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Abstract

Environmental degradation, soil erosion, and desertification are some of the
consequences of high rate of traditional biomass fuel use by households in
developing countries. The critical issues to raise here are how can these house-
holds be encouraged to change their energy consumption behavior? What are the
factors that cause the rampant use of biomass fuel in developing countries? How
and to what extent can these factors be manipulated so that households in
developing countries are encouraged to adopt clean energy fuel an alternative to
the most widely used biomass fuel? Therefore, this chapter tries to find answer to
the above questions raised, by carrying out an in depth analysis of households’
use of biomass fuel in developing countries using Bauchi State, Nigeria, as the
case study. Cluster area sampling technique was utilized to generate the various
responses, where a total number of 539 respondents were analyzed. The study
estimated ordered logit model to analyze the factors that influence the movement
of households along the energy ladder from nonclean energy to the cleaner
energy. Furthermore, Ordinary Least Squares (OLS) model was estimated to
analyze the impacts of socio-economic, residential, and environmental factors
on biomass energy consumption. It was found that age of the household head and
his level of education, income, living in urban areas, home ownership, and hours
of electricity supply have positive and significant impact on household energy
switching from traditional biomass energy use to the cleaner energy. Therefore,
policies that will enhance household income and the increase in the availability of
cheap cleaner energy will encourage households switching to cleaner energy
sources thereby reducing the level of environmental pollution in the study area.

Keywords
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Introduction

Climate change which is the variation in climate overtime and its impacts on the
environment and socio-economic systems now constitute the most important envi-
ronmental problem facing mankind. According to UNDP (2013), climate change can
affect both the human and the entire natural systems which pose a threat to human
development and survival. Among the most important factors that caused climate
change and environmental pollution is the wide spread use of biomass energy.
Biomass fuels, which constitute animal dung, crop residues, fuel-wood, and char-
coal, are among some of the most widely used fuels for cooking and heating,
particularly in developing countries (Yamamoto et al. 2009). Currently, more than
two billion people rely on biomass fuel globally to satisfy their basic energy needs.
That is why this type of fuel accounts for about 20% of energy supply for the whole
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world. IEA (2011) argued that if proper measures were not taken, the number of
biomass fuel users globally may increase to about 2.7 billion people by the year
2030. A large number of biomass energy users, especially in traditional ways, are
found mostly in Asia and Africa. For instance, the IEA (2011) reported that biomass
fuel accounts for more than 50% of Africa’s energy utilization. In Nigeria, the wide
use of biomass fuel at household level is more than 70%. Coming down to the state
level, the rate of biomass fuel use by households is about more than 90% in Bauchi
State, Nigeria (NBS 2012).

However, such wider use of biomass fuel is unwholesome for human living and
their environment. For instance, when combining CO2 emissions and other GHG in
a single index, biomass fuel scores much higher than other fossil fuels like LPG and
kerosene. Moreover, there is higher correlation between the use of biomass fuel and
indoor air pollution (Desalu et al. 2012; Risseeuw 2012). Such indoor air pollution
causes about 1.5 to 2 million losses of lives worldwide yearly. Environmental
degradation, soil erosion, and desertification are some of the consequences of high
rate of biomass fuel use in developing countries. In fact, Nigeria has been facing an
annual average rate of deforestation over a previous decade due to high rate of
biomass fuel use. Available data has shown that the nation’s 15 million hectares of
forest and woodland reserves could be depleted within the next 50 (Nnaji et al.
2012). In Bauchi State, the rampant use of biomass energy is so great to the extent of
more than 600 kg per household monthly (Danlami et al. 2017). This has posed
negative impacts on the inhabitant of the State such as the systematic destruction of
the State’s forest reserves and woodlands, soil erosion, and desertification whereby
the State losses not less than 1 km of land yearly due to desertification as a result of
high rate of felling trees (Danlami et al. 2017).

That is why the defunct United Nations Millennium Project recommended
halving the number of households that depend on traditional biomass fuel by the
year 2015, the target that was not complied by most of the participating countries
including Nigeria (Naibbi and Healey 2013). The critical issues to raise here are that
how can these households be encouraged to change their energy consumption
behavior? what are the factors that cause the rampant use of biomass fuel in
developing countries? how and to what extent can these factors be manipulated so
that households in developing countries are encouraged to adopt clean energy fuel an
alternative to the most widely used traditional biomass fuel? This is because clean
fuel has greater capacity to do useful work. The use of clean fuel is an imperative to
improve the standard of living of the households that heavily rely on biomass fuel
(Lee 2013). Therefore, in line with the above issues raised, this chapter tries to find
answer to the above questions raised by carrying out an in depth analysis of
households’ use of biomass fuel in developing countries using Bauchi State, Nigeria,
as the case study. The remaining part of the chapter consists sections as follows.
Section “Literature Review” constitutes review of related literature. Section “Theo-
retical Frameworks” is theoretical and conceptual frameworks of the study. Section
“Methodology” highlights the methodology adopted. Section “Analysis” the discus-
sion of findings. Section “Conclusions” highlights chapter conclusion. The last
section constitutes the policy implications and recommendations.
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Literature Review

Studies that analyzed energy utilization can be classified into two categories. The
first group consists of those studies (Danlami et al. 2018a, 2019a) that analyze
aggregate energy consumption using time series data. Most of these studies con-
cluded that energy consumption is highly correlated with environmental degrada-
tion. However, these conclusions have limited practical applicability at a microlevel,
because the energy consumption behavior of households is heterogeneous, which is
usually ignored in studies that utilized time series data. Moreover, the second
category of studies are those that analyzed household energy consumption using
microdata approach (Lee 2013; Mensah and Adu 2013; Ozcan et al. 2013;
Abdurrazak et al. 2012; Couture et al. 2012; Laureti and Secondi 2012; Onoja
2012; Oyekale et al. 2012; Song et al. 2012; Ganchimeg and Havrland 2011;
Jingchao and Kotani 2011; Jumbe and Angelsen 2010; Osiolo 2010; Suliman
2010; Danlami and Islam 2020; Danlami et al. 2017; Nlom and Karimov 2014;
Ogwumike et al. 2014). These studies arrived at different conclusions based on the
socio-economic, demographic, home, and environmental characteristics of the
households under consideration.

The composition and type of socio-demographic factors of households determine
their fuel switching and consumption behavior. For instance, Laureti and Secondi
(2012) indicated that households which comprise of couples with children tend to
adopt less of oil and electricity and more of coal-wood when compared with a
household of a single person. This is contrary to the findings by Danlami et al. (2017)
which concluded that the household that is headed by a married individual has higher
odd of adopting clean fuel than otherwise. Whereas some previous studies (Osiolo
2010; Jumbe and Angelsen 2010; Nlom and Karimov 2014) reported no significant
relationship between the gender of the household head and its energy consumption
behavior, a study by Mensah and Adu (2013) found that there is a significant
negative relationship between the household head being male and the adoption of
clean energy. Meanwhile, age of the household head was found to have a negative
impact on the adoption of clean energy (Suliman 2010; Mensah and Adu 2013;
Nlom and Karimov 2014). Households adopt less clean energy source when the head
is older. Additionally, the household head level of education was found to exact a
positive impact on the adoption of clean energy. The higher the level of education of
the household head, the lower the probability of adopting nonclean energy (Eakins
2013; Mensah and Adu 2013; Ozcan et al. 2013). The number of a household’s
members (i.e., household size) affects the household’s energy switching decision, the
larger the size of a household, the lesser the adoption of clean energy. This assertion
is supported by previous studies (Ozcan et al. 2013; Mensah and Adu 2013; Suliman
2010; Heltberg 2005).

The factors that measure the economic status of the household influence the
households’ fuel consumption decision. For instance, studies have established that
there is a positive relationship between income and adoption of clean energy
(Danlami et al. 2017; Mensah and Adu 2013; Ozcan et al. 2013; Couture et al.
2012). Poorer households especially in developing countries tend to adopt biomass
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fuels like firewood, plant residues, and animal dung. Furthermore, number of energy
consuming appliances increases the quantity of energy consumption by households
(Danlami 2017a; Eakins 2013). The higher the number of energy consuming appli-
ances at home, the lesser the odd of adopting biomass source of energy (Danlami
2017b). Moreover, energy price has a negative relationship with energy consump-
tion. When the price of a particular energy source is high, households switch to other
alternative fuel available. This is in line with law of demand and also has been
established by previous studies (Danlami 2017a; Nlom and Karimov 2014; Lee
2013).

Furthermore, the characteristics of the building in which the households live also
affect their energy choice behavior. Factors such as size of the building, number of
rooms in the home, share of dwelling and dwelling ownership have been established
by previous studies to influence the manner of household energy consumption
behavior (Danlami et al. 2017; Eakins 2013; Mensah and Adu 2013; Tchereni
2013). Lastly, environmental factors such as location of home, the extent of elec-
tricity supply, the main source of cooking, and lighting fuel in the area were found to
influence the manner of household energy consumption. Households that live in the
rural areas or the area whereby there is a wide spread use of biomass fuel tend to
adopt biomass fuel as their main source of energy (Danlami 2017a, b; Ozcan et al.
2013).

Based on the above-reviewed literature, it can be seen that there exist inconsis-
tences as per the findings and conclusions of previous studies on the factors
influencing household energy consumption and switching behavior, from one
place to another, due to differences in environmental factors, cultural factors,
socio-economic settings, as well as differences in the average level of development
among different regions. Therefore, additional study on household energy choice
and consumption in a specific area is an addition to the existing literature as argued
by the previous studies (Danlami et al. 2015, 2017).

Theoretical Frameworks

Households mostly use energy for indirect satisfaction mainly to produce another
commodities or services (modified from Danlami et al. 2016). Households utilized
energy from different sources for the purpose of maximizing satisfaction. This
optimal level satisfaction is usually attained at the equilibrium point of particular
energy consumption. For instance, equation (1) indicates a given utility function of
energy consumption:

U ¼ f � cGs ℒ f ℬb

� � ð1Þ
Subject to household budget constraint as in equation (2):

Υ ¼ Pc � c þ PsGs þ P fL f þ PbBb ð2Þ

69 Sustaining a Cleaner Environment by Curbing Down Biomass Energy Consumption 1427



where U ¼ utility, � c ¼ electric energy, Gs ¼ gas energy, L f ¼ liquid energy (i.e.,
fuel), Bb ¼ biomass energy, Υ ¼ income of household and P ¼ price of the relevant
energy.

To find the maximum point of household energy utilization, we form
Langarangian multiplier function as in equation (3):

L ¼ ƒ � cGs L f B f

� �þ λ Υ �Pc � c þ PsGs þ P fL f þ PbBb ¼ 0
� � ð3Þ

Using equation (3), we can analyze the maximum point of utility for:

(i) Household that use only one of these energy sources
(ii) Households that use all of these energy sources

Equilibrium Level of Utility for Households That Use Only One of
These Energy Sources

Assuming the households use only electricity as its sole source of energy, the utility
maximization point will be

@L
@ � c

¼ ƒ0c � λPc ¼ 0 ð4Þ

ƒ0c ¼ λPc ð5Þ
Since the household utilized only single source of energy, λ ¼ 1

ƒ0c ¼ Pc ð6Þ
Equation (6) indicates the point of utility maximization from using electric source

of energy where the marginal utility obtained from consuming extra unit of electric-
ity is equal to the price of that additional unit of electricity. Any increase in the
consumption of electricity above the equilibrium level implies decrease in the total
utility, while consumption of electricity below the equilibrium level implies that the
total utility of electricity is not maximized because additional unit of electricity
consumed will lead to increase in the total utility, until the above equilibrium point is
reached.

Equilibrium Point for Households That Use Gas as Their Only Source
of Energy

In this case, we conduct the partial derivation of equation (3) with respect to gas.
This is indicated in equation (7):
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@L
@Gs

¼ ƒ0s � λPs ¼ 0 ð7Þ

ƒ0s ¼ λPs ð8Þ
By definition, λ ¼ 1, therefore, the utility maximization point will be

ƒ0s ¼ Ps ð9Þ
that is, the point where the additional satisfaction obtained from using extra amount
of gas is equal to the price of that additional unit of gas.

Derivation of Equilibrium Point for Households That Use Liquid Fuel
as the Only Source of Energy

Here, we find the partial derivative of equation (3) with respect to the liquid fuel as in
equation (10):

@L
@L f

¼ ƒ0f � λP f ¼ 0 ð10Þ

ƒ0f ¼ λP f ð11Þ

Since λ ¼ 1 (for households that use only one source of energy)

ƒ0f ¼ P f ð12Þ

Utility Maximization Point for Households That Use Only Biomass
Energy

The partial derivative of equation (3) with respect to biomass energy is given by:

@L
@Bb

¼ ƒ0b � λPb ¼ 0 ð13Þ

ƒ0b ¼ λPb ð14Þ
Since λ ¼ 1

ƒ0b ¼ Pb ð15Þ
Equation (15) indicates the utility maximization point for household that utilizes

only biomass energy. This is the point where the additional satisfaction obtained

69 Sustaining a Cleaner Environment by Curbing Down Biomass Energy Consumption 1429



from using an additional bundle of biomass energy is equal to the price of that
additional bundle.

Utility Maximization of Households That Use All the Four Source of
Energy Together

In this situation, the utility of using energy is maximized, by consuming the energy
up to the level where the ratio of extra satisfaction from using the additional amount
of energy to their prices is equal. Taking back the earlier Langarangian multiplier
utility function and the constraints for energy use

L ¼ ƒ � cGs L f Bb

� �þ λ Υ � Pc � c þ PsGs þ P fL f þ PbBb ¼ 0
� � ð16Þ

The partial derivatives with respect to each of the energy source are:

@L
@ � c

¼ ƒ0c � λPc ¼ 0 ð17Þ

@L
@Gs

¼ ƒ0s � λPs ¼ 0 ð18Þ

@L
@L f

¼ ƒ0f � λP f ¼ 0 ð19Þ

@L
@Bb

¼ ƒ0b � λPb ¼ 0 ð20Þ

λ ¼ ƒ0c
Pc

¼ ƒ0s
Ps

¼ ƒ0f
P f

¼ ƒ0b
Pb

ð21Þ

That is the utility maximization point for households that use all the four source
of energy is for them to consume at the point where the ratio of the extra
satisfaction from using additional unit from each of the energy source to their
prices are equal.

Methodology

Following Danlami et al. (2019b), the total sample size was determined based on
Dillman (2011). A total of 750 questionnaires were distributed based on cluster area
sampling method. Finally about 548 filled questionnaires were returned back (which
is more than 70% of the total number of the issued questionnaires) out of which 9
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questionnaires were discarded. Multistage cluster sampling was utilized as the
sampling technique.

Model Specification

Ordered Logit Models
In order to satisfy the first objective of this chapter which is to assess the determi-
nants of household fuel switching up the ladder from traditional biomass energy to
the cleaner source of energy, ordered logit model was employed. Since household
fuel switching consists of movement up the energy ladder in a hierarchical order
which is the basis for ordered models (Kofarmata 2016). Therefore, due to the
ordinal nature of the dependent variable, it is stated as movement in fuel the
household switching from traditional biomass energy, transitional energy (kerosene),
and the cleaner energy (gas and electricity sources of energy). Thus, the model can
be stated as in equation (22):

yi ¼ βXi þ ei ð22Þ
where yi is the observed and exact dependent variable (categories of fuel switching in
hierarchical order); coded as 0, 1, . . .. . .n, Xi is the vector of the independent
variables. β is the vector of parameters to be estimated and εi is the random variable
for the ordered logit model.

If the score on the observed variable say yi is 0, means that the household uses
traditional biomass energy. However, if the household adopts the transitional fuel
(such as kerosene), then yi ¼ 1; and if the household adopts cleaner source of energy
(electricity/gas) then yi ¼ 2. Then the estimated empirical model is written as:

Yi ¼ α0 þ β1GENi þ β2AGEi þ β3EDUi þ β4HHSi þ β5INCi þ β6LOCi

þ β7NRMi þ β8DSHi þ β9HRSEi þ β10PFWi þ β11NCFi
þ β12HAPPi þ β13HOWNi þ ei ð23Þ

Yi ¼ The dependent ordered variables summarized as: Traditional biomass (yi ¼ 0),
Transitional energy (yi ¼ 1) and Cleaner energy (yi ¼ 2)

GENi ¼ Gender of the head of household
AGEi ¼ Age of the head of household
EDUi ¼ Level of education of the head of household
HHSi ¼ Size of the household
INCi ¼ Monthly income of the head of household
LOCi ¼ Home location of the household
NRMi ¼ Number of rooms in the home
DSHi ¼ Size of the dwelling of the household
HRSEi ¼ Hours of electricity supply

69 Sustaining a Cleaner Environment by Curbing Down Biomass Energy Consumption 1431



PFWi ¼ Unit price of firewood per bundle
NCFi ¼ Similarity with the neighbor’s main cooking fuel source
HAPPi ¼ Home appliances
HOWNi ¼ Home ownership

The OLS Model

Another objective of this study is to assess the determinants of household for
biomass energy in Bauchi State.

Following Danlami (2014) and Lee (2013), the implicit form of the relationship
between households’ consumption of a particular energy and its determinants can be
expressed as:

Yi ¼ β0 þ
Xk

i¼0

βiXi ð24Þ

where Yi is household i’s consumption of biomass energy.
The estimated empirical OLS model for households’ biomass energy consump-

tion is expressed as:

ln FWDi ¼ α0 þ β1GENi þ β2AGEi þ β3MSTi þ β4EDUi þ β5HHSi
þ β6INCi þ β7PFWi þ β8PKRi þ β9 lnHAPPi þ ei ð25Þ

where
FWDi ¼ Quantity of firewood bundle consume monthly.
GENi ¼ Gender of the head of household
AGEi ¼ Age of the household head
MSTi ¼ Marital status of the head of household
EDUi ¼ Level of education of the head of household
HHSi ¼ Size of the household
Inci ¼ Monthly income of the head of household
PFWi ¼ Unit price of firewood per bundle
PKRi ¼ Price of kerosene per liter
HAPPi ¼ Number of home appliances own by household

Analysis

This study mainly analyzes two issues: household energy switching and the extent of
household traditional biomass energy use. Table 1 indicates the estimated ordered
logit model analyzing the determinants of household energy switching. Furthermore,
Table 2 exhibits the estimated OLS model for the determinants of household
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traditional biomass consumption. The analysis and discussions of the estimated
models are carried out in the following sections:

Determinants of Household Energy Switching

The first objective of this study is to assess the factors that determine the household
movement along the energy ladder from traditional biomass energy to the available
cleanest energy (electricity) in Bauchi State. To achieve this objective, ordered logit
model was estimated and the result of the estimation is indicated in Table 1.

Table 1 Estimated coefficients of energy switching (ordered logit model)

Variables Coefficients

Gender 0.7079

(0.5350)

Age 0.0233*

(0.0126)

Education 0.0869**

(0.0416)

Household size �0.1148***

(0.0376)

Lnincome 0.0106***

(0.0040)

Location 0.6118*

(0.3479)

Number of rooms �0.0512

(0.0388)

Dwshare �0.0075

(0.2634)

Hours of electricity supply 0.0149***
(0.0041)

Firewood price 0.0024

(0.0038)

Ncfuel �1.2996***

(0.2905)

Home appliances �0.0023
(0.0103)

Home ownership 0.6069**
(0.2879)

(1.124)

Observations
Pseudo R2

444
0.21

χ 2 (26) ¼ 72.56
Prob > χ2 ¼ 0.0000
Note: Robust standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1
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Based on the probability value of the Chi sq (X2), in Table 1, the estimated
ordered logit model is jointly significant at 1%, thereby implying the validity of the
estimated ordered model. The result indicates that the coefficient of variable Age is
statistically significant at 10% level. The result indicates that there is a positive
relationship between the age of the household head and the household energy
switching. A 1 year increase in the age of the household will lead to a 0.023 log
odd of household being in higher level of cleaner energy. This is in line with a priori
expectation and conforms to the findings of Danlami (2017c). In the same vein, the
coefficient of education was found to have a positive relationship with the household
energy switching. The coefficient of the variable was found to be statistically
significant at 5% level. The estimated result shows that an increase in the level of
education of the household head increases the log odd of household switching to
cleaner energy by about 0.087 units. This is in line with a priori expectation because
when the household head is more educated, he will have more awareness about the
negative effects of using traditional biomass energy. This result supports the findings
from Danlami et al. (2018b).

Contrarily, the coefficient of household size was found to have a negative
relationship with the household energy switching. This coefficient was found to be
statistically significant at 1% level. Based on the estimated result, a one unit increase
in the number of household size decreases the log odd of switching to cleaner energy
by about 0.115 units. This is in line with the findings of Danlami et al. (2019c). The
coefficient of household income was found to be statistically significant at 1% level.
The estimated result indicates that a 1% rise in the household income leads to
increase in the log odd of household switching to the cleaner energy by about
0.011 units. This is in line with a priori expectation because as the household income
increases, the affordability of the household to substitute traditional biomass energy

Table 2 Determinants of household traditional biomass energy use

Variables Coefficients Standard error

Gender 0.1190 (0.0834)

Age 0.0012 (0.0022)

Marital status �0.1414** (0.0598)

Education �0.0078* (0.0046)

Household size 0.0168*** (0.0041)

lnIncome 0.0382 (0.0420)

Price of firewood �0.0030** (0.0013)

Price of Kerosene �0.0034*** (0.0010)

lnhappls �0.262 (0.0496)

Constant 3.9106*** (0.241)

Observations 270

R2 0.13

Ramsey RESET Test (Specification test)
F(3, 244) ¼ 5.63
Prob > F ¼ 0.000
Note: Robust standard errors in parentheses*** p < 0.01, ** p < 0.05, * p < 0.1
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with a cleaner energy increases. This supports the findings of Danlami (2017a).
Similarly, the coefficient of household location was found to have a positive
relationship with the household energy switching and it was found to be statistically
significant at 10% level. Based on the result of the estimated ordered logit model,
households that reside in urban areas of Bauchi State have higher log odd of
switching to cleaner energy by about 0.612 units compared to their rural counter
parts. This is in line with a priori expectations that the households living in urban
areas adopt cleaner energy than the households living in the rural areas mainly due to
economic, social, and educational factors. The exact fact is that cleaner sources of
energy are more available in urban than in rural areas, which is in line with the
findings of Danlami et al. (2018c).

The coefficient of hours of electricity supply was found to be statistically
significant at 1% level and it was found to have a positive relationship with
household energy switching. Based on the estimated model, 1 h increase in
electricity supply increases the households’ log odd of switching to cleaner
energy by about 0.015 units. This conforms to a priori expectation that the
tendency of households to move up the cleaner energy ladder increases when
the electricity supply becomes more available and reliable. This supports the
findings of Danlami et al. (2018b). Finally, the coefficient of home ownership
was found to be statistically significant at 5% level. Based on the estimated
ordered logit model, there is a positive relationship between the coefficient of
home ownership and switching to cleaner energy in Bauchi State. The households
that live in their self-owned home have higher log odd of switching to cleaner
energy by about 0.607 units than otherwise. This is in line with the findings of
previous studies (Danlami et al. 2018b)

Determinants of Household Traditional Energy Use

Another objective of this study is to assess the factors that influence the quantity of
traditional biomass energy use in Bauchi State, Nigeria. The result of the estimated
model is in Table 2.

Based on Table 2, the estimated result shows that overall, the model is statistically
significant at 1% level with an estimated F-value ¼ 5.63 and the corresponding
probability value Prob(F)¼ 0.000. The result in Table 2 has shown that the estimated
coefficient of marital status is statistically significant at 5% level. On average, the
households that are headed by a married person consume less traditional biomass
energy by about 14% lower compared to the households that are headed by a
nonmarried person. This does not conform to a priori expectation because the
expectation is that when the head of a household is married, it means more number
of household members which necessitates the use of more traditional biomass fuel
such as firewood. However, this may be because the married household head in some
cases signifies that he is at least more economically stronger to buy cleaner fuel than
firewood. Based on the culture of the people in the study area, a person usually
married when economically can afford the marriage responsibilities of which the
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purchase of cooking fuel is among. This finding supports the findings of other
previous studies (Danlami 2019).

Moreover, the coefficient of level of education of the household was also
found to be negative and statistically significant at 10% level. Based on the
estimated OLS model, an additional year in the level of education reduces the
household’s use of traditional biomass energy by about 0.78%. This conforms to
a priori expectation that as more educated is the household head, the more he has
health consciousness and also the more he knows the risk of using traditional
biomass energy thereby minimizing the use of such energy. This is in line with the
findings of Danlami (2017a) and Lee (2013). On the other hand, the coefficient of
household size was found to be statistically significant at 1% and positively
related to household use of traditional biomass energy. Based on the result
shown in Table 2, increase in the number of household by one individual
increases the household’s use of traditional biomass energy by about 1.68%.
This conforms to a priori expectation and is in line with the findings of previous
studies (Danlami 2017a).

The result also indicates that there is a negative significant relationship between
traditional biomass energy use and its price. A one Naira increase in the price of
firewood decreases the rate of household traditional biomass energy use by about
0.3% all things being equal. This is tally with a priori expectation because as the
price of the traditional biomass energy increases, the household will switch to the use
of available cheaper and cleaner energy. Similarly, when the price of a commodity
rises, the purchasing power of buyers decreases, leaving the consumer with the
ability to buy less of that commodity. This finding is in line with traditional law od
demand which says that the higher the price, the lower the quantity demanded and
also supports the findings of. Lastly, the result shows that price of kerosene has a
negative impact on traditional biomass energy.

Conclusions

This study analyzes household energy switching along the energy ladder using
ordered logit model. Also, the study uses OLS regression model to analyze the
determinants of household traditional biomass energy use. The age of the household
head and his level of education, income, living in urban areas, home ownership, and
hours of electricity supply have positive significant impact on household energy
switching from traditional biomass energy use to the cleaner energy. On the other
hand, household size was found to have a negative relationship with household
energy switching. Furthermore, the estimated OLS model indicates that household
size has a positive and significant impact on traditional biomass energy use, the
higher the household size, the high the quantity of traditional biomass energy
consumption all things being equal. Marital status, household head level of educa-
tion, and the price of the traditional biomass energy have negative significant impact
on household use of traditional biomass energy.
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Policy Recommendations

Having conducted empirical investigation of household energy switching and tradi-
tional energy consumption in Bauchi State, Nigeria, the following recommendations
were offered based on the study findings, in order to encourage households to switch
to cleaner energy in the study area. Since increase in income was found to have
significant impact in encouraging households’ energy switching up to cleaner
energy, policies and programs aimed at raising income earnings of individuals
should be embarked upon to discourage the adoption and use of traditional biomass
energy. Income can be increased via employment generation, wealth creation,
increase in government expenditure, empowering small and medium scale indus-
tries, and skills acquisition and development programs.

The study finds that households that live in urban areas have higher probability
and odd of switching to cleaner energy. In line with this finding, government should
try to make cleaner energy available and affordable to rural dwellers as is in the
urban areas. All the facilities that will ensure the availability of cheap cleaner energy
in rural areas of the State should be established in order to encourage households to
switch to cleaner energy in rural areas of the State.

The findings revealed that the level of formal education attainment by the
household head has significant influence on switching to cleaner energy, the higher
the level of education of the household head, the higher the odd of switching to the
cleaner energy. Therefore, government should embarked upon policies to encourage
higher education attainment of people leaving in the study area, especially rural areas
whereby there are a large number of illiterate people. High rate of school enrolment
can be increased via policies like free universal basic education programs, higher
education enrolment at a subsidized rate, construction of more schools near to the
people especially in rural areas, provision of more scholarships at higher levels,
employing adequate number of teachers to meet the growing number of pupils, and
increase in expenditure on educational facilities. The curriculum of the educational
system should emphasize on the danger of high rate of environmental pollution and
contamination especially in rural areas whereby the rate of awareness is very low.

Lastly, the study has found that adequate supply of electricity has significant
impact on household switching to cleaner energy use. Therefore, provision of cheap
and adequate electricity supply to households will encourage many households to
use electricity as their main source of cooking and lighting, thereby reducing the rate
of traditional biomass energy use.
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