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Abstract

Background The present study draws motivation from the United Nations Sustainable Development Goals

and explores the nexus between access to modern cooking energy sources, responsible energy consumption, climate
change mitigation, and economic growth. Using 2018 demographic and health survey data, the study examines

the influence of key socioeconomic and demographic factors on household choice of cooking energy in Nigeria.

Results The empirical results show that traditional energy sources are dominant among Nigerian households
(74.24%) compared to modern energy sources (25.76%). Regarding energy demographics, male-headed households
show more usage of modern energy sources (19.86%) compared to female-headed households (5.90%). Regional
analysis reveals that the northwest region predominantly uses traditional energy sources (18.60% of the share of total
traditional energy sources), while the southwest region shows the greatest usage of modern energy sources (10.52%
of the share of total modern energy sources). Binary logistic regression analysis reveals the positive and statisti-

cally significant influence of wealth index, education, and geopolitical region on the likelihood of utilizing modern
energy sources. Conversely, household size and place of residence indicate an inverse relationship with the likelihood
of adopting modern energy sources.

Conclusions These findings have important policy implications for energy efficiency, environmental sustainability,
and improving the quality of life in Nigeria, which is currently plagued with significant energy poverty, especially
in rural communities.

Highlights

Examination of household energy utilization in Nigeria.

We found that traditional energy utilization is accounted for by 74.24% of households.

Clean energy source is accounted for by 25.76% of the household.

19.86% and 60.86% of male-headed households utilize clean and traditional energy, respectively.

5.90% and 13.38% of female-headed households utilize clean and traditional energy, respectively.

18.60% and 7.14% of Northwestern region and Southwest region has the highest traditional and cleaner energy
sources, respectively.
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Background
In the twenty-first century, energy consumption has
become increasingly more critical than ever before due to
growing concerns about climate change, environmental
sustainability, and energy intensity resulting from human
activities [1]. The residential, transportation, industrial,
and commercial sectors are the major end-use sectors for
energy consumption, according to documentation from
the United States Energy Information Administration
[2]. Residential energy usage, including cooking, air con-
ditioning, and powering electric appliances, significantly
contributes to energy consumption and greenhouse gas
emissions. Therefore, understanding household energy
consumption is vital for assessing energy intensity and its
impacts on people, the economy, and the environment.

Geographical location and climate increasingly shape
the dimensions of household energy demand. In devel-
oped countries, energy consumption in the residential
and transportation sectors accounts for at least 40% of
total country-level energy use [3]. For instance, in the
United States, household energy use for space heat-
ing and air conditioning accounted for more than 51%
of total annual household energy consumption in 2015
[4]. In the European Union (EU), household energy
uses accounted for 26% of total energy consumption in
2019, with space heating (63.3%), lighting and appliances
(14.1%), water heating (14.8%), cooking (6.1%), and space
cooling (0.4%) being the primary end uses [5]. To encour-
age more sustainable consumption patterns and reduce
environmental pollution, there is an increasing focus on
promoting energy efficiency in developed countries [6, 7].

In contrast, household energy needs in regions like
sub-Saharan Africa, including Nigeria, are significantly
determined by factors such as the physical home charac-
teristics, the nature of energy devices, place of residence,
and household size [8, 9]. Culture and living standards
also play a significant role in household energy usage
across developing economies [10]. Other studies have
highlighted the influence of access and type of energy
sources [11, 12], education [13], and income or wealth
status [14, 15] on household energy consumption. The
complexity of promoting widespread access to sustain-
able energy services in developing countries is evident
from the various factors that shape household energy
consumption.

The United Nations Sustainable Development Goals
(SDG) energy goal (SDG-7) 7.1 emphasizes ensuring
“universal access to affordable, reliable, and modern

energy services” by 2030. However, attaining this goal
requires addressing inequalities among regions and
populations rather than focusing solely on the pro-
portions of populations or households with access to
modern energy sources at the national level. This gen-
eralized representation of achievement can overempha-
size success levels while concealing the key challenges
to further improvements. To effectively track progress
toward achieving SDG-7.1, there is a need for a sharper
focus on disparities among various populations and
regions, particularly in developing countries. There-
fore, the present study aims to achieve two interrelated
objectives: (a) to understand the disparity in the pro-
portions of households using traditional versus modern
energy sources according to sociodemographics and
geography, and (b) identify the socioeconomic deter-
minants of household energy consumption in Nige-
ria. Assessing disparities in household energy choices
according to gender, wealth, education, rural/urban liv-
ing, and geopolitical region is necessary for comparing
regions and populations, monitoring progress towards
achieving SDG-7.1, and targeting interventions towards
marginalized regions and populations to ensure more
equitable access to modern energy sources for all.
While several studies have investigated the determi-
nants of energy consumption across sectors and energy
sources [16—18], the current study is novel for several
reasons. First, while the subject matter has been stud-
ied within the Nigerian energy literature, many of these
studies did not use nationwide data [12, 13, 19-21].
Hence, unlike many previous studies, the current study
re-assesses the subject matter using the latest national
dataset, which provides a better and more up-to-date
representation of the situation. Although Nwaka et al.
[19] used a nationwide dataset, it is an older version
of the survey data. Second, the present study further
broadens the literature on the context of energy con-
sumption determinants of Africa’s most populous
nation while uniquely categorizing the dataset into
traditional cooking fuels (such as biomass, wood, and
charcoal/coal/lignite) versus modern energy sources
(electricity, liquefied petroleum gas (LPG), natural
gas, biogas, and kerosene), providing useful insights
for SDG tracking. Third, by considering household-
level energy consumption, this study offers relevant
information and dimensions of energy consumption
and sources according to geographical distribution of
households (regional and rural-urban divides).
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Moreover, this study provides valuable insights
for policymakers and scholars regarding household
energy consumption from sociodemographic perspec-
tives, including gender, wealth distribution (richest,
richer, middle, poorer, and poorest), and educational
attainment of Nigerian households. In particular,
energy challenges have become more complicated as
the country experiences rapid urbanization amidst
population expansion, raising concerns about energy
poverty and other related environmental and equity
problems. Nigeria had an estimated population of
214 million people in 2022, about 40% of whom lived
below the poverty line of $1.25 per day [22]. This West
African country faces other socioeconomic challenges,
including unemployment, infrastructure deficits,
and increasing threats of environmental degradation
[23-26]. Importantly, most regions of the country are
contending with poor electricity access, as indicated
in Appendix A, and electricity connection was report-
edly limited to 55.4% of the total population in 2020
[27]. The combination of these factors could have far-
reaching consequences for the overall socioeconomic
wellness of the nation.

One notable channel through which these challenges
can exacerbate difficulties is through energy depriva-
tion and poverty vis-a-vis household access to modern
energy sources, which are more efficient and cleaner
than traditional sources. According to the Interna-
tional Energy Agency (IEA), more than 1.3 billion
people of the global population do not have access to
basic energy supplies, while over 2.5 billion people
lack access to clean energy sources for basic chores
like cooking [28]. Unfortunately, a significant propor-
tion of these people live in sub-Saharan Africa. Hence,
this study focuses on Nigeria as Africa’s most popu-
lous country with one of the lowest energy consump-
tion rates per capita in the world and a reported high
prevalence of energy poverty nationwide [27, 29, 30].
As such, the outcome of this investigation is expected
to further provide guidelines for improving the work-
ing framework of related clean energy policies in the
country, such as the National Renewable Energy and
Energy Efficiency Policy, and the Nigeria Energy Tran-
sition Plan.

This paper is divided into six sections to enhance
readability. The next section provides a literature
review of related studies. While Section three, "Meth-
ods," describes the datasets and methods of data anal-
ysis used in this study, Sections four and five, "Results"
and "Discussion,” present the results and discusses
them, respectively. The final section concludes the
paper and adds some policy implications.
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Literature review

Household energy is consumed in a residential setting
for various purposes, including cooking, lighting, space
heating/cooling, and powering appliances and electronic
devices. Studies on the access to and use of household
cooking energy have increased recently in the energy-
related literature. However, most of these studies have
focused on high-income nations of the global north [14,
31-34], with less attention paid to middle- to low-income
countries of the global south. Moreover, related studies
for developing countries mostly concentrate on the Asian
and Latin American regions [e.g. [8, 9, 35]. In contrast,
the literature has been relatively silent about many low-
income African countries, where challenges related to
energy use are even more pronounced.

Existing studies on household energy use have identi-
fied various socioeconomic and demographic factors
that contribute to cooking fuel choices, with diverse out-
comes due to variations in study areas. Notable factors in
include income distribution, which may encompass the
effects of expenditure patterns and the socioeconomic
status of households on their energy consumption levels
[6, 16]. Gender differences are also linked to variations
in energy consumption patterns [33, 36]. Other factors,
including cultural values and social norms [34, 37], family
size and people’s lifestyles [38], educational attainment
[39-41], and information penetration also influence
household attitudes and cooking technology use [42, 43].
Finally, geographical factors, ranging from regional eco-
nomic development to the rural-urban divide, rate of
urbanization, vegetation type, and climatic experiences
like temperature and rainfall, can influence household
energy choices [44—48].

Numerous studies have shown that determinants of
energy use are interwoven, as the impact of one factor,
such as income, can extend to other issues that influ-
ence household energy consumption patterns. There-
fore, the scope of studies on income distribution is often
broad. Substantial research has been carried out on dif-
ferent economies concerning energy poverty issues. The
term is often used to explore the nexus between access
to energy and major energy use determinants, such as
income distribution, where the latter is insufficient to
meet a household’s energy requirements [7, 32, 49-51].
A study by Kolokotsa and Santamouris [32] revealed
that energy poverty is a growing issue in the EU because
environmental burdens have varying degrees of impact
on low-income households, especially in urban areas.
Phimister et al. [49] explored the energy poverty chal-
lenge in Spain by using longitudinal data to compare
energy poverty with income levels in the country. Their
findings showed that the rate of transition out of expend-
iture-based energy poverty is relatively higher than that
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of income poverty, suggesting that changing expenditure
behaviour can dampen energy poverty levels. In a study
on how income inequality affects household energy con-
sumption and carbon emission levels in the United King-
dom (UK), Ghosh [7] emphasized the urgent need to
address inequality in income distribution as a key strat-
egy for enhancing equity in energy use among house-
holds. Moreover, Karpinska and Smiech [51] revealed
that 23.57% of the populations in Central and Eastern EU
countries are vulnerable to hidden energy poverty.

Gender gap can also influence household energy
choices. For example, Rity and Carlsson-Kanyama [33]
examined the impacts of gender on household energy
use in four EU countries: Greece, Germany, Norway, and
Sweden. Their study provides significant evidence sup-
porting gender roles in energy use only in the case of
understudied single households in Sweden and Greece.
Galvin and Sunikka-Blank [6] also identified gender-
based income inequality as one of the factors affecting
household choices as far as energy consumption among
high-income societies is concerned. Sinchez et al. [36]
also pointed out the gender-based energy poverty chal-
lenges in which households headed by women accounted
for about 50% of the estimated 23% of households
exposed to energy poverty in the city of Madrid. These
studies highlight the significance of gender distribution
when studying household energy use patterns.

Regarding the role of socio-cultural values and geo-
graphical variations in household energy choices, Saha-
kian et al. [34] applied a living lab approach with 306
households across eight EU countries to analyse the
impacts of social norms on household energy use. Their
results suggest that taking into consideration the com-
plexities of normal daily human activities, such as doing
laundry and keeping warm, is critical for minimizing
household energy use. Borozan [48] explored the deter-
minants of household energy use in 64 EU regions and
found that household energy consumption levels corre-
late with economic development levels across regions,
despite some common factors that influence energy use
among households. The study recommended region-
specific policies to boost energy efficiency in the EU. In
a separate study, Navamuel et al. [44] analysed micro-
data using ordinary least squares and quantile regres-
sion techniques and found that urban agglomerations
reduce the levels of electricity consumption, while resi-
dence in detached houses had a contrary effect on energy
consumption, in the case of Spain. This underlines the
importance of considering social norms and spatial varia-
tions as determinants of household energy use.

Despite the increasing trend of studies on household
energy consumption and the challenges of energy pov-
erty, it is crucial to note that these challenges are more
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pronounced in low-income developing economies where
numerous households are multidimensionally poor.
Sadly, this situation is the case for many countries in
sub-Saharan Africa. While efforts to bridge the study gap
between developed and developing countries have inten-
sified in recent years, particularly concerning rapidly
emerging economies like China, Brazil, and India, there
is still much to explore regarding low-income African
countries. De Abreu et al. [9] pointed out the gap in the
literature regarding studies on developed and developing
economies and noted that socioeconomic changes and
income distribution significantly influence the behav-
ioural patterns of household energy use, including pref-
erences for cooking fuels. The study drew conclusions
from the analysis of energy consumption behaviour in
Brazilian households between 2002 and 2008. Similarly,
Daioglou et al. [8] observed a gradual shift in the house-
hold energy consumption paradigm from traditional to
modern fuel types in some developing countries, includ-
ing China, India, and Brazil, among others. The authors
noted that environmental policies could inhibit the pace
of this shift despite their desirable impacts on cutting
down pollutant emission levels. In another study, Ekholm
et al. [14] noted that households in rural India largely
depend on biomass as the main cooking fuel. Reliance on
traditional cooking fuels has also been a major challenge
facing many households in other developing economies,
particularly low-income countries in sub-Saharan Africa,
where access to modern cooking fuels is still abysmally
low [15, 52].

In Nigeria, several studies have investigated house-
hold energy consumption preferences [9, 12, 13, 20, 21].
For example, Oyekale [12] examined the factors affecting
Nigerians’” access to electricity supply and their usage of
modern cooking fuels, relying on the old version of the
Demographic and Health Survey (DHS) conducted in
2008. The study found that access to electricity has grown
significantly among urban and educated households, with
a similar conclusion reached regarding access to modern
cooking energy sources. Ogwumike et al. [13] examined
a much older version of the data based on a 2004 survey
and indicated that most Nigerian households lack access
to modern energy sources. This finding differs slightly
from those reported by Oyekale [12], possibly due to
gains made between 2004 and 2008. Other studies have
used the 2013 Nigeria DHS and found significant differ-
ences in the type of cooking fuels used by rural and urban
households, with wealth and levels of education among
the major determinants [20, 21]. Buba et al. [21] noted a
gender gap, mainly in the case of biomass fuel type usage,
which was also noted by De Abreu et al. [9].

However, some limitations of many of these previous
studies are the failure to use nationwide data and the
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use of older versions of DHS datasets [9, 12]. Therefore,
the current study aimed to reassess the subject matter
using the latest national dataset, which provides a better
nationwide representation of the situation compared to
most previous studies. Moreover, the study categorizes
the dataset into traditional and modern energy sources,
which is useful for tracking progress towards achieving
SDG-7. The study analysed household cooking energy use
according to fuel type in the Nigerian context, systemati-
cally accounting for the impacts of crucial factors such as
the rural-urban divide, gender differences, educational
achievements, regional variations, and household socio-
economic status on energy choices. Investigating these
key factors influencing energy consumption can inform
targeted interventions in marginalized areas, thereby
addressing the fundamental challenges of access to mod-
ern energy options. The insights from this study are cru-
cial for achieving SDG-7 targets, which has gained more
relevance in contemporary studies [8, 36, 53, 54]. There-
fore, this study aimed to narrow the existing gap in the
literature about household energy consumption and con-
tribute to a better understanding of the subject matter.

Methods

The 2018 Nigeria DHS is the sixth wave of a cross-sec-
tional, nationwide survey of a representative sample of
40,427 households selected through a two-stage stratified
sampling technique. The survey report from the National
Population Commission describes the sampling proce-
dure and the questionnaire used. Some trained surveyors
asked household heads or their representatives a series
of questions, including “What type of fuel does your
household mainly use for cooking?” Out of the total sam-
ple, 39,761 households (98.35%) reported using a variety

Table 1 Descriptive statistics of key study variables
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of cooking fuels and were included in the present study.
However, 666 households (1.65%) reported not cooking
food in their houses and were therefore excluded from
the analysis. The study categorized household energy
sources according to the classification used in monitor-
ing the SDG-7 targets for all countries. Electricity, LPG,
natural gas, biogas, and kerosene are classified as modern
household energy sources. Non-modern energy sources,
such as wood, biomass (straw, shrubs, grass, agricultural
crops), and charcoal/coal/lignite were considered tradi-
tional sources.

Table 1 displays the variables used in this study,
including the dependent variable and socioeconomic
and demographic variables (independent variables).
The study employed descriptive statistics alongside the
binary logistic regression (BLR) technique to explore
the determinants of household energy consumption.
The BLR is appropriate for this study because it models
the relationship between a binary dependent variable
and several independent variables, as utilized in similar
studies [39, 55]. This study aimed to predict the likeli-
hood of a Nigerian household using one of two energy
sources (binary outcome: 1=modern energy source and
O=traditional source) using several predictor variables,
including gender, age, education, wealth index, place of
residence, and region. Additionally, Pearson’s Chi-square
analysis was applied to assess whether significant rela-
tionships between household cooking energy choices
and their socioeconomic and demographic factors exist,
which is suitable for categorical variables with two or
more independent groups [20, 56]. This study conducted
basic summary statistics of key variables that potentially
influence access to energy in Nigeria (Table 1). The sta-
tistics indicate that traditional energy sources dominate

Variable Description

Household energy source (DV)
Wealth index

Gender of household head
Age of household head

1-37 (x=4.71,0=3.17)
1-24 (x=2.23,0=1.44)

Household size

Total number of bedrooms
Place of residency
Geopolitical region

O=traditional (74.24%), 1
1=poorest (17.87%), 2=poorer (19.27%), 3=middle (22.97%), 4=richer (21.58%), 5=richest (19.32%)
1=male (80.72%), 2 =female (19.28%)

15-98 (x=45.84,0=15.63)

=modern (25.76%)

1=urban (41.58%), 2=rural (58.42%)
1 =North-central (18.07%), 2 =Northeast (15.51%), 3=Northwest (19.69%), 4 = Southeast (13.56%),

5=South-south (15.51%), 6 =Southwest (17.66%)
State 1-37 (36 states of Nigeria and the FCT)

Highest education level

0=no formal education (12.46%), 1 =primary (8.58%), 2 =secondary (12.79%), 3=higher (6.60%)

Connected to electricity
Ownership of agricultural land
Ownership of livestock

0=No (41.3%), 1 =Yes (58.7%)
0=No (40.4%), 1 =Yes (59.6%)
0=No (55.6%), 1 =Yes (44.4%)
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the study area, accounting for over 74%, while modern
energy sources—electricity, LPG, natural gas, biogas, and
kerosene—account for approximately 26% of households.

Results
This section focuses on the empirical results and discus-
sion of the investigated themes. It begins with the basic
summary statistics, which are pertinent in an empiri-
cal study as a preliminary analysis, prior to exploring
the influence of socioeconomic variables on household
energy choices and the results of regression analysis
of the predictors of using modern or traditional energy
sources. The results reveal the types of household cook-
ing fuels in Nigeria, with wood, kerosene, and LPG the
predominant options. It is worrisome from an environ-
mental sustainability perspective that wood energy,
which largely accounts for the significant level of defor-
estation vis-a-vis environmental degradation, ranks
first (67.6%). The statistics show that traditional energy
sources dominate the study area at over 74%, while mod-
ern energy sources account for approximately 26%.
Among the modern cooking options, kerosene shows
strong dominance (13.5%). Kerosene consumption in

Biomass
Wood

Charcoal/coal/lignite
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Nigeria has raised controversy, with fluctuations in
pump prices over the years. LPG is the second-lead-
ing modern cooking energy source, used by 10.5% of
households, while biogas is the least modern energy
option for used as cooking fuel. The results shown in
Fig. 1 highlight the dominance of wood and biomass
(straw/shrubs/grass/agricultural crops) over electricity,
biogas, and natural gas.

The present study subsequently explored the influ-
ence of rural-urban dynamics on household energy
consumption in Nigeria, which was found to be sta-
tistically significant, with a Chi-square value (y?) of
5785.1, degree of freedom (df) of 1, and p-value (p) of
0.001 (Fig. 2). In rural areas, traditional energy sources
dominate cooking options, accounting for over 51% of
households. This overwhelming proportion of tradi-
tional energy users, compared to 22.7% of households
in urban areas, explains the environmental issues of
poor air quality and human health risks from using
such cooking sources in the countryside. Nigeria’s rural
dwellers are largely subsistence farmers, poor, and
less aware of the environmental and health benefits of
using modern cooking sources. Conversely, more urban

Kerosene
Biogas
Natural gas
LPG
Electricity
0 5000 10000 15000 20000 25000 30000
Fig. 1 Household energy sources in Nigeria, 2018 (n=39,761)
Rural areas 6.83%
Urban areas 18.93%
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00%

B Traditional energy sources

Fig. 2 Rural-urban divide in household energy sources (x*=5,785.1, df=

Modern energy sources
1,p=0001)
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households (18.9%) tend to utilize modern energy
sources than rural households (6.8%).

The study also investigates the influence of gender
dynamics on household energy use choices. The case
of Nigeria shows interesting statistics, as presented in
Fig. 3. Male-headed households used traditional cooking
fuel (60.9%) significantly more frequently than female-
headed households (13.4%). Also, 19.9% of male-headed
households used modern energy sources as compared to
female-headed households (5.9%). The plausible explana-
tion for male-headed household dominance in energy use
(traditional) compared with female-headed households is
demonstrated by less willingness to use modern energy
sources among both genders, as outlined in Fig. 3. Inter-
estingly, both genders use fewer modern energy sources,
which is not desirable for environmental sustainability.

The study also examines the pertinent influence of soci-
oeconomic status (wealth index), calibrated on a 5-point
Likert scale (poorest, poorer, middle income, richer, and
richest) on household energy choices (Fig. 4). Wealth
index or divide also plays a key role in access to energy,
with 23.5% of the richest and richer households having
access to modern energy, while middle-class and poor

Female household heads
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households account for only 2.3%. The strata with low
purchasing power, the poorest, poor, and middle income,
demonstrate a strong preference for traditional cooking
energy. More logically, households with higher purchas-
ing power (wealth status) prefer modern energy sources
for cooking. Thus, Fig. 4 underscores the implication of
income distribution on cooking energy use among Nige-
rian households.

Furthermore, this study demonstrates the role of edu-
cation attainment in the household choice of cooking
energy. Education has been identified as an important
factor for the socioeconomic development of any soci-
ety, including household decisions on energy choices.
The results shown in Fig. 5 highlight the pertinent role of
education level on the choice of cooking energy options.
The results disclose that Nigerian household heads with
less education attainment (secondary education or less)
prefer traditional cooking energy sources over modern
ones. This expected result suggests that education level
plays a vital role in energy preference. In contrast, house-
holds with higher education levels prefer modern energy
options more than households with lower education
attainment. This result is instructive and resonates with

Male household heads 19.86%
0.00% 20.(I)O% 40.(;0% 60.(IJO% 80.(I)0% 100.IOO%
B Traditional energy sources Modern energy sources
Fig. 3 The influence of gender on household energy sources (x>=116.68, df=1, p=0.001)
Richest
Richer
Middle 2.04%
Poorer 0.21%
Poorest 0.03%
0.00% 5.00% 10.00% 15.00% 20.00% 25.00%

B Traditional energy sources

Modern energy sources

Fig. 4 The influence of wealth index on household energy sources (x*=19,008.3, df=4, p=0.001)
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Higher
Secondary
Primary
No formal education 15.70%
0.00% S.OIO% 10.(IJO% 15.(I)O% 20.(IJO% 25.(IJO% 30.(I)0% 35.(IJ0% 40.(IJO% 45.CI)0% 50.(IJ0%

B Traditional energy sources

Modern energy sources

Fig. 5 The influence of educational attainment on household energy sources (x>=6552.9, df=3, p=0.001)

the income distribution of households and its impact on
cooking energy choices. This finding implies that higher-
income strata in Nigeria are coincidentally well-educated
and much more aware of the need for energy efficiency
and environmental sustainability via adopting modern
cooking energy.

This study also examines the regional variation in
household energy use as outlined in Fig. 6. The results
indicate a statistically significant (p=0.001) divide in
energy use across the six geopolitical regions of Nigeria.
Northwest, northeast, and north-central Nigeria dem-
onstrate high levels of preference for traditional cooking
energy. The result of northern Nigeria showing a high
affinity for traditional cooking energy is further explained
by the region’s high poverty rates and low levels of edu-
cation attainment. Conversely, Nigeria’s southern regions
show less affinity for traditional cooking energy and high
levels of preference for modern energy sources. The plau-
sible reason is tied to the fact that the southern part of
Nigeria holds the nation’s economic nerve centre of oil

energy, including its exploration, production, and mar-
keting. However, the southern region of Nigeria has suf-
fered spill-over effects from oil energy exploration by
multinational corporations in the region.

Finally, this study explored the likelihood of applying
modern or traditional energy sources among Nigerian
households using a BLR analysis, as illustrated in Table 2.
The regression analysis explores several predictors of
modern energy source usage. The results reveal a posi-
tive and statistically significant relationship between geo-
political zone and utilization of modern energy sources
in Nigeria, indicating that regional variances have a key
influence on household preference for cooking energy in
the country. This result aligns with the outcomes shown
in Fig. 6 and the study from [62]. Also, high wealth index,
highest education levels, ethnicity, and state of residence
of household head all exhibited a positive and significant
statistical relationship with the likelihood of adopting
modern energy sources for cooking. Conversely, house-
holds with a female head, in rural areas, with ownership

SW 10.52%
SS
SE
NW 1.09%
NE 0.52%
NC 3.39%
0.00% 2.00% 4.00% 6.00% 8.00%  10.00% 12.00% 14.00% 16.00% 18.00%

B Traditional energy sources

20.00%

Modern energy sources

Fig. 6 The influence of geopolitical region on household energy sources (y>=8,708.2, df=5, p=0.001)
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Variable Coef. Std. error z P>|z| [95% Conf. interval]

Household size —0.1946 0.0096 —-2033 0.001 -02134 -0.1759
Geopolitical zone 0.2651 0.0153 17.38 0.001 0.2352 0.2950
Place of residence -05314 0.0440 -12.09 0.001 -06175 — 04452
Gender of household head —0.1587 0.0491 -323 0.001 —0.2550 —0.0624
Age of household head —-0.0101 0.0015 —-6.77 0.001 —-0.0130 —0.0072
Ownership of agricultural land —0.9200 0.0444 -20.72 0.001 —1.0070 —-0.8329
Ethnicity of household head 0.1386 0.0249 557 0.001 0.0898 0.1873
Ownership of livestock — 04838 0.0496 -9.76 0.001 —-05810 —0.0387
Wealth index 2.0439 0.0480 42.60 0.001 1.9499 2.1380
Highest education level 0.2686 0.0262 10.26 0.001 02173 0.3200
State of residence 0.0044 0.0003 13.21 0.072 0.0038 0.0051
Connected to electricity —0.1000 0.0556 -1.80 0.001 —0.2088 0.0090
_constant — 064617 0.3642 —-17.74 0.001 - 71754 —5.7479

n=39,761, log likelihood = — 8681.0708, pseudo-R?=0.6173; Chi-square (df=32) =28,006.75; p=0.001

of land and livestock, and with lack of access to electricity
have a lower likelihood of using modern energy sources
for cooking. Similarly, household size and the age and
gender of the household head, highlighted in the model,
have an inverse relationship with the likelihood of using
modern energy sources.

Discussion

The results indicate a significant reliance on traditional
energy sources (74%) compared to modern energy
sources (26%) in Nigeria. This imbalance suggests that a
larger proportion of Nigeria’s energy mix consists of con-
ventional and non-renewable sources, which are major
contributors to CO, emissions [31]. To promote human
health and environmental sustainability, there is a need
for a shift towards modern energy sources [57, 58]. Wood
is the dominant traditional energy source (67.6%), pri-
marily due to the prevalence of low income levels and
rural living conditions in the Nigerian population. This
reliance on wood has contributed to increasing defor-
estation rates in Nigeria, with implications for deserti-
fication and climate change. Between 1990 and 2012,
Nigeria’s forest coverage decreased by almost half, from
18.9 to 9.8% of the total land-mass [55].

The findings also reveal that urban households are
more likely (18%) to use modern cooking fuels than
their rural counterparts (6.8%). This disparity can be
attributed to higher income and education levels among
urban dwellers, enabling them to afford and access mod-
ern cooking energy sources. However, modern cooking
fuels still represent a smaller share of the overall energy
mix for both rural and urban areas despite their cleaner
and more environmentally friendly nature. The cost

implications associated with modern energy options in
Nigeria likely contribute to this situation.

Moreover, male-headed households demonstrate a
preference for traditional cooking energy sources, using
them more than three times as often as modern sources.
Similarly, female-headed households also rely on tradi-
tional fuels, although to a lesser extent. These findings
support the established notion that traditional cooking
energy dominates in Nigeria, particularly among male-
headed households.

Regarding the influence of wealth status on cooking fuel
consumption, the results indicate that the use of a mod-
ern cooking fuel increases with a higher wealth index,
moving from the poorest to the richest households. Con-
versely, the use of traditional cooking fuels decreases as
the wealth index increases. This income stratification
highlights the need for policy interventions to address
income inequality in Nigeria, particularly between the
richest and poorest households. Bridging this gap would
facilitate the adoption of modern energy sources for
cooking [59-61]. It is crucial to implement income redis-
tribution measures, improve the economic structure, and
promote job creation and small and medium enterprises
in the Nigerian economy.

Education attainment also plays a significant role in
cooking energy use, although not in a linear manner. The
usage of traditional cooking fuel generally decreases with
higher education levels, except for household heads with
a secondary education, who use it more than those with
only a primary education. This finding aligns with the
SD Goal 4 (SDG-4) objective of promoting inclusive and
equitable education across genders in all nations. Invest-
ing in education contributes to national development by
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accumulating human capital, leading to long-term pro-
ductivity and economic growth.

Different geopolitical regions in Nigeria exhibit vary-
ing preferences for cooking fuel, influenced by their dis-
tinct geography, climate, and culture. The southwest and
south—south regions report substantial usage of modern
cooking fuels, while the northeast and northwest regions
rely more on traditional cooking fuels. These regional
disparities emphasize the need for stakeholders in the
energy sector to consider the energy mix across geopolit-
ical divisions in Nigeria and address the variations, taking
into account their impacts on climate change.

Overall, this empirical investigation highlights the sig-
nificant factors influencing the likelihood of Nigerian
households using modern or traditional energy sources.
These predictors have important implications for the
nexus of energy, poverty, and sustainability in Nigeria.
First, promoting equity in education across all geopo-
litical regions and genders can have profound effects on
sustainable development in line with SDG-4. Education
plays a crucial role in creating awareness about the green
economy, but it comes at a cost. Thus, public—private
partnerships should be pursued to improve the education
sector. Second, wealth distribution is another key factor
in access to and preference for modern energy sources.
However, there is a significant disparity in wealth distri-
bution in Nigeria. Therefore, the federal and state gov-
ernments should implement programmes that reduce
income inequality [58]. Reducing income disparities
among regions and between male and female household
heads will undoubtedly increase the likelihood of adopt-
ing modern energy sources in Nigeria and promote envi-
ronmental sustainability. The next section will conclude
with policy recommendations.

Conclusions

This study provides valuable insights into the factors
determining household energy consumption in Nigeria,
considering the relevance of SDG-7 (access to modern
cooking energy), SDG Goal 12 (responsible energy con-
sumption), SDG Goal 13 (climate change mitigation),
and SDG Goal 8 (economic growth). The study applied a
combination of descriptive analysis, Chi-square, and BLR
techniques to examine the relationships of traditional or
modern energy sources with geographical distribution
and sociodemographic factors among Nigerian house-
holds. Specifically, the study explores the nexus between
traditional energy sources (including biomass, wood,
charcoal/coal/lignite) or modern cooking fuels (e.g. elec-
tricity, LPG, natural gas, biogas, and kerosene) and geo-
graphical distribution (regional and rural-urban divides)
and household sociodemographics, including gender,
education attainment, and wealth distribution (richest,
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richer, middle, poorer, and poorest). The findings indi-
cate that these geographical and sociodemographic fac-
tors are significantly associated with household energy
usage, which creates important implications for policy
and practice, particularly in reducing gender, education,
wealth, and regional inequalities, to improve access to
modern energy sources. It underscores the key results
and their implications for energy policy directions.

The demographics of cooking energy consumption
in Nigeria reveals? that traditional sources (74.24%) are
more commonly used in households than are modern
sources (25.76%) nationwide. The findings also show that
while 19.86% of male-headed households have access to
modern energy sources, 60.96% of them use traditional
energy sources. In contrast, only 5.90% of female-headed
households have access to modern energy sources, and
they rely more on traditional energy sources (13.38%).
Traditional energy sources are predominantly used in
the northern region (14.7-18.6%), while modern energy
source usage was the least (0.5-3.4%). In contrast, the use
of modern energy sources is the highest among southern-
ers (10.5%). Moreover, logistic regression analysis identi-
fied significant factors influencing the likelihood of using
modern energy sources in Nigeria, including household
size; geopolitical zone; place of residence; connection to
electricity; gender, age, and ethnicity of household head;
ownership of livestock and agricultural land; wealth
index; and education level. However, state of residence
was found to be non-significant in determining access
to modern energy sources in the country. These findings
provide useful policy recommendations that include the
following:

+ Addressing gender, wealth, and regional disparities in
access to household energy can help improve access to
modern energy sources. While poverty alleviation pro-
grammes (e.g. skills training, education, microfinance,
and agricultural development) can narrow the gender
gap and empower households to adopt modern energy
sources. Public awareness can discourage the usage of
traditional energy sources, and awareness campaigns
through government, community-based organizations,
and private participation can educate households about
the benefits of modern energy sources, including their
positive impact on health, the environment, and eco-
nomic development. This policy recommendation is
crucial because the increased use of wood and charcoal,
as agents of climate change disasters, leads to deforesta-
tion.

+ Instead of the age-long policy of providing huge
fossil-fuel subsidies, the government should invest
more and provide subsidies and incentives targeted
at developing modern and renewable energy services.
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Similarly, energy tax policies, subsidies for clean
energy technologies, and the development of energy-
saving devices are useful approaches to encourage
energy diversification and discourage traditional
energy dependency.

+ In addition to these policy recommendations, the
Nigerian government, in collaboration with the pri-
vate sector, could pursue building or housing energy-
efficient specifications like the European Union’s
Energy Performance of Buildings Directive 2010/31/
EU (EPBD) and the Energy Efficiency Directive
2012/27/EU. Therefore, policymakers and stakehold-
ers should prioritize public—private partnerships for
investment in the energy sector. However, caution
is needed in transitioning from traditional energy
sources to modern energy sources, which are cleaner
and more efficient than traditional sources.

The present study makes an important contribution by
assessing the determinants of household energy utiliza-
tion in Nigeria. It highlights the need to promote modern
energy sources because traditional energy sources, such
as firewood, biomass, and charcoal, which are dominant

Fig. 7 Access to electricity and distribution of power stations across Nigeria
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among Nigerian households, have adverse health and
environmental consequences, including deforestation
and poor indoor air quality. One limitation of the study
is its reliance on cross-sectional data which could not
be used to identify trends over time. Future research is
needed to investigate the efficacy and challenges of exist-
ing government policies and initiatives in promoting the
use of modern energy sources. Furthermore, this study
mainly looked at the influencing role of several socioeco-
nomic factors on household energy use in Nigeria rather
than any associations among the socioeconomic factors,
such as the relationship between wealth and gender of
the household head or between wealth and education.
Therefore, future studies can also explore this direction,
as well looking at the effects of socioeconomic factors on
the use of each of the clean energy sources.

Appendix A
See Fig. 7.

Access to Electricity (%)

North East - 29.0%
Naorth West — 38 0%
North Central - 54.1%
South West - 79.3%
South East - 68.8%
South South - 67.2%

Power Stations

A Existng Power Stations
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LPG Liquefied petroleum gas

SDGs  Sustainable development goals

PPP Prioritize public—private partnerships
UK United Kingdom

Acknowledgements

The authors thank the DHS Program, the source of the 2018 Nigeria DHS data-
set used in this study. They acknowledge the Editor and anonymous reviewers
for their comments toward improving the quality of this manuscript.

Author contributions

Ismaila Rimi Abubakar (data curation, conceptualization, analysis, and review);
Andrew Adewale Alola (writing and review of introduction, conclusion); Festus
Victor Bekun (discussion of the results); Stephen Taiwo Onifade (writing of
literature).

Funding
No funding has been received.

Availability of supporting data
Data source has been declared in the relevant part of the manuscript. Freely
available online database, which will be available upon request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Authors do not have any conflict of interest.

Author details

'College of Architecture and Planning, Imam Abdulrahman Bin Faisal
University (Formerly, University of Dammam), PO Box 1982, 31441 Dammam,
Saudi Arabia. ?CREDS-Centre for Research on Digitalization and Sustainability,
Inland Norway University of Applied Sciences, 2418 Elverum, Norway. *Faculty
of Economics Administrative and Social Sciences, Istanbul Gelisim University,
Istanbul, Turkey. *Adnan Kassar School of Business, Department of Economics,
Lebanese American University, Beirut, Lebanon. °Department of Economics,

School of Accounting and Finance, University of Vaasa, 65200 Vaasa, Fl, Finland.

Received: 12 March 2023 Accepted: 7 April 2024
Published online: 05 June 2024

References

1. Hasan MA, Abubakar IR, Rahman SM, Aina YA, Chowdhury MM,
Khondaker AN (2020) The synergy between climate change policies and
national development goals: implications for sustainability. J Clean Prod
249:119369

2. United States Energy Information Administration (2020a) How the
United States uses energy. https://www.eia.gov/energyexplained/use-of-
energy/. Accessed 24 Aug 2021

3. Wolske KS, Gillingham KT, Schultz PW (2020) Peer influence on household
energy behaviours. Nat Energy 5(3):202-212

20.

21

22.

23.

24.

25.

26.

27.

Page 12 of 13

United States Energy Information Administration (2020b) Energy use in
homes. https://www.eia.gov/energyexplained/use-of-energy/homes.
php. Accessed 24 Aug 2021

European Commission (2021) Energy consumption in households.
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=
Energy_consumption_in_households. Accessed 24 Aug 2021

Galvin R, Sunikka-Blank M (2018) Economic inequality and household
energy consumption in high-income countries: a challenge for social
science-based energy research. Ecol Econ 153:78-88

Ghosh S (2019) Environmental pollution, income inequality, and house-
hold energy consumption: evidence from the United Kingdom. J Int Econ
Commer Policy 10(02):1950008

Daioglou V, Van Ruijven BJ, Van Vuuren DP (2012) Model projections for
household energy use in developing countries. Energy 37(1):601-615

De Abreu MW, Ferreira DV, Pereira AO Jr, Cabral J, Cohen C (2021) House-
hold energy consumption behaviors in developing countries: a structural
decomposition analysis for Brazil. Energy Sustain Dev 62:1-15

. Dzioubinski O, Chipman R (1999) Trends in consumption and production:

household energy consumption (No. 6). United Nations, Department of
Economic and Social Affairs. http://www.un.org/esa/papers.htm

. Mensah JT, Adu G (2015) An empirical analysis of household energy

choice in Ghana. Renew Sust Energ Rev 51:1402-1411

. Oyekale AS (2012) Assessment of households'access to electricity and

modern cooking fuels in rural and Urban Nigeria: insights from DHS data.
Life SciJ 9(4):1564-1570

. Ogwumike FO, Ozughalu UM, Abiona GA (2014) Household energy

use and determinants: evidence from Nigeria. Int J Energ Econ Pol
4(2):248-262

. EkholmT, Krey V, Pachauri S, Riahi K (2010) Determinants of household

energy consumption in India. Energ Policy 38(10):5696-5707

. Garba , Bellingham R (2021) Energy poverty: estimating the impact of

solid cooking fuels on GDP per capita in developing countries-case of
sub-Saharan Africa. Energy 221:119770

. Alola AA, Yildirim H (2019) The renewable energy consumption by sectors

and household income growth in the United States. Int J Green Energ
16(15):1414-1421

. Pandey VL, Chaubal A (2011) Comprehending household cooking energy

choice in rural India. Biomass Bioenerg 35(11):4724-4731

. Saint Akadiri S, Alola AA, Usman O (2021) Energy mix outlook and the

EKC hypothesis in BRICS countries: a perspective of economic freedom vs
economic growth. Environ Sci Pollut R 28(7):8922-8926

. Nwaka ID, Uma KE, Ike GN (2020) Determinants of household fuel choices

among Nigerian family heads: are there gender-differentiated impacts?
Environ Sci Pollut R 27(34):42656-42669

Ifegbesan AP, Rampedi IT, Annegarn HJ (2016) Nigerian households’
cooking energy use, determinants of choice, and some implications for
human health and environmental sustainability. Habitat Int 55:17-24
Buba A, Abdu M, Adamu |, Jibir A, Usman YI (2017) Socio-economic deter-
minants of households fuel consumption in Nigeria. Int J Res-Granthaal-
ayah 5(10):348-360

The World Bank (2020) World Development Indictors. https://data.world
bank.org/. Accessed April 2021

Ogbeide-Osaretin EN (2020) Analysing energy consumption and poverty
reduction nexus in Nigeria. Int J Sust Energ 1-17

Cevik S, Erdogan S, Stephen T, Asongu S, Bekun FV (2020) An empirical
retrospect of the impacts of government expenditures on economic
growth: new evidence from the Nigerian economy. J Econ Struc 9(1):6
Nathaniel SP, Bekun FV (2020) Environmental management amidst
energy use, urbanization, trade openness, and deforestation: The Nige-
rian experience. J Public Aff 20(2):e2037

Agboola P, Stephen TO, Bekun FV, Altuntas M (2022) How do technologi-
cal innovation and renewables shape environmental quality advance-
ment in emerging economies: an exploration of the E7 bloc? Sustain Dev
30(4):1-13

United States Agency for International Development (2022) United
States Agency for International Development (2022). Power Africa Nigeria
Power Sector Program Off-Grid Market Intelligence Report. Accessed 10
Sept 2023.


https://www.eia.gov/energyexplained/use-of-energy/
https://www.eia.gov/energyexplained/use-of-energy/
https://www.eia.gov/energyexplained/use-of-energy/homes.php
https://www.eia.gov/energyexplained/use-of-energy/homes.php
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_consumption_in_households
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_consumption_in_households
http://www.un.org/esa/papers.htm
https://data.worldbank.org/
https://data.worldbank.org/

Abubakar et al. Energy, Sustainability and Society

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.
50.
51

52.

(2024) 14:29

IEA (2011) World Energy Outlook 2011; International Energy Agency:
Paris, France, 2011. Available at: https://www.iea.org/reports/world-
energy-outlook-2011. Accessed Apr 2023.

Oseni MO (2012) Households’access to electricity and energy consump-
tion pattern in Nigeria. Renew Sust Energ Rev 16(1):990-995

Dimnwobi SK, Madichie CV, Ekesiobi C, Asongu SA (2022) Financial devel-
opment and renewable energy consumption in Nigeria. Renew Energ
192:668-677

Bekun FV, Alola AA, Sarkodie SA (2019) Toward a sustainable environ-
ment: Nexus between CO2 emissions, resource rent, renewable and non-
renewable energy in 16-EU countries. Sci Total Environ 657:1023-1029
Kolokotsa D, Santamouris M (2015) Review of the indoor environmental
quality and energy consumption studies for low-income households in
Europe. Sci Total Environ 536:316-330

Réty R, Carlsson-Kanyama A (2010) Energy consumption by gender in
some European countries. Energ Policy 38(1):646-649

Sahakian M, Rau H, Grealis E, Godin L, Wallenborn G, Backhaus J, Friis F,
Genus AT, Goggins G, Heaslip E, Heiskanen E (2021) Challenging social
norms to recraft practices: a Living Lab approach to reducing household
energy use in eight European countries. Energ Res Soc Sci 72:101881
Rahut DB, Ali A, Mottaleb KA, Aryal JP (2020) Understanding households'
choice of cooking fuels: evidence from urban households in Pakistan.
Asian Deve Rev 37(1):185-212

Sanchez CSG, Ferndndez AS, Peird MN (2020) Feminisation of energy
poverty in the city of Madrid. Energ Build 223:110157

Lutzenhiser L (1992) A cultural model of household energy consumption.
Energy 17(1):47-60

Ravindra K, Kaur-Sidhu M, Mor S, John S (2019) Trend in household
energy consumption pattern in India: a case study on the influence

of socio-cultural factors for the choice of clean fuel use. J Clean Prod
213:1024-1034

Sana A, Kafando B, Dramaix M, Meda N, Bouland C (2020) Household
energy choice for domestic cooking: distribution and factors influenc-
ing cooking fuel preference in Ouagadougou. Environ Sci Pollut R
27:18902-18910

Bisu DY, Kuhe A, lortyer HA (2016) Urban household cooking energy
choice: an example of Bauchi metropolis, Nigeria. Energ Sust Soc
6(1):1-12

Paudel U, Khatri U, Pant KP (2018) Understanding the determinants

of household cooking fuel choice in Afghanistan: a multinomial logit
estimation. Energy 156:55-62

Martiskainen M, Coburn J (2011) The role of information and communica-
tion technologies (ICTs) in household energy consumption—prospects
for the UK. Energ Effic 4(2):209-221

Zhou K, Yang S (2016) Understanding household energy consumption
behavior: the contribution of energy big data analytics. Renew Sust Energ
Rev 56:810-819

Navamuel EL, Morollén FR, Cuartas BM (2018) Energy consumption and
urban sprawl: evidence for the Spanish case. J Clean Prod 172:3479-3486
Sun C, Ouyang X, Cai H, Luo Z, Li A (2014) Household pathway selection
of energy consumption during urbanization process in China. Energ
Convers Manage 84:295-304

Geppert J, Stamminger R (2013) Analysis of effecting factors on domestic
refrigerators’ energy consumption in use. Energ Convers Manage
76:794-800

Onifade ST, Alola AA, Erdodan S, Acet H (2021) Environmental aspect of
energy transition and urbanization in the OPEC member states. Environ
SciPollut R 1-12.

Borozan D (2018) Regional-level household energy consumption deter-
minants: The European perspective. Renew Sust Energ Rev 90:347-355
Phimister E, Vera-Toscano E, Roberts D (2015) The dynamics of energy
poverty: evidence from Spain. Econ Energy Env Pol 4(1):153-166

Herrero ST (2017) Energy poverty indicators: a critical review of methods.
Indoor Built Environ 26(7):1018-1031

Karpinska L, Smiech S (2020) Invisible energy poverty? Analysing housing
costs in Central and Eastern Europe. Energy Res Soc Sci 70:101670
Dagnachew AG, Hof AF, Lucas PL, van Vuuren DP (2020) Scenario analysis
for promoting clean cooking in Sub-Saharan Africa: costs and benefits.
Energy 192:116641

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Page 13 of 13

Onifade ST, Alola AA (2022) Energy transition and environmental quality
prospects in leading emerging economies: the role of environmental-
related technological innovation. Sustain Dev 30(2):1-13

Asongu SA, Odhiambo NM (2021) Inequality and renewable energy con-
sumption in Sub-Saharan Africa: implication for high income countries.
Inno: Eur J Soc Sci 1-17

Abubakar IR (2021) Predictors of inequalities in land ownership among
Nigerian households: implications for sustainable development. Land
Use Policy 101:105194

Abubakar IR (2021) Understanding the socioeconomic and environ-
mental indicators of household water treatment in Nigeria. Util Policy
70:101209

Malik K, Rahman SM, Khondaker AN, Abubakar IR, Aina YA, Hasan

MA (2019) Renewable energy utilization to promote sustainability

in GCC countries: policies, drivers, and barriers. Environ Sci Pollut R
26(20):20798-20814

Sarkodie SA, Strezov V (2018) Empirical study of the environmental
Kuznets curve and environmental sustainability curve hypothesis for
Australia, China, Ghana and USA. J Clean Prod 201:98-110

Destek MA, Sinha A, Sarkodie SA (2020) The relationship between
financial development and income inequality in Turkey. J Econ Struct
9(1):1-14

Sarkodie SA, Adams S (2020) Electricity access, human development
index, governance and income inequality in Sub-Saharan Africa. Energy
Rep 6:455-466

Xu C, Han M, Dossou TAM, Bekun FV (2021) Trade openness, FDI, and
income inequality: evidence from sub-Saharan Africa. Afr Dev Rev
33(1):193-203

Kaygusuz K (2011) Energy services and energy poverty for sustainable
rural development. Renew Sust Energ Rev 15(2):936-947

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.iea.org/reports/world-energy-outlook-2011
https://www.iea.org/reports/world-energy-outlook-2011

	Investigating the determinants of household energy consumption in Nigeria: insights and implications
	Abstract 
	Background 
	Results 
	Conclusions 

	Highlights 
	Background
	Literature review
	Methods
	Results
	Discussion
	Conclusions
	Appendix A
	Acknowledgements
	References


