either without education or
are holders of primary or junior secondary certificates (JSCE). In the
case of the respondents, most of them are SSCE holders (39.2%).

3.1.2. Energy use

The results of energy use were analyzed based on the usage of
cookstoves and cooking fuel/energy in the various households. The
findings in this category are presented in Table 3. The result revealed
that more than half (57.5%) of households use their cookstoves within a
range of 5-7 hours per day. This includes the time spent while using the
cookstoves for other applications different from cooking such as water
heating. This further corroborates the findings of Kabir et al. [48] where
an average weekly cooking time of 25.48 hours was noted among
households in the northern part of Nigeria. In Fig. 3, the various cooking
energy types used in the households are presented. From the result,
charcoal is the most used cooking energy option with 31.02% of the
households followed by LPG with 19.52% of the households, and fuel-
wood with 17.96% of the households. However, in Fig. 4 only the pri-
mary cooking energy used in the households was considered. Here, the
results revealed charcoal and fuelwood as the most used cooking energy
with 41.60% and 27.07% of the households, respectively. The reasons
the respondents gave for selection are presented in Fig. 5. These were
based on availability (35.22%), especially for the users of agro waste and
firewood, cost (33.60%), mainly for the users of charcoal and firewood,
and efficiency (30.53%), majorly selected by households using LPG and
electricity. The quantity of fuel used per day among the surveyed
households is between 1 to 5 kg. However, it was observed that about
69.75% of the households that use less than a kilogram of fuel per day
are LPG users, whereas 31.1% are households that use charcoal and
fuelwood. Similarly, 67.5% of households that use between 1- 5 kg of
fuel per day are charcoal users while 32.1% are firewood users.

In terms of energy purchase frequency, households that use charcoal
and fuelwood were noted as the households that purchase fuel daily with
about 39.6% of households recorded. On the other hand, the households

Table 3
Descriptive statistics of stove and fuel variables.

Variable Options Proportion  Std. [95%_Conf.
Err. Interval]

Daily Stove Use (h) <2 0.003 0.003 0.000  0.023
2-4 0.122 0.042 0.056  0.248
5-7 0.575 0.046 0.473  0.671
8-10 0.198 0.050 0.111  0.327
11-13 0.095 0.022 0.056  0.156
>13 0.007 0.005 0.002  0.031

Daily Fuel Use (kg) <1 0.310 0.024 0.266 0.358
1-5 0.633 0.025 0.583  0.680
6-10 0.036 0.010 0.022  0.061
11-15 0.013 0.006 0.005 0.031
16-20 0.003 0.003 0.000 0.018
21-25 0.003 0.003 0.000 0.018
26-30 0.003 0.003 0.000 0.018

Fuel Purchase Freq. Daily 0.396 0.054 0.286  0.518
Weekly 0.085 0.023 0.047  0.150
Monthly 0.518 0.046 0.419 0.616

Knowledge of health Yes 0.922 0.042 0.767  0.977

impact

No 0.077 0.042 0.023  0.233
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Fig. 3. Cooking energy.
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that purchase fuel monthly, are households that use LGP and electricity
as cooking energy with few other households using charcoal. However,
weekly energy purchase was not reported by most households as only
8.5% of the respondents indicated such. In terms of knowledge of the
environmental and health impact of the energy types, almost all the
households (92.2%) affirmed being aware of the impact of unsustainable
and poor use of cooking energy and cookstoves on their health and the
environment. The results of cookstove types are presented in Fig. 6. As
shown, most of the households use traditional charcoal cookstoves
(32.70%). This conforms with the findings of Aziz et al. [33], and further
confirms the assertion of Oyeniran and Isola [20] which noted that a
considerable proportion of the population in Nigeria are users of tradi-
tional fuels and cookstoves.

3.2. Multinomial logit regression model results

Multinomial logistic regression analysis was conducted to

understand the factors influencing household cooking energy choice.
The dependent variable in this analysis represents the primary cooking
energy used by households. Because only a few categorical variables can
be considered in multinomial regression, only the five main primary
cooking energy options were considered viz: Firewood, Charcoal,
Kerosene, LPG (Liquified Petroleum Gas), and electricity as the reference
category. The independent variables are household size, marital status
of the respondent, education of the head of the household, education of
the respondent, gender of respondent, occupation of the head, house-
hold income, and age of the respondent.

3.2.1. Model fit statistics

Table 4 presents the model fit statistics of the multinomial regres-
sion. The values obtained for the model fit parameters are 0.4269 for
Pseudo R2, -206.47723 for log-likelihood ratio, 355.89 for LR (chi2),
and 0.0000 for probability (Prob > chi2).

An LR chi2 value of 355.89 indicates a significant relationship
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Table 4

Model fit statistics.
Pseudo R? Log-likelihood LR (chi2) Prob > chi2
0.4269 -206.47723 355.89 0.0000

between the independent variables and the outcome categories. On the
other hand, the Prob > chi2 is 0.0000, which is less than the conven-
tional significance level of 0.05. This suggests strong evidence against
the null hypothesis (there is no relationship between the independent
variables and the outcome categories). Similarly, the log-likelihood of
-206.47723 typically depicts a better fit. While it is essential to compare
this value to other models or variations of the current model, it suggests
that the model provides a reasonable fit to the data. With a pseudo R2 of
0.4629, it shows that the model accounts for approximately 46.29% of
the variance in the outcome categories. Therefore, we can conclude that
the multinomial logistic regression model is statistically significant in
explaining the variation in the choice of primary cooking energy in the
study area.

3.2.2. Multinomial results of variables influencing cooking energy choice

Table 5 shows the results of the multinomial logit regression analysis.
In the analysis, electricity was used as the reference energy option based
on which the estimated coefficients were compared. This was because,
among the cooking energy options evaluated, electricity is perceived as
the cleanest option. The intercepts for each energy type represent the
baseline probabilities of using that specific energy when all other in-
dependent variables are zero. Based on this, the intercept for Firewood is
21.8152, indicating that in the absence of other factors, the probability
of a household using firewood as its primary cooking energy is
approximately 21.82%. Similarly, the intercepts for Charcoal, Kerosene,
and LPG are 41.50282, -30.29589, and 9.2882, respectively. This proves
that charcoal has the highest probability (41.50%) of acceptance in the
absence of other factors.

In the case of household size, the computed coefficients suggest that
households with large family sizes are more likely to use firewood and
charcoal compared to the reference category (single households), which
is consistent with the findings in Oyeniran and Isola [20]. However, the
use of LPG was found to impact households with larger sizes negatively
as observed by Zhu et al. [29]. This shows that households with single
members are more likely to opt for LPG.
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Table 5
Multinomial logit regression results.
Regressor Firewood Charcoal Kerosene LPG
Coefficient Coefficient Coefficient Coefficient
Intercept 21.8152 41.50282 -30.29589 9.2882
(0.46) (0.990) (0.000) *** (0.000) ***
Household Size
Single (Baseline) - -
3 7435 .6842 .0628
(0.639) (0.639) (0.964)
4 1319 .0001 7844
(0.933) (1.000) (0.447)
5 or more 1.0723 7207 -0.4863
(0.435) (0.479) (0.609)
Marital status
Married (Baseline) - - -
Divorced -0.23676 -1.7242 -77.005 -1.8684
(0.918) (0.292) (0.000) *** (0.397)
Single 1.3807 -0.2863 -66.585 -0.330
(0.186) (0.763) (0.000) *** (0.969)
Widow (er) -0.9358 -1.5877 -55.323 -0.6261
(1.000) (1.000) (0.000) *** (1.000)
Education of head
None (Baseline) - -
Primary -13.552 -13.570 -93.003
(0.996) (0.996) (0.996)
JSCE -14.535 -13.786 -94.312
(0.996) (0.996) (0.996)
SSCE -14.117 -12.895 -12.792
(0.996) (0.996) (0.996)
Diploma - -14.306 -13.592
(0.996) (0.996)
HND - -13.477 -5.9786 -12.740
(0.996) (1.000) (0.996)
B.Sc. -14.4778 -13.127 - -11.552
(0.996) (0.996) (0.997)
M.Sc. - -94.960 -10.911
(0.000) *** (0.997)
Ph.D - -9.866 -11.407
(0.999) (0.999)
Education of
respondent
None (Baseline) - - -
Primary -13.3164 -13.966 -72.9442 -11.245
(0.983) (0.982) (1.000) (0.986)
JSCE 2.9905 2.6328 -45.8954 3.5295
(0.999) (0.999) (0.000) *** (0.998)
SSCE -13.0612 -13.853 3.9598 -12.1893
(0.983) (0.982) (0.000) *** (0.985)
Diploma - -14.650 -71.5688 -11.7833
(0.981) (0.985) (0.985)
HND - - -65.3264 -13.1724
(0.986) (0.983)
B.Sc. - -11.748 -53.9553 -11.684
(0.985) (0.987) (0.985)
M.Sc. - 20.835 -44.9255 -72.8052
(0.000) *** (0.988) (0.000) ***
Gender
Male (Baseline) - - -
Female 3.9671 -13.371 -20.6073 15.1223
(0.999) (0.995) (0.999) (0.997)
Occupation of head
Farming (Baseline) - - -
Civil servant .88024 .8246 -63.0178 .2095
(0.559) (0.518) - (0.898)
Self-employed .9998 1.8446 2.7431 -0.5059
(0.378) (0.087) (1.000) (0.744)
Part-time job 14.2035 13.514 97.8641 14.8710
(0.991) (0.991) (1.000) (0.01) ***
Household Income
Low (Baseline) - - -
Middle to High -2.8128 -2.4484 -75.3792 .2608
(0.004) *** (<0.001) (0.000) *** (0.711)
ek
Age
<20 (Baseline) - - -
21-30 .38235 -1.0581 -22.7707 .7565
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Table 5 (continued)

Regressor Firewood Charcoal Kerosene LPG
Coefficient Coefficient Coefficient Coefficient
(0.810) (0.368) (1.000) (0.553)
31-40 1.0988 -0.6139 - .7050
(0.510) (0.633) (0.613)
41-50 16.369 14.437 - 15.508
(0.983) (0.985) (0.02) ***
>50 18.715 16.662 - 16.760
(0.994) (0.995) (0.01) ***

Notes: p-values are in parentheses, *** = P-value is significant at 0.05, Elec-

tricity is the referenced energy

Marital status is another factor that significantly influences house-
hold energy choice. The coefficients for marital status categories
(Divorced, Single, Widow(er)) compared to the reference category
(Married) provide insights into how marital status affects energy choice.
The results suggest that a divorced household has a significant negative
association (coefficient: -77.005) with the use of kerosene. Thus,
divorced households are less likely to use Kerosene compared to married
households. On the other hand, a single household is more likely to use
Firewood (coefficient: 1.3807) and less likely to use Charcoal (coeffi-
cient: -0.2863) compared with a married household. The findings depict
that married households are more likely to use charcoal, kerosene, and
LPG as their cooking energy.

In terms of the education level of the head of household and the
respondent, the coefficients revealed that households whose heads are
educated are less likely to use traditional fuels such as firewood, char-
coal, and fossils such as kerosene and LPG compared to households
whose heads are not educated. This implies that such households are
more likely to go for clean energy options like electricity, depicting their
interest in curtailing the use of polluting fuels. This aligns with the
findings of Bofah et al. [45]. However, in the case of the education level
of respondents, a different outcome was observed, as households with as
high as M.Sc. are more likely to use charcoal and less likely to use LPG
compared to the reference category and even to the holders of JSCE
whose coefficient shows a positive association (coefficient: 3.5295) to
the use of LPG. This implies that the level of education of the heads of
household influences the choice of cleaner cooking energy better than
the education level of the respondents who are the main cooks in the
various households. The gender coefficient indicates that females are
3.9671 times more likely to use Firewood and 15.1223 times more likely
to use LPG compared to males. However, they are less likely to use
Charcoal (coefficient: -13.371) and kerosene (coefficient: -20.6073)
than males.

The occupation of the head of the household also plays a significant
role in the choice of cooking energy. The findings revealed that house-
holds whose heads are civil servants are more likely to use fuelwood,
charcoal, and LPG, but less likely to use kerosene (coefficient: -63.0178),
while households whose heads are self-employed are more likely to use
Kerosene (coefficient: 2.7431) and less likely to use LPG (coefficient:
-0.5059). On the other hand, middle to high-income earning households
are less likely to use Firewood (coefficient: -2.8128), Charcoal (coeffi-
cient: -2.4484), and Kerosene (coefficient: -75.3792) compared to low-
income earning households. The age coefficients reveal how different
age groups influence fuel choice. Households with aged cooks (i.e.,
41-50 years and 50 years above) are more likely to use Firewood and
Charcoal than households whose cooks are young (i.e., less than 20 years
and 21 -30 years).

4. Discussion

Between 2016 and 2019, firewood and kerosene have been the most
used forms of cooking energy in Nigeria, as charcoal was among the least
used [20]. However, due to the increased cost of kerosene, coupled with
the fact that most of the households are low-income earners, most
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households now rely on charcoal and firewood to meet their cooking
energy needs. Further observation from the survey revealed that because
most of the households have large family sizes, they find it easier and
more affordable to use charcoal and fuelwood for cooking. Thus, options
such as LPG and electricity are not just unaffordable, but designs that
accommodate large pot sizes are still not widely available in the local
markets.

Predictions from the multinomial logit model also indicate that
households with large family sizes are more likely to use firewood and
charcoal. This corroborates the findings of Oyeniran and Isola [20].
With sufficient evidence from the model fitness parameters, the stated
prediction has high certainty of occurrence. Hence, considering the
population growth of Nigeria, which is persistently rising, it depicts a
potential of having more users of unclean and solid fuels in the future.
Thus, if measures are not taken to address this potential problem, there
is a likelihood of experiencing an increase in the rate of deforestation in
the coming years making the country more vulnerable to climate
change. Therefore, for a swift transition to the use of clean energy,
governments, Non-Governmental Organizations (NGOs), and/or private
organizations must provide interventions that will improve the acces-
sibility and affordability of clean energy especially to low-income
households. Overall, the findings from this study confirmed that the
energy use pattern in the study area conforms better with the fuel
stacking theory than the energy ladder theory as traditional energy is
often used alongside modern energy. This is consistent with the findings
of Baiyegunhi and Hassan [49].

However, the major limitation of this study is that it only focused on
six LGAs out of the 23 LGAs of Kaduna state, Nigeria. Future studies can
explore a larger sample size to cover the entire state and if possible, the
whole country. Secondly, the study could not ask questions on house-
hold income. This was assessed based on the enumerator’s perception
following the type of household and energy choice. Although the study
assessed the presence of bio-based fuels such as briquettes and biogas,
they were not included as variables in the modeling phase due to re-
strictions in terms of the number of independent variables, and because
none of the households used these energy types. Future studies can
model these bio-based options to explore more information on why they
are still not in use in most households despite the progress recorded in
terms of scientific research.

5. Conclusion

This study assessed household cooking energy use and the various
demographic and socioeconomic factors influencing their choices. The
outcome of the descriptive analysis revealed charcoal and fuelwood as
the most used form of cooking energy in Kaduna State, Nigeria. The
choice of the stated energy types was mainly influenced by their cost and
availability. The findings from the multinomial logit regression suggest
that the independent variables significantly impact the outcome
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categories (primary energy choice).

Furthermore, the study found out that although traditional cooking
energy options such as charcoal and fuelwood are the most used forms of
cooking energy in the surveyed areas, cleaner options such as electricity
and LPG were present in most of the households in the urban parts of the
State. Therefore, the energy use pattern in the study area conforms
better with the fuel stacking theory than the energy ladder theory. These
findings can be crucial for policymakers and organizations working on
promoting clean and sustainable energy production and use, climate
change mitigation, and the reduction of indoor air pollution. Similarly, it
would serve as a guide in tracking the advances in cooking energy
consumption and its related impact towards achieving carbon neutrality
or net zero emissions in the future.
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Fig. Al. Flowchart of the household survey.
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