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Residential energy demand elasticity in Ghana:
an application of the quadratic almost ideal
demand systems (QUAIDS) model

Divine Kwaku Kutortse®*

Abstract: The paper seeks to analyze residential energy use patterns and the price
and energy expenditure responsiveness of household demand for residential energy
in Ghana, using GLSS 7 data, the multivariate probit model, and the Quadratic
Almost Ideal Demand System (QUAIDS) model. The study focuses on four main
fuels; firewood, charcoal, and others (FCO), LPG, electricity, and kerosene. The
results show that the demand for all household energy fuels in Ghana was signifi-
cantly influenced by price, income, and social demographic factors. Household
demand for electricity and LPG fuels are income elastic with values greater than 1,
while FCO and kerosene fuels are income inelastic. The own-price elasticity also
shows modern fuel (LPG and electricity) as the most responsive fuel to a price
increase, even though all energy fuels are price inelastic and negative. The com-
plementary cross-price elasticity of all fuels estimated must be carefully interpreted
in the context of the cultural factors, socioeconomic factors, and the unique pur-
poses of each fuel. After a robustness check was done in correcting for bias arising
from zero energy expenditure, the study finds that the own-price elasticity for
modern energy fuel (LGP and ECG) reduced slightly, even though the demand for all
energy fuel remains negative and price inelastic. The study includes implications for
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tion such as wood fuels on forest depletion,
health, and economic growth, calling for the
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Largely, Ghana is energy poor posing critical
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time in Ghana. However, effectively addressing
issues of energy poverty in Ghana can be viewed
in two folds; the affordability and availability of
energy fuel to meet the energy needs of the
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purchase or adopt efficient energy fuel depends
on the elasticity of demand for that fuel. It is
given this, that the study seeks to discuss the
sensitivity of household demand for residential
fuel types to changes in prices and household
income to guide government design policies to
promote the use of affordable clean modern
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policies geared towards reducing the price of residential energy fuels and policies to
ensure clean and efficient residential energy fuels are readily accessible for
consumption.

Subjects: Health & Development; Economics; Development Economics; Environmental
Economics

Keywords: residential energy; demand elasticity; quadratic almost ideal demand system;
Ghana; household

1. Introduction

The choice of residential energy type does not only satisfy the fundamental needs of a household
in providing warmth, light, and cooking sources but also has economic and health implications. In
the literature, the consumption of renewable energy and its positive impact on economic growth
and production has been largely discussed (see, Ivanovski et al., 2021; Nathaniel et al. 2020; Tiwari
et al,, 2021). For developing countries, the transition to renewable energy may take some time. The
prevalence of energy poverty and its impact on health and growth in developing countries can be
viewed in two folds; the affordability and availability of energy fuel to meet the energy needs of
households or the economy (see, Adjei-Mantey & Takeuchi, 2021; Awaworyi Churchill & Smyth,
2021; Llorca et al., 2020; Oliveras et al., 2020).

In Ghana, energy poverty poses a serious challenge. Despite the longstanding efforts to address
energy poverty, the share of energy-poor households in Ghana is estimated at 82.5 percent.
(Adusah-Poku & Takeuchi, 2019). Wood fuels remain the predominant residential energy fuel,
accounting for over 39% of the total primary energy supply and about 39% of the final energy
demand (Ministry of Energy, Ghana). These wood fuels are obtained from natural forests and are
the principal cause of the depletion of Ghanaian forests and the release of toxic health emissions
into the air (United Nations Environmental Program [UNEP]—Risoe Center,2013). According to the
World Bank, in 2016, close to 21 percent of households in Ghana do not have access to electricity
with the majority located in the rural areas. The most important fuels used by households for
cooking are charcoal, 34.1 percent followed by wood, 33.3 percent, and Gas, 24.5 percent (GLSS 7
report). Other sources of fuel used for cooking are less than 1 percent of the total population.

The high rate of energy-poor households in Ghana (82.5%) raises concerns. As the call for the
consumption of renewable energy rises, the ability of a household to purchase or adopt efficient
energy fuel depends on the elasticity of demand for that fuel. This leads to the fundamental
research question; how does a unit change in the cost of energy fuel type and household income
influence household demand for residential fuel type in Ghana? Similarly, do social-economic
factors such as the location of the household and the sex of the household head influence
residential energy expenditure patterns in Ghana? The objective of the study is to understand
the sensitivity of household demand for fuel types to changes in prices and household energy
budget (income) to guide government design policies to promote the use of affordable efficient
modern fuels in Ghana.

The author is not aware of any studies on the exact demand elasticities of demand for energy
fuel in Ghana. Most studies on household energy consumption patterns in Ghana merely focused
on determinants of household energy access and energy poverty (see Abdul-Wakeel Karakara &
Dasmani, 2019; Faisal et al., 2013; Adusah-Poku & Takeuchi, 2019; Adusah-Poku et al., 2021; Awan
et al 2014; Kwakwa et al., 2013). These studies at best estimated probabilistic elasticity which does
not reflect the exact demand elasticities. This study, however, seeks to fill the lacuna. The
combined use of the Quadratic Almost Ideal Demand System (QUAIDS) and the Multivariate
Probit model was adopted to ensure a robustness check in estimating the exact price and
expenditure elasticities of demand for residential energy in Ghana. The expenditure of households
in Ghana is non-linear and the QUIAIDs model has the unparalleled capability of incorporating
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non-linear effects and interactions of price and expenditures on the demand specification over
other competing flexible demand systems.

The main conclusions of the study are that; modern energy is income elastic but income inelastic
to demand traditional energy. Also, the elasticity of demand for all residential energy fuels is both
own price and cross-price inelastic, even though households have a higher price elasticity of
demand for modern energy than traditional energy fuels in Ghana. However, when the study
controls for bias arising from zero expenditure from the data using the predicted budget shares
from the MVP analysis (that is, assuming all households use a positive amount of each energy type
and had access to all fuels), there is evidence that all fuels have negative and significant inelastic
own and cross-price elasticities. Also, there was a reduction in the own-price elasticity of demand
for modern fuels (i.e. electricity and LPG) and an increase in the price elasticity for traditional fuels.
This is significant for policy guidance on cost and access to energy types in Ghana. The study finds
that urban households and male-headed households have an increased likelihood of consuming
modern energy, whereas older and larger-sized households are less likely to consume modern
energy fuels.

The remaining section of the paper is organized as follows: The next section examines the
theoretical and empirical literature on household energy consumption. Section 3 then discusses
the methodology used for the estimationand an overview of the study data. The penultimate
section summarizes the empirical results before the paper concludes in the last section, with some
policy implications about to residential energy demand in Ghana.

2. Literature review

2.1. Theoretical framework

There is a plethora of models developed to provide comprehensive explanations on the pattern of
household energy consumption. A product of early models such as the behavioral model is the
energy ladder hypothesis argued by Heltberg (2003). The hypothesis suggests that household
energy expenditure is in three progressive stages. The first stage is mostly characterized by the
dependence on cheap and locally available non-modern energy but is not efficient at the macro
level. The second stage is the transit from biomass to fuels such as coal, kerosene, and charcoal.
The final stage is where the household transits to use modern energy for cooking and lighting,
cooling, heating, etc. The energy ladder model, however, has been disparaged as being deficient in
espousing the actual energy consumption patterns because transitioning process is difficult as it
depends largely on social and cultural issues. Vasseur et al. (2019) argued that the energy
consumption pattern of households is influenced by a complex interaction between contextual,
economic, and social influences. This interaction has been structured into internal context—
personal factors, internal context—attitudinal factors, and external factors suggesting
a multilevel factor that influences household energy consumption patterns. The energy mix
framework suggests that a household will only share its disposable income among a good or
combination of goods that yield the maximum utility. That means households are inclined to first
decide how much of their income will be spent on energy and in addition then decide the amount
and quantity to be spent on the different fuel types. . Considering household energy expenditure,
households allocate their income among different forms of energy: woodfuels, kerosene, Liquefied
petroleum gas (LPG), and electricity. For a developing country like Ghana where there are income
constraints, the energy mix model forms the conceptual framework for analyzing the demand for
residential energy in Ghana.

2.2. Empirical literature review

There is no significant debate in the literature on the significance of factors either considered alone
or some combinations of determinants within the same category that can be related to household
energy use. These studies vary from an economic perspective (monetary factors such as household
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income and price of energy fuel) to perspectives related to household personal characteristics (i.e.
household size, sex of household head, rural/urban location of household, etc.).

The role of income on energy demand can be viewed in two folds. Some argue that wealthier
households tend to purchase luxury appliances that may not be energy efficient while poorer
households consume less efficient energy appliances because of a lack of money (see, Lenzen
et al.,, 2006). Other studies, however, conclude that households with a higher income can afford to
consume more modern and efficient energy, while poor households cannot demand modern
energy, and are also consequently forced to conserve (see, Faisal et al., 2013; Mensah et al,
2016; Tchereni, 2013).

Traditionally, it is assumed that households that have more members are more likely to demand
more energy fuel than households with fewer members (see, Leahy & Lyons, 2010). However, it is also
possible that the per capita amount and cost of energy usage decrease as the household size rises
which could trigger the demand for modern energy (see. Twerefou & Abeney, 2020). In the case of
Ghana, Mensah and Adu (2013) found an inverse relationship between the size of the household and
its corresponding demand for clean modern energy (LPG and Electricity), whereas a positive relation
was established for household demand for traditional energy fuels as household size increases.

In the literature, the general understanding is that rural households are more inclined to
demand more wood fuels than urban households who on the other hand, are more likely to
demand modern fuel. This is because urban households are more likely to have increased incomes
and access to purchase clean modern fuel equipment than rural households (Olabisi et al., 2019).
Awan et al. (2014) perfectly summarize that rural households are energy poorer than their urban
counterparts. This finding is supported by the study done by Twerefou and Abeney (2020) for
households in Ghana

Studies have also shown that building characteristic influences household choice and the total
amount of energy fuel consumed (see, Jones et al,, 2016). For instance, the nature of the building
and the corresponding fitted equipment can influence the choice of fuel use. Modern houses with
modern equipment are more common in urban areas and are likely to rely more on the consump-
tion of modern fuels. . In Finland, Heinonen and Junnila (2014) found that on a household level,
while detached housing types are more energy-intensive, followed by row/terrace building types
and apartments, detached houses are more energy efficient. While it is important to recognize the
influence of building type on energy use, it is also reasonable to suggest that household behavior
especially, the energy-saving efforts of the members can make a difference in household energy
expenditure. As such, the role of building type on household energy use may exhibit an insignif-
icant correlation (Thegersen & Grenhgj, 2010; Wright, 2008).

Demographic trends show that male-headed households demand more modern energy fuels
than female-headed householdsthat use more non-modern energy or a mixture of both modern
and traditional energy (Mekonnen & Kohlin, 2008; Ogwumike et al., 2014). In the case of Ghana,
Karakara and Dasmani (2019) found that female-headed households have a reduced probability of
using electricity by 0.6%, LPG/natural gas by 3.9%, kerosene by 0.07% to cook, and an increased
probability of using charcoal by 4.4%, and wood by 0.06% to cook.

Estimations of the exact demand elasticities for the choice and demand for residential energy
fuels in Ghana are rather limited. Notwithstanding, studies from other countries suggest an inverse
relationship between the price of residential energy fuel and its corresponding quantity demand
(Olabisi et al., 2019). For instance, Jordan, Al-Bajjali, and Shamayleh (2018) found that residential
demand for electricity in Singapore was price inelastic. Démurger and Fournier (2007) postulated
that firewood and coal are substitutes. In the case of Ghana, Twerefou and Abeney (2020)
estimated the probabilistic elasticity of demand for electricity in Ghana. They found that the
probabilistic price and income elasticity of demand for electricity in Ghana were -0.738 and
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0.112, respectively. Similarly, urban households have a higher probabilistic income elasticity of
electricity demand (0.1292) than their rural counterparts.

3. Data and methodology

3.1. Data

This paper relies on data from the Ghana Living Standard Survey (GLSS) round 7, which covered
twelve (12) months from 22 October 2016 to 17 October 2017. Out of the 15,000 households
selected, 14,009 representing 93.3 percent of households responded. The GLSS 7 collects expen-
diture information on all four residential energy fuels. The data also capture household demo-
graphics such as rural/urban location of household, sex of household head, household size, and the
age of household head.

For this study, the analysis focuses on a dataset comprising 10,931 observations as valid for the
estimation. The study controlls for selected socioeconomic factors that influence household choice
and demand for fuel. Table 1 provides summary statistics of the data used. From the table, urban
households constitute the majority of respondents (51.82 percent) compared to 48.18 percent of
rural households. The respondents are mainly non-poor (81.27 percent) because the majority of
the respondents are engaged in some level of employment (80.24 percent). Notwithstanding, rural
households on average have lower incomes and larger household sizes. Urban households tend to
have younger household heads and they make the highest energy expenditures. Even though
67 percent of the households have male heads, female-headed households are more common in
urban than in rural areas, and they represent almost one-third of households in rural areas.

Table 1. Summary characteristics of households

Variable Category All (%) Rural Urban
Location Rural % 48.18 51.82
Urban %
Sex of household Male % 66.72 69.03 64.57
head
Female % 33.28 30.97 35.43
Poverty status Very Poor % 6.74 13.04 0.88
Poor % 11.98 19.80 471
Non Poor % 81.27 67.15 94.40
Age Of Household | Age in mean 46 46.85 44.7
head
Household size Size in mean 4 4.6 3.6
Employment status | Employed % 80.24 79.84 80.61
Unemployed % 19.76 20.16 19.39
Male (employed) % 83.0 82.6 83.6
Female (employed) 74.55 73.76 75.19
%
Male (unemployed) 16.9 17.4 16.4
%
Female 25.45 26.24 24.81
(unemployed) %
Total energy 589.95 423.89 744.38
expenditure

Source: Author’s Calculation Based On GLSS7 (2016/2017)
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3.2. Methodology

3.2.1. Quadratic almost ideal system

The study adopts the Quadratic Almost Ideal Demand System (QUAIDS) developed by Banks et al.
(1997). The model estimates the budget share of various commodities and shows they are linearly
related to the logarithm of real total expenditure and the logarithms of relative prices. It is an
extension of the Almost Ideal Demand System proposed by Deaton and Muellbauer (1980).

The choice of the Quadratic Almost Ideal Demand System (QUAIDS) for the study is based on the
attributes the model has over other major models such as the Almost Ideal Demand System (AIDS)
model (Akbay et al., 2007), Rotterdam model (Barnett & Seck, 2008), and Translog models (Holt &
Goodwin, 2009). One advantage of the QUAIDS model is that the homogeneity and symmetry restric-
tions in the form of a linear approach are easily imposed and tested. QUAIDS model also has a functional
form that is consistent with household budget data in the sense that household expenditure in Ghana is
non-linear and only the QUAIDS model (of the previously mentioned models) provides for non-linearity.
The model satisfies the axioms of choice exactly. The model is also able to estimate elasticities that are
consistent with consumer theory. Moreover, the model can aggregate perfectly over consumers without
invoking parallel linear Engel curves (Aepli, 2014). By introducing the quadratic income term, the QUAIDS
model gains more flexibility, which positively influences the quality of the estimated model outcomes.
Demographic variables can be specified in QUAIDS and are incorporated using Ray’s (1983) method.
Finally, the model can easily be used to estimate own price elasticity and cross-price elasticity between
two or more goods as well as the compensated and uncompensated elasticities (Aepli, 2014). The AIDS,
Rotterdam, and Translog models may also have some of these properties at their respective model levels
but then neither of them satisfies all the properties compared to QUAIDS.

To begin with, we consider a consumer’s demand for categories of residential energy; FCO
(firewood, charcoal, and others), LPG (gas), electricity, and kerosene. For which the consumer
spends m amount on residential energy. We derive the indirect utility function of the QUAIDS
model as;

Inm — Ina(p))~ -

1
oo P ) &

InV(p,m)= [{

Where In a(p) is the transcendental logarithm function
K 1k k

Ina(p) = ao + X ailnp; +5 ¥ ¥, vInpjInpy (2)
i=1 i=1j=1

In this function, p; is the price of good i fori=1,...,4

And b(p) is the Cobb-Douglas price aggregator

k
bp) = [P

i=1

And

k
Ap)= X NInp,

i=1
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For the model to adhere to consumer demand theory, adding up, homogeneity, and Slutsky
symmetry conditions requires that

n n k
a=1, Y¥p=0, 2‘17\:‘:07 Z‘i}’ij:(), and v =y (3)
i= =1 i= j=

The consumer demand theory conditions in eqn (3) are imposed during estimation and ensure that
eqn (2) defines a(p) as a linearly homogeneous function of the individual prices.

Let g; denote the quantity of good i consumed by a household and define the expenditure share
for good i as w; = pigi/m. Applying Roy’s identity to eqn(1), we obtain the expenditure share
equation for good i as;

k m N m 2
P = aj gInp; + AiIng ——t + = | Inq —— b
@i =ait 2 rylnps +F n{a(p)}+b(p){n{a(p)” “
i=1,2,3and 4

Setting A; = 0, reduces the QUAIDS model to the original AIDS model.

For purposes of the research reported in this paper, a set of demographic variables is added for
each household using Ray’s (1983) method based on an expenditure (cost) function of the form;

e(p,z,u) = my(p,z,u) Xek(p,u) (5)

Where z represents a vector of s household characteristics (in this case; location of household, sex
of household head, and age of household head), e®(p,u) is the expenditure function of a reference
household, and my (p,z,u) scales the expenditure function to account for household characteristics
and can be decomposed as;

mO(P7 zZ, U) = W(Z)X@(pv zZ, U) (6)

where m, measures the increase in a household’s expenditures as a function of z and @ controls
for changes in relative prices and the actual goods consumed. Further, m, (z) is parameterized as

mMo(z) =1+p'z (7)

where p is a vector of parameters to be estimated. o(p,z,u) is parameterised as

k /j Kk n{Z
4 py’ (Hj:1PJ~J -1 )

1 k (8)
u Zj:l?\jln Pj

Ind(p,z,u) =

where 1) represents the jth column of s x k parameter matrix . The QUAIDS expenditure share for
the purpose of this estimation takes the form

k , m N m
ot X ey (4 ) e * e 5 o)

Where
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c(p.z) = I, p/” 9)
Where all the demand restrictions of eqn (3) hold, total residential energy expending sums to 1

To obtain the parameters in QUAIDS, the expenditure share equations are estimated together
and the Iterated Feasible Generalized Nonlinear Least-Squares was used based on the Seemingly
Unrelated Regression (SUR) method.? Following the adding up restriction imposed on the QUAIDS
model, and to avoid a singular covariance matrix, the expenditure shares of one of the equations is
dropped and the nonlinear maximum likelihood method is applied to the remaining expenditure
share equations. The maximum likelihood estimates are invariant to the choice of equation
deleted. According to Poi (2012), the iterated feasible generalized nonlinear least-squares estima-
tor is equivalent to the multivariate normal maximum-likelihood estimator for this class of
problems. The parameter o is defined as the expenditure outlay required for a minimal standard
of living when prices are unity. Following Banks et al. (1997), the value of o, is set at a value lower
than the lowest log expenditure value.

As shown by Banks et al. (1997), uncompensated price and energy fuel expenditure elasticities

are presented as follows;

(lUncompensated Price Elasticity of good i owing to a unit change in the price of good
j incorporating household demographic is given as;

1 , 27\, m
=yt e il e

() s "]

The income elasticity of demand for good i is given as;

1 m
yi:1+a[ﬂ,‘+l1;l+ } (11)
1

2N In{
b(p)c(p,z) = | Mo(z)a(p)

3.2.1.1. QUAIDS variables and assumptions. Based on Equation (9), the study estimates four (4)
residential energy fuels consumed by households in Ghana with corresponding budget shares
given as; FCO (w1), LPG (w2), electricity (w3), and kerosene (w4). This is calculated by dividing
a corresponding energy fuel by total household energy expenditure. The corresponding prices are
pl to p4. The QUAIDS assumes fixed prices for each individual consumer. Therefore, the study
assumes energy fuel prices to be fixed and are calculated by dividing household energy expendi-
ture for a type of energy fuel by total household size. The demographic variables (z) captured in Eq.
(9) are the sex of the household head (1 if Male, 2 if Female), location (1 if urban, 0 if rural), and
age of the household head. There may be other demographic factors that influence household
choice and pattern of energy use, but we are warned not to throw in too many demographics
when estimating a detailed demand system like QUAIDS. This is mainly because the number of
coefficients to be estimated increases significantly with each additional variable.

3.2.2. Multivariate probit model (MVP)

The study adopted the MVP for two reasons. Firstly, the MVP model is estimated by maximum
likelihood and produces probabilistic estimates. The results predict how different demographic
factors affect the household probability of adopting a particular fuel type, as other scholars have
done (e.g Olabisi et al., 2019). To achieve this, the first partial derivative of each explanatory
variable was estimated at means to produce the marginal effect of each independent variable on
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the four major fuel types; FCO, LPG, electricity, and kerosene. Even though the interest of this study
is not in the probabilistic estimates, it will provide the socioeconomic direction of the relationship
between the explanatory and dependent variables.

Secondly, since the data used are at the household level, it is expected that some households
may make zero expenditure on some fuel types. This may create biased results (Denton and
Mountain, 2016). Given this, Shonkwiler and Yen’s (1999) two-step estimation technique was
adopted as done in other studies (see, Olabisi et al., 2019). Firstly, the probit model is estimated
to drive the predicted cumulative distribution and probability distribution functions for each
household demand for each energy fuel. The predicted distribution is then used to modify equation
(9) serving as budget shares instead as;

Wi = Cdfi(wi) + d,(pdf,) (12)

where cdf; and pdf; are the cumulative and probability distribution functions, respectively, and w;*
is the new budget share.

4. Results and discussions
4.1. Descriptive statistics

4.1.1. Socioeconomic factors that influence residential energy fuel choice

Households use energy for either cooking or lighting. For this study, the use of fuel for cooking
comprises all fuel used to produce any form of domestic meal. Similarly, the use of fuel for lighting
purposes includes lighting, cooling, and powering any domestic gadget other than for cooking.
From Table 2, firewood remains the most consumed energy fuel for cooking, with 37 percent of
households using it, followed by charcoal (34.41 percent). Specifically, poor, very poor, and rural
households tend to have more access to wood for cooking. This is likely because wood is cheap and
is easily produced by them. The use of charcoal for cooking, however, is predominantly common
among urban households possibly because of affluence and availability of equipment that uses
charcoal among urban households than rural households.

From Table 3, electricity remains the principal source of energy consumed by households for
lighting (88 percent). This is a sharp contrast from household energy consumption in 2013 where
Kerosene (49.3 percent) and electricity (49.2 percent) were the most consumed energy for house-
holds for lighting purposes (GLSS data, 2013). This probably is evidence of the success of the
National Electrification Project (NEP) in connecting homes to the national grid(Ministry of Energy,
2010). Also, the government’s commitment to resolving the severe electricity supply challenges
popularly called “dumsor” experienced from 2012 to 2014, has led to increased access to elec-
tricity to homes in Ghana for lighting. Specifically, close to 94 percent of urban households rely on
electricity for lighting while almost 70 percent of poor and very poor households rely on electricity
for lighting. The data shows that female-headed households rely less on modern energy fuels for
lighting than male-headed household heads except for gas. It is also clear that households that do
not make any expenditure on electricity, depend on other means of fuel for mere lighting and are
not a substitute to power other electronic home equipment.

4.1.2. Average cost of household energy fuel

Table 4 provides the average cost of each residential energy fuel in Ghana using the data as it is.
The average cost is calculated by dividing total fuel expenditure by the number of household
members. The results show that the average cost of household total energy in Ghana is GH 211.82.
Out of this, modern energy cost represents 76 percent of the total fuel cost. Residential energy cost
is higher in urban areas than in rural areas possibly because they have fewer household members
and also because they have a corresponding increasing demand for it. On the contrary, the cost of
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traditional energy is cheaper in rural areas because these materials are abundant in cheaper
quantities and they are produced by themselves.

4.1.3. Expenditure shares of household energy fuel

From Table 5, households spend more than 50 percent of their household energy expenditure on
modern energy. Specifically, urban households make the highest modern energy expenditure,
representing more than 60 percent of their total household energy expenditure. It is also common
to see male-headed households make more modern energy expenditure than female-headed
households. Probably because urban households have access to modern energy and also because
of affluence. Rural, poor and very poor households make more expenditure share on traditional
fuel and kerosene than urban households.

4.2. Multivariate probit results

The multivariate probit result explains the probabilistic relationship between the explanatory and
explained variables. In this case, the explained variable is a dummy for residential expenditure for
the four major fuels; FCO, LPG, electricity, and kerosene. The explanatory variables include a
dummy variable for the sex of household head, age of household head, household size, and
a dummy for the geographical location of the household. The results from Table 6 are not far
from expectations. Larger households are less likely to use modern fuels, whereas urban house-
holds are less likely to use kerosene. Older household heads have an increased likelihood of using
modern fuels, while male-headed households are more likely to use modern energy and have
a decreased likelihood of using FCO and kerosene.

The multivariate probit estimate only tells us the direction of the relationship between the
independent and dependent variables but not the exact probability estimates. To achieve this,
the study estimates the marginal effect of each explanatory variable holding other explanatory
variables at means (Table 7). The estimated coefficients of other demographic variables are
consistent with previous studies using similar estimation methods in the context of energy use
(e.g., Ouedraogo, 2006; Twerefou & Abeney, 2020).

Considering the influence of the geographical location of the household on the choice of fuel,
urban households have a reduction in the probability of purchasing kerosene by 1.3 percent and an
increased probability of purchasing FCO (particularly charcoal) by 9 percent, LPG gas by 21.5 per-
cent, and electricity by 9.1 percent. This may be influenced by the availability of equipment that
uses charcoal, LPG, and ECG, or the affluence of urban areas. Raising the age of household head by
one decreases the probability of using both LPG and electricity by 0.2 percent and increases the
probability of using FCO by 0.2 percent. Household size is estimated to increase the likelihood of
using all energy fuels except kerosene. Meanwhile, male household heads have decreased the
likelihood of using FCO and kerosene by 14.3 percent and 1.8 percent, respectively.

Table 5. Summary statistics of household energy expenditure shares by selected

demographics

Energy

Fuel Rural Urban | Very Poor Poor Non Poor Male Female
Traditional 0.408 0.29 0.499 0.472 0.316 0.322 0.397
fuel

Gas (LPG) 0.026 0.098 0.00 0.004 0.077 0.065 0.059
Electricity 0.555 0.609 0.495 0.512 0.6 0.607 0.533
Kerosene 0.12 0.004 0.006 0.012 0.007 0.006 0.011

Source: Author’s Calculation Based On GLSS7 (2016/2017)
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Table 6. Multivariate probit estimate

Dependent variable

Explanatory
variables FCO LPG (gas) Electricity Kerosene
Sex of Household —0.401*** 0.077* 0.173*** —0.284***
Head (Male)

(0.028) (0.032) (0.03) (0.051)
Age (HH) 0.005*** —0.008*** -0.008*** 0.005***

(0.001) (0.001) (0.001) (0.002)
Household Size 0.098*** —0.035*** -0.039*** —0.004

(0.005) (0.06) (0.005) (0.01)
Location of 0.236*** 0.881*** 0.297*** —0.2%**
Household (urban)

(0.026) (0.032) (0.028) (0.05)

***p < 0.001 Standard Error in parenthesis

Source: Author’s own calculation based on data from GLSS 7

Table 7. Marginal effects of coefficients in multivariate probit model

Dependent variable, probability of purchasing fuel
Explanatory
variables FCO LPG (gas) Electricity Kerosene
Sex of Household —0.143*** 0.019*** 0.047*** -0.018***
Head (Male)
Age (HH) 0.002*** —0.002*** —0.002*** 0.000***
Household Size 0.035*** —0.009*** -0.01*** -0.001
Location of 0.09*** 0.215*** 0.091*** —0.013***
Household (urban)
< 0,001

Source: Author’s own calculation based on data from GLSS 7

Notwithstanding, this paper is more interested in estimating the exact demand elasticities for
these four major energy fuels in Ghana, unlike other studies that only focused on determinants of
residential energy. This satisfies the difference between this study and others.

4.3. QUAIDS results

To achieve our study objectives on the sensitivity of household demand for fuel type based on
changes in the price of fuel and household fuel expenditure, the expenditure and uncompensated
price elasticities are estimated using the QUAIDS model. The results of the parameters estimated
are summarized in Table A11 in Appendix A. All the intercepts (alpha coefficients) are significant.
Also, the significance of the linear and quadratic expenditures means the consumption pattern of
residential energy is sensitive to household energy expenditures. At any given income and price, all
the demographic variables (location of household, sex of household head, and age of household
head) have a significant influence on total household energy demand. The study, notwithstanding,
is more interested in the price and expenditure elasticity estimates instead of parameters per se.
To achieve this, the expenditure and price elasticities were estimated for each household and then
summarized in tabular form. The results assume zero expenditures on a particular type of energy
as part of the normal behavior of households. In explaining the expenditure and price elasticities
(or coefficients), one must consider the pattern of energy use of these fuels.
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4.3.1. Expenditure elasticity of household energy demand

From Table 8 the expenditure and Marshallian (uncompensated) price elasticity results for the
QUAIDS estimation are all significant at 1 percent. From the table, demand for FCO and kerosene
are slightly income inelastic, while LPG(gas) and electricity are income elastic. The estimated
income elasticities for FCO and kerosene show that even though FCO and kerosene usage have
negative health and economic consequences, they are relatively cheaper and serve as basic
necessary energy fuels households consume, hence their share of household energy expenditure
is very low. The results are consistent with the literature as other studies that made the same
observations (see, Faisal et al., 2013; Olabisi et al., 2019; Ouedraogo, 2006). On the other hand,
clean modern energy (LPG and electricity) are considered efficient and healthy energy sources but
are also expensive and mostly considered luxury goods. Thus, their demand is highly responsive to
household income (budget). This is also likely a clearer indication of households in Ghana gradually
appreciating the good benefits of modern energy and willing to shift away from demand for
traditional fuels to modern energy consumption. The increasing use of equipment that consumes
clean modern energy fuels also makes modern energy fuels more income elastic than traditional
fuels.

4.3.2. Price elasticities of demand for residential energy fuels
From Table 8, the uncompensated own-price elasticities for all energy fuels are inelastic and
significant at 1 percent. This explains the necessity of these fuel types for household needs.

Notwithstanding, households in Ghana are slightly more price-sensitive to demand modern fuels
than traditional dirty fuels. This is much expected, likely because traditional fuels are relatively
cheaper and are often consumed largely for cooking purposes as basic necessity fuels, as such,
households are less price-sensitive to its demand. Another possible reason is that some house-
holds are likely to produce FCO fules by themeselvesF instead of purchasing them, while the partial
use of cheap kerosene by households who mostly use it for lighting explains the observed price
inelastic demand for traditional/dirty fuels. On the other hand, modern fuels, despite their distinct
demand, necessity cum health, and economic benefits, are relatively expensive comparatively and
are susceptible to other alternatives; which are the cheap traditional fuels amidst limited budget.
For instance, not all households are connected to the national grid for electricity or have stable
power, as such these households (especially rural households) are likely to use alternative elec-
tricity. Imported LPG fuel is also relatively expensive with quite a population not having equipment
that uses LPG at home, despite the LPG promotion initiated by the government through the
Ministry of Energy. As such, any further increase in their prices will decrease their energy

Table 8. Elasticity estimate for residential energy demand (All households)

Expenditure
elasticity Change in Price

Total . FCO LPG (Gas) Electricity Kerosene
Firewood, 0.729*** =0.257*** —0.074*** -0.341** 0.058***
Charcoal and
others (FCO)

(0.009) (0.019) (0.002) (0.007) (0.002)
LPG (Gas) 1.281%* —0.174*** -0.706*** -0.313*** -0.088***

(0.012) (0.009) (0.011) (0.011) (0.003)
Electricity 1.051*** ‘ —0.199*** -0.039*** ‘ —-0.795%*** -0.018***

(0.003) (0.003) (0.001) (0.004) (0.00)
Kerosene 0.947*** —0.149*** —0.299*** —0.145%* —0.354***

(0019) | (0.021) (0033 | (0.015) (0.077)

***p < 0.001 (Standard errors in parentheses)
Source: Author’s own calculation based on data from GLSS 7
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consumption pattern by a slightly higher percentage comparatively, as observed. The results are
consistent with other studies that found the demand for residential energy to be negative and
inelastic due to cultural preferences (types of foods cooked) or socioeconomic factors (see, Olabisi
et al,, 2019; Wiedinmyer et al,, 2017).

Considering cross-elasticity estimates, the study finds that all energy fuels are slightly cross-
price inelastic. However, it is imperative to interpret these cross-price elasticity coefficients in the
context of the cultural factors (e.g., the type of food prepared), socioeconomic factors, and the
unique purposes of each fuel in household energy consumption patterns. Most households in
Ghana use different energy fuels with related purposes simultaneously for different use on
different occasions based on economic and cultural reasons (Christine Wiedinmyer et al., 2017).
For instance, it is implausible to find households in Ghana to use different fuels simultaneously by
considering the time length in using the fuel for a particular purpose, the sturdy and stability of the
energy fuel equipment required, and the fuel efficiency based on availability and cost. It is also
plausible to find households in Ghana use specific energy fuel for specific use based on cultural
values. It is common for households in Ghana to use traditional fuel for certain stable foods (like
Kenkey, smoking of fish/meat, fufu, Banku, and Tuo-Zaafi) because of the longer length of cooking
while using LPG for cooking meals such as rice. For this reason, groups of energy fuels with the
same primary purpose were observed to be weak complements or near substitute goods to each
other and not necessarily because one fuel cannot be consumed without the other. According to
a Ministry of Energy (MOE) report on “Ghana Country Action Plan for Clean Cooking”, out of the
35 percent of households who depend on charcoal for cooking, the majority of these people also
have in addition, access to LPG (gas) and use it when they need it. According to Wiedinmyer et al.
(2017), 15 percent of urban households use charcoal, wood, and LPG to cook the same meal
compared to 1 percent of rural households who use these three energy fuels to cook.

If as anecdotes suggest, kerosene is used mainly for lighting, while FCO and LPG are used for
cooking, then a change in the price of kerosene has very little to insignificant influence on house-
hold demand for FCO and LPG because households consume kerosene largely for lighting. As
observed, a 1 percent increase in the cost of kerosene decreases the household quantity
demanded for FCO by 0.06 percent and LPG by 0.09 percent. The insignificant impact on electricity
(-0.02) however, shows that electricity is most preferred by households in Ghana for lighting.

4.3.3. Uncompensated price elasticity of demand for residential energy fuels by rural and urban
households

Next is to compute the difference in demand for residential energy based on selected demo-
graphics. To estimate the difference in demand for energy, separate estimations are done for both
rural and urban households. The results are summarized and presented in Table 9.

From the table, rural households’ demand for all energy fuels is less price inelastic than urban
households except for LPG (gas). This is likely because of the necessity of these fuels among urban
households than among rural households. For instance, charcoal is more common in urban areas
and has a smaller share in household energy expenditure probably because of affluence. Rural
households, on the other hand, have lower costs of producing and transporting FCO than urban
households, as such are less price inelastic to its demand.

Urban households are more likely to be connected to the national grid for cheaper and more
stable electricity than rural households who may resort to alternative sources of light. Urban
households in Ghana are also more likely to have equipment that uses electricity (e.g air condi-
tioners, home theater systems, refrigerators, lights, television sets, etc.) than they are in rural
households. The nature of modern houses built in urban households also contributes significantly
to the increasing demand for electricity. Kerosene as an imported product is more accessible and
affordable to urban households, though they are less likely to use it, than they are to rural
households, owing to limited equipment, transportation, and distribution challenges. This explains
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Table 9. Own price elasticity (uncompensated) of energy demand estimate based on selected
demographics

Energy Location Sex of household head Age of household head
type Rural Urban Female Male <45 > 45

FCO -0.513*** —0.037*** —0.325*** -0.217** -0.226*** —0.290***
(0.022) (0.030) (0.033) (0.024) (0.021) (0.033)

LPG -0.69*** -0.71%* —0.731*** —0.694*** —0.696*** —0.725***
(0.019) (0.013) (0.011) (0.016) (0.016) (0.012)

Electricity -0.806*** —0.785*** —0.785*** —0.799*** —-0.798 —0.790***
(0.006) (0.006) (0.01) (0.004) (0.006) (0.006)

Kerosene —-0.54** -0.082 —0.428*** -0.281* -0.246* —-0.446***
(0.107) (0.102) (0.068) (0.137) (0.147) (0.067)

*p < 0.05, **p < 0.01, ***p < 0.001
Source: Author’s own calculation based on data from GLSS 7

the estimated lower price elasticity of demand for electricity, FCO, and kerosene among urban
households than in rural households.

Notwithstanding, the price sensitivity of demand for LPG energy among rural households is lower
than they are in urban households. Perhaps rural households enjoy government LPG subsidies
more than urban households. Examples of such subsidies include the Unified Petroleum Price Fund
(UPPF), the National energy policy, and the free distribution of CLPG cylinders and stoves initiative
in rural areas all under the LPG promotion campaign.

4.3.4. Uncompensated price elasticity of energy demand based on sex and age of household

head

Next, the study computes the demographic differences in uncompensated price elasticity of
demand for energy fuels based on sex and age of the household head. To estimate this, we ran
separate estimations for male households, female households, young household heads (< average
age of household head), and older household heads (= average age of household head). The
results are presented in Table 9. The results show that the price elasticity of demand for energy
among both male and female household heads has a similar trend (i.e. inelastic) However, male-
headed households are less price responsive to demand all fuels than female household heads
except for electricity (which shows an insignificant difference). This is likely because male house-
hold heads are more engaged in active paid jobs that correspond with increased incomes and
reduced poverty to afford these fuels than female household heads (see, Table 1; Baah-Boateng,
2009; Twerefou et al., 2014). Similarly, male-headed households are more common in urban areas
(see, Table 1), have more access to these fuels, and own more equipment that uses modern fuels
(e.g LPG). Younger household heads (lower than average age) are less price responsive to demand
all energy fuels compared to older household heads except for electricity. This is likely because
younger household heads are more common in urban areas and are more likely to be engaged in
some active paid employment with increased income than older household heads (Baah-Boateng,
2009). They are also more inclined to use modern technological equipment that requires the use of
modern energy (Osabuohien & Karakara, 2018).

4.4. Robustness check

Next, we compute for robustness check to correct for bias that may occur owing to zero observa-
tions in the data. Table 10 shows the uncompensated price elasticities after correcting for bias
cases of zero total residential energy expenditures. Simply put, the study considers the putative
scenario where all fuel categories were equally available to all households. From the result, all
energy fuels are price inelastic after correcting for zero expenditure. Also, the own-price elasticity
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Table 10. Uncompensated elasticities with zero-expenditure adjustments

Change in Price
FCO LPG (Gas) Electricity Kerosene
Firewood, Charcoal —-0.281*** -0.067*** -0.360*** —0.038***
and others (FCO)
(0.006) (0.000) (0.003) (0.000)
LPG (Gas) —0.243%** —0.444*** —0.303*** —0.174***
(0.003) (0.002) (0.003) (0.001)
Electricity —0.388*** -0.079*** —0.552%*** —0.040***
(0.005) (0.001) (0.006) (0.001)
Kerosene 0.055*** —0.173*** —0.024*** —0.578***
(0.001) (0.000) (0.001) (0.001)

ok

p < 0.001 (Standard errors in parentheses)
Source: Author’s calculation based on data from GLSS 7

for modern energy fuel (LGP and ECG) reduced slightly after the robustness check. With this
empirical model, there is a statistically significant complementary effect between all energy
groups, suggesting that households use multiple energy fuels with related purposes simulta-
neously for different purposes on different occasions based on economic and cultural reasons.
The results may provide an opportunity for policies to encourage the availability of different energy
fuels. That means the results could necessitate the call to induce the supply of energy services
(especially modern fuel) to more communities through subsidies or waivers so

5. Conclusion and policy implications

The study estimates the price and expenditure responsiveness of household demand for four
major residential energy consumed in Ghana; wood, charcoal and others (FCO), LPG (gas), elec-
tricity, and kerosene which are mostly consumed for cooking, lighting, heating, and other domestic
purposes. The study further examines a sub-heterogeneous demand analysis by estimating the
demand elasticities based on the location of the household and the sex of the household head.

The main findings of the study suggest that wood fuels remain the dominant energy fuel
consumed by households for cooking (79 percent) while electricity is the dominant energy con-
sumed for lighting (73.59 percent). The QUAIDS simulation shows a positive income effect and
a negative price effect on household energy demand. Specifically, the paper finds that household
demand for modern energy is income elastic (luxury goods), while demand for traditional/dirty fuel
is income inelastic. Also, the price elasticity of demand for all residential energy is inelastic, even
though households are more price sensitive to demand modern energy than traditional energy.
Considering demographic factors, the study also estimates that urban households are more likely
to use all energy fuels except kerosene, while larger-sized households are less likely to use LPG,
electricity, and kerosene. Also, urban households are more price-insensitive to energyemand
except for LPG. Male household heads are more price inelastic to demand all energy fuels except
for electricity. In correcting for bias arising from zero expenditure, the study finds that the own-
price elasticity for modern energy fuel (LGP and ECG) reduced slightly after the robustness check,
even though the demand for all energy fuels remains negative and inelastic.

In policy recommendation, there should be a national initiative to widen and speed up the LPG
promotion campaign, especially among rural and poor households. This initiative should be
a private sector-led project with government support. Government support can take the format
of subsidy, fiscal support, and provision of infrastructure (e.g facilitate land acquisition, road
network, energy to plant sites, etc.) to private sector businesses who establish LPG sale points,
manufacture LPG cylinders and ensure distribution of LPG to households especially in the
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hinterlands. Government should also consider the installation of free LPG plants for major public

institutions like schools, hospitals, etc.

It is important government speed up the extension of the electrification project to the rural
areas. Government may by way of policy introduce a “one household, one free meter” policy to
motivate and speed up household use of electricity for domestic purposes. Government should
also consider decreasing the electricity utility tariffs in Ghana especially among rural households
through subsidies and also explore other sustainable renewable energy to provide a constant
supply of electricity at a lower cost. This will discourage the use of alternative traditional energy
that not only negatively affects the health of individuals but also pose a threat to the environment

and agricultural productivity.

Future studies should consider estimating the demand elasticities of residential energy, based
on separate use of each fuel type and the equipment used for each fuel.
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Notes

1. ** Poverty line description according to GLSS7
report = Very poor- < GH 792.05 ($179.46); Poor- >
GH 792.05 < GH 1314 and Non poor—2 GH 1314
($297.72) NB: 1 $ = GH 4.4134.

2. The study used STATA 15 by applying STATA’s nlsur
command with the ifgnls option.
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