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DEVELOPMENT ECONOMICS | RESEARCH ARTICLE

The asymmetric effect of financial development 
on energy consumption in sub-Saharan Africa
Winnie Thebuho1*, Pieter Opperman1 and Lee-Ann Steenkamp1

Abstract:  Sub-Saharan Africa (SSA) ranks lowest globally in respect of energy 
access rates. The resulting high energy poverty impedes sustainable economic 
growth and aggravates the overall poverty which is prevalent in SSA countries. 
A better understanding of the relationship between financial development and 
energy consumption can contribute to enhancing sustainable development in SSA. 
The existing literature presents conflicting evidence regarding this relationship. Our 
objective is to investigate the symmetric and asymmetric relationships between 
financial development and energy consumption in SSA, using annual data from 
1990 to 2016. The Autoregressive Distributed Lag (ARDL) panel estimator was 
employed to test for the linear relationship and symmetric effects of the long-run 
and short-run coefficients. The asymmetry was determined by decomposing finan-
cial development into positive and negative components, employing the non-linear 
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ARDL (NARDL) method. The results reveal that a positive financial development 
shock is positively linked with energy consumption in the long-run implying that 
further financial development intensifies energy consumption. Results of the nega-
tive shock in financial development is positively linked with energy consumption in 
the long-run implying that the reduction in financial development could decrease 
energy consumption.

Subjects: Energy Access; Energy Policy; Development Economics; Finance 

Keywords: Asymmetry; energy consumption; energy poverty; financial development; non- 
linear autoregressive distributed lag; sub-Saharan Africa

1. Introduction

1.1. Background and significance

The 2021 United Nations Climate Change Conference held in Glasgow (COP26) recognised that 
climate change has reached a crisis point. The resulting Glasgow Climate Pact represents 
a renewed commitment by nearly 200 countries to accelerate climate change action, especially 
for the “phasedown of unabated coal power and phase-out of inefficient fossil fuel subsidies” 
(UNFCCC, 2021). Another outcome was the establishment of the new Global Energy Alliance for 
People and Planet (GEAPP) to facilitate investments for the green energy transition in developing 
and emerging economies (African Development Bank [AfDB], 2021). In particular, the GEAPP aims 
to accelerate access to electricity in pursuit of ending global energy poverty (African Development 
Bank [AfDB], 2021).

Broadly defined, energy poverty refers to a level of energy consumption that does not ade-
quately meet specific basic needs (González-Eguino, 2015). Globally, sub-Saharan Africa (SSA) 
countries perform the worst when it comes to energy access rates (Corfee-Morlot et al., 2019). 
The resulting energy poverty impedes sustainable economic growth and aggravates the overall 
poverty which is prevalent in SSA countries (Michoud & Hafner, 2021). In fact, the International 
Energy Agency (IEA) found that over half of SSA lacks electricity and one-third rely on traditional 
fuels (International Energy Agency (IEA), 2019b).

This severe shortage of energy and difficulties in accessing energy in the region may be 
attributed to a lack of investments in energy technologies (International Energy Agency (IEA), 
2019a). Consequently, economic and sustainable development are negatively impacted, which is 
evident in that the region still relies upon unsustainable energy sources and outdated power 
generation plants (International Energy Agency (IEA), 2019b; Avila et al., 2017; Kaunda et al., 
2012). These poorly maintained and outdated power plants have become weak and unable to 
meet demand from consumers (Castellano et al., 2015), thereby occasioning energy conservation 
policies such as the load shedding practices that have affected most SSA countries (International 
Energy Agency (IEA), 2020; Electricity Supply Commission [Eskom, 2019; Bhatia & Angelou, 2015). 
It is for these reasons that the SSA context is the focus of this study.

Energy dilemmas in SSA are exacerbated by the restriction of power generation from the private 
sector (Eberhard et al., 2011). However, the initiative from Power Africa to allow private invest-
ments in African energy markets has improved the energy consumption levels in Ghana, Ethiopia, 
Kenya, Tanzania, and Nigeria (African Development Bank [AfDB], n.d.). South Africa has also 
recently relaxed restrictions to allow private investors to generate electricity of up to 100 mega-
watts (MW; Burkhardt & Mbatha, 2021), which can supply energy to about 80 000 households 
(USAID, 2021). These initiatives are an indication that, regardless of the difficulties in accessing 
energy, SSA is still working towards the United Nations agenda to provide universal, affordable, 
and clean energy by 2030 (United Nations Development Programme (UNDP), 2015).
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1.2. Problem statement

Financial development has emerged as an important factor driving countries’ economic progress, 
alongside rapid production that has increased energy consumption (Kihombo et al., 2022). 
Furthermore, financial development is linked to novel technologies that improve energy consump-
tion (Shahbaz et al., 2017), which, in turn, is dependent upon on economic expansion (Danish & 
Ulucak, 2021; Komal & Abbas, 2015).

The financial sector is influenced by reform strategies, financial openness, structural changes, 
financial crises, energy prices, and inflation (Boufateh & Saadaoui, 2020; Çoban & Topcu, 2013; 
Mahalik et al., 2017), which all play a significant role in the consumption of energy. In that regard, 
the relationship between financial development and energy consumption is a subject that has 
been widely discussed in developing countries (Nkalu et al., 2020; Ma & Fu, 2020; Destek, 2018; 
Odusanya et al., 2016; Ali et al., 2015; Chang, 2015; Islam et al., 2013; Sadorsky, 2010). The 
discussion has escalated to an investigation into how the financial system can reduce costs 
incurred in the financial sector, thereby enabling investments in energy consumption.

The financial industry in SSA—in particular the banking sector—has improved, as is evidenced by 
a rapid growth in the region’s economic activities in recent years (European Investment Bank (EIB), 
2016). This could partly be the result of enhanced financial reforms (Danish & Ulucak, 2021). 
Consequently, financial institutions can provide households and businesses with loans to purchase 
energy-intensive goods, which are used to increase energy consumption (Chang, 2015; Danish & 
Ulucak, 2021).

The question then arises as to the nature of the relationship between financial development and 
energy consumption, i.e. how does a growing economy contribute to energy consumption?

1.3. Research objective and contributions

By focusing our attention on the link between financial development and energy consumption, 
greater insights might be gleaned as to how policymakers and the financial sector could support 
sustainable development in SSA. However, as will be seen from the ensuing literature review, the 
existing body of knowledge presents conflicting evidence regarding the association between 
financial development and energy consumption.

Accordingly, our objective is to test whether this relationship is symmetric or asymmetric by 
applying a panel NARDL approach from 1990 to 2016 for 21 SSA countries. This study makes three 
significant contributions, in that we undertake to address a contextual gap, narrow an empirical 
gap, and employ a novel measure of financial development.

First, a contextual gap is identified among the studies of Nkalu et al. (2020), Odusanya et al. 
(2016), and Ali et al. (2015) who investigated the relationship between financial development and 
energy consumption in SSA. These studies motivated energy efficiency and conservation policies 
within high industrialised economies. Our study does not consider energy conservation, but instead 
addresses the issue of poverty being aggravated by a lack of energy access (Michoud & Hafner, 
2021). To the best of our knowledge, the prior studies ignore the highlighted analysed variables for 
selected SSA economies.

Second, an empirical gap is ascertained in prior studies that examined financial development 
and energy consumption, as these only employed symmetric approaches to explore the drivers of 
energy consumption (see, for example, Nkalu et al., 2020; Ma & Fu, 2020; Destek, 2018; Odusanya 
et al., 2016; Ali et al., 2015; Chang, 2015; Islam et al., 2013; Sadorsky, 2010). Ahmed et al. (2021) 
draw attention to the methodological weakness of studies which only use symmetric methods, as 
macroeconomic variables can also display asymmetric properties. For example, asymmetries may 
surface between financial development and economic globalization (Ahmed et al., 2021), which 
could affect energy consumption. This paper therefore uses both symmetric and asymmetric 
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methods to probe the impact of financial development on energy consumption by applying the 
NARDL model posited by Shin et al. (2014). As best we could determine, this is the first study to 
analyse the link between financial development and energy consumption in SSA, using both the 
symmetric and asymmetric ARDL methods.

Third, a novel contribution of this study is the use of a broad-based measure of financial 
development (financial development index) computed by the International Monetary Fund. The 
index amalgamates the financial development characteristics of depth, access, and efficiency 
(Svirydzenka, 2016).1 To the best of our knowledge, this study makes a novel contribution by 
incorporating the broad-based financial development index in the context of financial develop-
ment and energy consumption SSA studies.

Energy is one of the major input elements in the production, distribution, and consumption of 
most goods and services and is therefore vital for promoting economic growth (Danish & Ulucak, 
2021; Hong et al., 2019; Liu et al., 2018; Sadorsky, 2010). As such, analysing the issues that 
influence energy consumption may assist officials to formulate energy policies that could balance 
the connection between financial development, economic growth, energy access, energy poverty, 
and industrialization.

The remainder of the paper is organised as follows. Section 2 provides a review of the pertinent 
literature. Section 3 describes the methodological approach. In section 4 we report the main 
results. Lastly, section 5 discusses the policy implications of our main findings and reaches 
a conclusion.

2. Literature review

2.1. Theoretical literature

SSA is endowed with energy resources—especially renewable energy sources—but these remain 
largely untapped (”Africa up close,” 2018). This shortage of energy access (Corfee-Morlot et al., 
2019) and inefficient energy utilization (Ozdeser et al., 2021) may discourage higher energy con-
sumption levels when compared to the global market (Hafner et al., 2018). Energy economics 
literature presents conflicting views on the relationship between financial development and energy 
consumption. Some researchers are of the opinion that an increase in financial development 
increases the consumption of energy. This notion has its origin in the research of Karanfil (2009) 
and subsequently, Sadorsky (2010) in respect of emerging economies; Sadorsky (2011) pertaining to 
European frontier economies; Zhang et al. (2011) concerning China; Shahbaz and Lean (2012) in the 
case of Tunisia; and Ozturk and Acaravci (2013) in consideration of Turkey. Similar views are held by 
Islam et al. (2013) regarding Malaysia; Al-mulali and Lee (2013) concerning the Gulf Cooperation 
Council (GCC) countries; and Aslan et al. (2014) in respect of Middle Eastern countries. Similarly, Chang 
(2015) reached the same conclusion in an examination of 53 low-income countries, as did Ma and Fu 
(2020) in their global analysis of 120 developed and developing countries.

The consumption of energy rises because a well-developed financial system can allocate low- 
cost credit to enterprises (Ahmad et al., 2022; Danish & Ulucak, 2021; Durusu-Ciftci et al., 2020; Ma 
& Fu, 2020). Consequently, enterprises use the credit to facilitate the expansion of their production 
scale and thereby increase energy consumption (Ma & Fu, 2020). Financial development can also 
be achieved directly by financial intermediation. In this case, consumers are assisted to easily 
access cheap loans to buy energy-intensive goods (Sadorsky, 2010). Goods such as cars, machin-
ery, refrigerators, washing machines, and electric stoves use a lot of energy and increase energy 
consumption. Further, the provision of risk spread for both enterprises and consumers may expand 
wealth and stability in an economy and lead to an increase in demand for energy-intensive goods 
(Durusu-Ciftci et al., 2020). The financial sector also provides funding to the central government, 
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which can use this money to expand the roll-out of public infrastructure such as hospitals and 
schools, thereby further boosting energy consumption (Danish & Ulucak, 2021).

However, other studies hold the view that an increase in financial development reduces energy 
consumption. This was the case for Islam et al. (2013) in respect of Malaysia; Chang (2015) in the 
context of high-income economies, Destek (2015) concerning Turkey; Topcu and Payne (2017) in 
an examination of 32 high-income countries, and Destek (2018) in an analysis of 17 emerging 
economies.

Although banks in developing countries prefer short-term debt financing which carries less risk, 
energy-efficiency projects require long-term debt financing (Danish & Ulucak, 2021). The financial 
system, through the provision of low-cost credit, therefore enables manufacturing sectors to 
become more energy efficient, aiding them to become less energy intensive and ultimately leading 
to reduced energy consumption (Ma & Fu, 2020). In a similar vein, the adoption of energy efficient 
technologies in the pursuit of a clean energy transition as advocated for by COP26, could also 
reduce energy consumption (UNFCCC, 2021). In this approach, financial development could help 
enterprises increase investments into research and development (R&D), and plan and produce 
progressive, energy-efficient products, thereby decreasing total energy consumption.

Considering the variation in energy consumption, a possible non-linear relationship between 
financial development and energy consumption is expected. Nonlinearity could be influenced by 
increased depth in the financial sector, leading to increased energy consumption and thus further 
development of the financial system. However, once the financial system is developed, energy 
consumption may decline due to inflation in the economy, leading to fluctuating commodity costs 
(including energy prices). Thereafter, the financial sector monitors the allocation of resources for 
investment in energy technologies (Ma & Fu, 2020; Mahalik et al., 2017). Further, the financial crisis 
may also stimulate changes and uncertainties in the financial sector, variation in energy prices, 
and energy policies that can lead to structural changes (Mahalik et al., 2017), including a sectorial 
composition shift from the manufacturing process (Çoban & Topcu, 2013).

The hypothesis of the asymmetric relationship was established in the positive and negative 
shocks associated with financial development. A positive shock could be influenced by financial 
openness, in which foreign capital inflows can improve the financial sector (Boufateh & Saadaoui, 
2020). This, in turn, encourages the development and diversification of funding sources for firms 
and financial institutions. The resulting financial stability enhances the allocation of low-cost credit 
for enterprises (Misati & Nyamongo, 2012) to improve and invest in R&D. Capital market liquidity 
can also be increased by reducing the cost of capital, due to increased competition in the credit 
market (Boufateh & Saadaoui, 2020). This could enable private sector participants to secure 
enough capital to invest in decentralized power grids, to increase capacity to supply consumers 
previously excluded from consuming energy. Easier access to credit encourages higher economic 
growth and more industrial productivity, which strengthens energy demand for industries and 
households. Access to credit is therefore improved, thereby stimulating energy consumption. As 
a result, energy poverty (and, eventually, overall poverty) may be lessened.

Further, financial development in SSA is an internal attribute that could be impacted by external 
shocks derived from reform strategies, structural changes, and other macroeconomic factors, such 
as economic booms, financial crises, energy prices, and inflation (Boufateh & Saadaoui, 2020). 
These external shocks will probably apply asymmetric effects to the financial development instru-
ments, such as credit capacity for the private sector, liquidity, and stock market capitalization 
(Chen et al., 2020). Thereafter, stimulating financial development can instigate a non-linear 
asymmetric effect on energy consumption.

Financial crises can also affect a negative shock. This is evidenced by profit-maximizing financial 
institutions that, in reaction to the crises, employ careful strategies to preserve shareholder’s value 
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and are consequently wary of financing innovative, but risky, projects (Boufateh & Saadaoui, 2020). 
External shocks would therefore economically constrain enterprises, as they fail to secure funds to 
invest in upgrading energy production technologies. It is assumed that short-term funding may 
not support the consumption of energy, as instability in the accumulated capital could only be 
sufficient to pay off the current debt. Due to the deleveraging process, mobilisation of funds 
becomes inefficient, to such an extent that the financial instability restrains low-cost credit, 
triggering reduced economic growth and energy production. This reduces energy demand for 
industries and households, giving rise to lower energy consumption. This, in turn, may intensify 
energy poverty and ultimately exacerbate overall poverty. Figure 1 below depicts this theorised 
asymmetric relationship between financial development and energy consumption.

Adapted from Boufateh and Saadaoui (2020).

2.2. Empirical literature

In the context of financial development and energy consumption, several studies have conducted 
an empirical investigation using panel data and time series estimation techniques. These studies 
can be divided into four sets, based on their main findings.

The first set of studies found that financial development increases the consumption of energy. 
Sadorsky (2010, 2011) examined 22 emerging economies from 1990 to 2006 and nine Central and 
Eastern European countries from 1996 to 2006, respectively. Komal and Abbas (2015) investigated 
Pakistan from 1972 to 2012. Kihombo et al. (2021a) considered 11 West Asian and Middle East 
(WAME) economies from 1990 to 2017. Likewise, two related studies determined that ecological 
quality is weakened by a rise in financial development. In the first, Ahmed et al. (2021) examined 
data from Japan over the period 1971 to 2016; in the second, Ahmad et al. (2022) analysed 17 
emerging countries from 1984 to 2017. These studies confirmed a positive relationship between 
financial development and energy consumption.

Other studies that investigated the finance-energy nexus and employed the ARDL approach 
include Rafindadi and Ozturk (2016), who examined Japan from 1970 to 2012; and Mukhtarov 
et al. (2017), who analysed Azerbaijan from 1992 to 2015. Moreover, Sbia et al. (2017) conducted 
a United Arab Emirates (UAE) study for the period 1975 to 2011. In addition, Danish and Ulucak 
(2021) examined data from Pakistan from 1990 to 2017 and concluded that energy consumption 
increases with financial development.

Similarly, Dumrul (2018) explored Turkey, spanning from 1961 to 2015. Salahuddin and Ozturk 
(2015) assessed the same nexus in GCC countries, using mean group (MG) and pool mean group 
(PMG). Further, Islam et al. (2013) analysed Malaysia from 1971 to 2009, using the ARDL approach. 

Figure 1. Asymmetry hypoth-

esis between financial devel-

opment and energy 

consumption.
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These studies reached the same conclusion, namely that financial development increases the 
consumption of energy. It is therefore evident that the current economic conditions of a country 
influence the consumption of energy, despite the variation in estimation techniques used in the 
various studies.

In contrast, the second group of studies presented different results contending that increasing 
financial development reduces the consumption of energy. Farhani and Solarin (2017) used the 
United States (US) quarterly data from 1973 to 2014. They determined that despite financial 
development improving energy demand in the short-run, the consumption of energy declined in 
the long-run. Similarly, Ouyang and Li (2018) used quarterly panel data of 30 Chinese provinces 
from 1996 to 2015 and the results showed that financial development reduces energy consump-
tion significantly. Gómez and Rodríguez (2019) analysed North American Free Trade Agreement 
(NAFTA) countries from 1971 to 2015 and established a negative association between financial 
development and energy consumption. Interestingly, Destek (2018) reported that the bond market 
is the most efficient indicator of reducing energy consumption. Conversely, Chiu and Lee (2020) 
demonstrated that banking sector development has a larger impact on energy consumption 
compared with stock market development.

The third group of studies analysed the non-linear relationship between financial development 
and energy consumption (Shahbaz et al., 2016) obtained ambiguous results, and to solve the 
ambiguity, applied a non-linear model. It is worth noting that Sadorsky (2010) reached a similar 
outcome, but ignored the existence of a non-linear relationship between financial development 
and energy consumption. Instead, the study used panel data and considered heterogeneity 
(differences in study outcome) across countries. It should be cautioned, however, that ignoring 
the non-linear relationship may result in an estimation bias, and may also lead to an unclear 
consensus on the relationship between financial development and energy consumption (Chang, 
2015).

Shahbaz et al. (2016) examined Pakistan from 1985 to 2014 and found a positive non-linear 
effect. Similarly, Mahalik et al. (2017) affirmed the non-linear relationship between financial 
development and energy consumption in Saudi Arabia. Further, Baloch et al. (2019) examined 25 
Organisation for Economic Co-operation and Development (OECD) countries between 1980 to 2016 
and found a positive non-linear (inverted U-shape) relationship. In a study of the Middle East and 
North African (MENA) countries, Gaies et al. (2019) found financial development increases energy 
consumption with a non-linear effect. It could be inferred that energy demand first rises alongside 
financial development, culminates, and subsequently falls.

In addition, Chang (2015) analysed 53 countries from 1999 to 2008 and found that energy 
consumption increased with financial development in low-income regimes, while it decreased 
slightly with financial development in high-income countries. However, energy consumption 
increased in high-income countries of emerging markets. Consequently, a non-linear negative 
relationship was established. Wang and Gong (2020) found a positive threshold between financial 
development and energy consumption, with a non-linear effect in 30 Chinese provinces. Similarly, 
Chiu and Lee (2020) analysed 79 countries from 1984 to 2015, finding a non-linear relationship 
between financial development and energy consumption.

The fourth group of studies focused their investigation on the association between financial 
development and energy consumption in SSA. Rafindadi and Ozturk (2017) examined South Africa 
from 1970 to 2011 and found that financial development increases energy demand. Odusanya 
et al. (2016) assessed Nigeria from 1971 to 2014, using the ARDL approach in the long-run and the 
short-run, and found that energy consumption increased with more financial development. This 
finding is corroborated by Lefatsa et al. (2021) who also used the ARDL approach to investigate 
South Africa from 1980 to 2018. Kebede et al. (2010) analyzed 20 SSA countries during the period 
1980 to 2004, with regional differences leading to mixed results. Commercial and traditional 
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energy demand increased in East, South, and West African countries with economic development, 
while the demand in Central African countries decreased with more economic development, 
therefore generating mixed results. Ozdeser et al. (2021) studied Nigeria from 1960 to 2019 and 
found that increasing financial development (by way of stock market growth) reduces energy 
consumption. Nkalu et al. (2020) found that financial development and energy consumption have 
a positive and significant relationship in SSA countries. However, Ali et al. (2015) concluded that an 
increase in financial development reduced the consumption of energy in Nigeria.

In summary, the nexus between financial development and energy consumption has been 
examined by several researchers, with mixed results being found. Some researchers conclude 
that enhancing financial development increases energy consumption, while others contend that 
financial development reduces energy consumption. The disparity in findings could be initiated by 
the individual countries’ structural changes and policies in both energy consumption and financial 
development. The effect of the use of diverse explanatory variables, different indicators, and 
different estimation methods could also contribute to this inconsistency. Although various studies 
have investigated the non-linear relationship between financial development and energy con-
sumption (Baloch et al., 2019; Chang, 2015; Chiu & Lee, 2020; Gaies et al., 2019; Mahalik et al., 
2017; Shahbaz et al., 2016; Wang & Gong, 2020), they did not consider the asymmetric effect of 
financial development on energy consumption.

3. Methodology

3.1. Empirical model

ECit ¼ β0 þ β1FDit þ γX
0

it þ εit (1) 

The focus of this study is to investigate the possible asymmetric relationship between financial 
development and energy consumption, by controlling for economic growth, energy access, pov-
erty, industrialization, foreign direct investment (FDI), and inflation. The empirical model is based 
on adaptations from studies of Sadorsky (2010) and Chang (2015) and is specified as follows:

Operational definitions from equation (1) used in this paper consist of the dependent variable 
(ECitÞ; which represents energy consumption, while ðFDitÞ refers to financial development, which is 

the main explanatory variable of interest. The control variables (X
0

itÞ represent standard explana-

tory variables of energy consumption. These explanatory variables comprise economic growth 
(GDPKit), energy access (EAit), poverty (POVit), industrialization ðINDitÞ, FDI ðFDIitÞ, and inflation 
ðINFLitÞ, where εit is the error term, and i and t represent the country and the time, respectively. 
The next section elaborates on these explanatory variables.

3.2. Theoretical underpinning of the model

Following the literature review, it is evident that the relationship between financial development 
and energy consumption is ambiguous. Some studies observed a negative relationship between 
financial development and energy consumption (Nkalu et al., 2020; Odusanya et al., 2016; 
Rafindadi & Ozturk, 2017; Shahbaz et al., 2013), whereas others determined a positive link (Ali 
et al., 2015; Al-mulali & Binti Che Sab, 2012). Therefore, the relationship between financial devel-
opment and energy consumption remains unclear.

The relationship between economic growth and energy consumption is highly positively corre-
lated (Mukhtarov et al., 2017). GDP—which is a proxy of economic growth—carries a positive 
component of energy utilization due to economic booms and output expansions (Richard, 2012). 
The a priori expectation between economic growth and energy consumption is positive. It could be 
asserted that a reduction in energy prices leads to increased energy access, which, in turn, results 
in more energy consumption (Chang, 2015). Thus, the a priori expectation concerning the link 
between energy access and energy consumption is positive.
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The perception that poverty is associated with energy consumption has not been widely 
researched. Nonetheless, Nwani and Osuji (2020) found energy consumption to bear a positive 
and significant impact on poverty reduction in SSA, implying that poverty reduction increases 
energy consumption. Therefore, this study anticipates a negative relationship between energy 
consumption and poverty. Kebede et al. (2010) understood that sufficient access to energy could 
increase industrialization in the production process, thus indicating that industrialization may 
increase energy consumption. Recent industrial production places greater focus on reducing 
energy intensity to ensure low carbon emissions (Kebede et al., 2010). As a result, the energy 
consumption level is expected to decrease along with industrialization. Thus, the link between 
industrialization and energy consumption remains unclear.

The flow of FDI to developing countries can influence energy consumption and control emission 
standards by applying an advanced technological transfer in host countries (Qamruzzaman & 
Jianguo, 2020). Furthermore, the improvement of energy technologies promotes a reduction in 
energy consumption (Ma & Fu, 2020). Therefore, a negative relationship between FDI and energy 
consumption is expected. Abbas et al. (2015) contend that inflation is positively correlated to 
energy consumption. Table 1 summarises the explanatory variables in the paper with symbols, 
units of measurements, expected signs, and sources of data.

3.3. Data

This paper employed a panel dataset for the empirical analysis of 21 selected SSA countries3 

spanning the period from 1990 to 2016. Energy consumption is measured in kg of oil equivalent to 
primary energy sources. Data were extracted from International Monetary Fund (IMF; 2018), World 
Bank Indicators (WDI, 2016) and the International Energy Agency (IEA; 2016). Financial sector 
development consists of diverse financial characteristics, including the depth and efficiency of 
financial institutions and financial markets. The optimal measure of financial development is 
comprised of a comprehensive Financial Development Index from the IMF.

Table 1. Summary of variable descriptions, data sources, and expected signs

Variables Symbol Measure A priori sign (±) Data source

Energy 
consumption

EC (Kg of oil 
equivalent) per 
capita

N/A WDI & IEA 
database

Financial 
development

FD A comprehensive 
financial 
development index 
proposed by 
Svirydzenka (2016)

± IMF database

Economic growth GDPK2 GDP per capita (log) 
(Constant 2010 US 
$)

+ WDI database

Energy access EA TPES per capita 
(toe)

+ IEA

Poverty POV Poverty headcount 
ratio

- Economic survey- 
WDI

Industrialization IND Manufacturing, 
value added (% of 
GDP)

± WDI

Foreign Direct 
Investment

FDI a share of GDP in 
country i at period t

- FDI markets 
database

Inflation INFL The overall increase 
in prices/ increase in 
the cost of living in 
a country

+ WDI database

Source: Authors 
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3.4. Estimation approach

The investigation of the link between financial development and energy consumption was con-
ducted using the ARDL model developed by Pesaran and Shin (1995). To achieve nonlinear 
asymmetric co-integration among the variables, the current study used the NARDL method 
developed by Shin et al. (2014) and applied by the related studies of Qamruzzaman and Jianguo 
(2020) and Boufateh and Saadaoui (2020). This method incorporates a dynamic model and allows 
for the separation of variables between asymmetries in the short and long run. Additionally, the 
NARDL method is more reliable due to its advantages over other methods such as the Vector Error 
Correction Model (VECM) because it is not constrained by the integration order (Khan, Rehman 
et al., 2021; Pesaran et al., 2001). As a result, prior investigations that applied VECM were unable to 
establish an asymmetric link between variables (Kibria et al., 2021). Furthermore, the NARDL 
technique relaxes the integration order limitations, which state that the order for the error 
correction model must be the same (Kibria et al., 2021). Because of its flexibility, NARDL can be 
employed regardless of the type of integration (Khan, Rehman et al., 2021).

Difficulties associated with traditional cointegration techniques such as Engle and Granger 
(1987) and Johansen and Juselius (1990) are avoided. Furthermore, NADRL not only reveals 
short and long-run asymmetries but also how to uncover hidden cointegration (Shin et al., 
2014). Finally, with the right interchange of lag durations in the model, any endogeneity and 
multicollinearity difficulties are avoided, rendering the method more adaptable than other tech-
niques (Kibria et al., 2021; Pesaran et al., 2001; Shin et al., 2014).

The panel ARDL has become mainstream over the last few years for analyzing relationships 
among economic variables (Akinsola et al., 2017; Asongu et al., 2016). Although the model was 
developed for time series, to apply it to panel data, the financial development must be decom-
posed into increase and decrease for all countries and adopted for all cross-sections. It is con-
sidered the best model to account for long-run and short-run non-linearities introduced in 
regressors as positive and negative partial sum decompositions (Salisu & Isah, 2017; Shin et al., 
2014). It can be asymmetric, as both the positive and negative partial sums introduced in the 
specification are unbalanced in instances where both positive and negative shocks are expected to 
produce a different impact on energy consumption.

3.5. The pool mean group (PMG) and the mean group (MG) estimators

Considering the diversity of SSA in the economic, environmental, and social sectors (GIZ, 2013), it is 
important to assess for possible heterogeneity. The MG estimator adopted by Pesaran and Smith 
(1995) and the PMG estimator adopted by Pesaran et al., 1999) were considered for this study 
because the time series T and number of cross-sections N are both fairly large, and they also 
mitigate the endogeneity problem. Despite the positive characteristics in both the MG and PMG 
estimators, the PMG is further preferred over MG, due to unbiased tendencies resulting in shorter 
periods. In addition, the Hausman specification test determines the competence and consistency 
between PMG and MG estimators. If the null hypothesis cannot be rejected, the test suggests that 
the PMG estimator can be adopted, whereas a rejection of the null hypothesis indicates the 
adoption of the MG estimator. The basic structure of the model adopted from Pesaran et al. 
(1999) motivating PMG estimation is represented as ARDL (p,q,q . . . .q) in equation (2). 

yit ¼ ∑
p

j¼1
λijyit�j þ ∑

q

j¼0
δ
0

ijXit�j þ μi þ εit (2) 

Where i = 1, 2, . . ., N; T = 1,2, . . ., T and N = no. of cross-section units; T = no. of years and Xit is 
a vector of regressors for cross-section unit i; μi represents individual fixed effects; whereas λij, 

j = 1, . . .,p and δ
0

ij, j = 1,2 . . .,q represent scalars.
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3.6. Stationarity

The next step is to determine the stationarity properties of the applied variables using the unit root 
tests (URTs) of Levin-Lin-Chu (LLC) and Im-Pesaran-Shin (IPS). These are first-generation URTs that 
apply homogeneous slopes. The first-generation URTs assume cross-sectional independence 
across units. The presence of unit roots is tested to warrant the series to be of order I(1) and 
not exceed order I(2) integration (Samargandi et al., 2015).

3.7. Cointegration

Δyit ¼ ϕiyi;t�1 þ
βi
ϕi

Xit

� �

þ ∑
p�1

j¼1
λ�ijΔyi;t�1 þ ∑

q�1

j¼0
δ0

�
ijΔXi;t�1 þ μi þ εit (3) 

Variables in this paper are integrated of order I(1), thus the Pedroni cointegration test is best suited 
to examine the presence of a cointegrating relationship between energy consumptions and 
regressors. Pedroni posits a residual-based cointegration test for dynamic panels, in which the 
short-run and the long-run coefficients are allowed to differ across cross-sections (Akinsola & 
Odhiambo, 2020). The error correction equation, reparametrized from equation (2), is specified to 
structure the long-run and short-run dynamics of the variables in response to the deviation from 
equilibrium, as provided by:

Where ϕi ¼ � 1 � ∑p
j¼1 λij

� �

; βi ¼ ∑q
j¼0 δij; λ

�
ij ¼ � ∑p

m¼jþ1 λim (j = 1, 2, . . .,p-1);

and δ�ij ¼ � ∑q
m¼jþ1 δim (j = 1, 2, . . .,q-1), if a = 1,2, . . .,N; t = 1,2, . . .,T,

Δ refers to the first difference operator, ϕi is the error correction used for short-run and long-run 
dynamics. Variables converge to long-run equilibrium in case of any disturbance. The estimate is 
deemed to be significantly negative, with the impression that the variables suggest a return to 

equilibrium if ϕi ¼ 0, with no evidence of a long-run relationship. Equation þ βi
ϕi xit

� �

is the error 

correction term, representing the long-run model, whereas equation ð∑p�1
j¼1 λ�ijΔyi;t�1 þ

∑q�1
j¼0 δ0

�
ijΔxi;t�1 þ μi þ εitÞ signifies the short-run model. To account for energy consumption, finan-

cial development, and control variables used in the study, the Akaike Information Criterion (AIC) is 
used. The AIC of the ARDL (1, 1, 1, 1, 1, 1, 1, 1) is an enforced maximum lag length that uses the 
equation to establish the appropriate predictor. Therefore, the panel ARDL model is: 

Δ ECit ¼ ϕiðECi;t�1 þ FDi;t�1 þ Υi
0Xi;tÞ þ ∑

p�1

j¼1
λ�ijECi;t�j þ ∑

p�1

j¼1
δ�ijFDi;t�j þ ∑

q�1

j¼0
σ�

ijXi;t�j þ μi þ εit (4) 

where ECit is the energy consumption, FDit is financial development, ∝ is a vector of constants, Xit is 
the vector of explanatory variables of financial development, gross domestic per capita, energy 
access, poverty, industrialization, FDI, and inflation. μi is the white noise error term, and n is the lag 
length. Equation (5) outlines the dependent and independent variables in a model form, in which 
the general model is estimated for the panel of 21 countries. 

ΔECit ¼ /1j þ ∑
n

k¼1
@11ikΔECit�k þ ∑

n

k¼1
@12ikΔFDit�k þ ∑

n

k¼1
@13ikΔGDPKit�k þ ∑

n

k¼1
@14ikΔEAit�k

þ ∑
n

k¼1
@15ikΔPOVit�k þ ∑

n

k¼1
@16ikΔINDit�k þ ∑

n

k¼1
@16ikΔFDIit�k þ ∑

n

k¼1
@16ikΔINFLit�k

þ φ1iECTit�1 þ μ1it

(5) 

It is anticipated that a non-linear energy consumption relationship may develop, at which point 
prior studies by Gaies et al. (2019), Baloch et al. (2019), Shahbaz et al. (2017), Chai et al. (2016), 
Chang (2015), and Al-mulali and Lee (2013) found inconclusive results when investigating the non- 
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linearity. Therefore, this paper used different estimation methods and a multiple country sample of 
SSA countries to test for non-linearity. The next equation states the decomposition of financial 
development as a possible non-linear relationship to energy consumption as follows: 

ΔECit ¼ ϕiðECi;t�1 þ FDþ
i;t�1 þ FD�

i;t�1 þ Υi
0Xi;tÞ þ ∑

p�1

j¼1
λ�ijECi;t�j þ ∑

q�1

j¼1
δ�ijFDþ

i;t�j þ ∑
q�2

j¼1
δ�ijFD�

i;t�j

þ ∑
r�1

j¼0
σ�

ijXi;t�j þ μi þ εit

(6) 

This study used the Wald test to investigate long-run (@=@þ=@�) and short-run (δ=δþ= δ�) asym-
metry. The financial development is decomposed in Equation (6) as FD+ and FD− to represent the 
positive and negative components. Other variables remain unchanged, and the theoretical defini-
tions of the decomposed financial development are: 

FDþ
i;t ¼ ∑

t

j¼1
ΔFDþ

i;j ¼ ∑
j¼1

maxðΔFDþ�
i;j ;0Þ (7)  

FD�
i;t ¼ ∑

t

j¼1
ΔFD�

i;j ¼ ∑
j¼1

minðΔFD�
i;j ;0Þ (8) 

4. Results and discussions

4.1. Descriptive statistics and correlation matrix

This paper measures the coefficient of variation CV (Std. dev/mean), which is the ratio of the standard 
deviation to the mean, used to interpret the relative magnitude of the standard deviation. Table 2 
presents the descriptive statistics of the data used in estimating the empirical model. The mini-
mum and maximum values of the dependent variable in SSA are 1.009 and 31.291, respectively, 
presenting a significant variation in the consumption of energy. In terms of specific countries, 
South Africa recorded the highest mean value in energy consumption of 25.940, followed by Gabon 
with 18.789. In contrast, Senegal and Uganda recorded the lowest mean values of 2.528 and 
3.222, respectively, implying that they consume the least energy. Overall, most countries in SSA 
are still at their initial stages of energy development, showing an average of 6.629. The minimum 
and maximum values of financial development at the country level are 1.883 and 61.781 for the 
DRC and South Africa, respectively, indicating that South Africa has progressed in its economic 
development and shows maturity levels.

Skewness measures the lack of symmetry of the normal distribution in a dataset, and kurtosis 
determines the normality of values in a dataset. Table 2 presents all variables to be positively 
skewed, and some variables show a kurtosis value of less than 3, indicating the presence of 
platykurtic values (fewer values close to the mean). The variables with a value of more than 3 
present as leptokurtic (more values close to the mean). This implies that the dataset has a normal 
distribution, as the kurtosis values are less than 4 and the values are asymmetrical and do not 
coincide (Mishra et al., 2019).

4.2. Cross-sectional dependence test

To determine if the panel time-series data exhibit cross-sectional dependence (CD), the CD test 
devised by Pesaran (2004) is used. Results from the Pesaran CD tests are presented in Table 3. 
Inspecting the related probability values, the null hypothesis of no cross-sectional dependence for 
energy consumption, financial development, economic growth, energy access, poverty, industria-
lization, foreign direct investment, and inflation cannot be rejected. This analysis indicates that the 
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panel times series data exhibit no cross-sectional dependence. The investigation proceeds with 
panel methods that assume cross-sectional independence.

4.3. Panel unit root stationarity test

The purpose of URTs for stationarity in variables is to avoid spurious regression in the panel. The 
URT results shown in Table 4 reveal that some variables are non-stationary and became stationary 
at the first difference. Financial development, energy access, FDI, and inflation are of order I(0) and 
other variables are of order I(1). The order of integration is I(0) and I(1) in all series, indicating the 
suitability of the panel ARDL approach for estimation purposes. Results of the optimal lag selection 
were obtained during the first step of finding the lag length from the selected panel ARDL lag 
structure (1 0 0 0 0 0 0 0), which was determined across units by applying variables of interest to 
select the most common lag. The test was conducted based on the AIC.

4.4. Pedroni cointegration test

After the stationarity of variables was established from the URTs, the Pedroni cointegration test 
was conducted and the results are presented in Table 5. A total of seven statistics were employed 
and five of those statistics proved significant. The significant statistics from within-dimension 
comprise panel v, panel pp, and panel ADF, while between-dimension includes panel pp and 
panel ADF. Although panel v is significant in this paper, while insignificant in the studies of 
Akinsola and Odhiambo (2020) and Asongu et al. (2016), it does not change the overall results. 
As ascertained by Karaman-Örsal (2007), the PP and ADF of the panel and group are the four 
statistics with the best performance and are further regarded to be more reliable (Asongu et al., 
2016; Pedroni, 2004). Therefore, the panel pp, ADF, and group pp, ADF reject the null hypothesis of 
no cointegration at a 1% level of significance, indicating that the variables EC, FD, GDPK, EA, POV, 
IND, FDI, and INFL are cointegrated.

Table 3. Results from the Pesaran (2004) cross-sectional Independence

EC FD GDPK EA POV IND FDI INFL

CD test 
value

0.291 −0.450 −5.560 0.149 −0.300 −0.446 −0.655 −0229

P value 0.771 0.652 0.575 0.881 0.765 0.656 0.513 0.819

Notes: Level of significance at the ***1%, **5%, and *10%. If P-Value is <0.05 it is significant. If it is >0.05 it is 
insignificant. Source: Authors’ computations 

Table 4. Unit root tests

VAR Level 1st difference

LLC (adj. t) IPS(W-stat) LLC (adj. t) IPS (W-stat)

EC 0.547(0.292) 1.021(8.464) −8.040***(0.000) −8.057***(0.000)

FD −3.177***(0.000) −2.053**(0.020) - -

GDPK −0.428(0.334) 0.864(0.806) −5.088***(0.000) −6.221***(0.000)

EA −1.461**(0.072) −3.374***(0.000) - -

POV 2.0393 (0.979) −1.2710 (0.102) −8.9567 ***(0.000) −4.2865 ***(0.000)

IND −1.349(0.087) 0.384(0.649) −7.000***(0.000) −8.262***(0.000)

FDI −3.926(0.000) −3.0194(0.000) - -

INFL −5.9060(0.000) −3.4366(0.000) - -

Notes: Level of significance at the ***1%, **5%, and *10%. If P-Value is <0.05 it is significant. If it is >0.05 it is 
insignificant. Source: Authors’ computations 
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4.5. Hausman specification test

The results displayed in Table 6 indicate that the null hypothesis of the Hausman test cannot be 
rejected. Ultimately, this supports the PMG estimator as the most efficient and preferred esti-
mator to analyse the linear and non-linear effects of financial development on energy 
consumption.

4.6. Symmetric effect of financial development on energy consumption

The linear transformations in Table 7 present segments of Part A of the long-run estimates, while 
Part B represents short-run coefficients, comprised of financial development and its determinants 
to energy consumption. While the linear regression analysis predicts the value in energy consump-
tion based on financial development, it must be noted that the results in Table 7 focus on 
significant long-run estimates. This technique allows linearity and permits the impact variables 
to maintain their value (Beck & Jackman, 1998), to the extent that increasing financial develop-
ment transforms the consumption of energy with the same value. This can be achieved by applying 
equation (4) of the ARDL estimation.

The PMG estimate for the long-run coefficient indicates a positive significant result at a 1% level 
in financial development to energy consumption. More precisely, a 1% increase in financial devel-
opment will lead to a 0.12% increase in energy consumption in the long-run. The implication is 
that an increase in financial development expands economic activities associated with the rising 
consumption of energy. Increasing the consumption of energy may contribute to human devel-
opment, which may enhance access to energy (United Nations Development Programme (UNDP), 

Table 5. Pedroni cointegration test results

Statistics Probability
Weighted 
Statistics Probability

Within-dimension

Panel v-statistic 1.855 0.032 −5.237 1.000

Panel p-statistic 0.898 0.815 −1.092 0.138

Panel PP-statistic −4.032 0.000 −6.253 0.000

Panel ADF-statistic −5.660 0.000 −6.489 0.000

Between-dimension

Group p-statistic 2.509 0.994

Group PP-statistic −3.140 0.000

Panel ADF-statistic −2.904 0.002

Notes: Level of significance at the ***1%, **5%, and *10%. If P-Value is <0.05 it is significant. If it is >0.05 it is 
insignificant. Between-dimension refers to group mean statistics that provide average results of an individual country, 
while panel statistics pool the statistics within-dimension. Source: Authors’ computations. 

Table 6. Hausman test for long-run homogeneity

H0: PMG estimator is efficient and consistent, but MG is inefficient

Ha: PMG is inconsistent, but MG is consistent and efficient

Regression model without the decomposed variable of financial development: 
χ2(5) = 10.19 & Prob. > χ2 = 0.1779

Regression model including the decomposed variable of financial development: 
χ2(5) = 11.80 & Prob. > χ2 = 0.1602

Based on the χ2 test statistics for the two regression models, we cannot reject H0, hence the PMG is more 
consistent and efficient than the MG estimator.

Notes: Level of significance at the ***1%, **5%, and *10%. If P-Value is <0.05 it is significant. If it is >0.05 then it is 
insignificant. Source: Authors’ computations 
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2015). Enhancing energy access could also be perceived as reducing energy poverty, which, in turn, 
boosts energy security in the form of aggregate energy consumed by SSA countries in the long-run.

The correlation between energy consumption and increased financial development is due to the 
provision of credit by the financial sector (Danish & Ulucak, 2021). This credit is allocated to various 
sectors of the economy to buy energy-intensive goods (Durusu-Ciftci et al., 2020; Sadorsky, 2010) 
and public infrastructure (African Development Bank [AfDB], 2018; Danish & Ulucak, 2021) to 
increase energy consumption.

The overall result aligns with the findings of numerous researchers who have contemplated that 
an increase in financial development leads to an upsurge in energy consumption because an 
efficient, well-developed financial system has the potential to provide cheap loans to enterprises 
(see, Chang, 2015; Danish & Ulucak, 2021; Dumrul, 2018; Komal & Abbas, 2015; Ma & Fu, 2020; 
Mukhtarov et al., 2020, 2018; Nkalu et al., 2020; Odusanya et al., 2016; Sadorsky, 2010).

In contrast, energy consumption was found to decrease when financial development improved 
in China, Malaysia and member states of the South Asian Association for Regional Cooperation 
(SAARC) (Alam et al., 2015; Islam et al., 2013; Ouyang & Li, 2018). This could be suggestive of the 
fact that these countries have better access to more energy efficient equipment and technologies 
than their SSA counterparts.

Table 7. Linear effect of financial development on energy consumption in 21 SSA countries

Dependent 
Variable (EC) PMG Std. Error t-stat Prob

Part A: Long-run 
coefficients

FD 0.121*** 0.024 5.02 0.000

GDPK −0.176* 0.095 −1.84 0.065

EA 0.085*** 0.008 10.05 0.000

POV −0.005 0.003 −1.38 0.166

IND −0.007 0.014 −0.49 0.622

FDI −0.034*** 0.012 −2.88 0.004

INFL 0.014*** 0.003 4.07 0.000

Part B: Short-run 
coefficients

ECT −0.115*** 0.045 −2.54 0.011

FD 0.055 0.040 1.38 0.169

GDPK 0.396 0.244 1.62 0.104

EA −0.103 0.069 −1.48 0.139

POV 0.111 0.068 1.64 0.102

IND 0.111 0.078 1.42 0.155

FDI 0.008 0.013 0.60 0.546

INFL −0.003 0.005 −0.49 0.623

CONS. 0.662 0.339 1.95 0.051

No. of countries 21

No. of observations 567

Log-likelihood 240.806

***, ** and * indicate significance at the 1%, 5% and 10% levels, respectively. Or *p-value<0.10; **p-value<0.05; 
***p-value<0.01. Source: Authors’ computations. 
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Economic growth is negative and statistically significant at a 10% level, meaning increasing 
economic growth reduces energy consumption. The result contradicts the a priori expectation that 
economic growth is positively related to energy consumption. Among others, the findings of Al- 
Malkawi et al. (2012), as well as Bernard and Austin (2011), align with the outcome of the present 
study, namely that economic growth reduces energy consumption. However, according to 
Kihombo et al. (2021b), this result might be biased. Jaforullah and King (2017) also caution that 
the consideration of energy consumption and economic growth can lead to unreliable results.

Energy access is positive and statistically significant at a 1% level, meaning increasing energy 
access increases the consumption of energy. This result satisfies the a priori expectation that 
increased access positively impacts the consumption of energy.

FDI has a negative significant coefficient, which implies that the pressure on energy consump-
tion is limited by increased access to foreign capital. The finding is that increasing FDI decreases 
energy consumption in the long-run. The a priori expectation for FDI and energy consumption is 
met and aligns with the result from Ma and Fu (2020). The inflation coefficient for energy 
consumption is positive and significant at a 1% level. The result is consistent with the outcome 
from Abbas et al. (2015). The sign of the error correction term in part B is negative and statistically 
significant, as expected. The implication is that any shock to the system is temporal and the 
variables will converge to their long-run equilibrium. Moreover, all short-run coefficients are 
insignificant.

4.7. Asymmetric effect of financial development on energy consumption

The analysis of the NARDL long-run and short-run estimates is presented in Table 8. These 
estimates indicate segments of Part A for the long-run and Part B for short-run coefficients, 
comprised of financial development variables that are decomposed for positive and negative 
shocks. The positive and negative changes in financial development impact energy consumption, 
indicated by the coefficient sign and size as FD_POS and FD_NEG indexes. The indexes allow for 
a non-linear relationship, which is vital for the independent variable of interest, as increases or 
decreases will have a different impact on the dependent variable (Apergis & Gangopadhyay, 2020).

It must, however, be noted that results in Table 8 focus on significant long-run estimates. The 
asymmetric effect becomes evident during the initial act of decomposing the financial develop-
ment into positive and negative components. Thereafter, the formal test of asymmetry confirms 
the non-linearity. It shows a positive significant statistical effect at a 10% level in the long term, 
meaning the null hypothesis of no asymmetry is rejected. This confirms the asymmetric effect 
between financial development and energy consumption. The long-run results show that the 
positive shock in financial development is positively linked with energy consumption. The implica-
tion is that further improvement in financial development will increase demand for energy con-
sumption. The results in the long-run also reveal that the negative shock in financial development 
is positively linked with energy consumption, which suggests that reduced financial development 
can ease the energy consumption demand. The effects of the positive and negative shocks in 
financial development on energy consumption are in line with the findings of Qamruzzaman and 
Jianguo (2020) for a sample of lower and middle-income countries.

The financial development positive shock positively linked to energy consumption suggests that 
further financial development should be encouraged. Sources of funding for firms and financial 
institutions could be improved and diversified, leading to financial stability that enhances the 
allocation of low-cost credit for enterprises (Misati & Nyamongo, 2012). Due to financial inter-
mediation, consumers could receive cheap loans to buy energy-intensive goods such as cars and 
machinery (Danish & Ulucak, 2021; Sadorsky, 2010) to increase energy consumption. The provision 
of credit to finance energy projects could support the private sector in purchasing new power 
plants and expanding energy access (European Investment Bank (EIB), 2018). In turn, enterprises 
would be able to improve and invest in R&D, observe environmental standards, and increase 
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energy sources. A greater variety of energy sources for both industries and households could, 
therefore, result in more energy consumption, which ultimately reduces energy poverty and may 
contribute to poverty reduction in SSA.

The negative financial development shock could be affected by financial crises leading to 
distress in the financial sector. A negative shock could also lead to a lack of credit access and 
reduced financial development, which may reduce demand for energy consumption. A negative 
financial shock further implies financial instability, as credit is not liquid enough to finance 
countries in SSA with additional total primary energy sources, resulting in decreased energy 
consumption in the long-run.

As pointed out earlier, a reduction in financial development can negatively affect the consump-
tion of credit-related services and energy-intensive goods (Chang, 2015; Danish & Ulucak, 2021), as 

Table 8. Non-linear effect on financial development & energy consumption in 21 SSA countries

Dependent 
variable (EC) PMG Std. Error t-stat Prob

Part A: Long-run 
coefficients

FD_POS 0.049*** 0.015 3.05 0.002

FD_NEG 0.055*** 0.014 3.95 0.000

GDPK 0.471*** 0.121 3.90 0.000

EA 0.024*** 0.004 6.33 0.000

POV −0.032*** 0.006 −5.69 0.000

IND −0.147*** 0.019 −7.53 0.000

FDI −0.199*** 0.023 −8.76 0.000

INFL 0.008*** 0.002 3.87 0.000

Asymmetric 
hypothesis

–γ−
1 | β1 

=—γ+
2 | β1 3.10 H0 0.0782*

Part B: Short-run 
coefficients

ECT −0.109*** 0.040 −2.73 0.006

FD_POS 0.071 0.055 1.29 0.197

FD_NEG 0.063 0.044 1.45 0.148

GDPK 0.292 0.194 1.51 0.132

EA −0.104 0.072 −1.45 0.147

POV 0.076 0.075 1.02 0.309

IND 0.124 0.079 1.57 0.117

FDI 0.015 0.014 1.11 0.268

INFL 0.001 0.005 0.03 0.974

CONS. 1.061 0.569 1.87 0.062

No. of countries 21

No. of observations 567

Log-likelihood 255.522

Asymmetric 
hypothesis

–γ−
1 | β1 

=—γ+
2 | β1 0.72 Ha 0.3975

***, ** and * indicate significance at the 1%, 5% and 10% levels, respectively. Or *p-value<0.10; **p-value<0.05; 
***p-value<0.01. Financial development = (FD_POS & FD_NEG). H0 = Null hypothesis is rejected: confirms the presence 
of asymmetry, Ha = Null hypothesis cannot be rejected: No asymmetry confirmed. Source: Authors’ computations 
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well as impede the provision of public infrastructure (African Development Bank [AfDB], 2018; 
Danish & Ulucak, 2021). In the same way, poorly performing stock markets signal delayed growth, 
thereby eroding investor confidence. In addition, if the COP26 decision to terminate inefficient 
fossil fuel subsidies and scale down coal usage is implemented, a reduction in energy consumption 
could follow. Thus, both production and consumption activities are curtailed, resulting in reduced 
energy consumption.

Within this context, the deleveraging process restricts the mobilisation of funds and restrains 
low-cost credit, leading to reduced economic growth and energy production. Financial instability 
inhibits the level of energy consumption, which may, in turn, worsen energy poverty and ultimately 
overall poverty. These findings support an earlier statement that the lack of access to low credit in 
SSA (Organisation for Economic Co-operation and Development/The World Bank/UN Environment, 
2019) restricts the provision of cheap capital rates to improve energy consumption and reduce 
energy poverty. It is therefore posited that the financial development negative shock instigated by 
financial crises can lead to an emergence of risks and losses (Boufateh & Saadaoui, 2020).

Our findings demonstrate that energy consumption differs significantly depending on whether 
the financial development is negative or positive. The results also indicate asymmetry in terms of 
the sign of the coefficients. It can therefore be concluded that financial development has an 
asymmetric effect on energy consumption in SSA countries. Majeed et al. (2020) supports this 
notion, and also points out that asymmetry is present with different significance, elasticity direc-
tion, and the variation in financial development.

All other variables under study are significant at a 1% level, representing strong evidence of 
significant coefficients. Economic growth is a strong and significant contributor to increasing 
energy consumption. This coefficient differs from the one obtained from the ARDL model. 
A positive and significant economic growth coefficient indicates that, as growth increases, the 
consumption of energy also increases. This result is in line with the conclusions reached by Chen 
et al. (2020), Chang (2015), and Sadorsky (2010). The coefficient of energy access is positive and 
significant, meeting the a priori expectation. It could further be surmised that a reduction in 
energy prices leads to increased energy access, which allows for greater energy consumption. 
The previous finding is in line with Chang (2015) and Jacobs and Šlaus (2011). The poverty 
coefficient is negative and significant, meaning an increase in poverty reduces energy consump-
tion. This meets the a priori expectation of a negative relationship and supports the Nwani and 
Osuji (2020) finding.

Poverty is a substantial determinant of energy consumption, evidenced by the fact that an 
increase in energy consumption is associated with the eradication of poverty on the Human 
Development Index (HDI). The industrialization coefficient is negative and significant at a 1% 
level, implying an increase in industrialization may result in decreased consumption of energy 
(Kebede et al., 2010).

FDI is found to have a significant negative relationship with energy consumption. Although 
financial development attracts more FDI, which is invested in the R&D, design, and production of 
energy technologies (Boufateh & Saadaoui, 2020), it does not improve energy consumption in SSA. 
Inflation is significantly positively related to energy consumption, in line with the finding of Abbas 
et al. (2015). Regarding cointegration, the error correction term signifying the speed of adjustment 
is negative and significant, thereby satisfying the theoretical requirement. The outcome shows that 
the null hypothesis of no cointegration between financial development and energy consumption is 
rejected.

5. Conclusion, policy implications, and recommendations
Our research objective was to investigate the symmetric and asymmetric relationships between 
financial development and energy consumption in 21 SSA countries, using annual data from 1990 
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to 2016. Energy economics literature presents conflicting views, as some researchers suggest that 
financial development intensifies the consumption of energy, while others contend that energy 
consumption is reduced. Regarding a possible symmetric relationship, we found that an increase in 
financial development results in more energy consumption in the long-run.

We also demonstrate findings of a non-linear asymmetric effect of financial development on energy 
consumption. Financial development positive shock is positively linked with energy consumption in the 
long-run. The implication is that further improvement in financial development will increase demand 
for energy consumption which may reduce energy poverty. It also suggests that financial stability 
influences the availability of credit which, in turn, boosts energy consumption. Results of the negative 
financial development shock show a positive coefficient in the long-run, which represents a stronger 
effect on energy consumption than the positive financial development shock. This indicates that 
financial instability can decrease energy consumption, which may intensify energy poverty. Both the 
positive and negative results are indicative of an asymmetric relationship between financial develop-
ment and energy consumption, due to the variation in magnitude of financial development.

Consequently, we discuss various policy implications for SSA governments and put forward 
several proposals for overcoming barriers to energy access and energy consumption.

First, the playing field between renewable energy and traditional fossil fuel-based generation 
should be levelled in terms of profitability (”Africa up close,” 2018). This can be done by ceasing 
fossil fuel subsidies, as was aspired to by COP26. Instead, subsidies can be redirected to invest in 
renewable energy generation projects, which are more beneficial and likely to materialise in the 
medium to long term and accumulate at the country level (”Africa up close,” 2018).

Second, private sector investment in electricity generation should be encouraged. Governments 
must cut regulatory red tape by providing easy, competitive access to markets and electricity grids 
(”Africa up close,” 2018). Setting strong, national policy targets for renewable energy production 
will foster confidence among private sector participants and make future public incentive mechan-
isms more dependable and trustworthy for investors (”Africa up close,” 2018). An added benefit is 
the easing of the present overload on national power grids that struggle to meet consumer 
demand. Furthermore, the decentralization of power grids will likely improve energy demand 
and increase energy consumption to acceptable levels (Michoud & Hafner, 2021). Investments in 
solar decentralization, especially, can be used to enhance energy access and domestic capacity 
(Corfee-Morlot et al., 2019). Energy efficient measures can also encourage the transfer of energy- 
intensive technology that may increase energy consumption and reduce poverty in SSA.

Third, efforts to develop the financial sector within the SSA region should be ramped up. As 
previously pointed out, external shocks have obstructed financial development (Boufateh & 
Saadaoui, 2020; Chen et al., 2020) and have hampered the consumption of energy-intensive 
goods and curtailed spending on public infrastructure (African Development Bank [AfDB], 2018; 
Chang, 2015; Danish & Ulucak, 2021; Durusu-Ciftci et al., 2020; Sadorsky, 2010). Concomitantly, 
growth is delayed in poor-performing stock markets, which hinders investors. As such, the majority 
of SSA countries should develop their financial systems by improving stock market capitalization in 
terms of size and liquidity, as neither are close to reaching their full potential (Demirgüç-Kunt & 
Maksimovic, 1996). More inclusive financial systems are required to increase the availability of 
funding sources. Deepening and accessing capital markets is likely to increase liquidity by reducing 
the cost of capital (Boufateh & Saadaoui, 2020).

In this regard, enhanced collaboration with international development corporations, such as the 
European Investment Bank (EIB; 2018), could provide the necessary impetus. Enterprises will be 
able to save costs and encourage higher economic growth, which will allow them to easily access 
low-cost credit that can be used to improve production in energy technologies and investment in 
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R&D. Thereafter, energy demand for industries and households may expand, leading to increased 
energy consumption.

Fourth, the risk of political interference and regulatory uncertainty should be mitigated (“Africa up 
close,” 2018). This will provide robust policies that support the stability and development of their 
financial systems during periods of financial crisis. Incidences of financial crises can impact financial 
openness since they are linked to growth de-acceleration in SSA countries (Beck et al., 2011). 
Regulations should cautiously balance the development, policy changes, and openness of financial 
systems to manage the frequency of financial crises, as recommended by Tyson (2021). Moreover, 
SSA countries should strengthen their governments’ governance capabilities and continue to build 
high-quality institutions to structure and regulate long-term development frameworks.

The scope of the current study is limited to 21 countries and over a period of 27 years. Also, the 
detrimental aspect of increased energy consumption on the environment is not addressed. Future 
research could therefore extend our study by including more SSA countries over a longer period 
and exploring the effect of FDI and energy consumption on environmental pollution.

Ultimately, the eradication of energy poverty should be a top priority for policymakers, other-
wise, it is unlikely that the Sustainable Development Goal (SDG) 7, namely “to ensure access to 
affordable, reliable, sustainable, and modern energy for all” will be achieved for SSA.
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