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ABSTRACT

In sub-Saharan African countries, exposure to air pollutants, such as fine particulate matter (PMys), in the
residential sector is a serious environmental issue which causes health problems. Identifying the driving factors
of such air pollutants is significant to formulate policies to reduce emissions and achieve a sustainable society.
This study examined five socioeconomic drivers (emission intensity, the share of each energy source, energy
intensity, household size, and the number of households) for energy-related air pollutants (PMj s, nitrogen oxide,
and non-methane volatile organic compounds) from the residential sector in Ghana and Nigeria from 1990 to
2018 using index decomposition analysis. Furthermore, we compared the similarities and differences in the
driving factors of the two countries that showed different emission trends. We identified factors contributing to
increasing/decreasing emissions in the two countries. In particular, the household effect is an increasing factor
for both countries, while the household size effect is a decreasing factor. By contrast, the emission intensity,
energy type, and energy intensity factors affect differently for the two countries. This finding suggests that

energy-related policy considerably impacts the trends of air pollutant emissions from the residential sector.

Introduction

In recent times, issues about the environment have been pivotal to
research and policy due to the global goals to achieve sustainability. The
school of thought that economic growth and the pursuit of other eco-
nomic goals should not come at the expense of the environment and the
natural resources needed for achieving economic and welfare goals has
become popular; thus, prompting actions in favor of environmental
sustainability. The Paris Agreement of 2015, for instance, set the goal to
hold the increase in the global average temperature to well below 2 °C
above pre-industrial levels and pursue efforts to limit the temperature
increase to 1.5 °C above pre-industrial levels and aims for net zero
emissions by 2050." To this end, there is a focus on reducing greenhouse
gas (GHG) emissions, and increasingly, researchers and policymakers
are paying attention to global and territorial air quality. Several studies
have focused on carbon dioxide (CO5) emissions and their association
with economic growth, other macro-level economic variables, and

household welfare indicators. These studies have revealed important
relationships between COy emissions on one hand and on the other
hand, economic growth (Pata, 2018; Sarkodie & Strezov, 2018);
industrialization (Kwakwa et al., 2021; Li & Lin, 2015; Sharif, 2011);
urbanization (Chen et al., 2019; Kwakwa et al., 2022; Sharma, 2011);
energy consumption (Adams et al., 2020); foreign direct investment
(Minh, 2020; Opoku et al., 2021); and institutional quality (Bokpin,
2017; Zakaria & Bibi, 2019). These studies have mainly focused on ef-
fects and associations at the macro level.

Besides CO3, however, there are other pollutant emissions, particu-
larly at the household level, but have received little attention in the
literature compared to the attention received by CO,. One of the com-
mon emissions at the household level, especially in developing econo-
mies, is fine particulate matter (PM3 s5). Recently, air pollution, mainly
by PMj 5, is recognized as the second most significant risk factor for
death in Africa after malnutrition and more than 63% of premature
deaths were estimated to be linked to exposure to household air
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pollution (Health Effects Institute, 2022). Even though observations of
PM, 5 are still very limited, the West African region experienced one of
the highest ambient and indoor PM5 5 pollution in Africa (Agbo et al.,
2021; Health Effects Institute, 2022). It is commonly observed at the
household level since it often results from the incomplete combustion of
traditional solid biomass, including firewood and charcoal (Ali et al.,
2021). Therefore, households that use these solid fuels for cooking or
heating commonly emit this pollutant. Recent statistics published by the
Ghana Statistical Service, Ghana's National Statistics Bureau, show that
as of 2021, more than 50% of the population of households across the
country relied on firewood or charcoal as their primary cooking fuel
with a severe situation in many of the administrative regions away from
the capital (Ghana Statistical Service, 2022). At least six in every ten
households in 11 out of Ghana's 16 administrative regions use these fuels
as their primary sources of cooking energy. The situation is not any
different in Nigeria, where the National Bureau of Statistics of Nigeria
reported that 68.3% of all households in Nigeria use biomass for cooking
(Eleri, 2021; National Bureau of Statistics, 2020) with significant dis-
parities which reveal more troubling statistics in some states (Danlami,
2019). These statistics indicate that the considerably large proportion of
residential energy in Ghana and Nigeria sourced from biomass opens
these two countries up for high pollutant emission levels from the resi-
dential sector.

Studies have observed adverse effects of exposure to PMss on
household members who are exposed to these pollutants (Adjei-Mantey
& Takeuchi, 2021; Kurata et al., 2020; Upadhyay et al., 2015). These
studies have often examined the relationships between exposures to the
pollutant and observed effects on the health of household members.
While knowledge on the effects of these pollutant emissions on house-
hold welfare or macroeconomic variables is increasing due to previous
research, there is a dearth of knowledge and literature on the consti-
tuting sources of these pollutant emissions, particularly the household or
residential sector emissions in developing countries. Furthermore, more
could be done concerning empirical literature on pollutant emissions
from the residential sector with regard to pollutants other than PMj 5
(see below for the literature review). This study aims to decompose
energy-related air pollutant emissions from the residential sector in
Ghana and Nigeria, focusing on PMj 5, nitrogen oxide (NOy), and non-
methane volatile organic compounds (NMVOC). Among air pollutants,
PM, 5 has the largest impact on human health, especially in developing
countries. Ozone is also known to greatly influence human health and is
generated from photochemical reactions involving NOx and NMVOC in
the troposphere. Furthermore, the study aims to conduct a comparative
decomposition analysis of these pollutant emissions for Ghana and
Nigeria. Previous studies that have conducted a decomposition analysis
of air pollutants have conducted such studies in countries outside sub-
Saharan Africa (SSA), including China (Hu et al., 2022; Shen & Wang,
2017; Xu et al., 2017; Yang et al., 2019), the Czech Republic (Scasny,
Ang, & Recka, 2021), Sweden (Ustyuzhanina, 2022), the United
Kingdom (Shimamoto, 2017) and the United States (Wang et al., 2020),
and the focus for these studies have not been on residential sector
emissions. Following a thorough literature review, no study was found
focusing on the residential sector in countries in SSA, including Ghana
and Nigeria, where households have a relatively high dependence on
heavily polluting cooking fuels.

Besides, this study fills the gaps in the literature on the sources of
residential sector emissions and for countries in SSA by conducting a
decomposition analysis of the residential pollutant emissions for Ghana
and Nigeria. Decomposition analysis is a well-known tool used to
quantify how much changes in the socioeconomic drivers contribute to
changes in economy-wide environmental impacts, such as COy emis-
sions (Matsumoto et al., 2019), chemical toxicity (Fujii et al., 2017),
water consumption (Zhao & Chen, 2014), coal consumption (Wei et al.,
2020), material use (Weinzettel & Kovanda, 2011), and air pollutant
emissions (Meng et al., 2019) between two periods. For changes in direct
impact, index decomposition analysis (IDA) can be adopted. Since the
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first application of IDA to changes in energy consumption appeared
before 1980, those in sectoral energy consumption and energy-related
CO, emissions have been investigated in various nations and regions
(Ang & Goh, 2016; Xu & Ang, 2013). For African countries, Inglesi-Lotz
and Blignaut (2011) quantified the contribution of factors to energy
consumption in South Africa from 1993 to 2006 and underpinned that
their trends vary substantially among the sectors. Beidari, Lin, and Lewis
(2017) also focused on South Africa, investigating the drivers of CO»
emissions generated by the electricity sector from 1990 to 2013. Ebohon
and Tkeme (2006) conducted IDA to understand the characteristics of
key drivers of CO, emission intensity between oil-producing (including
Nigeria) and non-oil-producing countries (including Ghana) in SSA from
1971 to 1998. Their results showed that the contributions of changes in
economic scale, COy emissions per unit of energy consumption, and
energy consumption per unit of output differed between Nigeria and
Ghana. Other than CO3 emissions, Okorie and Lin (2022) explored the
driving forces of agricultural GHG (focusing on methane and nitrous
oxide) emissions from 1990 to 2019 in Nigeria and found that growth in
the per-capita output was the largest increasing driver of the emissions,
followed by the number of people employed in the agricultural sector
and the reciprocal ratio of employment to the total population. Sun et al.
(2022) compared the patterns and driving forces of GHG emissions
across eight African countries. Although their analysis does not consider
the emission drivers for Nigeria and Ghana, the results indicate the
impact of large-scale foreign investment and the rapid development of
the transport and infrastructure sectors on the emission growth in the
analyzed countries after 2010.

Focusing on the residential sector, however, studies analyzing the
drivers of environmental impact have been limited in economically
developed nations and China. O'Mahony et al. (2012) disaggregated
residential CO; emissions in Ireland for the period 1990-2007 and found
that the total emissions would be reduced by improvements in energy
intensity and the emission coefficient in contrast to an increase in the
number of households. Berrill et al. (2021) examined the key drivers of
changes in both residential energy use and GHG emissions in the United
States from 1990 to 2015 and summarized that improvements in energy
efficiency would not outweigh the increase in the number of households
from population growth and further reductions in household size if the
age distribution, type mix, or average size of dwellings do not change. In
addition to these studies, other studies analyzed the breakdown of
trends in residential CO, emissions across the subnational regions to
understand the regional differences in the key drivers. Shigetomi et al.
(2018) provided a detailed breakdown of the changes in residential CO»
emissions in 47 prefectures in Japan from 1990 to 2015, and Yuan et al.
(2019) demonstrated the decomposition analysis of the residential CO»
emissions in 30 provinces of China between 2007 and 2012. Both studies
identified the importance of population and income growth as the main
drivers of increasing emissions across the regions. Nevertheless, to our
best knowledge, no study identified the drivers of air pollutants directly
generated from the residential sector in both Ghana and Nigeria, nor in
other countries in SSA. Therefore, the main contribution of this study is
to clarify the driving factors of multiple air pollutant emissions in the
residential sector and in SSA, where residential air pollution is a severe
environmental and health issue. We focus on Ghana and Nigeria for our
analysis because they are among the largest economies in West Africa,
from which other countries in the sub-region could draw lessons to
reduce energy-related air pollutant emissions at the national scale
(Fig. 1).

The remainder of the paper is organized as follows: the Methods
section details the methodology adopted for the study, the Results sec-
tion explains the findings, which are discussed in the Discussion section,
and Conclusion section concludes.

Methods

This study applied the logarithm mean Divisia index (LMDI)
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Fig. 1. Locations of Ghana and Nigeria.

approach of IDA (Ang, 2015) to decompose several types of energy-
related air pollutant emissions from the residential sector in Ghana
and Nigeria. This study focuses on PMjy 5, NOx, and NMVOC as air pol-
lutants. The study period is from 1990 to 2018 and is informed by data
availability. Source Apportionment is another way to clarify factors of
pollutant emissions. However, it is a tool for providing information
about source contributions (Adeyemi et al., 2021) using data with fine
special and/or temporal resolutions compared with the decomposition
approach. Although both techniques can be used to obtain information
required for pollution abatement policy, IDA has merit to evaluate the
contribution of various socioeconomic factors to time-series changes in
pollutant emissions, which is appropriate to achieve the purpose of this
study.

Decomposition of air-pollutant emissions

To understand the factors that affect energy-related air pollutant
emissions from the residential sector in Ghana and Nigeria, we first
decomposed the emissions by four variables (final energy demand by
energy source, total final energy demand, population, and the number of
households) as shown in Eq. (1). These variables were selected based on
Shigetomi et al. (2018) who evaluated the driving forces of CO, emis-
sions in the residential sector in Japan. Higher energy demand generally
contributes to higher pollutant emissions. Different energy types have
different emission intensities, which affect pollutant emissions differ-
ently. Also, it is expected that increases in population and the number of
households that use energy contribute to increases in pollutant
emissions.

PE; E; TE P
TPE= PE; =Y — X x—x_xH
e E, 'TE" P H
=) "PEI; x ET; x EI x HS x H, ¢))

where TPE is total pollutant emissions (PMjs 5, NOx, or NMVOC) from the
residential sector of each country (kt), PE; is pollutant emissions by
energy source i (biomass, fossil fuels, and electricity: kt), E; is household
final energy demand of energy source i (TJ), TE is total final energy
demand of the residential sector (TJ), P is the number of population, H is
the number of households, PEI; (= PE; / E;) is the emission intensity, ET;
(= E; / TE) is the share of energy source i in total energy demand, EI (=

TE / P) is energy intensity, and HS (= P / H) is the household size (or the
number of people in each household).

Based on Eq. (1), we decomposed changes in air pollutants from the
residential sector into five different factors: emission intensity (emission
intensity effect), the share of each energy source (energy type effect),
energy intensity (energy intensity effect), household size (household
size effect), and the number of households (household effect). We
identified each effect by the following equations (Egs. (2)-(7)), which
are the multiplicative form of the LMDI approach (Ang, 2015; Shigetomi
et al., 2018).

Total effect:

Total __ TPE(’)
O T TPE,

= DIf! < Df] x Dff % DI ) @
Emission intensity effect:

fol = exp (Z((PEW) — PE; ) )/(Z”PEI'-(!> — Z”PEII(O)) n <PEIi~(f) ) >
t b

~ (TPE(y — TPE(y ) / (InTPE( — InTPE) ) \PEI, o)
3
Energy type effect:
D =exp( Y (PEi( — PEi0))/ (InPEi) — InPE,o) ) | (Eszw )
® ~ (TPEy — TPE( )/ (InTPE(; — InTPE) ) \ETi(0)) |’
(€]

Energy intensity effect:

o s ) 0))

(TPE., — TPEy ) /(InTPE(, — InTPE) ) \El()

i

Household size effect:

DS = exp (Z (PEi — PEi) ) / (InPE; ) — InPE o)) ln(”% ) >

o —~(TPEy — TPE(y )/ (InTPE(, — InTPE5))  \HS(o)

(6)
Household effect:

D = exp (Z (PEi) — PEi))/(InPEiy — InPEio)) (Ho) ) ) e

(TPEq — TPEy )/ (InTPE ) — InTPE() ) \H(o)

i
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where subscripts (t) and (0) indicate the target year and base year,
respectively. In this study, the base year is 1990, and t takes years from
1990 to 2018.

These equations are applied to the emissions of each air pollutant in
each country.

Data

We collected data for variables shown in Eq. (1) from global/inter-
national databases.

Air pollutant emissions were taken from the Emissions Database for
Global Atmospheric Research (EDGAR) of the European Commission.>
Using a consistent estimation way, the EDGAR provides emissions by
sector and energy source (only biomass and fossil fuel) for all countries
in the world,® and we gathered emissions from the residential and other
sectors of both energy sources.” Although we primarily focus on the
residential sector, the choice of sector classification is due to the data
limitation.

Final energy demand by source and the total were taken from the
World Energy Balances of the International Energy Agency (IEA) (In-
ternational Energy Agency, 2020). Because the EDGAR only classifies
the emission sources into biomass and fossil fuel, as mentioned above,
we also aggregated the energy types of the IEA into biomass, fossil fuels,
and electricity. It is worth noting that because air pollutants are not
emitted from electricity use, PEgecricity is considered zero for all years for
both countries.” Although this database has an independent residential
sector, we also added final energy demand of the commercial sector to
be consistent with the data for the emissions. In Ghana and Nigeria, final
energy demand of the residential sector is much larger than the com-
mercial sector. As a result, the decomposition results are not affected
even if we only use the final energy demand of the residential sector. It is
also expected that pollutant emissions from the residential sector will be
much larger than those from the commercial sector in the two countries.

Population data was taken from World Bank (2022), and the number
of households was taken from the database provided by the Helgi
Library.°

Table 1 presents the descriptive statistics of pollutant emissions and
their factors.

Fig. 2 shows the trends of the variables used for our decomposition
analysis by normalizing the 1990 level as one. The total PMj 5 emissions
showed a decreasing trend in Ghana and an increasing trend in Nigeria
(see the Results section for details). In both Ghana and Nigeria, the
population and the number of households increased, but the growth rate
of the number of households is higher. Although electricity consumption
largely increased in both countries, higher growth is observed in Ghana
than in Nigeria. In Ghana, final energy demand from biomass decreased,
while that from fossil fuels (and electricity) increased. By contrast, in
Nigeria, final energy demand from biomass increased, while that from
fossil fuels decreased. This suggests that Ghana successfully replaced
high-polluting energy with low-polluting energy, while that did not
happen in Nigeria.

2 https://edgar.jrc.ec.europa.eu/emissions_data_and_maps

3 Further descriptions of the estimation methodology can be found here (htt
ps://edgar.jrc.ec.europa.eu/methodology).

4 The other sector includes the commercial sector.

5 This study only considers direct emissions. Furthermore, according to the
EDGAR, PM; s emissions from electricity and heat production are much smaller
than those from the residential sector (e.g., less than 0.02 % in 2018 in both
countries), meaning that the emissions from electricity are negligible even if we
consider indirect emissions.

6 https://www.helgilibrary.com/
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Results

Figs. 3-5 show the results of decomposition analysis for PM3 5, NOy,
and NMVOC in Ghana and Nigeria. In Ghana, pollutant emissions
increased until 1999 compared to the 1990 level, but the emissions
decreased since then. In 2018, the emissions had fallen to 44-72% of the
1990 levels. By contrast, in Nigeria, pollutant emissions continuously
increased since 1990 and reached 180-199% of the 1990 levels in 2018.

Because the qualitative trends of time-series pollutant emissions are
similar by pollutant in each country, we hereafter focus on PMs 5
emissions to describe the results of the decomposition analysis. In both
countries, the household effect is the main effect of increasing pollutant
emissions: 236% in Ghana and 261% in Nigeria in 2018 compared to the
1990 levels. These results suggest that PM5 5 emissions have increased
with increases in the number of households.

The household size effect, which showed a constant reduction, is a
factor in decreasing emissions: 85% in Ghana and 79% in Nigeria in
2018 from the 1990 levels.

The emission intensity, energy type, and energy intensity effects
showed different trends in these two countries. In Ghana, these three
factors, especially the emission intensity and energy intensity effects, are
essential decreasing factors. In contrast, they are stable (a slight
decrease or increase was observed) in Nigeria. In Ghana, the emission
intensity and energy intensity factors were fairly constant until 1999 but
started to decrease since then and reached 54% and 61% of the 1990
level in 2018, respectively. Similarly, the energy type factor was con-
stant until around 2000 but decreased since then, reaching 74% in 2018.
These results suggest that Ghana experienced a shift in energy sources
from more air-polluting (i.e., biomass energy) to less air-polluting (i.e.,
fossil fuels and electricity) and successfully reduced the emission in-
tensity, whereas such a shift did not happen in Nigeria.

In Ghana, although the household factor worked to increase PMj 5
emissions, other factors contributed to emission reduction and success-
fully realized the reduction. By contrast, in Nigeria, compared to Ghana,
the emission intensity, energy type, and energy intensity factors were
not enough to realize a decrease in PM; 5 emissions.

Discussion

This section discusses the findings from the decomposition analysis
of energy-related pollutants for Ghana and Nigeria. In both countries,
the household effect, which measures the number of households, was the
primary source of increasing pollutant emissions in line with Shigetomi
et al. (2018) and Yuan et al. (2019). The household population, and the
general population in Ghana and Nigeria, has increased over the period.
The population growth also implied an increased number of households
which consequently led to increased emissions and agrees with the
literature on the effect of population on emissions (Opoku & Boachie,
2020). Increased population implies increased levels of human activities
that contribute to emissions. The growth in population also implies an
increased demand for energy and, consequently, increased energy con-
sumption which has also been found to increase emissions (Adams et al.,
2020). By contrast, the household size effect was responsible for
decreasing pollutant emissions and moved in the same direction for both
countries, which is consistent with Olaniyan et al. (2018). For each
household, the total level of pollution-related activities is expected to
decline due to fewer persons in the household leading to lower emissions
overall. This holds valid despite recent literature suggesting that
increasing household sizes tend to reduce emissions ‘per capita’ due to
the sharing of common resources (Ivanova & Biichs, 2022; Zhang et al.,
2023).

The point of departure between Ghana and Nigeria with respect to
the decomposition of pollutant emissions, however, is that pollutant
emissions increased in Ghana from 1990 till 1999, whereafter emissions
took on a downward trend till 2018, where it reached around 50% of the
1990 emission levels. In contrast, an increasing trend is observed in
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Table 1

Descriptive statistics of variables used for the decomposition analysis.
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Unit Average Standard Deviation Maximum Minimum Data sources
Ghana PM, 5 emissions (total) kt 27.38 10.98 46.16 16.60 EDGAR®
PM, 5 emissions (fossil fuels) kt 0.05 0.01 0.07 0.02 EDGAR?
PM, 5 emissions (biomass) kt 27.33 10.99 46.11 16.55 EDGAR?
NOyx emissions (total) kt 4.80 1.36 7.47 3.33  EDGAR?
NOx emissions (fossil fuels) kt 0.85 0.28 1.31 0.39 EDGAR?
NOy emissions (biomass) kt 3.95 1.53 6.59 2.36 EDGAR?
NMVOC emissions (total) kt 56.39 23.95 93.41 33.31 EDGAR*®
NMVOC emissions (fossil fuels) kt 0.18 0.06 0.28 0.09 EDGAR?
NMVOC emissions (biomass) kt 56.21 23.99 93.22 33.10 EDGAR?
Energy (total) TJ 126,551.90 20,485.65 164,745 98,006 International Energy Agency (2020)
Energy (fossil fuels) TJ 8,347.03 3,310.35 16,249 3,937 International Energy Agency (2020)
Energy (biomass) TJ 106,312.17 22,130.90 149,434 78,463 International Energy Agency (2020)
Energy (electricity) TJ 11,892.69 8,039.23 32,808 3,258 International Energy Agency (2020)
Population People 21,698,976.55 4,562,189.19 29,767,108 14,773,274 World Bank (2022)
Household Household 4,600,181.98 1,273,529.37 6,910,462 2,925,739 Helgi Libraryb
Nigeria PM, 5 emissions (total) kt 1,071.85 233.16 1,478.14 743.27 EDGAR?
PM, 5 emissions (fossil fuels) kt 0.16 0.06 0.27 0.07 EDGAR?
PM, 5 emissions (biomass) kt 1,071.69 233.21 1,478.02 743.05 EDGAR?
NOx emissions (total) kt 157.08 32.89 215.26 110.67 EDGAR?
NOx emissions (fossil fuels) kt 3.01 1.22 5.16 1.31 EDGAR*®
NOy emissions (biomass) kt 154.08 33.87 212.95 106.53 EDGAR?
NMVOC emissions (total) kt 2,175.13 428.04 2,954.06 1,645.54  EDGAR?
NMVOC emissions (fossil fuels)  kt 0.64 0.26 1.11 0.28  EDGAR?
NMVOC emissions (biomass) kt 2,174.48 428.25 2,953.57 1,644.66  EDGAR?
Energy (total) TJ 3,216,427.76 719,089.24 4,563,784 2,213,159 International Energy Agency (2020)
Energy (fossil fuels) TJ 42,517.86 17,573.07 73,465 18,450 International Energy Agency (2020)
Energy (biomass) TJ 3,127,243.34 712,439.05 4,455,370 2,133,198 International Energy Agency (2020)
Energy (electricity) TJ 46,666.55 21,725.06 81,474 21,078 International Energy Agency (2020)
Population People 139,140,594.31 30,530,249.86 195,874,740 95,212,450 World Bank (2022)
Household Household 27,367,647.14 7,616,308.17 40,883,667 15,665,734 Helgi Libraryb

Note: a: https://edgar.jrc.ec.europa.eu/emissions_data_and_maps; b: https://www.helgilibrary.com/; c: We referred to Shigetomi et al. (2018) to determine the driving

factors.

Nigeria from 1990 through 2018, reaching nearly double the 1990
levels. The three major factors contributing to this are the emission in-
tensity effect, the energy type effect, and the energy intensity effect. In
Ghana, the emission intensity and energy intensity effects began to
decline after 1999, while the decline in the energy type effect was
steeper after 1999 compared to the period prior to 1999 whereas in
Nigeria, these three factors were fairly constant over the period. The
implication is that a significant shift away from heavy polluting energy
sources, such as biomass, in favor of less polluting energy sources was
observed in Ghana, leading to lower emission intensity after 1999,
whereas the same was not the case for Nigeria. The drop in emission
intensity in Ghana around 1999-2000 could be linked to several factors.
The government of Ghana embarked upon various policies to reduce
reliance on biomass fuel and increase the liquified petroleum gas (LPG)
penetration rate across the country. The Government of Ghana put an
LPG promotion program in place in 1990 with numerous components
implemented over time. One component of the LPG promotion program
was the free distribution of LPG cylinders to households and food
catering providers in urban areas in Ghana (Ahunu, 2015). Another
component was the institution of the Unified Petroleum Price Fund
program to incentivize transporters to make deliveries to rural and un-
derserved areas while the Ministry of Energy took steps to improve the
retail of LPG.” The government also introduced a subsidy on the price of
gas to make it affordable in the early years of introducing LPG.® The
government then established the Ghana Cylinder Manufacturing Com-
pany (GCMC) in 1998 to manufacture and supply LPG cylinders at
affordable prices to consumers (Adjei-Mantey & Takeuchi, 2022). With
the establishment of the GCMC in 1998, the supply of LPG cylinders on
the local market increased soon afterwards. All of these actions possibly
culminated in the significant shift in residential energy to less polluting

7 http://energycom.gov.gh/files/SE4ALL-GHANA%20ACTION%20PLAN.pdf
8 The subsidy has since been removed for fiscal stability reasons.

sources after 1999. As a result of these interventions, annual LPG con-
sumption in Ghana grew from 6 kt in 1990 to 42 kt in 2000, while annual
LPG consumption in Nigeria, which stood at 44 kt in 1990, dropped to
17 kt in 2000 (International Energy Agency, 2020). This could be partly
accountable for the non-decreasing energy type and emission intensity
effects observed in Nigeria. It is worth noting that Nigeria's household
cooking fuel subsidy has historically applied to kerosene (Adeoti et al.,
20165 Zinecker et al., 2020), which is a relatively highly polluting fuel
compared to LPG. Access to electricity is another potential cause for the
observed energy type and emission intensity effects in the two countries.
Access to electricity (% of population) stood at 37% for Nigeria and
30.6% for Ghana in 1993 (World Bank, 2022). By the year 2000, the
access rates had increased to 43.1% for Nigeria and 43.7% for Ghana,
and by the year 2018, the access rates were 56.5% for Nigeria and 80.4%
for Ghana (World Bank, 2022). Two key implications are drawn from
these statistics. First, the growth in access to electricity was steeper in
Ghana between 2000 and 2018, while it was slower in Nigeria over the
same period. Secondly, because Nigeria's population is more than Gha-
na's population (currently more than six times), any proportion of the
population without access to electricity invariably translates into a
larger number of people, in absolute terms, who are without access to
electricity. These imply that in Nigeria, larger numbers of people are
more likely to resort to high-polluting alternatives in the absence of
electricity for residential use, whereas, in Ghana, a smaller number of
people may have had to resort to such alternatives over the period for
which reason the energy type and emission intensity effects were
observed to be declining for Ghana without same being observed in
Nigeria. Ghana's higher electricity access growth rate over the period
could be linked to policies by the government to accelerate electrifica-
tion across the country. The Government of Ghana, as part of its National
Electrification Scheme, instituted the Self-Help Electrification Program
(SHEP) in 1989, which over time, has accelerated rural electrification
greatly. Under this program, rural communities are organized to provide
for themselves with some logistics needed to connect their communities


https://edgar.jrc.ec.europa.eu/emissions_data_and_maps;
https://www.helgilibrary.com/;
http://energycom.gov.gh/files/SE4ALL-GHANA%20ACTION%20PLAN.pdf
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Fig. 2. Trends of variables used for the decomposition analysis (1990 = 1). Emissions here are for PM; 5, but other pollutant emissions show similar trends.

3.0 3.0
Ghana Nigeria
o 25 o 25
[} [}
o o
§ §
£ 20 £ 20
o o
L L
§ 15 5§ 15
5 5
2 2
€ 1.0 € 1.0
o o
[$) [$)
0.5 05 A
0.0 0.0

OC- AN TWONDDOTNNLTILONDRDO - N®TWOOND O- AN LTWON DD NDTELONDRDO - N®TWOOND
SRR R R N B R - B S BN~ = = G B B o B B - S SRR R s N B R - S B =R~ = = G B = B R B B IR S S
PP PP PPN OOOOOSSSSSO0OO0O0O00000 O S PP PP PPN OOOOOSSSSSO0O0O0O00000 O
FEFFFSFSFSFSSSSNNNNNNNRNNNNNNNNNNRR FTEFFSFSFSfSfSsSsrfrANAANNNNNNNCNNNNNNN

Year Year
Emission intensity Energy type = = = Energy intensity Emission intensity «eeeee Energy type = = = Energy intensity
= == Household size == «Household == Emissions = == Household size == «Household == Emissions

Fig. 3. PM, 5 emissions and the driving factors of the emissions. The data for this figure is presented in the Supplementary Material.

to the national grid. Such communities were expected to provide low- 2017). Through this ‘self-help’ initiative, many rural communities got
voltage electricity poles as well as electricity meters and have at least electrified earlier than they ordinarily would, had they waited for the
a third of households in the communities wired (Kemausuor & Ackom, government to extend electricity to their communities based on the
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Fig. 5. NMVOC emissions and the driving factors of the emissions. The data for this figure is presented in the Supplementary Material.

government's own schedule. Consequently, rural electrification rates
improved significantly, contributing to a high electrification rate in
Ghana. The SHEP increased the electricity access rate for the entire
population from less than 35% around the time of its inception to 76%
by 2015 (Asumadu-Sarkodie & Owusu, 2016). Another program that
accelerated the electricity access rate was the Ghana Energy Develop-
ment and Access Project, which started in 2007 and aimed to improve
electricity distribution efficiency and, subsequently, electricity pene-
tration rate (Kumi, 2017). These programs have been crucial in accel-
erating the population's access to electricity in Ghana, contributing to
decreasing pollutant emissions through the energy type and emission
intensity effects in Ghana. In addition to the emission intensity and
energy type effects, the energy intensity effect would also be affected by
this energy transition: from low-efficient biomass to high-efficient
electricity in Ghana. In Ghana, the share of biomass energy decreased
from 92.5% in 1990 to 68.0% in 2018, while that of electricity increased
from 2.6% to 21.4% in the same period in the residential sector (Inter-
national Energy Agency, 2020). By contrast, such trends did not happen
in Nigeria (96.4% to 97.6% for biomass and 1.0% to 1.8% for electricity;
International Energy Agency, 2020). This indicates that increasing the
share of electricity, which is more efficient energy than biomass,
contributed to a reduction in pollutant emissions through the reducing
energy intensity effect observed in Ghana, while the same was not
observed in the case of Nigeria. Such a different trend in the results can
be seen in the literature. Energy intensity leading to declining emissions
confirms the findings of O'Mahony et al. (2012) and Danish and Khan
(2020) but contrasts those of Shahbaz et al. (2015), who found energy
intensity to increase emissions.

A plethora of empirical research has found that socioeconomic fac-
tors especially income and higher education are crucial determining

influences for the adoption and uptake of LPG or other cleaner cooking
fuel over biomass fuel (Adjei-Mantey et al., 2021; Choumert-Nkolo et al.,
2019; Muller & Yan, 2018). Therefore, we compare the two countries on
the basis of poverty and higher education to explain the likely higher
preference for heavy-polluting fuel in Nigeria compared to Ghana. Gross
domestic product (GDP) growth rates recorded over the last two decades
(from 1999, when the divergence in trends started, to 2018, the last year
of our dataset) were generally higher for Ghana than for Nigeria. While
Ghana recorded a GDP growth of 4.4% at the start of the last two de-
cades in 1999, reaching an all-time high of 14% in 2011 and ending the
last decade at 6.2%, Nigeria began the last two decades with a growth
rate of 0.6%, reaching an all-time high of 15.3% in 2002 and ended the
last decade at 1.9% in 2018 having recorded a negative growth of 1.6%
in 2016 (World Bank, 2022). In addition, the latest statistics show that
poverty headcount ratios in Nigeria are higher than in Ghana. In other
words, the proportion of the population who live below the respective
national poverty lines is higher in Nigeria (30.9% in 2018) compared to
Ghana (25.3% in 2016) (World Bank, 2022). Furthermore, gross tertiary
enrollment rates in Nigeria are lower (12% in 2018) than in Ghana (19%
in 2020) per the most recent data available (World Bank, 2022). Thus,
going by these statistics and the literature on cleaner household fuel
adoption, there is a higher chance that residents in Ghana are more
likely to opt for cleaner fuel compared to those in Nigeria due to more
favorable socioeconomic outcomes, and this could partly account for the
observed divergent trends in the emission intensity, energy intensity,
and energy type effects.

In summary, this study observed that while the household effect
increased in both Ghana and Nigeria and the household size effect
reduced for both countries, the emission intensity, energy type, and
energy intensity effects did not move in the same direction for the two
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countries. Whereas Ghana has trended downwards, Nigeria has
remained constant over time. This suggests Ghana's increasing shift to
low-polluting energy sources and a consequent reduction in emission
and energy intensity compared to Nigeria, which led to overall air
pollutant emissions reducing over time in Ghana without the same being
observed in Nigeria. Mostly, government-led policies in the area of
cleaner cooking fuels and access to electricity have been noted as being
the likely causes of the declining trends in Ghana.

Conclusion

Air pollution at the residential level is a key concern for many
developing countries where there is considerable reliance on heavy
polluting fuels by households. Exposure to air pollutants, such as PM; s,
is receiving increased attention due to the adverse health effects suffered
by households. Ghana and Nigeria, two of West Africa's largest econo-
mies, are both faced with high proportions of households that rely on
these heavily polluting fuels as primary energy sources. This has
prompted the need for further investigations to reveal new insights to
guide policy. To this end, this study examined five socioeconomic
drivers for three energy-related air pollutants (i.e., PMy5, NOx, and
NMVOC) from the residential sector in Ghana and Nigeria from 1990 to
2018 using IDA. In addition, we compared the similarities and differ-
ences in the driving factors of the two countries that showed different
emission trends. First, we identified factors contributing to increasing/
decreasing emissions in the two countries. In particular, the household
effect was an increasing factor, and the household size effect was a
decreasing factor for both countries. In contrast, the emission intensity,
energy type, and energy intensity factors affected pollutant emissions
differently for the two countries. In Ghana, these three effects showed
declining trends, while they are stable in Nigeria, mainly due to the
differences in the policies implemented in the two countries. These
findings suggest that energy-related policy has a considerable impact on
the trends of air pollutant emissions. To further reduce emissions or
change the trends of emissions to decline, it is recommended that both
countries, especially Nigeria, improve emission intensity, energy in-
tensity, and the sources of energy used. These can be achieved mainly by
substituting low-polluting fuels for high-polluting ones. The Nigerian
government's recent attempt to scrap kerosene subsidies is a good policy
to dissuade the patronage of kerosene. However, for the benefits to be
better realized, it is recommended that the subsidies be re-directed at
LPG consumption instead, which is a lower-polluting energy source,
particularly for rural and deprived areas. Beyond direct price subsidies
for LPG, other interventions for consideration are improving the LPG
supply infrastructure in these underserved areas to promote high uptake
by rural communities. Further, more action is needed to extend elec-
trification to the large population in Nigeria without access to electricity
to discourage the use of dirtier alternatives in the absence of electricity.
This would reverse the upward trend of pollutant emissions in Nigeria.
Meanwhile, it is recommended that Ghana sustained its current elec-
trification policies to achieve a 100% electrification or universal access
within the shortest possible time while exploring other means of
increasing LPG penetration since it currently lags behind its target of
50% penetration rate by the end of year 2020. This would be crucial to
maintaining the decreasing trends in pollutant emissions observed in the
country. For both countries, it is recommended to increase investments
in renewable electricity, make it affordable for households, and push
through energy transition from biomass and fossil fuels, especially as
renewable resources exist in abundance in Ghana and Nigeria. This will
go a long way to reducing air pollutants from the residential sector.

This study contributed to the literature by finding the driving factors
of changes in air pollutant emissions in African countries at the national
level, yet there are a few limitations with respect to the data. First, the
data only classified emission sources into two types (biomass and fossil
fuel). However, the degree of emission intensity is obviously different by
energy types within each category. Further disaggregation of emission
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sources is useful to precisely analyze the impact of transition of energy
sources. Second, only national-level data exist for the two countries but
not the sub-national-level data. Sub-national-level analysis might be
useful in providing further insights for example, by allowing for evalu-
ating the differences in energy transition and socioeconomic dynamics
in urban and rural areas.
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