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Abstract: Traditional biomass utilization is connected with negative environmental and human
health impacts. However, its transition to cleaner cooking fuels is still low where the household’s
fuels preferences play an important role in the process. To examine the factors that influence the
household’s cooking fuel choice in Northern Sudan, a multinomial logit model (MNL) was used to
analyze data collected from Kassala state in two selected districts, New Halfa and Nahr Atabara. The
findings show that the most utilized fuels are still firewood and charcoal, which are used by 63.4% of
all respondents. The results also revealed that socioeconomic factors have an impact on household
fuel choice, where one additional unit of credit access may boost the possibility of choosing LPG
by 22.7%. Furthermore, one additional level of education would reduce 5.4% of charcoal users
while simultaneously raising 10% of current liquefied petroleum gas (LPG) users. Therefore, the
study suggests initiating mobilization and training programs to raise awareness and encourage
the usage of cleaner fuels. This study will provide policymakers with information on household
cooking energy utilization while designing and developing policies related to energy. It will also
contribute to the expanding body of literature concerning the transition to clean cooking fuels from
traditional biomass.

Keywords: cooking fuels; multinomial logit model; biomass; firewood; household’s choice; biomass;
pollution

1. Introduction

Cooking activities consume roughly 90% of the energy consumed by households in
developing countries, making cooking fuel choices a major concern for both households
and policymakers [1]. Numerous studies have shown that the cooking energy choice
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warrants consideration because relying heavily on non-clean energy (mostly biomass and
coal) has significant health and environmental consequences [2—6]. In addition, there are
other numerous consequences connected with the use of inappropriate cooking fuels and
stoves amongst developing countries. Regarding this point, solid fuel combustion with
an ineffective cookstove has been found to cause more premature deaths than HIV/AIDS,
malaria, and tuberculosis combined, with many deaths occurring among females and
children under the age of five [3-5,7-9]. According to several researchers, approximately
3 billion people use solid fuels such as wood, charcoal, animal dung, and crop residues
to cook, heat, and/or light their homes, with nearly half of them using inefficient, poorly
ventilated stoves [10-13], in Africa in particular, more than 82% proportion use solid
fuels [14]. There is an expectation that due to the rapid population growth rate in rural
areas, the number of biomass users will rise to 2.7 billion by 2030 [2]. Different works in
the literature mentioned that the use of traditional cooking methods is extremely high
especially in developing countries where, according to Uttam Paudel et al. [15], solid fuels
are used by more than 2.5 billion people. In Sudan, charcoal is the primary cooking fuel
for more than 89% of urban households, while firewood is the primary cooking fuel in
rural areas, accounting for more than 81 percent of households [16]. According to FAO [17],
Sudan has been struggling to provide people with affordable and long-lasting fuel. Among
the reasons are the following: (a) a heavy burden for women and girls who must travel up
to 13 kilometers three times a week to collect fuelwood; (b) unsustainable exploitation of
forest resources, resulting in increased conflict over the limited forest and tree resources;
(c) high cost of fuelwood and charcoal; (d) the health and safety hazards of cooking
over a conventional three-stone fire. Despite these limitations, Sudan has made a firm
commitment to continue research, design, and implementation of new energy technologies,
with expanded access to safe and reliable energy resources stimulating new development
options, as well as sustainable low-carbon energy scenarios for the twenty-first century
that emphasize renewable resources” untapped potential [18].

Therefore, according to the available literature, in Northern Sudan there is a need for
widespread implementation and use of advanced, renewable, and clean energy sources [13,17,19].
This is in line with the 2030 United Nations Sustainable Development Goals (SDGs), especially
Goal 7: "Ensure universal access to affordable, secure, sustainable, and modern energy for all by
2030” [14]. Many citizens, however, find it difficult to switch to alternative energy sources because
the transition from traditional to clean cooking methods is still restricted in many countries.
According to Uttam Paudel et al. [15], strong regulation, standards, investment, and policies
all help to promote and encourage a rapid transition from conventional cooking to clean fuel
technology. Therefore, numerous studies have been conducted to identify possible determinants
that affect household cooking fuel choices and their results revealed that demographic and
socioeconomic factors are among the determinants that influence the households cooking energy
choice [1,2,4,15,19,20]. However, renewable energy usage, according to the majority of the
researchers’ results, would help to minimize energy shortages and increase energy efficiency, as
well as reduce energy-related negative impacts [15,21]. Therefore, many studies have looked into
the factors that affect the utilization of modern and traditional fuels, and they have found that
household income, education, and gender of the household head, household size, fuel prices
and availability, and location all play a role [15,19,21-24]. Moreover, some studies say that due to
expense, culture, and fuel supply reliability, adopting improved cookstoves and modern fuels
would be nearly impossible for some socioeconomic groups in the immediate future [4]. A study
conducted by Yonas et al. [24], about modeling household cooking fuel choice in Ethiopia by
using the multinomial logit model (MNL), found that households’ economic status, price of
alternative energy sources, and education are important determinants of fuel choice. In addition,
Nnaji et al. [21] conducted a study on the determinant of household energy choices for cooking in
Nigeria by using the same model and found that income is the important factor that determines
the household’s cooking fuel choice.

However, the study carried out by Ahmed [16] in Northern Sudan, revealed that the
price of conventional biomass fuels versus LPG, when available, is a significant determinant
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factor in households’ decision to switch to new energy technology. Thus, the recent research
article aimed to furthermore shed light on factors that influence household cooking energy
choices in Northern Sudan and to explain how households choose cooking fuel in the face of
uncertainty or when transitioning to modern fuels. To attain that goal, a household survey
was conducted from two districts of Northern Sudan, namely New Halfa and Nahr Atabara,
randomly selected from Kassala state. The majority of the population in both provinces’
economies is based on agriculture and a great proportion of them use charcoal and firewood
to meet their cooking needs. Corrected data have been analyzed by using STATA and SPSS
through a multinomial logit model (MNL) to identify and analyze key factors of household
cooking energy choice and forecast the outcomes with the following objectives: (1) To
identify factors that play a role in the household’s cooking energy decision-making; (2) to
investigate the probability of the transition from traditional to modern cooking energy
at household level; (3) to discuss the possibilities of the households” adoption of clean
cooking technology based on the findings. The empirical results can be a tool to guide
policymakers while designing policies regarding household-level cooking energy. The
findings could aid future researchers in this field. Moreover, data provided in this paper
may help energy-related investors to recognize the direction of their future investment.

2. Literature Review: Conceptual Analysis

Several studies on cooking energy at the household level in developing countries have
shed light on the determinants that influence a household’s decision to choose a particular
cooking fuel. The limited but rising empirical literature on energy choice offers little insight
into the factors that influence household fuel choice and switching behavior through a lens
of the econometrics model [24]. Moreover, in light of energy transition among developing
countries, the determinants that influence clean cooking energy (wood pellets, LPG, etc.)
choice at the household level are not clearly identified and there is still a lack of knowledge.
However, recent studies from various countries have found that cooking fuel use decisions
are influenced by several demographic, social, and economic factors using both descriptive
and quantitative approaches. Theoretically, those factors in light of energy demand were
found to be in a non-linearity function relationship. In this regard, a variety of techniques
have been applied such as logit/probit. A multinomial logit model is one of the foremost
models for analyzing the determinants that influence a household’s decision regarding
energy choice.

Notably, some studies on the determinants of household energy choice in the literature
often lack sufficient data, especially on the traditional biomass utilization to cleaner cooking
fuels. Among such studies include Amin Karimu et al. [4] and Twumasi et al. [2] in
Ghana; Yonas Alem [24] in Ethiopia; Gould et al. [22] in India; Nnaji et al. [21] in Nigeria;
Boukary [25] in Burkina Faso. In some regions, cooking fuel options are a little more
complicated because modern fuels are frequently used alongside traditional biomass fuels
in some families. Evidence from Ahmed Ado [26] using a multivariate analysis reveals that
low-income and often uneducated households use traditional fuels, whereas the middle
and upper class of society primarily use transitional and modern fuels. Households choose
multiple fuels for a variety of reasons, including the fact that entire reliance on a single
fuel may be sensitive to price changes and unreliable service/supply, as well as experience
with cooking using traditional methods [25]. This is consistent with Ifegbesan et al. [27],
who came to the conclusion that firewood is the primary source of energy for the majority
of Nigerian homes, especially in rural areas.

Nevertheless, traditional energy sources such as fuelwood, charcoal, dung, and crop
residues dominate in energy consumption of Africa and remain a key constraint to the
transition of households to modern and clean fuel. Those traditional energy sources
were found to be connected with negative ecological and health impacts [24]. A number
of studies have found that a high reliance on traditional solid fuels has raised global
concern about both the harmful health effects such as tuberculosis, lung cancer, and
respiratory infections; and the environmental repercussions of indoor air pollution such
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as forest degradation and soil erosion [8,28-31]. Therefore, the take-up of modern fuels
and improved stoves are solutions to these consequences which are still at a low stage
especially among African countries [32-34]. To do so, a better understanding of the factors
that influence household cooking energy choice is required.

In terms of the methodological approach, the available literature are varied based on
parametric aspects including (logit and probit), multinomial probit and logit, full informa-
tion maximum likelihood (FIML) techniques, and the ordinary least square approach. For
example, Paudel et al. [15] employed a multinomial logit model (MNL) to investigate the
pattern of household cooking fuel usage and the association of household cooking fuel
choices. However, the use of an MNL for estimating those factors influencing a household’s
cooking energy choice is very scanty in the extant literature and completely non-existent in
the North Sudan context. Therefore, this paper makes a contribution to this by understand-
ing the factors influencing a household’s cooking energy choice and it is expected to have
significant input in addition to past research’s conclusions, which will aid in encouraging
the switch to clean cooking fuels as well.

3. Materials and Methods
3.1. Data Collection and Sampling

Data collection was carried out by using a designed questionnaire from December
2020 to February 2021 which was followed by an interview in order to enhance the sig-
nificance of the study. The scholars, local farmers, and traders were interviewed to verify
whether the collected data was logical and goal oriented. During the questionnaire design,
measurement tools have developed where we first created a list of clean cooking energy
adoption and utilization indicators based on the literature review. During the first stage, the
list contained 50 indicators but after being reviewed by a committee of experts in the field
of cooking energy, including professors and scholars, it was reduced to only 25 indicators,
which were used for the examination. The questionnaire was designed with three main
sections. In the first section, the respondents had the option to choose corresponding basic
information about their location, gender, age, and education level. The second section was
designed with multiple-choice questions indicating monthly income and cooking expen-
ditures of the household, type of fuels and stove, people in their family, and occupation.
Section 3 investigates the factors affecting respondents’ readiness to choose their primary
cooking fuels and how they contribute to policies of national new energy and environmen-
tal protection. A simple random sample method was used, in which all participants were
given an equal chance to respond to the questionnaire that was distributed in the study
area, where two districts, New Halfa and Nahr Atabara, were chosen from one province,
Kassala in Northern Sudan. Agriculture is the main financial source in both districts and
the majority of the population uses traditional fuels for cooking. Four sectors were chosen
at random from each district, to make a total of 8 sectors. Then, 35 households from each
sector were chosen at random to participate in the study, with a total of 280 participants.
Only one questionnaire was deemed irrelevant and the remaining 279 were found worthy
of analysis and hence used in this study.

3.2. Methodology

The collected data was analyzed using SPSS (SPSS Inc., Chicago, IL, USA) and STATA
(Stata Corp LLC, TX, USA) by employing a multinomial logit model to identify the factors
that influence households’ cooking fuel choices. During the model running, multinomial
logistic regression was used to examine the determinant driving the cooking energy choice
among households in Northern Sudan. The multinomial logit model, on the other hand, is
appropriate when the household has a large range of highly desirable options. According
to our findings, the majority of households utilize charcoal, wood fuel, and LPG as their
primary sources of cooking fuel, with wood, straw /grass, animal dung, and other materials
coming in second. Therefore, the multinomial logit model was found to be suitable for
addressing the objectives of this study. The focus of this study was entirely on the analysis
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of household energy probability options for the first three most widely utilized primary
fuels, namely LPG, charcoal, and firewood. It is expected that the likelihood of one
alternative choice being picked over a second is unchanged or unaffected by the absence of
a third option [35]. In addition, the quantity desired of an item is negatively influenced by
its price and accessible replacements and positively influenced by population, according
to the demand theory established by Uttam Paudel et al. [15]. Therefore, LPG, electricity,
kerosene, and coal can be used as substitutes for wood and animal dung fuel. The definition
of explanatory variables employed in this study’s analysis are presented in Table 1.

Table 1. Definition and descriptive statistic summary of variables used in multinomial logit regression.

Variable Description Mean Std. Dev.

Location Where do you live? (0 = rural, 1 = Urban) 0.591 0.492

HH Size Household has 1-6 members? (1 = yes, 0 = no) 0.620 0.486
Education Level The level of education of the head of thOe B?:SEhOId (high school and above) (1 = yes, 0.484 0,501

Migration Migrated here? (1 = yes, 0 = no) 0.710 0.455

Fuel Type ~ Which fuel do you use? (0 = charcoal, 1 = wood fuel, 2 = LPG) 0.821 0.761
Distance Market Is the distance from your household to ISe:aI;1 2};e fuel market 2 km and above? (1 = yes, 0.853 0.355

Gender What is your gender? (0 = male, 1 = female) 0.480 0.501
Who Cooks Who cooks in your family? (0 = hm;si nr;a;il(:; 1 = any family member, 2 = female, 1581 0.662
Cooking Time Do you spend 4 hours and above on cooking per day? (1 = yes, 0 = no) 0.197 0.399
Kitchen Do you havg a lfitchen outside the main house? (1': yes, 0 = no) 0.563 0.497
Criteria What are your criteria to choose fue}? 0= cpst, 1 = availability, 2 = smoke, 1531 1.429

3 = quantity 4 = time).
CC Info Where did you hear about clean co.oking? 0= I;adio, 1 = television, 2 = mobilizer, 2376 1,540

3 = friend, 4 = no info)

Credit Use Do you have access to credit? (1 = yes, 0 = no) 0.373 0.484
Monthly Income What is your family’s average monthly income? 19844 and above? (1 = yes, 0 = no) 0.455 0.499
Cooking Expenc What are your monthly expenses on cooking fuel? 1984 and above (1 = yes, 0 = no) 0.387 0.488

Size of Apart What is the size of your apartment? (number of rooms)? 4 ang:l abovg (1 =yes, 0=no) 0.348 0.477
Training Did you get any kind of training about go:v\;1 Zc; use clean cooking equipment? (1 = yes, 0.229 0.421

. . Lo (0= _ e
Prospected Choice If you were given fuel choice, what would it be? (0 = LPG, 1 = charcoal, 2 = firewood, 1125 1347

3 = pellet, 4 = coal)

Note: In the table, HH size—household size, CC info—cean cooking information source, Cooking expenc—cooking fuel monthly expenses,
Size of apart—size of apartment, and Std. Dev.—Standard deviation.3.3. Multinomial Logit Model.

3.3. Multinomial Logit Model

The multinomial logit (MNL) model was used to determine the factors that influence
cooking fuel choice. Tsourgiannis et al. [35] used the same model to determine the empirical
relationship between cooking fuel and factors hypothesized to impact the decision. The
goal of the model is to show how changes in the predictors translate into the likelihood of
seeing a specific category outcome. The multinomial logit model is appropriate because
it identifies statistically significant correlations between explanatory variables, such as
socioeconomic, institutional, and physical factors, and a dependent variable (fuel cooking
choice). MNL, unlike other models such as log-linear regression and discriminant analysis,
does not rise by a constant amount but approaches zero at a slower rate when the value of
an explanatory variable decreases. It can also be employed when a mixture of numerical
and categorical variables are present. The MNL model is defined using the aforementioned
information, with market choice as follows:

CKINGFCHi]‘ = ﬁ] + X,']'+ Eij (1)

where CKINGFCHj; is a vector of the 3 cooking fuel choices of ith household, ; is a vector
of fuel choice-specific parameters, €;; is the error term assumed to have a distribution with
mean 0 and variance 2, Xj; is a vector of the household’s characteristics that together reflect
the incentive, risks, and capacity variables and other shifters influencing the household’s
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indirect utility. If the household chooses cooking fuel j, then Uj; is the maximum among
the j =1, 2, 3 utilities. It follows that if cooking j will be chosen by a household, then

PROB(Ui]‘ > Ul-k) fOT k # j 2)

Following Greene [36], the probability for the choice of cooking energy type j given x;
covariates is given as:
eﬁ jXi
PROB (Y; =) (©)]

=T

1
where Y; is the market choice j made among a total of different sources of cooking energy by
households i, x; is the household level and area-specific factors of choice of the household i,
and f; is the parameters to be estimated. Specifically,

1
PROB (Yi=j)= ————— 4
(Yi =) T o )
The parameters can be estimated by the maximum likelihood procedure as:
Ln = Dyl Blix; ®)
IR

where the dependent variable is the log odds that the household will choose cooking fuel j
relative to the base category. The marginal effects are then estimated to show the probability
for the ranking between 1 and 3 for a given cooking fuel by:

5 = el () /(L +exp(¥B))] = p(1—p) 5. ©)

It should be noted that the base outcome determines simply the model’s parameteri-
zation, not the chance of household i choosing cooking energy type j. The empirical model
for estimating the relationship between cooking fuel and influencing factors was defined
as follows:

CKINGFCH = Bg + Bn (socioeconomic; institutional, cost factors) + Uij (7)

where the variables are defined in Table 1 and Uj; is the error term. Consequently, during
the research, families were classified into three mutually exclusive groups depending
on the types of cooking fuel used, such as (i) charcoal, (ii) firewood, and (iii) liquefied
petroleum gas (LPG). A multinomial logit model was used to investigate the factors that
influence households’ choice of cooking fuel in Kassala Province of Northern Sudan. This
model was chosen because of its superior performance in discrete choice studies [18]. Each
household’s socioeconomic and demographic variables (household size, education level,
household size, gender, income, location, cooking expenses, and so on) will impact the
choice of a cooking fuel source, and these characteristics will differ from one household
to the other [25]. Therefore, the possibility of a household choosing one type of cooking
fuel ranges from zero to one. The alternative set contains no reallocation, and the model
assumes no changes in fuel costs or fuel qualities. Furthermore, the model implies that
households select fuels that maximize utility [21].

4. Results
4.1. Descriptive Results

Table 1 represents the definition and descriptive statistics of all variables used in the
study analysis. The results revealed that 58.4% of the total respondents are households that
have between 1 and 6 members. In addition, among households that participated in this
study, 49% were male while 45.3% were female. However, the results also show that 63.9%
confirmed that females are the ones who cook in the family. Furthermore, regarding the
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distance from the household to the source of cooking fuels, only 13.9% get cooking fuel
less than 2 km from their homes, while 80.4% get the fuel from 2 km or more. However,
their preference fuel decision on cooking fuel if the choice is given had been made clear,
where around 50% of traditional biomass users confirmed that if they are given a choice,
they prefer to choose LPG as their primary cooking fuel. Regarding criteria followed by
households while choosing fuel, 30.7% of the respondents confirmed that they base their
decision on the fuel cost, 22.6% on fuel availability while 15.4%, 13.06%, and 14.3% base
their decision on the fuel that emits less smoke, the quantity of fuel per meal, and time
saving respectively. Furthermore, the results presented in Table 2 show that 52.3% of the
respondents that participated in this study are male, while 47.7% were found to be female.

Table 2. Statistical summary of social characteristics of the respondents.

Variable Category Frequency Percentage (%)
Mainly charcoal 68 244
~ Mainly firewood 40 14.3
Fuel Types Firewood and charcoal 98 247

sometimes

Mainly coal 12 43
Liquefied petroleum gas (LPG) 90 32.3
Civil servant 60 21.5
. Farming 91 32.6
Occupation Own business 33 11.8
Trading 94 33.7
: Less than 4 rooms 185 66.3
Size of Apartment 4 rooms and above 94 33.7
Gend Male 146 52.3
ender Female 133 47.7
LPG 138 49.5
Prefered Fuels If Given g?:;c(?scll ‘512 %gi’
A Choice Wood pellets 18 6.5
Coal 27 9.7

4.2. Cooking Fuel and Occupation

The participants cooking fuels patterns and occupation are presented in Table 1, where
according to the results about 24.4% of the total sampled households mainly cook with char-
coal, while 14.3% mainly cook with firewood especially in rural areas (Figure 1), and 24.7%
with charcoal and firewood sometimes. This implies that 63.4% of the total respondents
that participated in this study use charcoal and firewood for cooking. It is worth noting that
charcoal and firewood would be treated differently as energy sources because households
who prefer charcoal have different characteristics (apartment size, monthly income, family
size, and education level) than those who prefer firewood. Moreover, 4.3% mainly use
coal while the remaining 32.3% use LPG. In addition, the occupation distribution among
households that contributed to this study shows that 21.5% are civil servants, 32.6% are
farmers, 33.7% are traders, and only 11.8% are self-employed (Table 2). Furthermore,
Figure 1 shows that, despite the fact that rural households use less charcoal than urban
households, they also use more firewood with 14.34% of the overall respondents using
charcoal, 18.64% using wood fuel, and 7.89% using LPG. Charcoal and LPG appeared to be
used more frequently in urban areas than in rural regions, with 25.1% and 13.6% of urban
residents using charcoal and LPG, respectively, and 20.4% utilizing firewood for cooking.

4.3. Size of Apartment and Education Background

Figure 2 shows that 22.6% of the total respondents that participated in this study have
a bachelor’s/equivalent, while 11.1% have a masters and above which implies that 33.7% of
the total respondents have attended university. In addition, 25.8% of the total respondents
also completed primary school and 19.4% completed secondary school. This means that up
to 78.9% attended the school from primary and above while the remaining 21.2% have no
formal education. Moreover, respondents have been asked which kind of fuel type they
would prefer if they are given a choice and their responses are presented in Table 2 where
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the majority of them chose LPG as the preferred fuel. Approximately 49.5% of respondents
who participated in this study said they would prefer to use LPG if the choice is given. If
given an option, 14.3%, 20.1%, 6.5%, and 6.7% of the respondents stated that they would
choose charcoal, firewood, wood pellets, and coal respectively. In addition, the results
show that 66.3% of the total households that participated in this study live in apartments
with less than 4 rooms, while 33.7% live in those with 4 rooms and above (Table 2).

50

@ Rural @ Uraban

N w =
(=} (=} (=}

Percentage (%)

—
o

Charcoal Woodfuel LPG
Fuel type

Figure 1. Primary cooking fuel by location.

2 Secondary school I e 5
g Primary school Pk 72
‘s No Formal Education “ 59
3
] Masters and above “ 31
= 2.6
Bachelor's/equivalent [N — (3
0 20 40 60 80
Distribution

B Percentage (%) M Frequence

Figure 2. Household’s educational background.

4.4. Clean Cooking Fuels Awareness

The findings in Table 2 and Figure 1, which show that a substantial number of house-
holds utilize traditional fuels instead of clean cooking fuel, are compatible with the results
presented in Table 3, which show that 26.5% of households are unaware of clean cooking
techniques. Furthermore, 3.9%, 28.3%, and 23.7% received information through the internet,
radio, and television, respectively, but only 17.6% met with a mobilizer who explained the
clean cooking technique. Moreover, 72.6% of the total respondents who participated in this
study have no training about clean cooking equipment usage, where only 22.9% of them
are trained.
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Table 3. Households’ clean cooking (LPG in our case) awareness among participants.

Variable Category Frequency Percentage (%)
No information 74 26.5
S ¢ Internet 11 3.9
. f°“r“’- ° Radio 79 283
nformation Television 66 23.7
Mobilizers 49 17.6
Trainin Yes 64 229
8 No 215 72.6

4.5. Econometric Findings

The factors that affect the household’s cooking fuel option in Northern Sudan were
identified using a multinomial logit model (MNL) with firewood as the base outcome.
Following that, the multinomial logit model reported that eight (8) variables out of twenty-
nine (29) explanatory variables determined the probability of households choosing charcoal
as a fuel source, thus fifteen (15) variables out of twenty-nine (29) explanatory variables
were discovered to assess the probability of households” decision to use liquefied petroleum
gas (Table 4). The impact of minor changes in the important explanatory variables on each
cooking fuel is addressed in greater detail below.

Table 4. Multinomial logit analysis for charcoal and liquefied petroleum gas (LPG) as compared to firewood.

Variables Coef. Std. Err. z P>z Coef. Std. Err. z P>z
Location Charcoal LPG
Urban 0.7809 0.338 2.31 0.02 0.617 0.486 1.27 0.204
Household size 0.073 0.342 0.21 0.83 —0.040 0.463 —0.09 0.931
Education level —0.541 0.337 -1.6 0.11 1.013 0.480 211 0.035
Migration —0.277 0.376 —0.7 0.46 —0.141 0.563 —0.25 0.801
Occupation —0.025 0.385 -0.1 0.95 —0.523 0.546 —0.96 0.337
Distance to fuel market 0.280 0.473 0.59 0.55 0.480 0.665 0.72 0.47
Gender
Female 0.329 0.351 0.94 0.35 0.917 0.490 1.87 0.061
Who cooks
any member of the family —0.509 0.629 —0.8 0.42 1.310 0.825 1.59 0.112
Female member —0.226 0.542 —0.4 0.68 —0.106 0.742 —0.14 0.886
Cooking time per day —0.535 0.388 -1.4 0.17 —1.242 0.586 —212 0.034
Kitchen outside main house 14.005 451.386 0.03 0.98 11.577 451.386 0.03 0.98
Criteria for choosing fuel
Availability 0.038 0.427 0.09 0.93 —0.316 0.561 —0.56 0.573
Emits less smoke 1.153 0.509 2.26 0.02 -1.316 0.931 —1.41 0.158
Quantity use per meal —0.387 0.562 -0.7 0.49 —0.389 0.672 —0.58 0.562
Time saving 0.504 0.492 1.02 0.31 —0.309 0.733 —0.42 0.673
Credit use 0.718 0.364 1.97 0.05 2272 0.477 4.76 0.00
Monthly income 0.602 0.324 1.86 0.06 0.758 0.446 17 0.09
Cooking monthly expenses —0.017 0.339 —0.1 0.96 0.544 0.4599273 1.18 0.236
Size of apartment 0.014 0.356 0.04 0.97 1.062 0.491 2.16 0.031
Training 0.0419 0.404 0.1 0.92 0.928 0.521 1.78 0.075
_cons —14.252 451.388 0 0.98 —14.943 451.388 —0.03 0.974

Note: Multinomial logistic regression; Number of obs = 279; LR chi2 (68) = 154; Prob > chi2 = 0.000; Log likelihood = —219.88062, and

pseudo-R? = 0.26.
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The McFadden pseudo-R? was chosen for the simplicity of its calculation. Based on
the likelihood ratio, the R? by McFadden is as follows:

_ Log(Lur)

RZ=1
Lr

®)
where Li;r is the maximum of the likelihood function of the model without constraints,
and Lp is the maximum of this same function by forcing the coefficients of all exogenous
variables to be zero. Mainly, R> commonly called the coefficient of determination, is
a measure of how well a linear regression model fits a dataset. Therefore, researchers
evaluate their models based on it, and always the higher value is better to explain changes
in the outcome variable. According to Cohen [37], an R? value of 0.12 or below indicates
low, between 0.13 to 0.25 values indicate medium, 0.26 and above and above values
indicate high effect size. In our case, McFadden’s pseudo-R? gives R? a value of 0.26,
suggesting that exogenous variables selected to be important account for 26% of the energy
choices of the study area’s households. This pseudo-R? value indicates that the model is
reasonably efficient.

5. Discussion
5.1. Factors Influencing Cooking Fuel Choice
5.1.1. Location and Education Level

The findings show that urban households have a positive and significant impact
on charcoal fuel choice, while the impact on LPG fuel choice is positive but not signif-
icant. This indicates that in the study area, people in urban areas prefer charcoal to
LPG (Figure 1), which is consistent with a report by the United Nations Environment
Programme (UNEP) [16] that mentioned that Khartoum has the highest urban charcoal
consumption per capita. Education level (Figure 2) was also found to be statistically signifi-
cant at a 10% level of significance and to have a negative effect on the choice of charcoal
while having a positive impact on the choice of LPG and being statistically significant at
a 5% confidence level (Table 3). This implies that a one-unit increase in education will
reduce 5.4% of charcoal users while simultaneously causing a 10% increase in current LPG
users. Different studies have reported similar results, confirming that as the head of the
household’s education level rises, so does the household’s perception of fuel market trends,
immediately rising information and awareness about new cooking technologies [24,25].
This is consistent with the research conducted by Dagnachew et al. [9] who found that
people with higher levels of education are more likely to embrace new cleaner fuels. Fur-
thermore, according to the research conducted by Uttam Paudel et al. [15] in Afghanistan,
the education level of the household head is more likely to be correlated with the probability
of choosing LPG and wood over biomass fuel.

5.1.2. Who Cooks in the Family

As expected, our findings revealed that women’s share has a positive but non-
significant effect on charcoal fuel choice, while it has a positive effect on LPG fuel choice
and is statistically significant at the 5% level of confidence. This means that increasing
the female share of cooking activity in Northern Sudan will result in a 9.2% increase in
the population using LPG. Females are more likely to adopt and use LPG than charcoal,
according to a recent survey. There are a number of explanations for this, including the
fact that they are in charge of gathering fuel and cooking [17]. Therefore, they choose LPG
because it is safer and more convenient for them so that they do not have to deal with the
drudgery of fuel collection. This is consistent with the findings of Yonas Alem et al. [24]
who found that females in the household tend not to use biomass fuel because it takes
up a considerable amount of time and could have a greater negative effect on their health
because combustion of such conventional fuels can cause indoor pollution.

At a 5% level of confidence, our estimation findings also indicate that any member of
the family who participates in cooking is positively and statistically significant. This may
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be due to the fact that if one family member does not know how to use LPG equipment,
any family member who does would intervene, increasing the likelihood of the household
choosing LPG by 13.1% compared to existing users if increased by one unit.

5.1.3. Acquaintance with Clean Cooking Fuels and Equipment

Furthermore, training on how to use LPG equipment was found to have a positive
impact on the household’s LPG option with a 5% degree of significance, according to the
findings. As a result, if an additional unit of any family member is trained with the use
of LPG equipment, the probability of LPG adoption and use will increase by 9.3% for
current users. This increase in probability is due to the qualified people gaining enough
information about how to use the burner, along with visual aids (not turning the heat
regulator knob all the way up, as this may burn the food), lighting, and temperature control
to cook a variety of food types, which could encourage them to switch to LPG. This is in line
with the findings from the research carried out by Jagger and Das [33], who revealed that
providing customers with training on how to use modern cooking technology equipment
is essential for safe and successful use.

As expected, cooking time per day was found to have a negative impact on both char-
coal and LPG household preference, with a 10% and 5% level of significance, respectively.
This means that adding one unit to cooking time per day will reduce household preference
for charcoal and LPG by 5.8% and 12.4%, respectively. This is due to the fact that most
households prefer fuel that does not require them to spend too much time cooking in order
to free up time for other essential activities. That is similar to the results of Lim et al. [38]
and Laufer et al. [39] who discovered that men and women in China, Indonesia, and Sri
Lanka save time by using modern energy for different purposes. Men, for example, use it
for relaxation and entertainment, while women use it for a variety of purposes, including
earning money, doing housework, spending time with their children, and relaxing. Choos-
ing cooking fuels based on those that emit less smoke had a 5% level of significant positive
effect on the household’s choice of charcoal but had a 10% level of significant negative effect
on the household’s choice of LPG. This indicates that adding one unit to households that
choose fuel based on which emits the least amount of smoke will increase the likelihood of
choosing charcoal by 11.5% while decreasing the likelihood of choosing LPG by 13%. This
is because low-income households are more likely to choose those that emit less smoke. As
a result, they cannot use charcoal or LPG, but they may use firewood, agricultural residues,
or animal dung. These findings are consistent with the study conducted by André Paul
Neto-Bradley et al. [40] on low-income households in Bangalore, who discovered that all
households surveyed use firewood and that they all use multiple fuels, with just over 10%
of them using LPG for cooking.

5.1.4. Financial Status and Household’s Size

Furthermore, our findings revealed that monthly household income has a positive
impact on both charcoal and LPG household preference, with a 5% level of significance
on both sides. This means that for current consumers, an increase of one unit in monthly
income would increase the likelihood of choosing charcoal by 6% while raising the like-
lihood of choosing LPG by 7.6%. The explanation for this is that LPG is prohibitively
costly for low-income households, as a result of their financial constraints, they tend to use
locally available fuels like firewood, charcoal, and agricultural residues (Table 2). However,
when a household’s monthly income rises from low to high, they tend to use clean cooking
technologies, according to the findings. These findings are in line with those from the
study of Baland et al. [41] who also came to the conclusion that household income affects
household willingness to adopt new cooking devices. Moreover, Amin Karimu et al. [4],
who conducted a study on LPG adoption in Ghana, also found that income is one of the
most significant factors influencing the decision to use LPG for cooking. However, the
multinomial logit model revealed that credit usage has a positive influence on both char-
coal and LPG household decisions, with a 5% and 1% degree of significance, respectively
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(Table 3). This means that increasing the number of households with access to credit by one
unit increases the likelihood of choosing charcoal by 7.2% while increasing the likelihood of
choosing LPG by 22.7%. This shows that if low-income families have access to credit, they
would be able to use healthier cooking fuel. The results of the current work are consistent
with the research carried out by Twumasi et al. [2] who portrayed credit as a critical tool
for rural households to choose and spend on clean cooking energy. Van Rooyen et al. [42]
and Atieno et al. [43] found similar results suggesting that credit has a positive impact on
clean cooking adoption. Furthermore, a number of previous studies have shown that credit
increases household patterns and per capita income, which has a direct effect on conven-
tional fuel consumption by enabling households to buy clean cooking technologies [44,45].
The size of the apartment was found to have a positive impact on the household’s choice of
charcoal but was not statistically significant, while the size of the apartment had a positive
impact on the household’s choice of LPG and was statistically significant with a 5% level of
confidence. This means that increasing the size of a household’s apartment by one unit
raises the likelihood of using LPG by 10.1%. In Northern Sudan, this means that as the size
of the apartment expands, households are more likely to follow clean cooking technologies.

6. Conclusions

The negative effects on ecology and health connected with the use of traditional cook-
ing fuels push countries in working hard to transition to sustainable cooking technologies
through a variety of strategies, such as promoting improved cookstoves and integrating
clean cooking fuels. However, selecting the best cooking method when encouraging energy
change necessitates a deeper understanding of the factors that affect household energy
choices. In this regard, information about the factors that affect household decisions in
Northern Sudan is still limited based on available studies, which is why more empirical
evidence would aid in the development of effective energy and environmental strategies.
Therefore, the main purpose of this study has been to investigate the determinants that
influence cooking energy choice and see how well they explained the observed behavior of
household energy choices in Northern Sudan. The multinomial logit model has been used
to identify the determinants of energy for cooking as well as sociological and economic
variables influencing major energy sources in the study area. The results depicted that
variables such as location, household size, size of the apartment, education level, and
criteria followed by the household for choosing cooking fuels are the crucial determinants
for fuel choice. Furthermore, the findings displayed the importance of a household’s
monthly income, credit use, and training about modern cooking approaches and equip-
ment in switching from traditional fuels to clean cooking. This study suggests that all
these variables should be taken into consideration by policymakers while addressing issues
regarding household energy. Furthermore, one solution to the environmental implications
of unsustainable wood exploitation is to make modern cooking fuels more available and
affordable, as well as to make the use of firewood and charcoal more sustainable. In
addition, proper policies should be designed to educate and train a large number of people
in order to enhance the likelihood of households expanding their usage of alternative fuels.
Finally, since the majority of people prefer firewood and charcoal as fuels, and because the
transition to new and renewable energy could be sluggish and indirect, the reforestation
strategy should be improved to resolve energy demand issues as well as other relevant
problems such as soil erosion and desertification.
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