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Abstract

Purpose — Despite the global resolves to curtail fossil fuel consumption (FFC) in favour of clean energies,
several countries continue to rely on carbon-intensive sources in meeting their energy demands. Financial
constraints and limited knowledge with regards to green energy sources constitute major setbacks to the
energy transition process. This study therefore aims to examine the effects of financial development and
human capital on energy consumption.

Design/methodology/approach — The empirical analysis is based on the system generalised method of
moments (SGMM) for a panel of 134 countries from 1996 to 2019. The SGMM estimates conducted on the
basis of three measures of energy consumption, notably fossil fuel, renewable energy as well as total energy
consumption (TEC), provide divergent results.

Findings — While financial development significantly reduces FFC, its effect is positive though non-
significant with regards to renewable energy consumption. Conversely, financial development has a positive
and significant effect on TEC. Moreover, the results reveal that human capital development has an enhancing
though non-significant effect on the energy transition process. In addition, the results reveal that resource
rents have an enhancing effect on the energy transition process. However, when natural resources rents are
disaggregated into various components (oil, coal, mineral, natural gas and forest rents), the effects on energy
transition are divergent. Although our findings are consistent when the global panel is split into developed
and developing economies, the results are divergent across geographical regions. Contingent on these
findings, actionable policy implications are discussed.

Originality/value — The study complements extant literature by assessing nexuses between financial
development, human capital and energy transition from a global perspective.
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1. Introduction

Despite the global resolve to curtail fossil fuel consumption (FFC) in favour of clean energies
(United Nations, 2015), several countries continue to rely on carbon-intensive sources in
meeting their energy demands. The continuous reliance on fossil fuels undermines the
attainment of the 7th and 13th sustainable development goals (SDGs) relating to universal
access to clean energy and the dampening of the undesirable environmental impacts of
climate change, which are believed to heighten with the increasing use of non-renewable
energy (Inal et al., 2022; Achuo, 2022; Shafiei and Salim, 2014). Nevertheless, the problem of
energy transition has attracted unparalleled interest in the recent past. Thus, the growing
interest shown by academics and policymakers as regards energy transition is indicative of
the fact that the world is increasingly gaining awareness on the need to substitute fossil
fuels with renewable energies.

The energy transition concept has been growing in academic and political circles for
more than three decades; first in developed and then in developing countries, giving rise to
both theoretical and empirical debates (Leach, 1992; Solomon and Krishna, 2011;
Dominkovi¢ et al., 2018; Li et al., 2020; Jangam et al., 2020; Bouyghrissi ef al.,, 2022; Akram
et al., 2023). Addressing the issue of energy transition is central to the achievement of the
SDGs, notably SDG-7. Basically, energy transition is the process of replacing fossil fuels
with low-carbon energy sources (Jiang and O’Neill, 2004; Aratjo, 2014). Specifically, energy
transition is a significant structural change in an energy system with respect to the supply
and consumption of increasingly environment-friendly energy. Indeed, throughout the
process of civilisation and urbanisation (Zhang et al., 2017), people have turned decisively
from fossil fuels to more eco-friendly sources of energy to meet their basic needs for cooking,
heating and travel.

Though it is natural to switch from one energy source to another depending on local
resources, convenience, pollution, technical innovation, cost, energy quality, storage and
other factors (Solomon and Krishna, 2011), several studies have questioned the factors that
may hinder people from switching energy sources if better options become available.
Solomon and Krishna (2011) argued that several interrelated factors can drive energy
transition, for instance, the cost of a particular source of energy such as wood may increase,
whereas the cost of another source of energy such as coal decreases. Recent decades have
been characterised by growing concerns regarding the adverse socioeconomic and
environmental impacts resulting from the excessive consumption of non-renewable energy.

However, the global resolve to curtail energy consumption from fossil fuel sources has
been hindered to a greater extent by financial constraints (Alsagr and van Hemmen, 2021).
Although energy transition investment has witnessed a remarkable increase in recent years,
several investors and capital providers around the world remain sceptical as they fear that
the pursuit of a net-zero economy may render them non-competitive (White and Case, 2022).
Though there is hope of business expansion in new technologies and renewable energy
sources, several capital providers still find it difficult to completely divert investments from
the traditional carbon-intensive energy sources.

Thus, the slow pace of energy transition across the globe in general and developing
countries in particular may be blamed partly on the enormous financial and physical capital
requirements associated with the energy transition path. Consequently, Gielen ef al. (2021)
opine that the dream of achieving a net-zero economy by 2050 could remain futile if the
global clean energy investment is not more than tripled. Accordingly, the International
Renewable Energy Agency (IRENA) asserts that the attainment of the 1.5°C emission
scenario outlined in the 2015 Paris Agreement will require yearly investments of US$5.7tn
until 2030 (IRENA, 2022).
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zero economy can be catalysed by redirecting about US$0.7tn worth of annual investments
in non-renewable energies towards green technologies. On average, between now and 2050,
energy transition investment will have to increase by 4.4 trillion every year (Gielen ef al.,
2021). While several contemporary studies contend that financial development, respectively,
enhances renewable energy consumption (REC) (Shahbaz et al., 2021; Anton and Nucu, 2020)
and impedes non-REC (Lei et al.,, 2022), Zhao et al. (2020) argue that financial development
heightens both non-renewable and REC.

Besides financial challenges, sociopolitical factors and poor governance (Painuly, 2001)
equally constitute major drawbacks to the energy transition drive. To curtail these
challenges, stakeholders in the energy sector are encouraged to adopt good governance
practices by ensuring a high degree of transparency and accountability in the energy sector.
Moreover, Nalan et al. (2009) opine that renewable energy development is hindered because
policymakers lack the appropriate knowledge as regards clean energy technologies.

Thus, with the hope that increased knowledge development could propel policymakers to
take more informed and decisive actions aimed at mitigating the adverse developmental
effects of FFC, recent studies have endeavoured to incorporate human capital to energy
transition analysis. For instance, in a recent study for G-7 countries, Khan et al. (2020) argue
that human capital enhances REC. Similarly, Alvarado et al (2021) contend that human
capital decreases non-REC, in the context of Organization for Economic Cooperation and
Development (OECD) countries.

Therefore, the importance of human capital in enhancing environmental sustainability
through carbon-emission abatement cannot be overemphasised. Moreover, as the early
works of Becker (1964), human capital development has been shown to have immense
importance in the development drive of countries. Thus, from the point of view of human
capital theory, investment in education is very important since it enhances future
productivity (Psacharopoulos and Patrinos, 2018).

Thus, this study sets out to examine the effects of financial development and human
capital on energy consumption. The empirical analyses are based on a global panel of 134
countries, encompassing both developed and developing economies.

The contributions of this study are multifold. Firstly, unlike several extant studies that
focus their analysis on either total energy consumption (TEC) or a particular component of
energy consumption, this study comprehensively examines the effects of financial development
and human capital on both the disaggregated components of energy consumption (renewable
and non-renewable) as well as TEC. Moreover, we provide a global comparative analysis with
regards to the level of development, geographical region and income level. Finally, we
incorporate resource rents into our empirical model as a major determinant of energy
transition. This is because of the general conviction that price is a key determining factor for
the demand of a commodity. Therefore, questioning the role of resource rents in the energy
transition drive is of great importance.

Furthermore, the importance of this study cannot be overemphasised as the results are
suggestive of the need for the formulation of appropriate policies aimed at fostering the
sustainable use of eco-innovation and green technologies in the financial sector. Moreover,
the results make a clarion call on governments to increase investments in human capital
development in the fields of eco-innovation.

Our empirical analysis is based on the system generalised method of moments (SGMM) for
a panel of 134 countries from 1996 to 2019. The SGMM estimates conducted on the basis of
three measures of energy consumption, notably fossil fuel, renewable energy as well as TEC,
provide divergent results. Our study finds that while financial development significantly
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reduces FFC, its effect is positive though non-significant with regards to REC. Conversely,
financial development has a positive and significant effect on TEC. Moreover, the results
reveal that human capital development has an enhancing though non-significant effect on the
energy transition process. In addition, the results reveal that resource rents have an enhancing
effect on the energy transition process. However, when natural resources rents are
disaggregated into various components (oil, coal, mineral, natural gas and forest rents), the
effects on energy transition are divergent. Although our findings are consistent when the
global panel is split into developed and developing economies, the results are divergent across
geographical regions.

The remainder of the paper is structured as follows. While Section 2 reviews extant
literature, Section 3 provides the methodological strategy. The empirical results are
presented and discussed in Section 4, whereas the conclusion and policy implications are
contained in Section 5.

2. Review of salient literature

This section critically reviews extant studies with regards to two strands of literature. While
the first strand of literature focuses on the relationship between financial development and
energy consumption, the second lays emphasis on the nexus between human capital
development and energy consumption.

2.1 Financial development and energy consumption

Although there are several studies on the relationship between financial development and
energy consumption, no consensus has been reached (Yue ef al, 2019). Results on the link
between financial development and energy consumption vary across countries, financial
development indicators and methodologies. For instance, employing the autoregressive
distributed lag method, Islam ef /. (2013) found that financial development has a significant
and positive impact on energy consumption in the short and long terms in Malaysia. The
same approach was adopted by Bekhet ef al. (2017) and the results show that financial
development boosts energy consumption in some Gulf Cooperation Council countries. In a
related study, Gomez and Rodriguez (2019) find a negative relationship between financial
development and energy consumption. These results are consistent with those of Ouyang
and Li (2018), who reported that the comprehensive financial development indicator
effectively reduces energy consumption in a panel vector autoregressive model across
Chinese provinces. Similarly, Shahbaz et al. (2013) found a negative relationship between
financial development and energy consumption in the context of South Africa.

In addition, several studies have examined the relationship between financial
development and energy consumption in energy transition countries. Tamazian and Rao
(2010) suggest that financial development can help improve environmental quality by
reducing carbon dioxide emissions. Using China as an example, Zhang (2011) found that
financial development has become a major driver of carbon emissions, through increased
energy consumption. Nevertheless, Jalil and Feridun (2011) provide clear evidence that
financial development in China will reduce energy consumption in the long run. However,
this depends on the methodological approach, as the relationship between energy
consumption and financial development appears very complex. Other studies have shown
that the relationship varies according to indicators of financial development. For example,
Sadorsky (2011) finds a positive relationship between financial development and energy
consumption when financial development is measured by banking variables such as the
ratio of depository bank assets to gross domestic product (GDP).
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Nucu (2020) argue that financial development enhances REC across European Union
member countries. Likewise, Shahbaz ef al. (2021) show that financial development enhances
REC across developing countries. Similar results have equally been reported for India (Eren
et al., 2019) and China (Zhao et al., 2020). Conversely, in a recent study focussing on the USA,
Lahiani ef al. (2021) conclude that the effects financial development on REC is divergent
depending on the measure of financial development. With regards to the financial
development and FFC nexus, Zhao et al. (2020) contend that non- REC heightens with
improvements in financial development. These findings are inconsistent with the results
obtained by Lei et al (2022), who argue that while a positive change in financial
development constrains non-REC, a negative change in financial development results to
increased consumption of fossil fuels in the long run.

Although empirical evidence suggests a significant impact of financial development on
energy consumption, Yue et al (2019) conclude on the existence of a non-significant linear
relationship between financial development and energy consumption. The authors also
show that the effects of financial development on energy consumption are divergent
depending on the indicators of financial development. For example, they report that the
indicator of stock market development led to a decrease in energy consumption in China and
Poland, whereas the development of financial openness reduces energy consumption, except
in Georgia and the Kyrgyz Republic.

Furthermore, by examining the link between energy consumption and financial
development, Ma and Fu (2020) find that overall financial development has a significant
positive impact on energy consumption from a global perspective, and that its two
components (financial institution and financial market) have the same effect. Sadorsky
(2010) contends that financial development significantly boosts energy consumption when
financial development indicators such as market capitalisation to GDP and stock market
turnover ratio are used. Riti ef al. (2017) chose money supply as an indicator of financial
development and found that financial development plays an important role in decreasing
energy consumption. Zhang (2011) used foreign direct investment (FDI) as one of the
indicators of financial development, and the empirical results indicate that financial
development has a positive but small influence on energy consumption. Also, adopting FDI
as an indicator of financial development, Tamazian and Rao (2010) show that increasing FDI
inflows can definitely reduce energy consumption.

Moreover, Chang (2015) applied a traditional panel threshold model to explore the non-
linear relationship between financial development and energy consumption. The results
show that financial development indicators representing the level of the banking market will
increase energy consumption in low-income countries, whereas financial development
indicators reflecting the stock market will decrease energy consumption. These results are
in contrast to those of Ma and Fu (2020), according to which financial development has a
positive impact on energy consumption in developing countries, but no clear effect in
developed countries.

Conversely, Leach (1992) examines the substitution of traditional biomass fuels by
modern energy sources in the household sector of developing countries and contends that
the energy transition process is highly dependent on the size of cities and, within cities, on
household income, as the main constraints to the energy transition process are poor access
to modern fuels and the high cost of appliances. Similarly, Jiang and O’ Neill (2004) conclude
that energy transition in China varies greatly from one geographical region to another due to
differences in access to different energy sources, prices, climate, income and level of
urbanisation. The authors also find that energy use patterns based on people’s net income
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are more consistent with the energy transition model in rural China. Similarly,
improvements in the efficiency of existing economic activity can accelerate the substitution
of energy sources and lead to further cost reductions in the energy transition process
(Solomon and Krishna, 2011). However, given that access to renewable energy is expensive,
the energy transition process requires significant financial development to ensure energy
efficiency, the use of renewable energy and the development of innovative carbon capture
and sequestration techniques to better address environmental issues (Yue et al, 2019; Bayar
et al., 2020; Dong et al., 2022; Ahmad et al., 2022).

In view of this literature, it is still very difficult to conclude that financial development
cannot be used to limit the increase in energy consumption from a global perspective.

2.2 Human capital and energy consumption

A relatively substantial body of literature exists on the link between human capital and
energy consumption (Salim et al., 2017; Akram et al., 2018; Yao et al., 2019) with more or less
divergent results. For example, Salim et al (2017) used panel data from the Chinese
provinces from 1990 to 2010 to test this relationship and found that human capital has a
negative impact on energy consumption. In a related study for India, Akram et al. (2018)
conclude that human capital reduces energy consumption. In the context of developed
countries, Shahbaz et al. (2019) report that human capital was found to reduce energy
consumption in the USA between 1975 and 2016, which they attribute to substantial
investments in higher education levels in the USA. Similarly, Lan ef @l (2012) confirmed that
energy consumption greatly depends on the level of human capital.

Likewise, Churchill et al (2022) explore the nexus among human capital and energy
consumption in the UK and reveal the existence of a negative relationship between human
capital and energy consumption from both parametric and non-parametric estimations. In
addition, the parametric estimates show that in the long term, energy consumption is likely
to reduce by 4%-9% following an additional year of schooling. These findings are
consistent with the results of Alvarado et al (2021) who contend that non-REC decreases
with improvements in human capital in the context of OECD countries. Examining the effect
of human capital on energy consumption for a panel of OECD economies over the period
19652014, Yao et al. (2019) suggest that a one standard deviation increase in human capital
reduces overall energy consumption by 15.36%. Separating clean energy consumption from
dirty energy consumption, the authors find that a one standard deviation increase in human
capital is associated with a 17.33% decrease in dirty energy consumption and an 85.54%
increase in clean energy consumption.

Assessing the link between human capital, energy consumption and economic growth,
Shahbaz et al. (2022) show that human capital development has a negative and statistically
significant effect on energy consumption. The results also show a unidirectional causal
effect of human capital on all forms of energy consumption. However, the association
between economic growth, dirty energy use and clean energy use remains interdependent,
indicating a feedback effect.

In a related study, Ahmad et al (2022) examine the effect of financial development, human
capital and institutional quality on environmental sustainability in emerging economies and
contend that financial development promotes environmental sustainability through human
capital. The authors also find that institutional quality reduces the negative environmental
impacts of financial development. Equally, Bouyghrissi et al (2022) conclude that REC
interacts with financial development and FDI inflows to jointly reduce carbon dioxide
emissions in Morocco. Consequently, policymakers should encourage eco-sustainable
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policies, as well as promoting human capital development.

Despite the existence of a relatively vast body of literature examining the relationship
between energy transition and socio-economic factors, no consensus has been reached and
the links between financial development, human capital and energy transition remain an
open debate. This study therefore fills an important gap in literature by providing global
comparative evidence of the linkages between financial development, human capital
development and energy consumption.

3. Empirical strategy

3.1 Data and description of variables

The data used in this study is gotten from varied sources. While most of the variables were
essentially sourced from the World Bank database, specifically the World Development
Indicators and the Worldwide Governance Indicators, human capital was gotten from the
Penn World Tables (PWT Version 10.0). The used data spans from 1996 to 2019 and involves
134 countries, encompassing both developed and developing economies. This time frame and
number of countries was largely limited by the availability of data for the variables of interest.

3.1.1 Dependent variable. The dependent variable adopted in this study is energy
consumption. Unlike most extant studies that limit their analysis of energy consumption
either to non-REC (Alvarado ef al, 2021) or disaggregate energy consumption into renewable
and non-renewable energy (Achuo ef al, 2022b), the present study uses the three main
measures of energy consumption notably, REC, FFC as well as TEC. While REC is the share
of renewable energy in TEC and includes energy from wind, solar, geothermal and tide, FFC
is the share of fossil fuel in TEC and includes energy from coal, natural gas, petroleum,
gasoline, kerosene, diesel and fuel oil. TEC aggregates energy consumption from both non-
renewable and renewable sources. However, similar computations for energy consumption
have been used by Khan ef al (2020).

3.1.2 Independent variables. The principal independent variable used in this study is
financial development, captured by domestic credit to the private sector (%GDP). The use of
this measure is consistent with Achuo et al. (2022b). While Sadorsky (2010) posits that
financial development significantly boosts energy consumption, Riti ef al. (2017) contend
that financial development decreases energy consumption. However, Yue ef al. (2019) argue
that the effects of financial development on energy consumption are divergent depending on
the indicators of financial development as well as the measure of energy consumption.
Consequently, a positive or negative relation is expected in this study.

The apparent correlations between financial development and the various measures of
energy consumption are highlighted in Figure 1. While TEC and REC are seen to decrease
with financial development, the relation is shown to be positive with regards to FFC.

Another key explanatory variable used in this study is human capital. Human capital is
proxied by the human capital index, which captures changes in human capital development
across countries and time. Hence, this index, which is adjusted with expected returns to
education, varies across countries on the basis of different qualification levels. A similar
measure of human capital has been adopted by competent contemporary studies (Khan
et al., 2020; Alvarado et al., 2021). Khan et al. (2020) found a negative relationship between
human capital and energy consumption (notably, non-REC and TEC) across G-7 countries.
Similar results have been reported by Alvarado et al (2021) in the context of OECD
countries. Thus, consistent with extant studies, a negative or positive relationship is
expected between human capital and energy consumption.
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Figure 1.
Correlation between
financial
development and
energy consumption
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3.1.3 Control variables. This study uses several control variables including, FDI, internet
penetration, women empowerment, governance, trade openness, GDP per capita, urbanisation
and resources rents. The inclusion of these variables in the empirical model is consistent with
contemporary literature (Asongu et al, 2020, 2019, 2018; Miamo and Achuo, 2022; Nchofoung
et al, 2022). The complete definition, measurement, descriptive statistics and correlation
analysis of all the modelled variables are presented in the Appendix.

3.2 Model specification

Inspired by the human capital augmented neoclassical growth model and consistent with
contemporary extant studies (Khan et al,, 2021; Fang and Chang, 2016; Sadorsky, 2010), we
specify the following functional model in which energy consumption is primarily explained
by financial development and human capital:

Yit :f(FDit7 Hcit7Zit) (1)

where Y is a vector of three dependent variables that capture energy consumption. The
various measures of energy consumption include, REC, FFC and TEC. The subscripts
1 and ¢ denote the cross-sections and time periods, respectively. While FD represents
financial development, HC implies human capital development and Z is a vector of
control variables.

Consistent with Fang and Chang (2016), equation (1) can be written explicitly as follows
or equation (2):

ECy = By + G1FDy + BoHCy + By Zis + oyt ©
where EC denotes energy consumption as defined in equation (1); & is the intercept; &1,

o and J; are slope coefficients; w is the stochastic error term; whereas the rest of the
variables are defined as before, 7 symbolises the number of control variables included in Z.



3.3 Estimation procedure

To empirically examine the effects of financial development and human capital formation on
energy consumption, we make use of the GMM estimation procedure developed by Arellano
and Bover (1995). This modelling approach is suitable when the cross sections (V) exceed the
number of time periods (7), as evidenced in this study. Moreover, the GMM method uses
internal instruments and controls for unobserved heterogeneity and double causality.

However, in addition to the strengths of the GMM estimator, the study adopts the system
GMM estimation technique propounded by Roodman (2009), to account for the inherent
problem of cross-sectional dependence in panel data series. This is consistent with Achuo
et al. (2022a) who contend that the system GMM controls for cross-sectional dependence and
instrument proliferation.

Moreover, this approach is robust because of its ability to incorporate both a level equation
or equation (3) and a difference equation or equation (4). Thus, consistent with Asongu and
Odhiambo (2019), the following standard system GMM procedure is specified. It is dynamic
because the lagged outcome variable is included in the equation:

m
ECy = 6 + 1 ECyy1) + Dol Dip + DHCGy + Z BiZiip-1) + @i+ B+ oy )
=

ECy — ECyy_y) = &1 (ECyy_1) — ECyy_9)) + Do (FDit — FDyy_yy) + D5 (HCy — HCyy_yy )
+ Z Bi(Zi-1) — Ziit-2) (B — Bim1) + (@it — @j_y)) )
=)

where « represents the country fixed effects; 8 denotes the time invariant constant; the rest
of the variables are defined as before.

Nevertheless, to address the problems with regards to identification, simultaneity and
restriction of modelled variables, the study treats all the explanatory variables included in
the estimated model as endogenous variables, in accordance with Nchofoung et al. (2022).

4. Empirical results

This section provides a critical discussion of the empirical findings of the study. Firstly, we
discuss the baseline findings with regards to the effect of financial development and human
capital on energy consumption. Then, we provide sensitivity analysis of the baseline results
with regards to regional groupings and level of development. Finally, we investigate the
sensitivity of the baseline findings in the presence of natural resources.

4.1 Baseline results

The results relating to the effects of financial development and human capital formation on
energy consumption are presented on Table 1. The SGMM estimates conducted on the basis
of three measures of energy consumption, notably, fossil fuel, renewable energy as well as
TEC, provide divergent results. For instance, while financial development significantly
reduces FFC, its effect is positive though insignificant with regards to REC. The insignificant
effect of financial development on energy consumption is in congruence with Yue et al. (2019),
who opine that the effects of financial development on energy consumption vary depending
on the indicators of financial development adopted. Conversely, when fossil fuel and REC are
aggregated into TEC, the effect of financial development is positive and significant. This
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Table 1.

System GMM results
of the effect financial
development and
human capital on
energy consumption

@

@

Dependent variable

®

Variables Fossil fuels Renewable energy Total energy consumption
Financial development —0.196** (0.0823) 0.0201 (0.0746) 0.08247#* (0.0264)
Internetpenetartion —1.451%%* (0.287) 1.697#*%* (0.252) 0.232 (0.142)
Urbanisation 0.715%%* (0.174) —0.280%** (0.0867) 0.00949 (0.119)
Human capital 0.471 (1.985) 0.563 (1.951) 0.491 (1.140)
Women empowerment 0.494* (0.252) —1.095%** (0.162) —0.512%%* (0.0844)
FDI —1.263*#* (0.379) 2,031 (0.248) 0.400%** (0.0782)
GDP per capita (log) 30.82%*%* (7.019) —36.48%** (3.332) —9.022**%* (3.054)
Trade 0.179%* (0.0862) —0.229%** (0.0601) —0.137%%* (0.0249)
Governance —2.780 (4.582) 8.614* (4.250) 0.447 (2.817)
Constant —237.7%%% (53.41) 338.6%** (25.81) 184.8%#* (22.52)
Observations Instruments 1,185 21 1,606 21 1,185 21
AR(1)_Prob 0.00109 0.0105 0.00213
AR(2)_Prob 0.486 0.555 0.698
Hansen_Prob 0.164 0.128 0.608

isher 489 3%k 759.7%%% 85,29k

Notes: Standard errors in parentheses; lagged outcome variables are involved in the GMM specifications.
wiekly < 0.01; %% p < 0.05; % p < 0.1
Source: Authors’ own creation

implies that financial development leads to an increase in overall energy consumption.
Although these results corroborate the earlier findings of Ma and Fu (2020), they however
contradict the findings of Ouyang and Li (2018), who conclude that financial development
effectively reduces energy consumption. Overall, our results are largely consistent with Lei
et al. (2022) who argue that in the long run, a negative change in financial development
increases dirty fuel consumption, whereas a positive change in financial development
constrains FFC in favour of clean energy. This finding has policy implications as it is
indicative of the urgent need for the formulation of appropriate policies aimed at fostering the
sustainable use of eco-innovation and green technologies in the financial sector.

As concerns the role of human capital on energy consumption, its effect is positive but non-
significant for various measures of energy consumption. The insignificant effect is suggestive
of the fact that more still needs to be done in terms of human capital development in the field
of clean energy. Therefore, it is imperative for governments to increase investments in human
capital formation, especially in the fields of eco-innovation. Policymakers have to step up
efforts aimed at sensitising people on the importance of clean energy consumption in the
present dispensation characterised by growing environmental pollution orchestrated by
increasing dependence of humanity on dirty energy consumption (Achuo et al, 2022b).
However, the role of human capital on energy consumption as revealed in this study is
inconsistent with the findings of Shahbaz et al. (2022) who found a statistically negative and
significant effect of human capital on all measures of energy consumption in China.
Notwithstanding, several studies (Churchill et al, 2022; Shahbaz et al, 2019; Akram et al., 2018;
Salim et al, 2017) have demonstrated the importance of human capital in enhancing the
energy transition process in the context of developed economies.

Likewise, Table 1 reveals that other control variables like internet penetration and FDI
have an enhancing effect on the energy transition process. This finding, particularly for FDI,
is consistent with extant studies by Tamazian and Rao (2010) and Zhang (2011). These
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inflows definitely inhibit dirty energy consumption.

4.2 Robustness checks

In checking for the robustness of the baseline findings presented on Table 1, we first
disaggregate the global panel of 134 countries into developed and developing economies,
and then into different geographical regions, before considering the role of natural resources.
This is consistent with Nchofoung et al (2021). The sensitivity analyses of the effects of
financial development and human capital on the energy transition process with regards to
regional groupings and level of development are highlighted on Tables 2 and 3, whereas the
results highlighting the role of natural resources are outlined on Tables 4 and 5. The
sensitivity analyses are also designed to take into account comparative dynamics to
improve room for policy implications.

The results reveal that financial development has an enhancing effect on the energy
transition process in the context of developed economies, as evidenced by the respective
significant negative and positive coefficients as regards FFC (Table 2) and REC (Table 3).
Conversely, financial development seems to be an impediment to the energy transition
process in the context of developing economies. This is because increased financial
development rather exacerbates FFC (Table 2) while curtailing REC (Table 3). This
disturbing situation in the context of developing countries may however be justified by the
fact that several developing countries are yet less concerned with energy transition given
that most of these countries are still in dire need of basic energy needs like electrification.
This is further justified by the financial constraints that characterise developing countries,
as the energy transition process requires huge financial and physical capital (Alsagr and
van Hemmen, 2021).

The results in Tables 2 and 3 further reveal that financial development impedes the
energy transition process in the context of sub-Saharan African countries as well as the East
Asia and Pacific region. The results show that financial development engenders an
expansion in the consumption of fossil fuels. The increase in FFC is likely to exacerbate
environmental pollution, thereby undermining global efforts towards pollution mitigation.
However, these results corroborate the findings of Qudrat-Ullah and Nevo (2021) who posit
that environmental sustainability does not seem to be a priority of developing countries
(particularly African economies) towards the attainment of the global SDGs.

Moreover, although the effect of human capital on energy consumption is insignificant, the
respective negative (Table 2) and positive (Table 3) coefficients with regards to fossil fuel and
REC both in the context of developed and developing countries is indicative of the importance
of human capital in the energy transition process. The insignificant effect may simply point to
the inefficacy of the efforts expended so far by policymakers in sensitising people on the
importance of green technologies. This therefore calls for more synergy between national and
international bodies with regards to the design and implementation of policies aimed at
encouraging the use of clean energy. These policies must be accompanied by increased
funding for the exponentiation of training opportunities on energy transition. Indeed, human
capital development is likely to enhance the energy transition process (Churchill et al,, 2022;
Shahbaz et al,, 2019) and ensure the attainment of a net-zero global economy.

Looking at the role of natural resources on the energy transition process, Tables 4 and 5
reveal that the effects of natural resources on energy consumption are divergent depending
on the type of resource and measure of energy consumption. Generally, total resource rents
have an enhancing effect on the energy transition process. For instance, while Table 4 shows
that there exists a significantly negative relationship between total resource rents and FFC

and energy
transition
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(Model 1), Table 5 reveals a significantly positive coefficient in the context of REC (Model 1).
However, when natural resources rents are disaggregated into various components (oil, coal,
mineral, natural gas and forest rents), the effects are divergent. Moreover, while oil rents
(Model 4) and forest rents (Model 6) contribute to the enhancement of energy transition by,
respectively, reducing FFC (Table 4) and raising REC (Table 5), coal rents (Model 2) and
mineral rents (Model 3) constitute impediments to the energy transition process.

5. Conclusion and policy implications

5.1 Conclusion

Despite the resolve of world leaders to curtail global consumption of fossil fuels in favour of
clean energies, several countries continue to rely on carbon-intensive sources in meeting
their energy demands. Financial constraints and limited knowledge with regard to green
energy sources constitute major setbacks to the energy transition process. This study
therefore examines the effects of financial development and human capital formation on
energy consumption. The empirical analysis is based on the SGMM for a global panel of 134
countries over the 1996-2019 period.

The SGMM estimates conducted on the basis of three measures of energy consumption,
notably fossil fuel, renewable energy as well as TEC, provide divergent results. While
financial development significantly reduces FFC, its effect is positive though insignificant
with regards to REC. Conversely, when fossil fuel and REC are aggregated into TEC, the
effect of financial development is positive and significant. Moreover, the results reveal that
human capital development has an enhancing though non-significant effect on the energy
transition process. These findings are consistent irrespective of the country’s status as
developed or developing. The non-significance of human capital can be traceable to the
perspective that irrespective of countries, the level of education qualification of individuals
does not significantly influence their decisions about the energy transition process. Hence,
formal education may not be the exclusive factor of human capital eliciting energy transition
and thus, informal education measures could also be worthwhile, though data on informal
education are not currently available. The results equally reveal that resource rents have an
enhancing effect on the energy transition process. However, when natural resources rents
are disaggregated into various components (oil, coal, mineral, natural gas and forest rents),
the effects on energy transition are divergent. While oil rents and forest rents contribute to
the enhancement of energy transition by respectively reducing FFC and raising REC, coal
rents and mineral rents constitute impediments to the energy transition process.

5.2 Policy implications

Contingent on the findings of this study, it is imperative for various governments to increase
investments in human capital formation especially in the fields of ecological(eco)-innovation.
Moreover, appropriate policies aimed at fostering the sustainable use of eco-innovation and
green technologies should be formulated and valorised in the financial sector. Thus,
policymakers are advised to step-up efforts aimed at financing and sensitising people on the
importance of clean energy consumption. Therefore, there is need for more synergy between
national and international bodies with regard to the design and implementation of policies
aimed at encouraging the use of eco-innovation and green technologies. These policies must
be accompanied by increased funding for the exponentiation of training opportunities on
energy transition. Indeed, increased financial resources to fund sensitisation campaigns will
create more awareness and ensure an adequate development of human capital in clean
energy-related technologies.



5.3 Future research directions

Given that the current study focuses on a global panel of 134 countries, it will be worthwhile
for future research to investigate the role of financial development on country-specific basis
for more inclusive policies to be designed in with regard to country specificities. Moreover,
other indicators of financial development could be used in subsequent studies. Equally,
future research could consider investigating the indirect channels through which financial
development and human capital can impact energy consumption.
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Appendix Human Capltal
and energy
Variable Obs Mean ) Min Max transition
Renewable energy 3,078 35.05 30.067 0 96.352
Fossil fuels 2,184 65.366 28.351 0 100
Financial development 2,671 51.703 45.885 0.186 304.575
Internet penetration 3,063 28.901 30.087 0 99.701
Urbanisation 3,215 56.917 22.74 7412 100
Human capital 2,440 2.447 0.684 1.093 4.352
Women empowerment 2919 17.872 11.347 0 63.75
FDI 3,176 5.278 17.154 —58.323 449.083
GDP per capita (log) 3,181 8.52 1.503 5.386 11.566
Trade 3,050 85.811 52.693 0.027 437.327
Governance 3,215 0.035 0.939 —1.998 12.768
Resources rents 3,186 6.674 10.154 0 66.69
Coal rents 3,179 0.172 0.88 0 25.965
Mineral rents 3,186 0.703 2.08 0 25.163
Oil rents 3,186 3,503 9.243 0 66.564
Gas rents 3,179 0.381 1.058 0 13.659
Forest rents 3,186 1.916 3.958 0 40.408
Table Al.
Source: Authors’ own creation Descriptive statistics
Variable Definition Source
Fossil fuel Fossil fuel energy consumption (% of total) WDI
Renewable energy Renewable energy consumption (% of total final energy consumption) WDI
consumption
Total energy consumption It is the sum of energy consumption from both renewable and non- WDI
renewable sources
Financial development Domestic credit to private sector (% of GDP) WDI
Human capital Human Capital Index (HCI), which captures changes in human capital PWT10
development across countries and time. It is adjusted with expected
returns to education and varies across countries on the basis of
different qualification levels
Internet penetration Individuals using the Internet (% of population) WDI
Women empowerment Proportion of seats held by women in national parliaments (%) WDI
FDI Foreign direct investment, net inflows (% of GDP) WDI
Trade openness Trade (% of GDP) WDI
Urbanisation Urban population (% of total population) WDI
Governance It is a composite governance index, which is the average of the six WGI
governance indicators
GDP per capita GDP per capita, PPP (constant 2017 international $) WDI
Resource rents Total natural resources rents (% of GDP) WDI
Forest rents Forest rents (% of GDP) WDI
Mineral rents Mineral rents (% of GDP) WDI
Coal rents WGI
Gas rents Natural gas rents (% of GDP) WDI
Forest rents Forest rents (% of GDP) WDI

Notes: WDI = World Development Indicators; WGI = World Governance Indicators; PWT10 = Penn

World Tables, version 10.0; GDP = Gross Domestic Product; FDI = Foreign Direct Investments
Source: Authors’ own creation

Table A2.
Definition and
sources of variables
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