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Abstract: This study models the frequency use of wood, charcoal, liquid gas, electricity, and kerosene
in urban households in Ghana and supplements the literature on cooking fuel choices. The modeling
is based on survey data collected in several major Ghanaian cities. Survey results indicate that
charcoal and liquid gas are frequently used in meal preparation, while the frequency use of firewood,
kerosene, and electricity is limited. Frequency use is estimated using the ordered probit technique.
Five cooking fuel use equations identify income, socio-demographic characteristics, and location of
urban residents as influencing the frequency use. Statistically significant effects measure probability
changes in each of the four fuel categories. Income and education increase the probability of often or
very often of using liquid gas or electricity to cook. The effect of being employed by the government
is similar but less consistent. Age, household size, and marital status are linked to frequency use,
but differently affect specific fuels. As the number of children or adults increases in a household,
so does the probability of using firewood or charcoal, but this also increases the probability that
such households never use liquid gas or electricity for cooking. Regional differences indicate Tamale
residents heavily rely on wood and charcoal, and infrequently use liquid gas or electricity. Multiple
cooking fuel use behavior may reflect risk aversion to fuel shortages. Increasing incomes and
improving education will drive the probability of an increased use of cleaner cooking fuels and
decreased use of fuel mixes, benefiting meal preparers’ health and the environment.

Keywords: cooking fuel choice; survey; ordered probit; probability change; income; location keyword

1. Introduction

Daily cooking is indispensable for sustaining millions of people and in many countries
cooking fuels represent a major portion of utilized energy. Cooking with modern fuels
allows labor and natural resources to be reallocated from fuel collection and production
towards income-generating purposes [1,2], while significantly reducing time spent on
cooking. In sub-Saharan Africa, 80% of the population cooks with solid fuels (wood,
charcoal, or coal) as compared to 58% in China and 71% in India [3]. However, in 2000,
25% of the population in that part of Africa had access to electricity [4], increasing to 44%
in 2017 [5]. The fast-expanding access to electricity obscures the prevalent use of charcoal
in Africa [6]. The number of people depending on solid fuels is expected to substantially
increase in sub-Saharan Africa [7]. After Nigeria, Ghana is the second leading charcoal
producer [8]. Two common fuels, kerosene and gas (primarily liquid gas), are used by only
7-10% [3,9] and 4% of the sub-Saharan population, respectively [3], but in Ghana the use
of liquid gas has quickly increased, especially in urban areas [10].

Household members, especially women, spend a large amount of time on fuel col-
lection and cooking using traditional fuels [2,11]. Moreover, high levels of indoor air
pollution from burning biomass for cooking pose a health risk [12] and have been listed
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among the top 10 risks damaging human health [13], especially for children. Indoor air
pollution from biomass burning is responsible for 4.2 child deaths per 1000 population due
to pneumonia [3,14]. About 3.5 million people died prematurely in 2010 due to indoor air
pollution resulting from firewood, charcoal, and other biomass combustion [15]. In Ghana,
women are the primary meal preparers and they bear a lot of the impact from cooking fuel
emissions [16].

Biomass use in cooking appears to result in environmental problems as well. Soil and
land degradation are related to the usage of biomass, particularly around densely populated
areas. In the dry savannah zone of northern Ghana, charcoal production exacerbates
deforestation [17,18]. The average annual deforestation in Ghana was estimated at 0.3%
between 2000 and 2015 [19]. Biomass burning contributes to black carbon [20,21] and
greenhouse gas (GHG) emissions [3,22]. In 2015, Ghana'’s population was exposed to toxic
particulate matter P2.5 at a level exceeding World Health Organization standards [19].
Both carbon and gas emissions are aggravated by inferior cooking equipment [16] despite
progress in that area [23,24]. The multiple negative effects of traditional biomass fuel use
suggest that it is desirable to accelerate the shift from various types of biomass energy to
modern cooking fuels. Mauritius, Republic of South Africa, and Ghana were among the
leading countries achieving considerable progress in increasing access to modern energy
services for their citizens [25]. In Ghana, electricity demand is growing 6-7% annually [16]
and electricity use for cooking increased in urban areas between 2005 and 2013 [26].

Promotion of modern cooking fuels may not induce the complete abandonment of
traditional fuel usage. In fact, a growing body of evidence indicates that using multiple
cooking fuels simultaneously is a common phenomenon among households in developing
countries (for example, [6]). A predominant cooking fuel combination in Guatemala is
firewood and liquid petroleum gas, used by 26% of urban households, while 52% of rural
households in Vietnam often use wood complemented by straw, and 34% of households in
rural South Africa use both firewood and kerosene for cooking [1]. The effect of factors
determining energy choice decisions was quantified in two separate studies conducted in
the Republic of South Africa and Burkina Faso [27,28]. The widespread use of multiple fuel
types in the developing world was reflected in previous studies’ focus on the household’s
main cooking fuel choice without capturing the behavior of households” multiple fuel
frequency use.

The objective of the current study is on cooking fuel usage by modeling the frequency
of five alternative fuel types. The focus on frequency of use of different cooking fuels is a
novel and supplements previous studies on the choice of cooking fuel filling the gap in
empirical research. The study uses data obtained from a survey conducted in urban areas of
Ghana. During the survey, households shared details about frequency of the most common
fuels used for cooking the main meal of the day, i.e., wood, charcoal, liquid gas, electricity,
and kerosene. Cooking fuel use cannot be underestimated because it affects the daily life
of virtually all households, but previous research focuses on fuel use by other sectors. The
choice of cooking fuel in Ghana and sub-Saharan Africa, by tradition, relates to the choice
of the dish prepared for a particular meal because it apparently affects the meal’s taste. A
household makes a deliberate choice of fuel and selects the one that is most appropriate
for preparation of a particular type of food or dish. This study contributes to research on
household behavior regarding cooking fuel use and examines fuel usage frequency instead
of solely exploring household decisions of cooking fuel choice. Knowledge of frequency
supplies detailed and generally missing information about household behavior in cooking
fuel use. Additionally, by examining multiple fuel use in cooking in various areas of
the country, results of the study recognize the relevance of subtle regional differences in
cooking fuel use and possible implications for both human and environmental health.
Governments, policy-makers, and NGOs can use results to improve the assessment of
different cooking fuel usage in other countries in West Africa. Furthermore, insights
gained about household constraints in using modern cooking fuels help to modify energy
strategies. Such policies may be more effective by recognizing that, ultimately, the urban
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household transition from traditional biomass cooking fuels to a mix of cooking fuels is
conditioned by user, household, and location-specific factors.

The remainder of the paper includes the description of the data and estimation ap-
proach in the section Materials and Methods and is followed by the section Results. The
latter section includes the description of the summary survey results and the empirical
estimation results describe the equations modeling the frequency of using each cooking fuel.
Next, the section “Discussion” elaborates on the statistically significant factors influencing
the frequency of cooking fuel use, while the last section presents conclusions.

2. Cooking Fuel Use in the Literature

Earlier studies have established that socio-demographic factors, situational factors,
and psychological factors affect household cooking fuel usage, especially in developing
countries. Socio-demographic factors, including age, gender, education, employment
status, household type, and location have a significant influence on cooking fuel usage.
Education, household wealth and socio-economic status are well recognized predictors
of adoption and sustained use of clean modern fuels [29]. Sharma (2018) [30] lists the
determinants of household cooking energy demand as literacy status, landholding size
and household size. Cleaner energy is more likely to be used in households where the
head of the family has a higher level of education and income, whereas larger households
and households with a higher proportion of dependent members, and an older person or
female as head of the family, are less likely to use cleaner energy [31]. Lower education
levels of the household and private house ownership are linked to the consumption of
fuels such as firewood and kerosene [32]. Moreover, residence in urban areas positively
affects choice of liquefied petroleum-gas as compared to traditional fuels [33].

Current situational factors such as presence and availability of cleaner and modern
energy alternatives, and associated financial supports increase the adoption of cleaner
energy. The presence of alternative fuels that are less polluting and more convenient
increases the adoption of clean energy [30]. Access to renewable energy leads to a preferred
selection of modern, clean fuels [32]. Availability of electricity positively affects choice of
liquefied petroleum-gas as compared to traditional fuels [33]. Moreover, the lack of modern
energy technology options and the lack of financing and other support decrease the use of
clean energy [34].

Finally, psychological factors (e.g., values, motivation, vulnerability) also influence
cooking fuel adoption among households. The lack of motivation and the pressure for
switching over to cleaner facilities has impeded the transition towards clean cooking
equipment [34]. Perception of benefits of “easy cooking” and “saving time and money”
promotes the adoption of biogas [35]. Moreover, attitude toward technology and awareness
of the health risks of using traditional cooking fuel change energy adoption behavior [36].

The choice of one cooking fuel does not completely eliminate the dependence on
the use of other cooking fuels, resulting the use of multiple fuels [37]. Consequently, the
important question is what factors influence the frequency of a given cooking fuel, which
is the focus of the current study.

3. Materials and Methods

Household behavior regarding cooking fuel use in sub-Saharan Africa differs from
fuel use in developed countries. Cultural preferences and lifestyles condition the choice
of cooking fuel in daily main meal preparation. It is not unusual for a household to own
several cooking stoves, each using a different type of fuel. The frequency of a cooking
method and the concomitant cooking fuel choice is driven by the frequency of preparing
a specific type of a dish. Additionally, disruptions in the supply of modern fuel types
encourage having an alternative cooking stove using other fuels to assure food preparation.
Multigenerational households where more than one person participates in cooking may
have multiple cooking stoves and fuels meeting preferences and skills of various preparers.
Thus, the frequency of cooking fuel use suggests the empirical approach that permits
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modeling the frequency of fuel use. The estimation of cooking fuel choice requires data
that are not readily available and the current study applies data gathered through a
household survey.

3.1. Data

The study uses survey data collected in three large cities in Ghana (Accra, Takoradi,
and Tamale) in 2011. The surveyed cities are located in the northern and southern parts of
the country and in two different ecological zones, i.e., Takoradi and Accra are located in
the coastal zone of southern Ghana, and Tamale, capital of the Northern Region, is located
in the dry savannah zone. The share of urban population in Ghana exceeds 50% [38]. Cost
limitations and logistics as well as the concentrated use of cooking fuel restricted the scope
of the survey to major urban areas.

The drafted structured questionnaire consisted of sections collecting information
needed for the study. Questions probed respondents about their usage frequency of the
most common cooking fuels, i.e., wood, charcoal, liquid gas, electricity, and kerosene. The
reported usage frequency of each fuel was measured on a scale from one to four with an
increasing number indicating its more frequent use (i.e., 1 = not used at all, 2 = seldom,
3 = often, 4 = used very often). A separate set of questions also probed commonly sought
(in national census surveys) personal information and household characteristics such as
age, gender, occupation, income, and household composition.

Trained enumerators using a pre-tested questionnaire conducted the face-to-face
interviews. Among residents of Tamale, enumerators involved in the national statistical
panel data collection, who were fluent in Dagbani, a regional language, conducted the
interviews. Among residents of Takoradi and Accra, the majority speaks English and the
interviews were mostly conducted in that language. Neither language nor the formulation
of questions in the survey instrument posed difficulties to respondents during the pilot
stage of the survey. A typical interview lasted about 35-45 min. Following the collection of
the questionnaires, the information was entered into the dataset. A total of 1010 households
were participating in the survey. However, the number of fully completed questionnaires
was less and varied with regard to the questions about the five cooking fuels. As a result,
the estimation of each equation of cooking fuel use frequency differed and ranged from
1006 in the case of charcoal to 940 for the use of kerosene.

3.2. Estimation Approach

The study applies the ordered probit regression model to investigate how the socio-
demographic factors affect an urban household’s usage frequency of certain cooking
fuels. Social science research commonly uses ordinal numbers to measure and quantify
phenomena transformed into variables. The ordered probit model is common in empirical
studies applying the ordered categorical variable. In the basic framework of the regression
model (Equation (1)) Y* is the latent variable behind the fuel use frequency, X denotes
the selected explanatory variable vector, B is the coefficient vector, and e is the error term,
which is assumed to follow normal distribution:

Y* = XB+e )

where Y* is the latent variable depicting the frequency of using a specific cooking fuel, X is
the vector of the explanatory variables, including in this study socioeconomic, demographic,
and location features, B is the vector of the coefficients to be estimated, and e is a vector of
error terms.
The relation between the latent variable Y* and the dependent variable Y is defined in
Equation (2):
Y =i, if cut; 1 <Y* < cut; wherei=1,2,3,4 ()

when the latent variable is between particular cut points [39] and i indicates one of the four
categories of using the cooking fuel associated with the use of the ordered probit, i.e., not
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at all, seldom, often, and very often (see also the description in the Section 3.1 Data). The
dependent variable is equal to a certain ordinal level, where Cut’s are parameters to be
estimated assuming Cut; 1 < Cut; (because of convenience in the estimated model, Cuty
and Cuty are used to denote negative infinite and infinite) [39]. The probability of fuel
usage frequencies can be expressed as the difference between two Cumulative Distribution
Functions (CDFs) of normal distribution (Equation (3)):

Prob(Y = i) = Prob(cut; 1 < Y* < cut;)
= Prob(cut; 1 — XB < e < cut; — XB) (3)
= F(cut; — XB) — F(cut;_1 — XB)

where F() is the CDFs of normal distribution, and Cut’s and B are coefficients to be estimated.

In each equation, the likelihood function of the empirical model (Equation (4)) is the
product of all possible probabilities with the indicator variable d as corresponding power,
and N is the total sample size,

Likelihood = [ [ ] Prob(Y = i)**=) where j =1,2,..., N, d = 1if Y = i;d = 0, otherwise (4)
)

]

In Equation (4), j indicates the jth respondent, i indicates the ith category of fuel usage
frequency referring to a specific cooking fuel, and d = 1 only if a certain category is selected.
For example, if there are n1, n2, n3, and n4 respondents who choose the use of liquid gas

with the frequency “not at all”, “seldom”, “often”, and “very often”, then the likelihood
function for the specific case in this study is:

Likelihood = {Prob(Y = 1)) [ Prob(Y = 2)]"? {Prob(Y = 3))3[Prob(Y = 4)]™.  (5)

The ordered probit coefficients lack direct interpretation that generates practical knowl-
edge until the coefficients are converted into probability changes. In particular, probability
change measures an increase or a decrease of using one of the five cooking fuels with
the frequency captured by the four-step scale. The conversion allows measuring specific
probability changes in response to changes in the explanatory variables.

The explanatory variables are shaped by the unobservable preferences reflected in
identifiable socio-demographic characteristics. Thus, both consumer theory and previous
studies about cooking fuel choices guide the explanatory variable selection in the current
study. Evidence shows that selected socioeconomic and demographic factors significantly
affect household cooking fuel usage. Several studies closely link income growth with
changing household fuels [28,40,41]. Other studies indicate that households of respondents
with high educational attainment levels tend to use modern fuels which offer significant
time savings, especially for women [1]. Demographic characteristics are also relevant
because the household energy type selection can be captured by its size and composi-
tion [1,28]. Finally, given that Ghana encompasses several different ecozones, the location
of a household in a particular urban area is explicitly included by adding a place indicator.

4. Results
4.1. Survey Results

The usage frequencies regarding each cooking fuel type are displayed on Figure 1.
Regarding traditional biomass fuels, only about 20.9% of the surveyed households still
use wood, and among the users of wood for fuel, one half of them seldom use wood
only. Wood generates smoke and, compared to other cooking fuels considered in the
study, is inconvenient to handle. About 86.6% of the surveyed households use charcoal
seldom, often, or very often. The popularity of charcoal among urban sub-Saharan African
households has been estimated at above 80% [42]. Charcoal is characterized by high energy
content and clean burning as compared to wood. The use of charcoal as the primary fuel
for cooking among urban households in Ghana has been estimated at about 53% [43]. In
Tamale, charcoal has been reported as the main cooking fuel for about 50% of the residents
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and 45% in Greater Accra, [44]. The current study also reports the relative use, and about
60% of respondents indicate they use charcoal for cooking their main meal of the day often
or very often (Table 1).

100
90
80
70
60

50
40
30
1
0 L] I L -

Wood

(=T -

harcoal Liquid gas Electricity Kerosene

mNot atall Seldom mOften mVeryoften

Figure 1. The use of five fuels in cooking the main meal of the day by four frequency categories in
urban households in Ghana, in% (1 = 956). Source: Summary responses from the household survey.

Table 1. Descriptive statistics of variables included in the empirical model.

Variable Name Variable Description/Units of Measurement Mean Std Dev
Dependent variables !
. . How often do you use wood to cook your main meal of the
Frequency of cooking with wood day? 1 = not at all; 2 = seldom; 3 = often; 4 = very often 1.365 0.807
. . How often do you use charcoal to cook your main meal of
Frequency of cooking with charcoal the day? 1 = not at all; 2 = seldom; 3 = often; 4 = very often 2.779 1.037
. e How often do you use liquid gas to cook your main meal of
Frequency of cooking with liquid gas the day? 1 = not at all; 2 = seldom; 3 = often; 4 = very often 2.848 1.345
. . . How often do you use electricity to cook your main meal of
Frequency of cooking with electricity the day? 1 = not at all; 2 = seldom; 3 = often; 4 = very often 1.175 0.553
. . How often do you use kerosene to cook your main meal of
Frequency of cooking with kerosene the day? 1 = not at all; 2 = seldom; 3 = often; 4 = very often 1.260 0.649
Independent variables
Demographic factors
Married =1 if a respondent is married 0.753 0.431
Age Actual age in years 39.222 10.656
Children Number of household members between 13-18 years old 0.983 1.205
Adult Number of household members between 19-60 years old 2.087 1.751
Elder Number of household members 61 years old or older 0.153 0.505
Socio-economic factors
Income Household income in the month preceding the survey/in 646.070 785.081
Ghanaian cedis
Self employed =1 if a respondent is self-employed 0.642 0.480
Government or civil employed =1 if a respondent is gov/civil employee 0.243 0.429
=1 if a respondent has a secondary education (including
Secondary Education Senior high/GCE O-A level, Vocational school, Technical 0.382 0.486

school, Teacher training)
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Table 1. Cont.

Variable Name

College Education

Tamale
Takoradi

Variable Description/Units of Measurement Mean Std Dev
=1 if a respondent has a college education (including
Senior high/GCE O-A level, Vocational school, Technical 0.134 0.340
school, Teacher training, University, or postgraduate)
Location
=1 if a household is in Tamale 0.186 0.389
=1 if a household is in Takoradi 0.208 0.406

1 See the distribution of frequency use in Table 2

Table 2. The use of five fuels in cooking the main meal of the day by four frequency categories in urban households in

Ghana, in%.

Fuel Not at All Seldom Often Very Often
Tamale
Wood (n=179) 54.75 17.88 9.50 17.88
Charcoal (n =185) 8.65 20.00 23.78 47.57
Liquid gas (n =177) 61.02 3.95 6.21 28.81
Electricity (n =172) 98.26 0 1.16 0.58
Kerosene (n =172) 89.53 6.98 0.58 291
Takoradi
Wood (n = 207) 86.47 8.21 2.90 242
Charcoal (n = 210) 13.81 33.81 17.62 34.76
Liquid gas (n = 209) 25.84 7.18 7.18 59.81
Electricity (n = 207) 89.86 4.83 3.38 1.93
Kerosene (n = 206) 80.58 14.56 291 1.94
Accra
Wood (n =570) 86.32 8.77 3.33 1.58
Charcoal (n = 608) 14.80 28.29 32.57 24.34
Liquid gas (n = 603) 22.89 4.15 13.93 59.04
Electricity (n = 562) 84.34 9.79 3.74 2.14
Kerosene (n = 562) 81.14 11.39 4.8 2.67

About two thirds of the respondents, 63.9%, use liquid gas often or very often for
cooking the main meal of the day (Table 1). This share is much higher than the national
average, which indicates 9.5% of all households used liquid gas for cooking in 2008. The
expansion of liquid gas use among urban households may reflect the transition to modern
cooking fuels as part of Ghana's energy policy and reflects the government subsidy program
(despite periodic shortages in the liquid gas supply).

According to the survey results, only a small number of households cook with
kerosene or electricity, despite how easy and safe it is to use either cooking fuel (though
relative prices favor kerosene use over electricity). Electricity is used by about 11.2% and
kerosene by 17.3% of respondents at least occasionally, and the shares correspond to 14%
for electricity and 20% for petroleum in the country’s total annual energy consumption.
Among responding users of either of the two fuel types, only 1.7% and 2.6% report using
kerosene or electricity, respectively, very often to cook the main meal of the day.

The survey results are summed by displaying the definition, measurement units, and
descriptive statistics (the mean and standard deviation) of factors used as variables in the
empirical analysis (Table 2). In the sample, 60.6% of survey participants are from Accra,
20.8% from Takoradi, and the remaining 18.6% from Tamale. The average respondent
is 39.2 years old. Among surveyed households, three out of four are households of
married respondents. Married households are more likely to cook meals because cooking
is expected as a part of division of tasks in a household. In addition, the typical household
has one teenage household member (between 13 and 18 years old), two adult members
(between 19 and 60 years old), and 0.15 elder members (more than 61 years old). The
mean household income in the month preceding the survey is 646.1 cedi (USD 1 = 1.49989
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Ghanaian cedi, 1 January 2011 [34]). In terms of employment status among respondents,
64.2% report being self-employed, 24.3% are government or civil employees, and 11.5% are
either not employed, students, or retired. In terms of educational attainment level, 38.2%
of respondents have a secondary education and 13.4% have a college education.

In addition to the statistics summary for the entire sample, consumer profiles linked
to each cooking fuel are provided in Table 3. Because the use of multiple cooking fuels is
a common phenomenon among households and the focus on the frequency of use in the
current study, the described consumer profiles associated with the use of each cooking fuel
refer to the frequency categories “often” or “very often”. The frequent use of firewood in
cooking characterizes households that tend to be larger, having more children and adults,
including elderly members (Table 3). Additionally, frequent users of firewood seldom
have a college education, their households report lower incomes, and are more likely to be
located in Tamale.

Table 3. Consumer profiles based on the survey results associated with the frequency use of each cooking fuel “often” or

“very often”.

Characteristic Wood Charcoal Liquid Gas Electricity Kerosene
Demographic Factors
Married 0.79 0.71 0.79 0.84 0.76
Age 43.05 39.34 39.18 43.69 42.70
Children 1.51 1.03 0.90 1.22 1.14
Adult 2.74 2.17 2.05 2.61 2.50
Elder 0.40 0.13 0.13 1.15 0.19
Socio-economic factors
Income 617.07 432.93 845.99 1116.86 896.47
Self employed 0.65 0.74 0.57 0.60 0.69
Government employed 0.22 0.10 0.34 0.29 0.20
Secondary Education 0.38 0.31 0.45 0.43 0.37
College Education 0.03 0.03 0.20 0.13 0.06
Location
Tamale 0.41 0.29 0.11 0.20 0.22
Takoradi 0.08 0.23 0.23 0.08 0.09
N 100 316 553 86 94

Households reported using charcoal have the lowest average income and are likely lo-
cated in Tamale or Takoradi as compared to households using other cooking fuels (Table 3).
Respondents from those households are likely self-employee, seldom include government
employees, or have college education. In addition, respondents using liquid gas “often”
or “very often” are, on average, the youngest and have the smallest number of adults and
children as compared to the frequent users of other cooking fuels. The respondents from
such households are more likely to be college-educated and employed by the government
as compared to households using often other types of cooking fuels.

Households using electricity “often” or “very often” are among those with the highest
incomes, their average age is the highest, and the largest number of the elderly. Respon-
dents from those households tend to be well educated, and many of them have a secondary
or college education and many are employed by the government (Table 3). Households
using kerosene to cook “often” or “very often” have incomes higher than users of all other
fuels except electricity. Additionally, those households are relatively large, tend to have
older members, and include a sizable share of Tamale respondents. Those respondents
likely represent the self-employed and those with a secondary education (Table 3).

4.2. Empirical Model Estimation Results

Estimation results of modeling the frequency use of the five cooking fuels are reported
in Table 4. The system of equations performs well, as indicated by the likelihood test
value significant at p < 0.0001. The need for practical interpretation of results required
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that the estimated ordered-probit coefficient be converted into a change in probability in
the specific fuel frequency use in response to a unit change in an explanatory variable.
Figure 2a—e show the probability changes for each frequency category, i.e., not using the
specific cooking fuel at all, using it seldom, often, or very often. Because the changes in
probability are of primary interest in learning about the factors relevant to various cooking
fuel use frequency, the description of the results focuses only on the marginal effects (or
effects in the case of binary explanatory variables) that are statistically significant.

Table 4. Ordered probit estimation results of the cooking fuel use frequency in urban households of Ghana.

Vename WS el lgidge Hedy e
Demographic factors
Married 0.1895 —0.0260 0.2432 ** 0.3993 *** —0.1523
(0.1244) (0.0831) (0.0952) (0.1470) (0.1113)
Age 0.0042 0.0013 —0.0013 0.0117 ** 0.0094 *
& (0.0050) (0.0036) (0.0041) (0.0058) (0.0048)
Children 0.1188 *** 0.0458 —0.0356 —0.1171 ** 0.0090
(0.0396) (0.0306) (0.0351) (0.0591) (0.0410)
Adult 0.1782 *** 0.0434 ** —0.0406 0.0609 0.0900 ***
(0.0279) (0.0218) (0.0265) (0.0384) (0.0280)
Elder 00900, 00689 00811) O )
Socio—economic factors
Income(100 cedi) —0.0179 ** —0.01352 *** 0.07495 *** 0.0126 * 0.01137 *
(0.0082) (0.0050) (0.0111) (0.0072) (0.0066)
Emplov self —0.1225 —0.1662 0.0022 —0.6144 *** —0.2352
POy (0.1414) (0.1140) (0.1288) (0.1704) (0.1441)
Employ_gov —0.4879 *** —0.4936 *** 0.5376 *** —0.3169 * —0.0797
- (0.1999) (0.1335) (0.1571) (0.1921) (0.1749)
Educ sec —0.3897 *** —0.2873 *** 0.5085 *** 0.4430 *** —0.1294
- (0.1196) (0.0816) (0.0927) (0.1426) (0.1127)
Educ col —0.9952 *** —0.7488 *** 0.5666 *** 0.8895 *** —0.4550 **
- (0.2760) (0.1306) (0.1652) (0.1897) (0.1962)
Location
Tamale 0.7463 *** 0.3226 *** —0.6749 *** —0.9639 *** —0.3922 ***
(0.1292) (0.1028) (0.1229) (0.2555) (0.1522)
Takoradi —0.1196 0.0343 0.0666 —0.1854 —0.0315
(0.1435) (0.0930) (0.1081) (0.1482) (0.1262)
Parameters
1.4452 —1.5130 0.1049 1.8263 1.1277
Cutl (0.2704) (0.2010) (0.2250) (0.3134) (0.2644)
2.0867 —0.5343 0.2783 2.3704 1.7650
Cut2 (0.2761) (0.1983) (0.2253) (0.3187) (0.2686)
Cut3 2.5563 0.2612 0.6420 2.8728 2.185371
(0.2841) (0.1970) (0.2258) (0.2873) (0.2739)
Log Likelihood —532.60 —1265.23 —914.25 —391.37 —559.06
Likelihood test 260.20 167.19 316.52 118.00 43.89
(p-value) with DF = 12 (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)

Note: Standard errors are in parentheses. * indicates the significance at 10% level. ** indicates the significance at 5% level. *** indicates the

significance at 1% level.

4.2.1. Wood

The marginal effects of using wood as a cooking fuel (Figure 2a) show that eight
factors significantly influenced wood use frequency. Each additional teenage child in
the household lowered the probability of never using wood by 2.7%. Such an addition
increased the use of firewood, but with decreasing effect. One more teenager raised the
infrequent use of firewood by 1.7%, but the effect was negligible for more frequent use
categories. A similar pattern of probability changes on the use of wood for cooking was
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established when the number of adults aged 19-60 and elderly (61 years old or older)
increases. Adding one person in each age group increased the “seldom” use of wood by
2.4% and 4.3%, respectively (Figure 2a).

Increasing income raises the probability of “never using” wood in cooking and lowers
the probability of using it with any of the other three frequency categories (Figure 2,
panel a), but the induced change is very small. Only a substantial income increase could
be expected to lower the use of firewood. Being a government employee increased the
probability of never using wood by 9.4% and lowered the frequency probability associated
with the “seldom”, “often”, and “very often” category by 5.8%, 2.2%, and 1.4%, respectively.
The effect of education as compared to those without formal or only elementary education
consistently was associated with the increasing probability of never using wood for cooking
the main meal or increased probability of using it with any frequency. The probability
changes generally increased for all categories as the education level increased (Figure 2a)
and increased the probability of never using wood by 14.8% among the college educated.

The effects of location showed that residents of Tamale had a 20.7% lower probability
than Accra residents of never using wood as cooking fuel. Tamale respondents had a higher
probability of using wood for cooking than Accra residents and it ranged from 10.6% for
seldom use to 4.7% for very often use (Figure 2a).

0.2

0.1

0 - im _ I

- |
B n | L |
L!ildren I\dult tlder Income Emp!oy Educ sec Edml:ol nimale

-0.05 gov

M Not atall ™Seldom ®Often ®Veryoften

(a) fuel wood

Figure 2. Cont.



Energies 2021, 14, 4629 11 of 18

0.25
0.2
0.15
0.1

0.05

- ]
O -— — -
005 Adult Income Empl v Educs Edu amale

-0.1
-0.15
-0.2

-0.25

mNot atall ™Seldom ®Often ®Very often

du

Tamal

(b) charcoal frequency use

LIC sec

0.3

0.2
0.1 I I

Married Income Uov
-0.1

-0.2

-0.3

ENot atall ®mSeldom ®Often ®Very often
(c) liquid gas frequency use

Figure 2. Cont.



Energies 2021, 14, 4629

12 0f 18

0.15
0.1
0.05 I
0 [ l —— I I I- I
- J. ql' N -
> ¥ .\2:56(\ Q}bé (}0{’\\@ & 4‘QOO ¢ £ \\\'&Q’
0.05 é\(b (},\\ & \oﬁ Q\o 3 (()t} Q)t} K
& <
-0.1
-0.15
-0.2
-0.25
M Not atall wSeldom m®Often ®Very often
(d) electricity frequency use
0.12
0.1

0.08

0.06

0.04

0.02 I
0 N - —

- — mm
Age I‘-\dult Income Educ sec Edul. Tarrll

-0.02
-0.04
-0.06

-0.08

M Not atall wSeldom ®Often ®Veryoften

(e) kerosene frequency use

Figure 2. Marginal effects of statistically significant factors on the probability of wood (a), charcoal (b),
liquid gas (c), electricity (d), and kerosene (e) use frequency to cook the main meal of the day in urban
households of Ghana. Note: n = 956; full definitions of variables in Table 1. Source: Calculations
based on the estimation results shown in Table 3.

4.2.2. Charcoal

The probability of using charcoal decreases in the frequency category “not at all” and
“seldom” as the number of adults in the household increases (Figure 2b). Adults may prefer
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some dishes that are prepared using charcoal, possibly because of the detectable taste
differences in the cooked meal. Income, government employment, and having education
above elementary schooling appear to increase the probability of “not at all” or “seldom”
using charcoal for cooking the main meal. The changes in probability were particularly high
if a respondent worked for the government or received college education. For example,
the latter had a 19.1% higher and 21% lower probability, respectively, of never cooking the
main meal using charcoal or using it “very often” as compared to those having at most
elementary education (Figure 2b). Differences also existed across location of the household
with Tamale residents having an 11.6% higher probability of using charcoal “very often” in
contrast to the residents of Accra.

4.2.3. Liquid Gas

Figure 2c displays a very different pattern of probability changes in liquid gas use
frequency than the previous two fuel types. All socio-demographic variables and income
displayed a similar effect on the probabilities associated with the four frequencies of using
liquid gas in cooking. There is a substantial decrease in the probability of not using liquid
gas at all in the case of marital status, income, government employment, and having more
than elementary education (Figure 2, panel c). The specific change in the probabilities
are —8%, —2.4%, —15.4%, —15.4%, and —15.2%, respectively. The same factors increased
the probability of using liquid gas “very often” by 9.7%, 3%, 20.4%, 19.7%, and 21.1%,
respectively (Figure 2c). The size of changes in the case of using liquid gas are the largest
among all cooking fuels considered in the study. However, the residents of Tamale can
be expected to have a 23.8% higher probability of not using liquid gas in cooking and a
26.3% lower probability of using it “very often” (Figure 2c) as compared to the surveyed
Accra residents.

4.2.4. Electricity

Figure 2d, shows that the probability of using electricity for cooking the main meal
of the day was affected by the largest number of variables. The probability of not using
electricity to cook a meal increased if the number of teenage children (by 1.6%) or the
number of elderly (by 4.6%) in the household increased as well (Figure 2d). Married
respondents had a lower probability of not using electricity, —5%, but the probability
increases in categories indicating use with varied frequency were rather small. A similar
pattern was associated with income, but the changes in probability were negligible. Only
a very large increase in income would increase the probability use of electricity by a
noticeable amount.

Two variables indicating employment type changed the probability of using electricity
in cooking in a similar way: increasing the probability of not using it by 10.1% by self-
employed respondents and by 4% if respondent was a government employee (Figure 2d).
Secondary and college education decreased the probability of not using electricity by
6.9% and 19.3%, respectively, but only marginally increased electricity use by 1 and 3.9%,
respectively. Tamale residents had a 9.2 higher probability of not using electricity for
cooking and only 5.8%, 2.3%, and 1% lower probability of using electricity with any
meaningful frequency, respectively, as compared to residents of Accra.

4.2.5. Kerosene

Finally, changes in probability of using kerosene in cooking the main meal of the
day were smallest among the five fuels, especially in the two highest frequency categories
(Figure 2e). The effect on probability induced by changes in respondent age, number
of adults in the household, and income were negligible or very small. Somewhat larger
probability changes were associated with having secondary or college education. The
probability of not using kerosene in cooking increased by 3.1% and 9.4% among respondents
with secondary and college education, decreased by 1.8% and 5.7% the probability of
“seldom” using kerosene, and decreased its more frequent use by very small or negligible
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amounts (Figure 2e). The changes in probability use of kerosene displayed a similar pattern
and increased the probability by 8.5% of not using that fuel at all, while decreasing the
probability use by 5%, 1.9%, and 1.5%, respectively, for the three remaining frequencies.

5. Discussion

Based on the results, the use of wood, the most traditional cooking fuel, has declined
among urban households in Ghana, with only 20% of households still reporting its use in
cooking their main meal. High income households are likely to abandon this traditional
cooking fuel. This finding is consistent with the previous argument that traditional biomass
still dominates low-income household energy needs [3]. Wood is relatively bulky and
inconvenient to transport and store in a household. From the practical standpoint of use
as a cooking fuel, wood requires constant attention when burning to assure even cooking,
making it considerably less desired and, given an opportunity, many would likely choose
other cooking fuels. Regarding occupation effects, government or civil employees have a
significantly lower probability of cooking with wood with any frequency as compared to
those not employed, students, and the retired. In addition, respondents with a secondary
or college education tend to not use wood as their cooking fuel. Cooking with wood
requires plenty of time spent on fuel collection and, later, requires constant attention
while cooking, and highly educated households usually have a higher opportunity cost of
time. Households in Tamale are more likely to use wood very often for cooking and this is
undesirable because of the possible depletion of natural resources in the dry savannah zone.

Results of the study indicate that charcoal and liquid gas are the most widespread
cooking fuels among the surveyed urban households in Ghana. About 87% of respondent
households cook with charcoal, and 31.7% report using it very often. The preference for
charcoal suggests that efforts associated with regulating tree harvesting and production
and distribution of charcoal remain relevant. Charcoal made from different species burns
differently, suggesting that specific tree varieties may be harvested at different rates. For
example, in the area of Tamale in the dry savannah zone, one of the preferred species is the
shea tree, which has other important economic uses and using it for charcoal production
implies forgone future benefits.

Since charcoal continues to play a very prominent role as a cooking fuel in Ghana,
the increased use of more efficient charcoal cooking stoves will generate instant gains in
energy efficiency and decrease women and children’s exposure to air pollution. Multiple
designs of charcoal stoves are already in existence in Ghana. The likelihood of relying on
charcoal for cooking significantly decreases for respondents with high incomes, government
employment, and secondary or higher education. Compared with households in the
capital, Tamale residents are more likely to cook with charcoal very often. Recalling the
finding in relation to wood usage frequency above, it seems traditional fuels such as
wood and charcoal continue to play a predominant role in cities in less developed areas
of Ghana. Households with a large number of adult members are more likely to cook
with charcoal very often. The frequent use may reflect preferences for dishes cooked using
charcoal. Among such dishes are meat or fish grilled with the addition of groundnut cake
(kulikulisim) that are less compatible with the use of other cooking fuels.

The percentage of respondents using liquid gas very often or often to cook the main
meal of the day is 63.9%. There is also a substantial share of respondents who never
use liquid gas for cooking. The observed dichotomy in use reflects a broader problem
of accessibility and stable supplies of liquid gas. The survey results show that Accra
households are more likely than Tamale households to use liquid gas. Despite increasing
supplies of liquid gas in recent years in Ghana, the demand outpaces the supply. The use
of liquid gas in cooking would benefit a larger portion of the population than its use for
transportation by improving indoor air quality. Past policies subsidized liquid gas prices
but benefited mostly automobile transportation.

Households with high incomes have a larger probability of cooking with liquid gas
very often than households with less income. The finding confirms the positive association
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between income growth and access to modern fuel [45]. The higher the education level,
the more likely the household cooks with liquid gas very often. Moreover, households of
married respondents are more likely to use liquid gas to cook very often. It is plausible that
they are attracted by the convenience of this modern cooking fuel. Demand for convenience
is driven by changes in lifestyle such as getting married as well as relatively high income
and education levels, therefore, because of economic growth, the use of liquid gas is likely
to increase in the future. Ghana has achieved remarkable growth in recent years and is
classified as a low middle-income country by the World Bank.

Increasing incomes are found to be positively associated with the probability of cook-
ing very often with electricity. Low-income households have a greater chance they never
use electricity for cooking, likely due to the relatively high cost of electricity. Electricity is
used mainly for lighting, radio, and TV, and it is widely unaffordable for cooking, especially
among low-income households [3]. Besides the electricity cost, electric cooking appliances
are relatively expensive and repair service scant. Both government and civil employees
and the self-employed have a significantly lower probability of very often using electricity
for cooking. Households with a secondary or college education tend to use electricity very
often for cooking purposes. Accra-based households are more likely to cook very often with
electricity than Tamale households, but not households located in Takoradi. Furthermore,
married households cook with electricity very often compared to their counterparts. Age
has a significantly positive but negligible probability effect on using electricity for cooking
with any frequency. Households with a large number of children or elderly are less likely
to cook with electricity.

Kerosene and electricity play a very limited role in cooking in Ghana. Because of the
relative high costs of electricity, most households continue to use it for lighting (similarly
to kerosene) but not cooking. Only 11.2% and 17.3% of the surveyed households report
cooking with electricity or kerosene, respectively. Both are relatively efficient, easy to use
and safe, but kerosene adulterated with diesel fuel generates soot discovered only during
cooking. In addition, kerosene cooking equipment is not suitable for other cooking fuels.
Results of the study indicate that older urban residents and households with many adults
are more likely to cook at any frequency with kerosene. Education has a significantly
negative effect on the frequency of kerosene use in cooking. Households in Tamale are
less likely to cook with kerosene at any of the considered frequency levels compared to
Accra-based households. The result is unexpected and potentially important for policies
and regulations aimed at air quality improvement in Ghana’s largest urban area.

6. Conclusions

Many previous studies explored household decisions in relation to cooking fuel choice
but without the consideration of multiple fuel usage (see Section 2). This study contributes
to the existing literature on cooking fuel choice and analysis of the frequency of using a
specific fuel. As such, this study recognizes that households continue to use multiple fuels
even if they have access to modern, clean cooking fuels. Such behavior has been continuing
also in developed countries where, for example, grilling with charcoal is not uncommon
and demand for charcoal continues [46]. Results lessen the expressed deficit of knowledge
about household decision-making, especially choices regarding cooking fuel use, and allow
formulation of policies to account for socio-demographic and economic factors [11].

Income is the major constraint in using modern fuels for cooking. High-income urban
households choose to cook frequently with liquid gas or electricity, and are less likely to
use traditional fuel such as wood or charcoal. With the expansion of liquid petroleum gas
distribution, access to that type of fuel will be eased [10]. Energy subsidies to low-income
households could enhance their use of efficient cooking fuels. However, as users experience
unpredictable disruptions of supplies they are forced to continue to use alternative cooking
fuels, while specific preferences for a particular fuel type encourage the practice of fuel
stacking. Consequently, urban households in major Ghana cities still rely on an energy mix
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that includes modern and traditional cooking fuels. Therefore, improving the efficiency of
traditional cooking stoves remains relevant given the household energy mix [47].

Employment type matters in the frequency use of various cooking fuels. Households
with regular and stable incomes, e.g., government or civil employees, are more likely
to cook with liquid gas, while less likely to use either wood or charcoal frequently. It
indicates that households lacking or having irregular income including the unemployed,
students, or the retired are exposed to the effects of cooking fuels that are detrimental to
human health and lower environmental quality. Higher education of respondents has
been found to promote the transition from biomass fuels to modern cooking fuels. Such
households are more likely to use liquid gas or electricity and are less likely to use wood,
charcoal, or kerosene. Thus, creating training and education opportunities is essential to
encourage households to move up the “energy ladder.” This is an important result because
it illustrates that education can offset effects of income at least to some extent.

Furthermore, cooking fuel usage frequency is significantly associated with demo-
graphic factors. Urban households of married respondents cook with liquid gas and
electricity very often. Age has a significant positive effect on cooking with electricity and
kerosene frequently. However, the number of adults (19-60 years of age) significantly
increases the usage frequency of less desirable (from a health and pollution standpoint)
cooking fuels including wood, charcoal, and kerosene. Households with a large number
of elders (61 years or older) are less likely to cook with electricity plausibly because of
cooking habits and lack of experience in using electric stoves. In households with elderly
members, the daily chore of cooking may be delegated to the elders, charging them with
the choice of cooking method and fuel. Educating older consumers could accelerate energy
transition, but will require an approach that is suitable for that demographic segment.

Important spatial differences are confirmed by the current study in the use of fuels to
cook the main meal of the day. Such within-the-country variations have been ignored in
earlier studies. Compared with residents of the capital city, respondents from households
in less developed areas, such as Tamale in the Northern Region, still heavily rely on wood
and charcoal. They are less likely to often use modern fuels such as liquid gas or electricity,
supporting a program that would assist households to alter the use of cooking fuels in the
savannah zone.

The specifics of policies formulating and implementing relevant energy-use programs
need to consider not simply the choice of the cooking fuel but the current frequency use of
cooking fuels in the context of the profiles shown in Table 3 and the result of the estimated
five-equation system. The fuel choice and use frequency varies across urban households
and those with more education or income tend to use fuels that generate fewer health and
environmental hazards. The current study shows that the continuing use of traditional
inefficient and polluting cooking fuels will moderate as household income increases. The
Ghanaian economy has been growing in recent decades, albeit unevenly [48], creating
conditions that are weakening the demand for traditional cooking fuels. Energy aid and
promotion programs need an additional special focus on those from unmarried households
with a number of elders and children. Air pollution from traditional cooking fuels has
been linked to an array of diseases [49,50]. Moreover, urban households in less developed
areas, such as the Northern Region, create demand for wood and charcoal in an area that is
more susceptible to environmental damage although the national use of fuelwood may
remain in balance. The reduction of regional disparities requires expansion of the domestic
modern energy supply system and adjustments in national policy to account for regional
specificity in cooking fuel use, recognizing that energy for cooking represents a relatively
large share of northern urban household energy expenditures.
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