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Abstract: In recent literature, the impact of economic policy uncertainty (EPU) on macro aspects
have been investigated, but the aspect of energy, precisely renewable energy still to explore. The
motivation of the study is to produce fresh evidence regarding the nexus between EPU and renewable
energy consumption (REC) with the mediating role of forcing direct investment (FDI) and financial
development (FD) in BRIC nations for the period 1997q1–2018q4. The study applied unit root tests
following Ng-Perron and Zivot and Andrews for detecting variable’s stationary properties. The
long-run cointegration was evaluated by implementing Bayer, Hanck combined the cointegration
test, Bound testing approach, and tBDM test. Both linear and non-linear ARDL were implemented to
evaluate long-run and short-run shocks, and directional causality was assessed through a non-granger
causality test. Furthermore, the study implemented robustness by implementing fully-modified
OLS, dynamic OLS, and canonical cointegrating regression (CCR). Unit root test established the
variables are stationary after the first difference; moreover, the Bayer and Hanck cointegration test
confirmed the long-run association between EPU, FD, FD, and REC in BRIC nations. Accruing to
ARDL estimation, adverse effects running from EPU to REC both in the long run and short run.
Furthermore, the positive statistically significant linkage revealed for FDI and FD to REC implies that
clean energy integration could be augmented with continual inflows of FDI and development of the
financial sector. Model estimation with asymmetric assumption, the study documented asymmetric
effects running from EPU, FDI, and FD to renewable energy consumption, especially in the long run.
Finally, the directional causality revealed unidirectional causality between REC and EPU, whereas
the feedback hypothesis was disclosed for FDI and REC] and FD and REC. Study findings postulated
that the role of foreign direct investment and financial development is critically significant because
technological advancement and capital investment augment clean energy integration through the
application of renewable energy.

Keywords: economic policy uncertainty; renewable energy consumption; foreign direct investment;
financial development; BRIC

1. Introduction

The transition from conventional energy consumption to renewable energy at the
aggregate level has been considered a strategic decision in the process of greenhouse gas
(GHG, hereafter) emission [1]. The output from investment in research and development,
i.e., the effects on macro economy positively guided by RE integration in economic activi-
ties [2]; in addition, the literature suggests that RE assists in thriving the aggregate output
with minimal environmental cost [3]. The growing damage of environmental degradation,
with a heavy application of non-renewable energy, intensifies the concern of future conse-
quences for climate change, especially for achieving sustainable development [4]. Thus,
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protecting the environment and eliminating the impact of climate change the normal course
of humanity. Countries have constantly invested in energy diversification by moving to RE
application instead of orthodox energy [5]. The recent literature has produced a plethora of
empirical studies pertinent to renewable energy and, considering the motivation of respec-
tive studies, and we sub-grouped studies into two directions. First, the role of renewable
energy integration in the economy, and the benefits for an economy, have been promoting
green energy integration, such as economic growth acceleration, environmental protection
cost reduction, financial development, agro-productivity, induced foreign investors. The
second line of empirical findings explore the key determents for renewable energy inte-
gration and studies reveal several factors, including technological innovation, public debt,
government expenditure, environmental policies, and financial integration.

However, the effects of policy uncertainties on energy transformation, namely, clean
energy integration, have yet to be empirically investigated. The effects of economic pol-
icy uncertainty (EPU, hereafter) have been extensively investigated, focusing on diverse
key macro and micro features of the economy, such as economic growth [6], financial
development [7], foreign direct investment, trade openness [8], and oil price shocks [9,10].
However, the impact of EPU on environmental and climate change aspects has been yet
to be investigated in empirical literature extensively. The demand and use of renewable
energy (RE, hereafter) consumption in the aggregate domestic production process is unnec-
essary, but an imperative issue due to environmental consequences, cost of production, and,
most importantly, future economic sustainability [11]. Intense use of RE, primarily guided
by the threat of global warming associated with greenhouse gas emission, articulately
supplants carbon dioxide injection to the economy [12].

The motivation of this study is to gauge the nexus between economic policy uncer-
tainty and renewable energy consumption in BRIC countries for the period from 1997q1 to
2018q4 with the moderating effects of foreign direct investment and financial development.
The study applied several econometrical tools, such as stationary properties, that were
evaluated by implementing Ng and Perron [13] and Zivot and Andrews [14] one struc-
tural break unit root tests, along with the conventional test of stationary, namely, the ADF
test [15], P-P test [16], GS-ADF test [17], and KPSS test [18]. The long-run cointegration be-
tween economic policy uncertainty, foreign direct investment, financial development, and
renewable energy consumption was documented by employing the Bayer and Hanck [19]
combined cointegration test. The autoregressive distributed lagged (ARDL) test was im-
plemented for detecting the magnitudes of EPU, FDI and FD on REC both in the long-run
and short-run by following Pesaran, et al. [20], moreover, the asymmetric effects of EPU,
FDI, and FD on renewable energy consumption evaluated through non-linear framework
offered by Shin, et al. [21]. Finally the directional association in empirical assessment, study
considered non-granger causality test which was familiarized by Toda and Phillips [22].

The present study contributes to the existing literature in the following manners:
First, the nexus between economic policy uncertainty and energy consumption has been
extensively investigated in literature [12,23–25]. Existing literature suggests that uncertain-
ties have two dimensions, i.e., geo-political risk and economic policy uncertainty (EPU),
which critically induces energy consumption and investment in energy diversifications.
More precisely, geo-political risk deals with international energy supply, energy prices, and
territorial issues, while EPU deals with fundamental macro behavior, including monetary
and fiscal policies, energy policies, international trade, and so on. However, the role of EPU
on renewable energy is yet to be unleashed in an extensive name even though, in recent
periods, researchers have invested time and efforts in detecting the positive association
between EPU and renewable energy consumption in the economy.

Second, the role of financial development in energy development has been extensively
investigated, see for instance Salim, et al. [26], Wang and Jiayu [27] Polat [28], and docu-
mented both positive and negative associations between them. However, the relationship
between financial development and renewable energy consumption has yet to be exten-
sively investigated, especially considering BRIC nations. Nonetheless, in the recent period,
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a few researchers, for instance, Anton and Afloarei Nucu [29], Burakov and Freidin [30],
have tried to explore the nexus between FD and REC by taking a panel dataset to see.
The contribution of the study is the contest of selecting an appropriate measurement of
financial development, implying that, as a measurement of financial development, several
proxies have been revealed in empirical studies, and, most importantly, the large number of
researchers rely on a single indicator, namely, domestic credit to private section (DCP) [31].
However, very few studies considered the financial development index constructed by
taking more than one proxy variable by implementing principal component analysis (PCA).
Therefore, this study has extended the financial development proxy index with four proxy
measures that are extensively considered by researchers in several occasions. The construc-
tion of the FDI index with more proxies will result in capturing the linkage and magnitudes
in an efficient manner, and this, moreover, assists in understanding the true relationship
with renewable energy output growth.

Third, according to existing literature, the role of foreign direct investment has been
extensively appreciated for technological advancement and promotion of energy efficiency
in the economy. Inflows of FDI bring foreign ownership in industrial development with
higher energy demand. Therefore, the use of conventional sources of energy, namely, fossil
fuels, has been intensified. Over the past decade, the adverse environmental consequences
and environmental protection costs have been inducing the economy toward clean energy
integration that applies renewable energy for industrial output. In the recent period,
a significant amount of research has examined the impact of renewable energy impact
on FDI [28,32], but the role of FDI in accelerating renewable energy growth is yet to
be examined extensively. This study has extended the existing belief that is FDI brings
energy efficiency with technological progress, implying that the role of FDI in augmenting
renewable energy consumption in BRIC nations.

Study findings document long-run associations between economic policy uncertainty,
foreign direct investment, financial development, and renewable energy consumption in
BRIC nations, according to Bayer and Hanck [19] combined cointegration test. Empirical
model estimation with ARDL [20] reveals an adverse statistically significant association
between EPU and renewable energy consumption and positive statistically significant
effects running from FDI and financial development to renewable energy consumption,
especially in the long run. According to asymmetry assessment of EPU, FDI, and FD on
REC following Shin, Yu and Greenwood-Nimmo [21], the study disclosed asymmetric
effects running from explanatory variables to renewable energy consumption both in the
long-run and short-run. The rest of the article, apart from the introduction in Section 1,
is as follows. Section 2 deals with the literature survey and conceptual framework of the
study. The data, variables definition, and econometrical methodology are explained in
Section 3. Empirical model estimation and interpretation report in Section 4. Finally, the
discussion and conclusion display in Section 5.

2. Literature Review
2.1. Effects of Economic Policy Uncertainty

Energy transition has emerged as the prime concern for global leaders for the adverse
consequences of fossil fuel use in the economic output. Climate change and environmental
deprivation are the ultimate results of the heavy reliance on conventional energy. Thus,
energy transition from conventional to RE is imperative due to the reduction in GHS.
Energy diversification, i.e., investment in renewable energy sources, can assist in achieving
environmental sustainability through limiting GHG emissions [33]. Investment in energy
diversification immensely influences country specific actors, including government tax
subsidies and global phenomena [2]. However, moving from non-renewable energy to sus-
tainable sources means substantial investments in RD and aware government policies and,
most importantly, encourage foreign investment [3]. Investment in energy diversification
through RD is the only long-term response to the global energy crisis, and the reduction in
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non-renewable energy by replacing renewable energy sources may be crucial to overall
economic development as it supports the exploration of renewable energy resources [34].

The nexus between economic policy uncertainty and energy consumption has been
extensively investigated in literature [12,23–25]. Existing literature suggests that uncertain-
ties have two dimensions, i.e., geo-political risk and economic policy uncertainty (EPU),
which critically induces the energy consumption and investment in energy diversifications.
More precisely, geo-political risk deals with international energy supply, energy prices, and
territorial issues, while EPU deals with fundamental macro behavior, including monetary
and fiscal policies, energy policies, international trade, and so on. However, the role of EPU
on renewable energy is yet to be unleashed in an extensive name even though, in recent
periods, researchers have invested time and efforts in detecting the positive association
between EPU and renewable energy consumption in the economy.

In a study, Liu, et al. [35] explores the impact of economic policy uncertainty on
firms investing in the energy sector by taking a panel of 168 energy investment decisions
which comprised of 52 firms from fossil energy investment and 112 firms representing
renewable energy investment in China for the period 2007q1–2012q4. Empirical estimation
using panel regression documented that EPU diminishes traditional energy enterprise
investment; however, renewable energy enterprise investment is not affected. Furthermore,
the study established that EPU has a greater effect on discouraging coal and petroleum
companies from investing, whereas it significantly supports renewable energy investments.

Sohail, et al. [36] investigated the monetary policy impact on renewable and non-
renewable energy consumption in the US economy. The study documents that volatility in
monetary policy adversely affects the consumption of RE. Furthermore, the asymmetric
association between RE consumption and monetary policy was established. The higher
degree of EPU incurred finance frictions, causing the cost of energy financing in the
economy [37]. Investment in the RE sector is adversely influenced by policy uncertainties
and tax subsidy, feed-in-tariffs, and policy assistance [38].

Policy makers in emerging economies persistently seek advantageous strategical
policies to attract inflows of FDI in the economy. In emerging and developing economies,
inflows of FDI are considered as an alternative source of external financing and domestic
capital accumulation [39]. EPU produces disadvantageous circumstances in the economy,
which is characterized by lower investment [40], lower aggregate production [41], and
decreased stock level [42]. The impact of EPU on domestic macro fundaments has been
extensively investigated in recent time; however, the effects on cross-broader capital flow
fluctuation due to EPU has yet to be explored extensively. Gulen and Ion [40] advocated
that with the higher degree of EPU, the benefits of waiting for EPU decrease is less costly to
divest investment and move to other countries. For foreign investment, whether short-term
or long-term currency risk and regulation pose specific difficulties, long-currency exposure
is a problem.

Consequently, the costs of waiting through a time of rising EPU might be deemed
appropriate for investors already interested in a country; instead, countries that, already
having increased FDI, lower their levels may see an outflow of it. The existing literature
suggests host economy macro determinants, including economic growth [43], trade open-
ness [44], the exchange rate [45], institutional quality [46], and financial development [47],
are critically important for inflows FDI in the economy. The factors mentioned above have
an adverse association with EPU [6,48,49]. Therefore, it is assumable that the availability
of the possible nexus between EPU and inflows of FDI. Using a cointegration approach
for heterogeneous panels, Albulescu and Ionescu [50] uncovered long-run cointegration
between foreign direct investment, monetary uncertainty, and bank stability. The FMOLS
and DOLS estimators revealed that macroeconomic circumstances influence FDI inflows.
The study suggested that the inflow of FDIs in EU nations is adversely affected by the
money market uncertainty, but financial efficiency and sustainable business environment
have been inducing foreign investors for channelizing funds for long-run investment.
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Policy uncertainty and FDI inflows attract policymakers and researchers due to the
pivotal role of inflows of FDI in domestic augmentation, especially in emerging and
developing countries. Arbatli [39] investigated economic policies and political stability as
key factors for FDI decision in emerging economies. The study established tax incentives
for foreign investors, reducing trade barriers and stability in exchange rate play a critical
role in the mind of foreign investors with a positive note. At the same time, political
instability and domestic conflict play an inhibitor role in growing FDI inflows in the
economy. Chen and Funke [51] reveal that domestic political uncertainties discourage
foreign investors from mobilizing economic resources in those economies that have been
undoing the unstable state of the political situation. A firm’s investment primarily relies
on value creation proposition availability in the host economy [52]. Further evidence is
available in the study of Choi, et al. [53]. They postulated that a higher degree of policy
uncertainty in the host country robustly reduces FDI inflows.

Julio and Yook [54] showed that policy uncertainty had a detrimental effect on FDI
flows from US parent companies to their affiliates in 43 countries. This is particularly
true around the time of elections in both the destination and source nations. The findings
indicate that economic actors delay private investment overseas until some degree of un-
certainty around election outcomes is addressed. The magnitudes of the reductions in FDI
flows are considerably greater than the impacts of policy uncertainty on domestic invest-
ment, indicating that foreign capital flows are more susceptible to policy uncertainty [55]. A
similar line of results was found in the study of Chen, et al. [56]. Study findings established
that policy uncertainty induced by national elections has a substantial negative impact
on FDI, dropping during election years, and then rebounding. In terms of institutional
function, it was demonstrated and indicated that FDI is more impacted in nations with a
lesser degree of democracy and a president chosen by the assembly.

In another study, White III, et al. [57] advocated that FDI attraction will decline in
relatively uncertain legal environments in the context of Southeast Asia. However, beyond
a certain point, increases in legal system uncertainty (where legal system uncertainty is
very high) will result in greater FDI attraction. The study also exposed that government
intervention in economic activities will positively moderate the relationship between
legal system uncertainty and FDI attraction. These curvilinear (and interactive) effects
have greater explanatory power than a linear (main effects) model. Asamoah, et al. [58]
reveal that the quality institutions positively associate with FDI flow by reducing the
negative effect of economic uncertainty on FDI. However, the host economy possesses weak
institutional farm work, implying that FDI flow to the continent will be hampered when
economic uncertainty increases [59]. Thus, countries with a lower degree of institutional
quality need to work on economic stability and maintaining efficient institutions [60].

Nguyen, et al. [61] examined the relationship between economic policy uncertainty,
firm-level FDI, and firm hedging behavior—by taking on a newspaper-based uncertainty
index. The study documented long-run cointegration between EPU and FDI in terms of
EPU elasticity on FDI, which was revealed negative statistically significant, indicating that
economic unrest demotivated foreign investors for capital participation in the economy.
Thus, firms boost their FDI in nations with a low EPU compared to their own country. In
addition, firms increase their reliance on derivatives in reaction to a rise in EPU. Another
study conducted by Gauvin, et al. [62] established that depending on whether changes
in policy uncertainty come from the United States or the European Union, portfolio eq-
uity flows would exhibit a radically different response (EU). Additionally, increasing EU
policy uncertainty results in portfolio stock inflows in low-sovereign-default-risk nations
regardless of the global risk level.

2.2. Foreign Direct Investment and Renewable Energy Consumption

According to the neoclassical model, increased FDI inflows would raise the expendi-
ture rate and per capita income, while holding technical innovation and labor growth [63].
The modern development theories, on the other hand, also advocate technical transition
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and FDI inflow. The explanation for treating technological transition and FDI inflows as
endogenous is that these two elements have long-run effects on the host country’s economy
through “spill over” effects. In theory, technical spillover and innovation will stimulate
global development by providing the “know-how” those emerging economies might not
have had otherwise. According to the industrial flight theory, global buyers are more likely
to spend cheap labor and manufacturing costs. Environmental requirements are now being
compromised to achieve low manufacturing costs, destroying host country infrastructure
and the atmosphere [64]. The new trade theory postulates that domestic firms exposed to
foreign compaction face difficulties in managing energy efficiency, suggesting the foreign
competition in any industry increase the degree of energy efficiency and induces domestic
firms to uphold energy efficiency level, as well as the higher level of environmental stan-
dard [65–67]. FDI inflows have been augmented the degree of energy efficiency through the
use of clean energy from renewable energy success, replication of energy-saving practices
that are bringing from the home country to the host economy. This results in production
cost reduction, along with competitive advantages.

Investment in FDI is important for economic growth in developed countries. Addi-
tionally, FDI is a source of renewable energy, technology transfer, and energy conservation,
apart from its work as a driver of overall production. Furthermore, FDI is a flow historically
correlated with the transition of information, technologies, and management processes
and structures from the home countries of multinational corporations (MNEs) to their
host countries. It is argued in the literature that the better practices and superior knowl-
edge can assist in enjoying competitive privilege, in terms of higher productivity and
environmental spillover effects [68]. Renewable energy (RE) has seen a significant rise in
foreign direct investment (FDI) during the past several years, contributing to the spread of
RE throughout the world. In a study Wall, et al. [69] investigated the role of policy tools
in attracting FDI into renewable energy sectors, such as solar, wind, and biomass with
a panel of 137 OECD and non-OECD nations. Study findings documented that feed-in
tariffs exposed the most effective policy tool for attracting FDI to the renewable energy
industry. Moreover, fiscal measures (FM), including tax incentives, have a substantial and
beneficial effect on the renewable energy projects of foreign investors, especially in solar
energy. Carbon pricing mechanisms, such as carbon taxes and emissions trading, have
been shown to attract foreign direct investment (FDI) in OECD and non-OECD nations.
Conversely, foreign private investors were less interested in public investments, possibly
because public finances are less reliable in the long term. FDI is a source of funding for
companies for energy-saving innovation.

No convincing data exist on the effect of aggregate FDI on energy usage. Regarding
the nexus between FDI and RE consumption, in existing literature, there is a non-consensus
and there is yet to be established evidence explored by researchers. The first line of thought
explains the positive association, namely, inflows of FDI increase the integration of RE
in aggregate output level determination, see, for instance, [3,63,70,71]. The augmenta-
tion of renewable energy consumption intensifies with the technological diffusion in the
economy [72]. FDI primarily comes from places where industry tends to meet stringent
environmental requirements [73]. These companies are largely engaged in using renewable
and productive energy in their manufacturing, or are affected by such consumption [74].
MNCs will, thus, drive energy efficiency improvements in the host economy, as the do-
mestic industry can copy energy-saving output from their home countries which foreign
investments pass. In this sense, FDI would boost local environmental efficiency and
increase local environmental norms by transferring cleaner technologies and best man-
agement practices, leading to decreased non-renewable energy consumption [75]. An
increase in foreign direct investment is related to higher renewable energy integration [76].
Moreover, energy efficiency with the green capital spillover effects inflows FDI for pro-
moting clean energy in the country’s aggregate energy consumption [65]. However, the
adverse association between FDI and renewable energy consumption is documented in the
literature [27,32].
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2.3. Financial Development and Renewable Energy Consumption

Renewable energy has the potential to be a useful instrument in the pursuit of energy
diversification through reduced reliance on fossil fuel supplies. Furthermore, the generation
of green energy has the potential to avoid future environmental damage. Nonetheless,
making the shift from fossil-fuel-based energy to renewable energy generation may be
difficult because of a higher amount of cost associated with implementing renewable
energy, which is one of the most significant obstacles that have to be overcome. When
compared to fossil-fuel-based energy investments, there are several financial hurdles
to overcome, which include greater infrastructure, start-up, and operational expenses,
among other things. As a result, it is critical to have a stable financial system that can
efficiently handle price discovery and financing, market liquidity, and risk management
in this environment. Capital allocation is facilitated by well functioned financial markets
in developing nations. Moreover, a financially developed system promotes investment
in progressive sectors, whereas a financially undeveloped system reduces investment in
declining ones [77]. Therefore, in an environment where renewable energy investments are
highly encouraged, the role of financial development can be substantial.

In a study, Burakov and Freidin [30] investigated the impact of financial develop-
ment and economic growth on renewable energy consumption in Russia. For the period
1990–2014 by employing the VECM approach. The results of the granger causality test
detected unidirectional causality running from financial development to renewable energy
consumption in Russia. Further evidence was observed in the study Eren, et al. [78] for
India. Study findings exposed that financial expansion and economic progress accelerated
the propensity towards shifting renewable energy consumption. Furthermore, directional
causality assessment is a unidirectional causality running from financial development to
renewable energy consumption.

Anton and Afloarei Nucu [29] investigated the impact of financial development on re-
newable energy consumption using panel data of 28 countries from the EU over the period
1990–2015 by employing fixed effects OLS estimation. The study documented the positive
association between financial development and renewable energy consumption. It refers
to financial development proxies’ respective elasticities on renewable energy consumption,
all the proxies except stock market development have exposed statistically insignificant
linkage with renewable energy consumption in EU nations. Mukhtarov, et al. [79] gauged
the effects of financial sector development on renewable energy consumption in Azerbaijan
from 1993 to 2015 by implementing autoregressive distributed lagged (ARDL) tests. The
study findings reveal positive statistically significant effects running from financial sector
development and economic growth to renewable energy consumption in the long-run.

Financial development has been recognized as a major factor affecting energy con-
sumption (Raza, et al. [80,81]). A country decides to expand its financial institution opera-
tions, including banking, foreign direct investment, and the stock market [82]. Financial
development occurs when financial institutions provide high-yield loans at low financ-
ing costs to their clients, improves transparency between lenders and borrowers, and
lowers financial risk [79]. Financial development promotes financial activity, raises en-
ergy consumption, and the relationship between the two impacts of energy and finance
policy [83]. Numerous studies show that financial growth affects the amount of energy
consumption; nevertheless, the magnitude of the effect varies, and two distinct schools of
thought exist about it [84]. According to Sadorsky [85], financial growth may impact energy
consumption through three channels: direct effect, business effect, and the wealth effect.
The direct impact refers to consumers who, as a result of effective financial intermediation,
may readily access resources and purchase durable goods, resulting in a rise in energy
consumption. The business impact is driven by a growing trend in financial development,
which provides businesses with more access to financial resources. Financial development
allows businesses to access less expensive financial resources to expand their operations or
start new ventures, thus increasing energy consumption. The wealth impact is a result of
businesses and people placing their confidence in the developed stock market.
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2.4. Motivation and Proposed Hypothesis of the Study

As an alternative energy source, several researchers have invested their time and
efforts to explore the key determinants of renewable energy integration and development
in the economy in the empirical literature. Moreover, the impact of renewable energy
development has also been investigated especially focusing on environmental sustainability.
The prime focus of the study is to gauge the effects of economic policy uncertainty, FDI
and financial development on renewable energy consumption in BRIC nations. For testing
the possible causality in empirical assessment, the following hypothesis is to be tested
accordingly (see, Figure 1).

Figure 1. Conceptual Hypothesized model.

3. Data and Methodology of the Study
3.1. Empirical Model

This study focused on evaluating the nexus between renewable energy consumption,
economic policy uncertainty, foreign direct investment, and financial development in BRIC
(Brazil, Russia, India, and China) for the period spanning between 1997q1 and 2018q4. This
study is intended to explore the fresh evidence regarding the role of EPU in shaping the
renewable energy demand through the channel of augmenting foreign direct investments
in the economy. All the pertinent data were extracted from world development indicators
published by the World Bank [86] except the economic policy uncertainty index extracted
from the Economic Policy Uncertainty Index [87]. The descriptive statistics of research
variables are reported in Table 1. The relationship between RE, EPU, FDI, and FD can be
displayed in the following ways:

REC
∫

EPU, FDI, FD (1) (1)
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Table 1. Descriptive statistics.

V Mean Max Minimum Std. Dev. Skewness Kurtosis Jarque–Bera

Renewable
energy

consumption

B 3.7977 3.8589 3.7251 0.0404 −0.1065 2.0223 10.8343

R 1.2533 1.3404 1.1717 0.0459 0.1317 2.3189 10.4444

I 3.8087 3.9648 3.5841 0.126 −0.3859 1.7977 11.9562

C 2.9155 3.4179 2.4592 0.3515 0.1502 1.5859 11.9158

Economic Policy
Uncertainty

B 4.7185 5.8478 3.2709 0.4938 −0.7314 5.7977 8.3066

R 4.692 5.6033 3.0355 0.6004 −0.7968 3.9881 12.9302

I 4.4033 5.2228 2.9274 0.4962 −0.8292 4.5888 5.0552

C 4.6513 5.9569 3.4103 0.6217 0.2417 2.6405 10.3326

Foreign Direct
Investment

B 1.1623 1.6162 0.5503 0.3159 −0.7919 2.6437 12.1961

R 0.639 1.5046 −0.6421 0.5671 −0.42 2.5458 10.76

I 0.2827 1.2866 −0.7494 0.5222 −0.2309 2.2529 10.7393

C 1.1478 1.5529 0.2994 0.358 −1.0556 3.1274 7.1007

Financial
development 1

B 3.7408 4.19 3.3209 0.3358 0.1126 1.3115 12.418

R 3.4717 4.0042 2.8236 0.4603 −0.3528 1.4884 12.319

I 3.7006 3.9586 3.1593 0.2843 −0.7917 2.0575 31.2541

C 4.8081 5.0614 4.5718 0.146 0.4043 2.1041 10.335

Financial
development 2

B 2.8926 3.0403 2.6785 0.1057 −0.3664 2.317 5.8362

R 2.979 3.1041 2.6662 0.1152 −0.9921 3.5586 32.541

I 3.405 3.5783 3.2327 0.1043 0.0146 1.8298 11.3129

C 3.6627 3.7959 3.434 0.1186 −0.5909 1.972 12.249

Financial
development 3

B 3.2062 3.3904 2.7996 0.1649 −1.369 4.2425 7.5345

R 3.9728 4.2397 3.8348 0.1255 0.739 2.4929 22.0347

I 3.6555 4.0216 3.1188 0.2904 −0.5542 1.987 22.1609

C 3.8114 4.1663 3.4789 0.2141 0.1811 1.8345 11.3654

Financial
development 4

B 0.7653 2.0186 −1.0844 0.905 −0.5831 2.2935 11.5494

R 1.209 2.3025 −1.6414 0.9852 −1.3574 4.5189 8.0649

I 1.8298 2.1799 1.1271 0.3056 −0.8139 2.4764 22.8025

C 2.1823 2.6554 1.9097 0.2024 0.5933 2.7121 11.3666
1 for domestic credit to private sector by bank, 2 domestic credit to private sector by financial institution, 3 Broad money as a % GDP,
4 Claims on private sectors.

In order to smooth operation implementation, we transform variables into the natural
log and the following linear regression model formulated for further assessment:

RECt = αt + βtEPUt + γtFDIt + δtFDt + ϕt (2) (2)

Although REC stands for renewable energy consumption, EPU for economic policy
uncertainty, FDI denotes foreign direct investment and FD for financial development.
The coefficient of αt explain the intercept in the equation and βt, γt and δt specify the
magnitudes of explanatory variables in the equation.

As a dependent variable, Renewable energy is measured by the percentage of total
final energy consumption (% of total energy consumption) following existing literature
sees Qamruzzaman and Jianguo [3]; Adedoyin, Bekun, and Alola [2].

Economic policy uncertainty: The study considered newspaper–based economic policy
uncertainty index as a widely proxy for EPU in literature, see Jia, et al. [88], Xu, et al. [89],
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Yu, et al. [90], and Appiah–Otoo [91]. It is an unpredictable economic environment created
by choices made by the government in the areas of regulatory, monetary, and fascial policy
management. These decisions affect the economic repercussions and the environment in
which economic interactions occur. Economic actors, especially businesses, modify their
economic decisions as a result of increased policy uncertainty.

FDI_inflows: The motivation for the inclusion of FDI_inflows in the empirical esti-
mation to see its share on renewable energy consumption. Depending upon the sign of
coefficients that is positive and negative, the association can be explained. If the coefficient
of β > 0, indicating the positive tie with the RE consumption. This may indicate that
increased FDI inflows contribute to improving the share of renewable energy by promoting
sustainable energy development and use. If so, our findings are better described in the
principle of technology diffusion. On the other hand, if the coefficient of β < 0, that is a
negative association. The finding suggests that PHH is the prevailing argument since it
maintains that FDI inflows are allocated to polluted sectors in low-environmental coun-
tries [92]. To account for skewness in the variable distribution, we take the logarithm of
FDI inflows (ln_FDI_inflows).

Financial_development: The study relied on financial development indexed by taking
into account four widely used proxies, such as broad money to GDP, DCF, DCF, and DCB
rather than a single proxy. The motivation for financial development index construction
is to capture aggregated effects on renewable energy growth. Study employer principal
component analysis for developing financial development index. The variables definition
and data sources display in Table 2.

Table 2. Summary of data for empirical assessment.

Variables Definition Sources Units

Renewable energy Renewable energy as a share of total energy
consumption WB %

Economic Policy Uncertainty Economic Policy Uncertainty Index [87]

ln_FDI_inflow The logarithm of net FDI inflows in the current USD WB Current
USD

FD_index Composite financial development index constructed through PCA

M2/GDP
BRM Broad money: This is the ratio of broad money

(currency plus demand deposits and quasi–money) to
gross domestic product

WB

DCP Claims on private sectors: It includes gross credit from
the financial system to the private sector. WB

DCB Domestic credit provided by the banking sector as a
percentage of GDP WB

DCF Domestic credit provided by the financial sector as a
percentage of GDP WB

3.2. Economical Methodology

Examining the nexus between EPU, FDI, FD, and REC, the study has executed several
econometrical tools. For establishing variables stationary properties, the study applies
several stationary tests, such as ADF: Dickey and Fuller [15]; P-P: Phillips and Perron [16];
DF–GLS: and KPSS: Kwiatkowski, Phillips, Schmidt, and Shin [18]. The study implements
advanced unit-roots following Ng and Perron [13] and Zivot and Andrews [14] with stric-
ture break in series. The long-run cointegration between economic policy uncertainty, FDI,
financial development, and renewable energy consumption is evaluated by implementing
a combined cointegration test following Bayer and Hanck [19]. The elasticities of non-linear
effects, i.e., positive and negative shocks of EPU on renewable energy consumption eval-
uate by applying a non-linear autoregressive distributed lagged test familiarize by Shin,
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Yu, and Greenwood-Nimmo [21]. Finally, directional causal relationship investigates with
symmetric and asymmetric effects EPU on renewable energy consumption by following
non-granger causality framework introduce by Toda and Yamamoto [93].

3.2.1. Bayer and Hanck Cointegration Test

Recently, detecting the long-run association among variables, research has been exten-
sively applying the newly introduce cointegration test commonly known as combine coin-
tegration, familiarized by Bayer and Hanck [19] over conventional cointegration tests, such
as Engle and Granger [94], Johansen [95], and Banerjee, et al. [96]. Bayer and Hanck [19]
offered a cointegration test with a combination existing test of cointegration test with joint
test statistics. The advantage of the combined cointegration test is consistency and reliabil-
ity in estimating the tested coefficient, implying that aggregation of several cointegration
tests eliminates the inherent limitation in conventional testing procedures that are short and
limited. Following Bayer and Hanck [19], the combination of the computed significance
level (p-value) of the individual cointegration test in this article is in Fisher’s formula as
follows:

EG − JOH = −2 [ln(PEG) + (PJOH)] (3)

EG − JOH − BO − BDM = −2 [ln (PEG) + (PJOH) + (PBO) + (PBDM)] (4)

The possible p-values of several individual cointegration tests to be extracted from
Engle and Granger [94], Johansen [97], Peter Boswijk [98], and Banerjee, Dolado, and
Mestre [96] PEG, PJOH, PBO, and PBDM, respectively. To get evidence regarding the long-run
association, the calculated F-stat has to grater that the critical value proposed by Bayer and
Hanck [19] that is the rejection of null hypothesis “no cointegration”.

3.2.2. Autoregressive Distributed Lagged (ARDL)

Investigation of long-run association in an empirical study with the test of cointegra-
tion offered by Johansen [95], Johansen-Juselius [99] has certain limitations, thus producing
spurious output. Overcoming the implied shortcoming, the OLS-based cointegration test
has introduced by Pesaran, et al. [20]. Pesaran, Shin, and Smith [20] advocated that the
OLS-based cointegration test can perform a model estimation with variables in different
order of integration. Additionally, the short-run adjustment speed towards long-run equi-
librium also originates using the linear transformation [100]. A simplified ARDL model,
following Xu, Qamruzzaman, and Adow [89], for research variables can be expressed as:

∆REt = ∅1 + γ1REt−1 + γ2EPUt−1 + γ3FDIt−1 ++γ4FDt−1 + θ1

n

∑
i=1

∆RE + θ2

n

∑
i=1

∆FDI + θ3

n

∑
i=1

∆FD + ε1t (5)

where γ1, γ2, γ3 represents the long-run magnitudes running from EPU, FDI, and FD
to REC, and the short-run elasticity can be detected from the coefficients of θ1,θ2, θ3, and
the error correction terms denoted by ε1t.

The nexus between EPU, FDI, FD, and REC can be represented for empirical assess-
ment following the framework proposed by Pesaran, Shin, and Smith [20]. The following
equation is to be performed to discover the coefficient of independent variables on REC
both in the long-run and short-run.

∆REt = α0 + βiREt−1 + β2EPUt−1 + β3FDIt−1 + β4FDt−1 ++
J

∑
j=1

λ0∆REt−j0

+
K
∑

j=1
λ1∆EPUt−j +

L
∑

j=0
λ2∆FDIt−j +

P
∑

j=0
λ3∆FDt−j ++εt

(6)

where α is the constant term in the equation, the elasticities in the long-run displayed
by β1 . . . . . . . . . β4, λ0 . . . . . . . . . λ3 explained the short-run magnitudes in the equation, εt
for the error correction term, and the optimal lag for the empirical study determined by
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following lag length criteria following the Akaike information criterion (AIC), which is
represented by J, K, L, and P, respectively.

For long-run cointegration, Equation (6) has to be performed with ordinary least
square and performed with a standard wild test for detecting the long-run cointegration be-
tween EPU, FDI, FD, and REC with the null hypothesis of no-cointegration and alternative
hypothesis of cointegration. The study performed three tests for exploring test statistics,
such as F-test, following Pesaran, Shin, and Smith [20], joint probability test, and the tBDM-
test following Banerjee, Dolado, and Mestre [96]. The long run has to be confirmed, only if
the test statistics are higher than the critical value at a 1% level of significance, extracted
from critical value offered by Pesaran, Shin, and Smith [20].

3.2.3. Non-Linear Autoregressive Distributed Lagged (NARDL)

The study considered a non-linear framework is communally known as NARDL,
which was initiated by Shin, Yu, and Greenwood-Nimmo [21] for detecting the asymmetric
effects of EPU, FDI, and FD on renewable energy consumption, and the study generalizes
the following asymmetric long-run regression.

FIt = (β+EPU+
1,t + β−EPU−1,t) + (γ+FDI+1,t + γ−FDI−1,t) + (µ+FD+

1,t + µ−FD−1,t) + εt (7)

where β+, β−, γ+, γ− and δi associated with long-run pavements. The coefficient of
β+ and β− specifies the effect of positive and negative shocks in EPU and γ+ and γ−

denotes the asymmetric effects of FDI on RE. Furthermore, the coefficients of δi measures
the effects of control variables in the equation.

In the empirical literature, NARDL has been extensively applied for exploring both
long-run and short-run asymmetric coefficients in their respective studies see for exam-
ple [101–104]. The positive and negative shocks of EPU, FDI, and FD are to be derived by
executing the following Equations (8)–(10),

POS(EPU)1,t =
t

∑
k=1

lnEPU+
k =

T
∑

K=1
MAX(∆lnEPUk, 0)

NEG(EPU)t =
t

∑
k=1

lnEPU−k =
T
∑

K=1
MIN(∆lnEPUk, 0)

(8)

POS(FDI)1,t =
t

∑
k=1

lnFDI+k =
T
∑

K=1
MAX(∆lnFDIk, 0)

NEG(FDI)t =
t

∑
k=1

lnFDI−k =
T
∑

K=1
MIN(∆lnFDIk, 0)

(9)


POS(FD)1,t =

t
∑

k=1
lnFD+

k =
T
∑

K=1
MAX(∆lnFDk, 0)

NEG(FD)t =
t

∑
k=1

lnFD−k =
T
∑

K=1
MIN(∆lnFDk, 0)

(10)

Shin, Yu, and Greenwood-Nimmo [21] show that the linear model (9) can transform
into non-linear ARDL by incorporating EPU decomposition in the following Equation (11).

∆RECt = ∂Ut−1 +(β+EPU+
1,t−1 + β−EPU−1,t−1) + (γ+FDI+1,t−1 + γ−FDI−1,t−1) + (δ+FD+

1,t−1 + δ−FD−1,t−1)

+
m−1
∑

j=1
λj∆RECt−j0 +

n−1
∑

j=1
(π+∆EPU+

1,t−1 + π−∆EPU−1,t−1) + +
m−1
∑

j=0
(β+∆FDI+1,t−1 + β−∆FDI−1,t−1)

+
m−1
∑

j=0
(µ+∆FD+

1,t−1 + µ−∆FD−1,t−1) + εt

(11)

Equation (11) can transform in the following manner,
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∆RECt = ∂et−1 +
m−1
∑

j=1
λj∆RECt−j0 +

n−1
∑

j=1
(π+∆EPU+

1,t−1 + π−∆EPU−1,t−1) + +
m−1
∑

j=0
(β+∆FDI+1,t−1 + β−∆FDI−1,t−1)

+
m−1
∑

j=0
(µ+∆FD+

1,t−1 + µ−∆FD−1,t−1) + εt

(12)

where et−1 = RECt−1 − (δ+EPU+
1,t−1 − δ−EPU−1,t−1) − θin ft−1 − ϑYt−1 − τ f dt−1 is the

nonlinear error correction term with δ+ = −π+

∂ ; δ− = −π−
∂ ; γ+ = −β+

∂ ; γ− = −β−

∂ :

ρ+ = −µ+

∂ ; ρ− = −µ−
∂ are the long-run parameters. ∂ =

m
∑

j−1
ϕ j − 1, λ j =

m
∑

i= j+1
ϕi for

j = 1 . . . , m. δ+ = ∑
p
j=0 δ+j ; δ− = ∑

q
j=0 δ−j . The short-run adjustments of positive and

negative shocks in EPU can detect by π+ ; π− . To gauge the asymmetric relationship
between EPU and financial innovation, the following NARDL Equation (13) applies:

∆FIt = α + ∂FIt−1 + β+EPU+
1,t−1 + β−EPU−1,t−1 + βin ft−1 + βYt−1 + β f dt−1 +

m1
∑

j=1
λj∆FIt−j0

+
m2
∑

j=0
(π+EPU+

1,t−1) +
m3
∑

j=0
π−EUP−1,t−1 ++

m6
∑

j=0
λ4∆ f dt−j +

m7
∑

j=0
λ5∆yt−j + εt

(13)

For asymmetric cointegration, the Equation (13) to be performed with ordinary least
square and performed standard wild test for detecting the long-run cointegration between
EPU, FDI, FD, and REC with the null hypothesis of no–cointegration and alternative
hypothesis of cointegration. The study performed three tests for exploring test statistics,
such as F-test following Pesaran, Shin, and Smith [20], joint probability test and the tBDM-
test following Banerjee, Dolado, and Mestre [96]. the long run to be confirmed only if the
test statistics are higher than the critical value at a 1% level of significance, extracted from
critical value offered by Pesaran, Shin, and Smith [20].

3.2.4. Toda Yamamoto Causality Test

For directional causality between EPU, FDI, FD and renewable energy consumption to
be gauged by implementing the causality framework offered by Toda and Yamamoto [93],
commonly known as the non-granger causality test. The proposed test was performed
under a VAR environment at a level with maximum lag consideration. The following
causal equations are to be performed to establish the directional association, where every
variable is considered a dependent variable in the respective equation.

RECt = α0 +
Y
∑

i=1
β1iRCEt−i +

dmax
∑

j=Y+1
β2jRECt−j +

Y
∑

i=1
γ1iEPUt−i +

dmax
∑

j=Y+1
γ1jEPUt−j +

Y
∑

i=1
ϕ1iFDIt−i

+
dmax
∑

j=Y+1
ϕ1jFDIt−j +

Y
∑

i=1
δ1iFDvol t−i +

dmax
∑

j=Y+1
δ2jFDvol t−j ++ε1t (14)

(14)

EPUt = α0 +
Y
∑

i=1
β1iEPUt−i +

dmax
∑

j=Y+1
β2jEPUt−j +

Y
∑

i=1
γ1iRECt−i +

dmax
∑

j=Y+1
γ1jRECt−j +

Y
∑

i=1
ϕ1iFDIt−i

+
dmax
∑

j=Y+1
ϕ1jFDIt−j +

k
∑

i=1
δ1iFDvol t−i +

dmax
∑

j=Y+1
δ2jFDvol t−j + ε1t

(15)

FDIt = α0 +
Y
∑

i=1
β1iFDIt−i +

dmax
∑

j=Y+1
β2jFDIt−j +

Y
∑

i=1
γ1iRECt−i +

dmax
∑

j=Y+1
γ1jRECt−j +

Y
∑

i=1
ϕ1iFDIt−i

+
dmax
∑

j=Y+1
ϕ1jFDIt−j +

Y
∑

i=1
δ1iFDvol t−i +

dmax
∑

j=Y+1
δ2jFDvol t−j + ε1t

(16)

FDt = α0 +
Y
∑

i=1
β1iFDt−i +

dmax
∑

j=Y+1
β2jFDt−j +

Y
∑

i=1
γ1iRECt−i +

dmax
∑

j=Y+1
γ1jRECt−j +

Y
∑

i=1
ϕ1iEPUt−i

+
dmax
∑

j=Y+1
ϕ1jEPUt−j +

Y
∑

i=1
δ1iFDIvol t−i +

dmax
∑

j=Y+1
δ2jFDIvol t−j + ε1t

(17)



Energies 2021, 14, 4687 14 of 29

4. Model Estimation and Interpretation

An econometric model based on secondary time series data demands initial validation
for appropriate model selection [105]. It is because of variables integration order immensely
essential further advanced model estimation. The study performs the test of stationary
following DF-GLS test [106] and Ng test (Ng and Perron) [13] along with conventional
unit root tests, such as ADF [15], P-P [16], and KPSS test [18]. The results of unit root tests
display in Tables 3 and 4. Refers to unit test results display in Table 3, it is apparent that
variables are integrated in mixed order, indicating that variables are stationary either at a
level or after the first difference.

The result of Ng and Perron [13] unit root test display in Table 1 with four sets of
output such as MZa, MZt, MSB, and MPT. According to test statistics, study documents
variables are integrated in mixed order that is either at a level or after the first difference.

The unit root test with a structural break following Zivot and Andrews [14] has been
initiated, and results display in Table 5. Study findings documents that the t-statistics are
statistically significant at a 1% significance level, indicating stationary variables after the
first difference with one structural break. Specifically, for the series of REC (2001q2 in Brazil,
2009q3 in Russia, 2002q4 in India, and 2009q4 in China), for economic policy uncertainty
(2014q4 in Brazil, 2010q3 in Russia, 2003q2 in India, and 1997q4 in China), for foreign direct
investment (2000q4 in Brazil, 2011q1 in Russia, 2018q1 in India, and 2001q4 in China) and
financial development (2002q4 in Brazil, 1998q2 in Russia, 2002q3 in India, and 2011q2
in China).

Table 3. Results of first–generation unit root test.

ADF GF–DLS PP KPSS ADF GF–DLS PP KPSS

For Brazil For India

EPU −1.262 −1.655 −1.692 0.8000 *** −0.701 −2.682 *** −2.6 *** 0.7950 ***

RE −0.514 −2.276 −2.989 *** 0.6820 *** −0.964 −1.971 −2.114 0.9480 ***

FDI −0.546 −1.32 −1.754 0.9060 *** −2.167 −1.392 −2.455 0.7580 ***

FD −1.829 −1.68 −1.69 0.7030 *** −2.564 ** −1.744 −0.402 0.8470 ***

∆EPU −6.312 *** −2.492 ** −5.094 *** 0.1130 −7.338 *** −4.033 *** −5.441 *** 0.1670

∆RE −7.113 *** −4.17 *** −3.023 *** 0.0940 −6.042 *** −2.54 *** −3.132 *** 0.0820

∆FDI −5.608 *** −4.659 *** −4.796 *** 0.1090 −5.483 *** −4.188 *** −5.824 *** 0.1380

∆FD −5.369 *** −2.53 *** −4.026 *** 0.1470 −7.806 *** −3.181 *** −4.233 *** 0.1730

For Russia For China

EPU −1.689 −2.483 ** −0.483 0.7800 *** −0.136 −2.351 −0.211 0.7020 ***

RE −2.283 −2.729 −1.255 0.9470 *** −2.13 −0.108 −2.969 *** 0.6950 ***

FDI −0.473 −2.246 −0.523 0.7010 *** −1.905 −0.975 −0.7 0.7950 ***

FD −1.993 −1.705 −2.351 0.6780 *** −1.036 −1.908 −1.655 0.7460 ***

∆EPU −4.62 *** −4.392 *** −3.26 *** 0.0930 −5.9 *** −2.567 ** −4.675 *** 0.1140

∆RE −4.251 *** −2.877 *** −3.995 *** 0.1560 −7.678 *** −2.925 *** −5.745 *** 0.0850

∆FDI −6.028 *** −4.937 *** −3.895 *** 0.1780 −7.035 *** −3.818 *** −5.534 *** 0.0880

∆FD −6.938 *** −2.994 *** −5.901 *** 0.0990 −4.059 *** −3.244 *** −5.538 *** 0.1500

Note: the superscript ***/**/* denotes the level of significant at a 1%, 5% and 10% level of significance.
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Table 4. Results of Ng–Perron unit root test.

MZa MZt MSB MPT MZa MZt MSB MPT

EPU −7.130 −1.855 * 0.260 * 3.550 −3.255 −1.077 0.331 7.289

∆EPU −8.533 ** −2.062 ** 0.242 * 2.883 ** −9.356 ** −2.119 *** 0.226 ** 2.783 **

REC −3.402 −1.208 0.355 7.130 −2.197 −0.897 0.408 9.962

∆REC −8.720 ** −2.075 ** 0.238* 2.857 ** −6.537 * −1.807 * 0.271 * 3.752 *

FD −0.279 −0.209 0.748 32.012 −7.641 * −1.951 * 0.255 ** 3.219 *

∆FD −4.332 −1.424 0.329 5.721 −7.089 * −6.132 *** 0.080 *** 0.474 ***

FDI −8.053 ** −1.956* 0.243 * 3.224 * −3.327 −1.248 0.375 7.321

∆FDI −9.800 ** −2.201 ** 0.225 ** 2.547 ** −8.893 ** −2.081 ** 0.234* 2.858 **

EPU −9.621 * −2.187 ** 0.227 ** 2.570 ** −0.881 −0.286 0.325 10.613

∆EPU −8.483 * −2.054 ** 0.242 * 0.908 *** −10.105 ** −2.215 ** 0.219 ** 2.547 **

REC −3.276 −1.179 0.360 7.360 0.449 0.225 0.500 20.473

∆REC −3.276 −1.255 0.383 1.447 ** −10.027 ** −2.239 ** 0.223 ** 2.444 **

FD −4.076 −1.387 0.340 6.049 0.422 0.148 0.350 13.387

∆FD −10.193 ** −2.246 ** 0.220 ** 0.447 *** −9.966 ** −2.069 *** 0.208 ** 3.055 **

FDI −2.151 −1.017 0.473 11.216 −1.586 −0.754 0.475 12.956

∆FDI −10.300 ** −2.217 ** 0.215 ** 1.574 *** −8.349 ** −2.043 *** 0.245 * 2.935 **

Note: the superscript ***/**/* denotes the level of significant at a 1%, 5% and 10% level of significance.

Table 5. Results of Zivot and Andrews (2002) unit root test with one structural break.

At Level After 1st Difference At Level After 1st Difference

T–Statistic Time Break T–Statistic Time Break T–Statistic Time Break T–Statistic Time Break

Panel–A: for brazil Panel–B: for Russia

REC −2.978 2003q2 −7.039 *** 2001q2 −2.763 2009q1 −6.982 2009q3

EPU −2.029 1997q4 −7.28 *** 2014q4 −3.057 2001q3 −7.758 2010q3

FDI −2.366 2008q4 −6.838 *** 2000q4 −2.731 2005q2 −5.854 2011q1

FD −2.261 2016q4 −7.484 *** 2002q4 −2.6 1997q2 −5.291 1998q2

Panel–C: for India Panel–D: for china

REC −2.515 2017q1 −8.097 *** 2002q4 −1.986 2007q2 −6.21 *** 2008q4

EPU −2.901 2012q2 −6.55 *** 2003q2 −2.87 2011q4 −6.465 *** 1997q4

FDI −2.046 1997q3 −5.893 *** 2018q1 −1.93 2012q1 −5.951 *** 2001q4

FD −3.073 2012q2 −8.902 *** 2002q3 −2.752 2008q1 −7.27 *** 2011q2

Note that the subscript *** explains the level of significance at 1%.

Determination of appropriate optimal lag is critically important, especially for efficient
empirical model estimation. The study implements lag length selection criteria under VAR
estimation. The results of lag length criteria estimation display in Table 6. According
to AIC, the VAR estimation establishes the optimal lag for further estimation is 2 for all
sample countries.

For ascertaining the long-run association between EPU, RE, FDI, and FD by implement-
ing the Bayer and Hanck [19] combined cointegration. The cointegration test results are
displayed in Table 7. The F- of cointegrated equations are higher than the critical values
at a 1% significance level. These findings suggest the rejection of the null hypothesis of
“no-cointegration” and establish the long-run association between RE, EPU, FDI, and FD. The
study documents several cointegrated equations, most importantly the cointegration equation
with renewable energy consumption as a dependent variable in all countries’ concerns.



Energies 2021, 14, 4687 16 of 29

Table 6. Results of lag length criteria under VAR.

Lag LogL LR FPE AIC SC HQ

0 19.60409 NA 2.47e−06 −1.560409 −1.361263 −1.521534

1 86.95966 101.0334 1.52e−08 −6.695966 −5.700234 −6.501589

2 116.3433 32.32200 5.03e−09 −8.034330 *** −6.242012 −7.684450

3 158.4166 29.45133 *** 7.65 × 10−10 *** −4.64166 −8.052759 *** −10.13628 ***

0 5.866517 NA 9.75 × 10−6 −0.186652 0.012495 −0.147776

1 51.42821 68.34254 *** 5.30 × 10−7 −3.142821 −2.147089 *** −2.948444

2 74.13183 24.97399 3.42 × 10−7 *** −3.813183 *** −2.020865 −3.463304

3 92.84239 13.09739 5.39 × 10−7 −2.084239 −1.495335 −3.578858 ***

0 16.31965 NA 3.43 × 10−6 −1.231965 −1.032819 −1.193090

1 68.93459 78.92240 *** 9.20 × 10−8 *** −4.893459 −3.897726 *** −4.699081 ***

2 86.16111 18.94918 1.03 × 10−7 −5.016111 *** −3.223793 −4.666232

3 101.7279 10.89674 2.22 × 10−7 −4.972788 −2.383884 −4.467406

0 8.589904 NA 7.43 × 10−6 −0.458990 −0.259844 −0.420115

1 59.12711 75.80582 *** 2.45 × 10−7 *** −3.912711 −2.916979 *** −3.718334 ***

2 75.72580 18.25855 2.92 × 10−7 −3.972580 *** −2.180262 −3.622701

3 85.57148 6.891975 1.12 × 10−6 −3.357148 −0.768244 −2.851766

Note that the subscript *** explains the level of significance at 1%.

Table 7. Result of Bayer and Hanck combined cointegration test.

Model EG–JOH EG–JOH–BO–BDM EG–JOH EG–JOH–BO–BDM

Panel–A: for Brazil Panel–B: for Russia

FRE(RE|EPU, FDI, FD) 21.057 56.827 *** 18.336 36.479 ***

FEPU(EPU|RE, FDI, FD) 16.755 45.485 *** 13.467 62.81

FFDI(FDI|RE, EPU, FD) 16.081 71.951 *** 14.658 47.493

FFD(FDI|RE, EPU, FD) 16.245 63.328 *** 15.472 59.863

Panel–C: for India Panel–D: for China

FRE(RE|EPU, FDI, FD) 18.557 67.822 *** 21.732 39.752 ***

FEPU(EPU|RE, FDI, FD) 12.965 39.538 14.845 71.921

FFDI(FDI|RE, EPU, FD) 13.165 52.309 14.979 47.959

FFD(FDI|RE, EPU, FD) 15.998 64.011 *** 14.577 66.821

Note that the subscript *** explains the level of significance at 1%.

The results of nexus between EPU and RE consumption in BRIC nations display in
Table 8, including long-run cointegration in Panel A, long-run coefficients in Panel B, the
short-run coefficient in Panel C, and residual diagnostic test in Panel D, respectively.

Panel A in Table 8 reports the result of long-run cointegration, and the study performed
standard Wald test for Fpass following Pesaran, Shin, and Smith [20], Wpass for joint
probability test and tBDM test following Banerjee, Dolado, and Mestre [96]. The test
statistics of all three estimations exposed statistically significant at a 1% significance level,
implying the rejection of the null hypothesis. The study establishes long-run cointegration
between RE, EPU, and foreign direct investment in BRIC nations. Once the long-run
association ascertains, we move to investigate the magnitudes of EPU and FDI on RE
consumption in BRIC nations during studied period.
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Table 8. Results of ARDL estimation for renewable energy.

(1) (2) (3) (4)

Panel–A: Long-run cointegration.

Fpass 56.351 *** 12.932 *** 24.649 *** 7.140 ***

Wpass 15.845 *** 27.945 *** 22.411 *** 16.994 ***

tBDM −2.094 *** −10.830 *** −4.708 ** −5.441 ***

Panel–B: Long run Coefficients

EPU −0.168 ** −0.170 *** −0.131 *** −0.181 ***

FDI −0.173 *** 0.198 *** 0.065 *** −0.055 ***

FD 0.134 *** 0.049 *** 0.071 *** 0.049 ***

Panel–C: Short-run coefficients

C −0.233 *** 7.881 *** 5.190 *** 8.666 ***

@TREND −0.031 *** 0.076 ** 0.040 * −0.034 **

D(EPU) −0.014 −0.028 ** −0.016 ** −0.011 **

D(FDI) 0.002 ** 0.015 *** −0.007 ** −0.045 ***

D(FD) 0.0044 ** 0.0047 * 0.0012 ** 0.0020 ***

CointEq(−1) * −0.371 *** −0.551 *** −0.252 *** −0.436 ***

Panel–D: Residual test

x2
Auto 0.515 0.180 0.338 0.333

x2
Het 0.842 0.745 0.461 0.186

x2
Nor 0.162 0.899 0.647 0.410

x2
RESET 0.845 0.411 0.284 0.224

Note: the superscript */**/*** specify the level of significant at a 10%/5%/ and 1%, respectively.

Long-run coefficients display in Panel B of Table 8. For the impact of EPU on RE
consumption, the study establishes negative, statistically adverse impacts running from
EPU to RE consumption in Brazil (a coefficient of−0.168), in Russia (a coefficient of−0.170),
in India (a coefficient of −0.131) and China (a coefficient of −0.181), which is aligned with
the existing literature, see Sohail, Xiuyuan, Usman, Majeed, and Ullah [36]. The study
findings suggest that achieving stability in EPU, countries can assist in thriving the present
pattern of RE consumption in the economy. More precisely, a 10% stability, if achievable
by BRIC nations, in EPU can have positive growth in RE consumption in the economic
activities over the present state by 1.68% in Brazil, by 1.7% in Russia, by 1.13% in India, and
by 1.81% in China. Among BRIC nations, the Chinese economy exhibits more inclination
in absorbing the benefits in RE consumption. Refers to FDI impacts on REC, the study
documents positive statistically significant connection in Russia (a coefficient of 0.198)
and in India (a coefficient of 0.065), which is supported by exiting literature, such as
Qamruzzaman and Jianguo [3], Rezagholizadeh, Aghaei, and Dehghan [70], Khandker,
Amin, and Khan [63]. Renewable energy consumption, especially in developing becomes
costly due to a higher degree of capital investment; therefore, the recipients of FDI create an
opportunity for the economy with energy investment. FDI investment in renewable energy
intensifies the energy output in the economy and assists in the energy transition from fossil
to renewable energy [107]. In a study, Doytch and Narayan [65] document the halo effects of
FDI on energy consumption in the economy, implying that FDI enhances the environmental
economy by transforming into a green energy-based economy with capital assistance in
renewable energy production. In addition, the study reveals adverse associations in Brazil
(a coefficient of −0.173) and China’s coefficient (a coefficient of −0.055). It is in line with
existing studies by Lee [108], Pao and Tsai [109].
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The impact of financial development on REC, study documents positive association in
Brazil (a coefficient of 0.134), in Russia (a coefficient of 0.049), and in India (a coefficient
of 0.071) and in China (a coefficient of 0.049), indicating the financial expansion enhances
the green energy consumption through investing in the energy sector, especially for the
production of renewable energy. Study findings are in line with Eren, Taspinar, and
Gokmenoglu [78], Naqvi, et al. [110], Mukhtarov, Humbatova, Hajiyev, and Aliyev [79].
More specifically, a 10% growth in financial development can result in Brazil’s renewable
energy consumption by 1.34%, in Russia by 0.49%, in India by 0.71%, and in China by
0.49%, respectively. A strong and established financial system encourages more financing
for the renewable energy sector at reduced prices, resulting in increased investment, which
increases energy demand. In the long term, well–functioned capital markets provide
valuable assistance for companies seeking to reduce liquidity risk and obtain the money
necessary to develop energy-efficient technology [111]. Additionally, financial development
may enable the transfer of money away from inefficient conventional energy sources and
renewable energy development [112].

For the short-run (see, panel–C, Table 8. The coefficients of error correction terms are
negative and statistically significant at a 1% level of significance, suggesting the long-run
disequilibrium due to prior period shocks in explanatory variables can be adjusted with
the speed of 37.1% in Brazil, by 55.1% in Russia, by 25.2% in India and by 4.36% in China,
respectively. Refers to EPU impacts on REC, the study discloses negative and statistically
significant linkage, but in terms of elasticity of EPU, the magnitudes are minimal compared
to long-run estimation. The inflows of FDI expose positive and statistically significant
with REC in Brazil and Russia, while adverse association in India and China. Financial
development establishes a positive linkage with REC in BRIC countries.

Finally, the empirical model passes with several residual diagnostic tests. The study
confirms that the empirical models are free from serial correlation, residuals are normally
distributed, and no problem with heteroskadacity. Moreover, the RESET test ascertains
efficient estimation for output.

Next, the asymmetric effects of economic policy uncertainty, foreign direct invest-
ment, and financial development were evaluated by implementing the asymmetric ARDL
equation (see Equation (10)). The results of asymmetric estimation display in symmetric
shocks in financial development unveil a positive statistically significant linkage with
REC. A 10% development in the financial sector results in increasing REC in Brazil by
0.034%, in Russia by 0.022%, in India by 0.75%, and in China by 0.01%. Meanwhile, a 10%
degradation in financial development can decrease the propensity of REC by 0.071% in
Brazil, by 0.015% in Russia, by 0.002% in India, and by 0.073% in China. Study findings
suggest that even though the magnitude of asymmetric shocks in FD on REC is minimal,
the association indicates.

Panel C of Table 9 reports the standard Wald test for both long-run and short-run
symmetry. It is apparent from the test statistics that all the test statistics, i.e., WLR and
WSR, are statistically significant at a 1% level of significance. These findings suggest
the asymmetric effects of EPU, FID, and FD on REC both in the long-run and short-run.
Furthermore, residual diagnostic tests confirm the empirical model’s internal consistency
and efficiency to reach the optimum empirical outcome with no issues in the spurious
outcome with four panels of output, which includes long-run asymmetric cointegration in
Panel A, long-run asymmetric coefficients in Panel B, short-run asymmetric coefficients in
Panel C and residual diagnostic tests in Panel D, respectively.



Energies 2021, 14, 4687 19 of 29

Table 9. Results of asymmetric effects of EPU, FDI, and FD on REC.

India Pakistan

[7] [8] [9] [10]

Panel–A: long-run asymmetry cointegration

Fpss 11.264 10.35 8.762 11.034

Wpss 11.515 12.519 12.031 12.221

tBDM −9.244 −17.305 −17.391 −16.929

Panel–B: Long-run asymmetric coefficients

EPU+ −0.168 *** −0.211 *** −0.121 *** −0.021 ***

EPU− −0.201 *** −0.060 ** −0.109 *** 0.114 ***

FDI+ 0.670 *** 0.134 *** 0.249 *** 0.276 ***

FDI− 0.328 *** 0.052 *** 0.261 ** 0.341 **

FD 0.359 ** 0.023 *** 0.057 *** 0.182 ***

FD 0.510 ** 0.441 * 0.155 ** 0.808 ***

Panel–B: short-run asymmetric cointegration

ζ −0.237 *** −0.556 *** −0.441 *** −0.512 ***

∆EPU+ −0.009 *** −0.009 *** −0.007 ** 0.012 ***

∆EPU− −0.061 *** −0.056 ** −0.001 *** −0.013 **

∆FDI+ −0.022 ** 0.032 −0.064 0.888

∆FDI− 0.0074 0.049 0.040 −0.205

∆FD 0.0034 *** 0.0022 *** 0.075 ** 0.001 **

∆FD 0.0071 * 0.0015 0.0002 * 0.0073 *

Panel–D: Long-run and short-run symmetry test and residual test

WEPU
LR 9.708 *** 12.817 *** 10.212 *** 6.919 ***

WFDI
LR 12.009 *** 6.706 *** 11.494 *** 12.057 ***

WEPU
SR 8.333 *** 7.492 *** 7.171 *** 12.458 ***

WFDI
SR 12.944 *** 8.322 *** 11.337 *** 7.571 ***

x2
Auto 0.699 0.215 0.589 0.494

x2
Het 0.401 0.347 0.907 0.023

x2
Nor 0.914 0.525 0.212 0.764

x2
RESET 0.316 0.658 0.427 0.285

CUSUM S S S S

CUSUM of
square S S S S

Note: the superscript */**/*** specifiy the level of significant at a 10%/5%/ and 1%, respectively.

The study implements Fpass following Pesaran, Shin, and Smith [20], the joint proba-
bility test Wpass and tBDM following, for detecting asymmetric long-run cointegration
between renewable energy consumption, economic policy uncertainty, foreign direct in-
vestment, and financial development in BRIC nations. It is apparent from the test statistics
that there is the rejection of null hypothesis for “no cointegration” since all the test statistics
are statistically significant at a 1% level, irrespective of sample countries selection. These
findings are suggesting asymmetric effects can be observed from EPU, FDI, and FD on
REC in BRIC nations. Once the asymmetric cointegration is established, the study moves
to evaluate the asymmetric shocks that are positive and negative shocks of explanatory
variables on REC.



Energies 2021, 14, 4687 20 of 29

The long-run asymmetric coefficients are displayed in Panel B. The study documents
negative statistically significant linkage between EPU and REC, indicating economic un-
certainties create discomfort for renewable energy consumption in the eco. Alternatively,
economic uncertainty reduction plays a positive role in energy transformation from fossil
to renewable energy. More specifically, a 10% positive variation in EPU can result in REC
reduction by 1.68% in Brazil, by 2.11% in Russia, by 1.21 in India, and by 0.021% in China,
respectively. Although a 10% reduction in EPU can augment REC in Brazil by 2.01%, in
Russia by 0.60%, in India by 1.09%, and in China by 1.14%, respectively. Study findings
suggest that energy transformation from fossil to renewable energy, economic stability is
critically important due to steady economic progress and effective economic and fiscal
policy implementation allows green energy investment, thus eventually intensifying the
state of renewable energy demand. Considering the asymmetric effects of foreign direct
investment and renewable energy consumption, the study discloses a positive statistically
significant tie. More specifically, a 10% positive shock in FDI can result in increasing the
REC in Brazil by 6.70%, in Russia by 1.34%, in India by 2.49%, and in China by 2.76%,
whereas a 10% negative shock in FDI can play a detrimental role and decrease the present
state of REC in Brazil by 3.28%, in Russia by 0.52%, in India by 2.61%, and in China by
3.41%, respectively. Study findings suggest that positive shocks in FDIs can positively
influence renewable energy consumption, indicating that the availability of advanced
technological assistance in the economy increases the production of green energy. This
refers to asymmetric effects of financial development on REC; the study documents the
asymmetric shock that is positive and negative variations in FD positively interconnected
with REC in BRIC nations. More precisely, a 10% enhancement in the process of financial
development results in increasing the consumption REC in Brazil by 3.59%, in Russia by
0.23%, in India by 0.57%, and in China by 1.82%.

On the other hand, a similar rate of adverse shocks in FD (FD) can produce a dis-
advantageous situation in accelerating the REC in Brazil by 5.10%, in Russia by 4.41%,
in India by 1.55%, and in China by 8.08%. It is evident from asymmetric magnitudes
that negative shocks in financial development are more significant than improvements in
financial development. The study suggests that expansionary policies for financial sector
growth can increase green energy investment, but constricting financial policies are more
critical for renewable energy output because of limited investment in the energy sector,
particularly the renewable energy sector.

For the short-run, the coefficient of error correction terms (ζ) is negative statistically
significant at a 1% level of significance, implying the speed of long-run disequilibrium
correction due to short-run shocks in explanatory variables. This refers to the asymmetric
shocks of EPU on REC, the study documents a negative statistically significant association
that is economic stability can boost the renewable energy demand and expand the use of
green energy sources. However, concerning asymmetric elasticity on REC are minimal
in comparison with long-run coefficients. For inflows of FDI and REC, the study reveals
statistically insignificant impacts running from asymmetric shocks except for positive
shocks in Brazil exposed to negative statistically significant linkage (a coefficient of −0.022).
The asymmetric shocks in financial development unveil a positive statistically significant
linkage with REC. A 10% development in the financial sector results in increasing REC in
Brazil by 0.034%, in Russia by 0.022%, in India by 0.75%, and in China by 0.01%. Meanwhile,
a 10% degradation in financial development can decrease the propensity of REC by 0.071%
in Brazil, by 0.015% in Russia, by 0.002% in India, and by 0.073% in China. Study findings
suggest that even though the magnitude of asymmetric shocks in FD on REC is minimal,
the association indicates.

Panel C of Table 9 reports the standard Wald test for both long-run and short-run
symmetry. It is apparent from the test statistics that all the test statistics, i.e., WLR and
WSR, are statistically significant at a 1% level of significance. These findings suggest the
asymmetric effects of EPU, FID, and FD on REC both in the long-run and short-run. Fur-
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thermore, residual diagnostic tests confirm the empirical model’s internal consistency and
efficiency to reach the optimum empirical outcome with no issues in the spurious outcome.

The following section deals with detecting a directional association between REC, FDI,
FD, and EPU through implementing a non-granger causality equation by following Toda
and Phillips [22]. Causality results are displayed in the Table 10 with four panels such
as Panel A for Brazil, Panel B for Russia, Panel C for India, and Panel D for China. This
refers to causal effects between EPU and REC, the study documents unidirectional causal
effects from economic policy uncertainty to renewable energy consumption (EPU→REC)
in BRIC nations. On the other hand, regarding causality between FDI and REC, the
study disclosed bidirectional causality (FDI↔REC) in Russia and India and unidirectional
causality (FDI→REC) in Brazil and China, which is in line with Eren, Taspinar, and
Gokmenoglu [78]. For directional causality effects between financial development and
renewable energy consumption, the study unveils bidirectional causality (FD↔REC) in
Brazil and unidirectional causality (FD→REC) in Russia, India, China, respectively.

Table 10. Results of toda–Yamamoto causality test (dmax = 2).

REC EPU FDI FD Causality Remarks

Panel–A: for Brail

REC − 4.58 ** 7.40 *** 5.02 **

EPU→REC; FDI↔REC;
FD↔REC; FD→FDI

EPU 2.49 − 4.33 ** 1.33

FDI 9.07 *** 2.06 − 2.17

FD 9.31 *** 1.90 5.50 *** −
Panel–B: for Russia

REC − 11.94 *** 1.41 11.13 ***

EPU→REC; FD→REC;
EPU→FDI; FD→FDI;

EPU 2.84 − 2.50 2.65

FDI 12.83 *** 1.99 − 6.64 ***

FD 1.81 2.41 2.74 −
Panel–C: for India

REC − 6.28 *** 4.93 *** 12.16

EPU→REC; FDI↔REC;
FD→REC; FD→FDI

EPU 5.75 *** − 3.97 * 1.06

FDI 4.23 ** 8.95 *** − 4.27 **

FD 1.43 1.46 1.04 −
Panel–D: for China

REC − 4.310 ** 4.182 ** 9.796 ***
EPU→REC; FDI→REC;

FD→REC; FD→FDI;
EPU→FD

EPU 2.656 − 0.552 1.150

FDI 0.743 1.307 − 4.107 **

FD 0.008 10.034 *** 0.120 −
Note: the superscript */ **/ *** specifiy the level of significant at a 10%/5%/ and 1%, respectively.

To ascertain the long-run impact of economic policy uncertainty, foreign direct invest-
ment, financial development, and renewable energy consumption in BRIC nations. The
study further implements fully-modified OLS introduced by Phillips and Hansen [113]
and dynamic OLS and canonical cointegrating regression (CCR), familiarized by Stock and
Watson [114] and results display at Table 11. Study findings reveal the expected sign for
each explanatory variable in explaining the association to renewable energy consumption.
More precisely, the elasticity of EPU exposes negative association, and FDI inflows and FD
positively assist in improving the application of renewable energy in the economy.
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Table 11. Robustness test.

Fully-Modified OLS Dynamic OLS Corneal

Regressors Co-Efficient Error Statistic Coefficient Error Statistic Coefficient Error Statistic

Panel–A: for Brazil

EPU −0.3015 0.0355 −8.4929 −0.7482 0.0335 −22.3343 −0.5599 0.0311 −18.0032

FDI 0.4104 0.0473 8.6765 0.6353 0.0764 8.3154 0.4042 0.0607 6.6589

FD 0.3523 0.0444 7.9346 0.4414 0.0563 7.8401 0.6414 0.0577 11.1161

R2 0.9962 0.9863 0.9917

Adj.R2 0.977 0.9784 0.976

Panel–B: for Russia

EPU 0.749 0.055 13.6181 0.582 0.0521 11.1708 0.2962 0.0661 4.4810

FDI 0.5104 0.0751 6.7962 0.7303 0.0535 13.6504 0.5343 0.0583 9.1646

FD 0.4024 0.0476 8.4537 0.7531 0.0753 10.0013 0.7431 0.0391 19.0051

R2 0.9826 0.9808 0.9926

Adj.R2 0.9767 0.9798 0.9812

Panel–C: for India

EPU 0.781 0.0729 10.7133 0.3469 0.0622 5.5771 0.6332 0.0683 9.2708

FDI 0.4268 0.0415 10.2843 0.623 0.0729 8.5459 0.6007 0.0538 11.1654

FD 0.6454 0.0596 10.8288 0.7292 0.0672 10.8511 0.5418 0.0583 9.2933

R2 0.9884 0.9776 0.983

Adj.R2 0.9777 0.9796 0.9776

Panel–D for China

EPU −0.4532 0.0671 −6.7540 −0.389 0.0751 −5.1797 −0.4494 0.0742 −6.0566

FDI 0.5026 0.0728 6.9038 0.3621 0.0382 9.4790 0.314 0.0475 6.6105

FD 0.513 0.0791 6.48541 0.3374 0.0727 4.6409 0.5997 0.0702 8.5427

R2 0.9785 0.9832 0.9859

Adj.R2 0.9763 0.9762 0.9802

5. Discussion

The role of green energy integration and application is critically important for estab-
lishing an environmental quality, and, therefore, reliance on renewable energy and their
integration as an alternative to fossil energy has been extensively considered. The growth
of renewable energy and its integration has been investigated by considering various
macro-fundamentals and exploring their role in developing renewable energy output and
its demand. This study focused on assessing the impact of economic policy uncertainty
on renewable energy consumption in BRIC nations with the mediating role of inflows of
foreign direct investment and financial development. The long-run cointegration tests,
such as Bayer and Hanck [19], combined the cointegration test, Fpass, following Pesaran
Pesaran, Shin, and Smith [20], joint probability test, and tBDM test, following Banerjee,
Dolado, and Mestre [96]. The study findings confirmed the long-run association between
EPU, FDI, FD, and REC, indicating the co-movement due to variability in any regression.
Furthermore, the ultimate effects in REC will have experienced variations as the results
of changes happened in EPU, FDI, and FD in BRIC nations. Now, the study moves on
gauging the magnitudes of EPU, FDI, and FD on REC through implementing ARDL bound
testing. The asymmetric effects of EPU, FDI, and FD on renewable energy consumption
were investigated by implementing nonlinear ARDL following Shin, Yu, and Greenwood-
Nimmo [21], and, finally, the directional causalities were evaluated through implementing
the non-granger causality test, following Toda and Phillips [22], under VAR environment.
The Kay study findings of the study are as follows:
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First, EPU impact on renewable energy consumption. Refers to ARDL estimation,
it is apparent that adverse statistically significant effects are running from EPU to REC,
indicating that economic instability and adverse shocks create tension in implementing
green energy policies, which result in decreasing the renewable energy output and the
integration process. In a study, Burns [115] documents with sector-level data that EPU
discourages investment in renewable energy sectors, such as the wind and solar energy
sector. This refers to asymmetric elasticity of economic policy uncertainty on renewable
energy consumption. The study reveals that the test statistics of the standard Wald test are
statistically significant, both in the long-run and short-run, suggesting that the asymmetric
effects running from EPU to REC both in the long-run and short-run. In the long run,
according to the asymmetric coefficients that are the positive and negative shocks of EPU
was exposed negative statistically significant linkage with REC in BRIC nations. Study find-
ings explained that reducing EPU through innovation and effective policy implementation
could open an avenue for renewable energy integration in economic activities and eventu-
ally accelerates renewable energy output. Uncertainties, according to Balcilar, et al. [116],
impact renewable energy growth can be observed; first, the macroeconomic effect on the
economy makes it difficult for RE growth because of the lack of available investment and
cheap energy sources. It is because, in the initial period, the renewable energy sector
requires substantial capital investment. The second effect of uncertainty is that it makes
politicians more hesitant to implement renewable energy legislation because the actions of
consumers and producers, who remain cautious, may not make the switch to renewables.

The effects of FDI inflows on REC reveals a positive statistically significant impact,
especially in the long run, according to ARDL estimation. It is in line with Lau, et al. [117],
Omri and Kahouli [118]. Energy diversification transitioning from fossil energy to renew-
able energy reliance is one of the critical aspects of foreign investment presence in the
economy; moreover, technological progress and energy-efficient production processes act
as motivational factors in the energy selection process to encourage renewable energy
growth [119]. This refers to asymmetric shocks of FDI on renewable energy consumption,
according to NARDL estimation, the asymmetric shocks in FDI are positive statistically
linked with REC in BRIC nations, which is aligned with Qamruzzaman and Jianguo [3].
Foreign direct investment and equity investment positively impacted the economy’s aggre-
gated output through industrialization and infrastructure development. It has long been
assumed that foreign direct investment (FDI) is linked to transferring knowledge, manage-
rial experience, and technological innovation from home nations to host countries [109]. In
addition to scale impacts, foreign direct investment (FDI) may have various effects on the
economy, including technique effects and composition effects. The impact of the foreign
direct investment may be seen by reducing the size of one sector while increasing the size
of another; for example, the FDI-led service industry uses less energy than the FDI-led
manufacturing industry [83].

Financial development positively entices the growth of renewable energy consumption
in BRIC nations, especially in the long run, which is align existing literature see, for
instance, Shahbaz, et al. [120]; Alsaleh and Abdul-Rahim [121], Liu, et al. [122], and
Burakov and Freidin [30]. Renewable energy has the potential to be a useful instrument
in the pursuit of energy diversification through reduced reliance on fossil fuel supplies.
Furthermore, the generation of green energy has the potential to avoid future environmental
damage. Nonetheless, making the shift from fossil-fuel-based energy to renewable energy
generation may be difficult because of the higher cost associated with implementing
renewable energy, which is one of the most significant obstacles that have to be overcome.
Compared to fossil-fuel-based energy investments, there are many financial hurdles to
overcome, including greater infrastructure, start-up, and operational expenses, among
other things. As a result, it is critical to have a stable financial system that can efficiently
handle price discovery and financing, market liquidity, and risk management. The financial
environment enables families, legal organizations, and people to readily get cash (and
credit) from financial institutions, thus expanding their consumption and production
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capacity. These conditions and scenarios contribute to an increase in energy usage. The
beneficial effect of financial growth on energy demand is critical for implementing suitable
energy policies that include alternative energy sources. If financial development results in
a reduction in fossil fuel energy consumption, it may be inferred that these phenomena,
as well as an increase in the use of efficient and environmentally friendly energy sources
(RES), is accomplished via financial development. Energy-finance nexus theorists propose
that financial growth leads to increased energy use in the economy in three distinct ways.
First, direct effects, such as increased purchasing power and additional financing from
banks result in increased demand for energy consumption [3]. Second, indirect effects,
such as increased purchasing power and the availability of additional financing from banks
result in increased demand for energy consumption. Second, the commercial impacts
of free access to financial possibilities reduce borrowing costs and enable companies to
expand their existing company operations and operations. As a result, the growth of the
business process produces an increase in the need for electricity. Third, wealth effects
are concerned with the development of the stock market and the confidence in economic
growth, which have a positive spillover impact on actual economic activity and a rise in
energy consumption [30]. Increased energy efficiency in the economy may be encouraged
by the impacts of efficient and developed financial sectors, which can be achieved by
developing better financial instruments to increase and use renewable energy. Furthermore,
Tamazian, et al. [123] advocate that financial development fosters efficiency in financial
services and institutional effectiveness, which stimulates technical innovation and the use
of new technology in services, resulting in a decrease in electricity consumption.

6. Conclusions

Green technology and a clean environment have been the critical discussant facts on
numerous occasions and encourage nations to transform the reliance on fossil fuel to renew-
able energy in the aggregate production process. The motivation of this study is to gauge
the nexus between economic policy uncertainty and renewable energy consumption in
BRIC countries for the period from 1997q1 to 2018q4 with the moderating effects of foreign
direct investment and financial development. The study applied several econometrical
tools, such as stationary properties, evaluated by implementing Ng and Perron [13] and
Zivot and Andrews [14], one structural break unit root test along with the conventional test
of stationary, namely, the ADF test [15], P-P test [16], GS-ADF test [17], and KPSS test [18].
The long-run cointegration between economic policy uncertainty, foreign direct investment,
financial development, and renewable energy consumption was documented by employing
the Bayer and Hanck [19] combined cointegration test. Autoregressive distributed lagged
(ARDL) test was implemented for detecting the magnitudes of EPU, FDI, and FD on REC
both in the long-run and short-run by following Pesaran, Shin, and Smith [20], moreover,
the asymmetric effects of EPU, FDI, and FD on renewable energy consumption evaluated
through non-linear framework offered by Shin, Yu, and Greenwood-Nimmo [21]. Finally
the directional association in empirical assessment, study considered non-granger causality
test which was familiarized by Toda and Phillips [22]. The key findings are as follows:

First, the stationary test documented that all the variables are stationary after the first
difference and neither exposed stationary after 2nd difference. The test statistics of the
combined cointegration test established a long-run association between EPU, FDI, FD, and
REC in BRIC nations. Second, empirical model estimation with ARDL reveals negative
statistically significant effects running from EPU to REC in all nations, whereas financial
development and FDI play an augmenting role in thriving REC, especially in the long run.
Third, the asymmetric assessment of EPU, FDI, and FD on REC has documented asymmetric
effects running from independent variables to REC both in the long- and short-run. Fourth,
the results of directional causality disclosed unidirectional causality running from EPU, FDI,
and FD to renewable energy consumption. The study suggested that the progress towards
a green economy with clean energy integration requires economic stability. Furthermore,
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the continual inflows of FDI and financial development can accelerate the present state of
renewable energy integration in the aggregate production process in BRIC nations.

However, this empirical study is not out of limitation because the study only con-
sidered four variables; therefore, additional variables, such as trade openness, inflation,
domestic capital formation, and government expenditure can have great scope for infor-
mation diversification and might reveal different outcomes. Thus, it is suggested that
future studies focusing on the nexus between EPU and REC might consider the variables
mentioned above and examine their relationship.
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