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ARTICLE INFO ABSTRACT

Keywords: The sustainability of the environment debate cannot be addressed without considering the type of
Globalization energy to use. The pace at which the world is industrializing, globalizing, and developing
Mediation model economically has prompted many researchers to investigate the kind of energy required to pre-
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serve the environment. In this regard, this study employs the mediation model to assess renew-
able energy’s direct and indirect effects on carbon emissions through globalization. The data for
the study is from 1990 to 2020. The study’s findings showed that while renewable energy has no
appreciable impact on trade openness, it directly and negatively affects carbon emissions.
However, foreign direct investment has a direct and significant positive effect on carbon emis-
sions, while trade openness has no significant effect. The indirect result revealed that renewable
energy through foreign direct investment has a negative effect on carbon emissions; however,
renewable energy through trade openness has a positive effect on carbon emissions. Policymakers
are encouraged to restrict the trade sector to reduce the trading of high-emission technologies.

1. Introduction

As the world’s population reaches 8 billion, energy consumption and production activities continue to rise, with the majority of
energy consumption coming from nonrenewable sources. The perpetual use of nonrenewable energy has adversely affected the
environment causing global warming [1]. It has been argued by Xu et al. [2] that carbon emissions from nonrenewable energy are an
influential driver of climate change. Also, per the report of the International Panel on Climate Change’s fifth assessment, activities of
human are considered the primary sources of GHG emissions. These human activities, according the IPCC are result of the
post-industrial revolution advancement in population and economy. Again, emphasis has been made by policymakers on the need to
mitigate GHG emissions, which are detrimental to our planet. As a primary goal of the Paris Climate Agreement (COP21), expedited
measures need to be taken to mitigate carbon emissions, or else the emissions of GHG could double up by 2035 from the level it used to
be during the pre-industrial level [3,4]. To prevent planet earth from bypassing a crucial 1.5 °C to achieve net-zero goals, renewable
energy sources have been identified as the answer, which is to emphasize that, the use of renewable energy helps to neutralize the
effect of greenhouse gases [5] and gives a longer period of use than fossil fuels [6] hence its worldwide acceptance.

Globally, the combustion of fossil fuels is considered the highest emitter of greenhouse gases [7]. The environmental consequences
of emissions have brought the world to a universal goal focus, thus the fight to replace fossil fuels with sustainable energy. Irrespective
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of the role fossil fuels play in the development of the economy in many countries especially developing countries, its threat to the
environment has caused environmentalists, government bodies, non-state actors, and all concerned individuals to put measures in
place to replace it [8].

Globalisation is also among the emitters of greenhouse gases, over the past years, most of the West African countries especially
Ghana have received many foreigners because of globalization. As a means of protecting the environment, it is expedient to examine
the effect of globalization on energy on carbon emissions. Ghana is blessed with abundant renewable resources however; the country is
unable to utilize these resources to the fullest. The Major part of its economy still depends on fossil fuels for survival.

Ghana’s energy supply has long relied on gas, biomass, and oil. Ghana’s energy supply in 2019 was around 11,149ktoe, with oil
contributing 38.3% of the total supply. Oil has since remained the most used primary energy supply within the Ghanaian economy
since 2012 [9]. Ghana’s renewable energy sector has experienced quite a slow growth. Between the years 2011 and 2017, the sector
only grew by 15.39%. The country’s renewable energy sector has remained undeveloped, although the government has attempted
several initiatives towards the sector’s development. As a renewable energy source, solar has only 0.3% of Ghana’s energy supply [10].
Undoubtedly, this proves why CO2 emissions have been a concern for the Ghanaian government. In a quest to address these issues of
developing renewable energy to control CO, emissions, several studies have explored variables that will affect renewable energy use,
and the majority of these studies identified globalization, among others, as an influential factor [2,11,12].

Recently, countries have become increasingly dependent on each other. Countries are more inclined to economic globalization.
Economic globalization has several effects like spreading social values, culture, employment, economic growth, climate change,
foreign investment, and trade openness [2]. In this 21st century, both developing and developed countries have benefited positively
from economic globalization. Nonetheless, developing countries have experienced accompanying negative effects [13]. Globaliza-
tion’s influence on climate change has raised debate among scholars. Some school of thought believes globalization endangers the
environment through GHS emissions [14]. Another school of thought also believes globalization has brought about advancement in
technology which helps in reducing GHS emissions [15]. Globalization in the social and economic context increases carbon emissions,
as opined by Destek [16], contrary to political globalization, which he believes has improved environmental quality in central and
eastern Europe.

Globalization has always been a driver of economic growth in a broad sense. Foreign direct investment and trade openness as a
factor of globalization are also contributing factors to economic growth. Most countries have declared their ports as import-free, while
others have reduced tariffs to promote economic growth. Globalization has propelled the rate of urbanization and eventually, the
demand for energy consumption has increased. Current research elucidates that the accelerated rate of urbanization must be
accompanied by a corresponding energy demand [17]. In an attempt to meet this demand for energy, the majority of developing
countries have resorted to eco-unfriendly fossil energy, which they consider affordable at the expense of renewable energy, which is
environmentally friendly.

Several research has been done on globalization, the carbon emissions nexus and renewable energy, and mixed results have been
established. Aziz et al. [18] in their study, conclude that globalization through foreign direct investment increases energy use
(nonrenewable) which negatively affects the environment. Sun et al. [19] also reveal in their study that globalization increases carbon
emissions. The study of Gyimah and Yao [20] reveals a reverse effect that globalization rather reduces carbon emissions through
increased renewable energy use. However, this study is an addition to other literature in three extinctive phenomena. Firstly, among
the studies that have tried to explore the effect of globalization on carbon emissions, none of them considered examining the indirect
effect as well. Nevertheless, this study evaluates the indirect effect of renewable energy on carbon emissions through globalization
since almost all the studies towards this direction focus on the direct effect thus creating a research direction awareness.

The study employed a mediation model for this analysis. In situations where there is not a clear direct correlation between
renewable energy and carbon emissions, the mediation model recognizes the causal relationship that exists between them. This reveals
the role some variables play in ensuring environmental sustainability. Secondly, to enrich extant literature on renewable energy and
environmental sustainability nexus, the study further considers the direct effect of renewable energy on carbon emissions, the direct
effect of renewable energy on globalization, and the indirect effect on carbon emissions.

The paper unfolds in a structured manner, with section two delving into the comprehensive literature review, section three
elucidating the methodology employed, section four presenting the findings alongside a thoughtful discussion, and section five
encapsulating the conclusive remarks, concluding with a discussion on policy implications.

2. Literature Review

Globalization impacts the growth of an economy by advancing a country’s economic, social, and political attainment; however,
globalization increases CO, emissions, giving rise to changes in the climate and environmental degradation [21]. As a result, the
correlation between globalization and the environment is causing growing concern. Discovering such a long-standing relationship is
critical for policymakers aiming for environmental sustainability and its development is contingent on environmental, social, and
economic factors. As a natural outcome, globalization increases energy demand, which causes carbon emissions [22]. Carbon emis-
sions (Loss and damage) were a major conservation at the Egypt Climate Conference 27 (COP27). It is accounted that most rich
countries with significant numbers of globalization are responsible for 90 percent of the excess emissions that are causing climate
breakdown. The significance of the study is to examine the mediating role of globalization on carbon emissions.

Globalization has far-reaching effects on CO5 emissions, with three main areas of impact. Firstly, there is the influence on domestic
and commercial energy consumption. Secondly, the construction industry plays a role, with energy-intensive activities aimed at
improving transportation, infrastructure, and residential structures. Lastly, urban growth leads to forest alteration. The rise in
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household appliance usage (such as air conditioners and heating systems), contributes significantly to energy consumption, exacer-
bating the overall impact on greenhouse gas emissions [23]. While the globalization implications on carbon emissions have been
identified; there have been two widely held assumptions about the link between globalization and CO, emissions. Several researchers
posit that globalization is to be held responsible for lesser CO, emissions [24-26]. Among others, Saud et al. [27] discovered an
insignificant impact between globalization (natural resources) and CO, emissions in India, Brazil, and China; but again, globalization
(natural resources) plays a vital role in CO; emission reduction in Russia. Muhammad and Khan [28] investigated 170 countries’
environmental effects of globalization and discovered that economic globalization reduces CO, emissions. Whereas others assume that
globalization would adversely cause environmental degradation if the current energy-producing system remained stable [21,29].
Furthermore, globalization is liable for a decline in natural resources, along with economic growth. Globalization has triggered several
environmental effects, spaning everything from ozone depletion, resource overutilization, and forest destruction [30]. Globalization
stimulates economic activity and energyconsumption, which increases carbon emissions. Globalization, on other instances can
improve environmental quality by increasing the inflow of eco-friendly technologies [31,32]. The major contribution of the study to
ascertain globalization as a mediating role for carbon emissions taking to account renewable energy, trade openness, economic growth
and FDL

Usually, multiple previous studies have looked into the environmental consequences of globalization employing a variety of
methodological approaches that span both country-specific and cross-country analyses [27]. In this regard, the findings have all been
questionable, as existing researchers have found both positive and negative environmental implications related to globalization.
Globalization has been identified as the primary cause of the conversion of the most polluting industries from developing countries to
developed ones. This stands out as the leading factor behind the surge in carbon emissions, suggesting a clear and significant corre-
lation between the two variables. Countries like China, Japan, Brazil, South Africa, and Argentina demonstrate a trend where glob-
alization leads to a reduction in carbon emissions [33-35]. Through the analysis of yearly time series data from 1980 to 2017, a
research study examines how urbanization and globalization influence CO5 emissions in South Africa. Following the confirmation of a
cointegrating relationship, the ARDL model reveals that urban growth is a catalyst for CO, emissions, while globalization exerts a
significant long-term influence on emissions [36]. In a research endeavor examining carbon emissions in Argentina, it was found that
globalization, coupled with renewable energy consumption (REC), concurrently reduces emissions. However, the research findings
indicated that when combined with the consumption of non-renewable energy sources, globalization contributes to an overall rise in
CO-, emissions, especially over extended periods [37].

Furthermore, a significant body of research also endeavored to examine the relationship between globalization and CO, emissions,
with notable studies conducted by Khan and Ullah [38] in Pakistan, Sheraz et al. [39] in Malaysia Etokakpan et al. [40], in Turkey
[41], India [42], China [43] and Ghana [44]. Specifically, in the case of Malaysia, the study utilizes the total trade with 10 TPP
members as a gauge of globalization, analyzing its impact on carbon emissions. The findings depict a cointegrated among the variables

Table 1
The summary of the literature review.
Year Country Method Effect
Saud et al. [27] 1990 to N-11 countries Panel estimation techniques Globalization not carbon emissions (Brazil, India,

2014 China)
Globalization reduces carbon emissions (Russia)
Muhammad and 1990 to 170 countries GMM and fixed effect model Economic globalization reduces CO, emissions
Khan [28] 2018
Xiaoman et al. 1980 to Middle East and North Second-generation panel cointegration Economic globalization reduces CO, emissions
[34] 2018 Africa (MENA) techniques continuously updated fully
economies modified
continuously updated bias-corrected
Salahuddin et al. 1980 to South Africa ARDL cointegration test Globalization affects carbon emissions (long-term)
[36] 2017
Yuping et al. [37] 1970 to Argentina Autoregressive Distributed Lag model Globalization and renewable reduce carbon
2018 emissions, globalization and nonrenewable cause
carbon emissions (long term)
Khan and Ullah 1975 to Pakistan ARDL bound testing approach Globalization increases carbon emissions
[38] 2014
Sheraz et al. [39] 2003 to 64 Belt and Road (BRI) second-generation methodological Globalization enhances negative environmental
2019 countries approach externality
Shahbaz et al. 1970 to Turkey VECM Granger causality Economic globalization increases carbon emissions
[41] 2010
Shahbaz et al. 1970 to India ARDL bounds testing globalization increases carbon emissions
[42] 2012
Acheampong [44] 1961 to Ghana Stochastic Effect of Return to Population,  Political globalization increases carbon emissions
2016 Wealth, and Technology (long-term)
Social globalization reduces carbon emissions (long-
term)
Acheampong etal. 1980 to Sub-Saharan African Fixed and random effect Globalization reduces carbon emissions
[21] 2015 countries
Yameogo et al. 2002 to Sub-Saharan Africa Generalized Methods of Moments Economic globalization reduces carbon emissions
[46] 2017 countries
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[45]. The Stochastic Effect of Return to Population, Wealth, and Technology (STIRPAT) model was used by Acheampong [44] to assess
the influence of political, de facto economic, and social globalization on Ghana’s CO; emissions, employing a nonlinear autoregressive
distributed lag model. The findings suggest that alterations in political globalization, regardless of being positive or negative,
contribute to a long-term rise in CO2 emissions. Conversely, fluctuations in social globalization, whether positive or negative, are
linked to a reduction in CO2 emissions.

Acheampong et al. [21] conducted a thorough examination of the effect of globalization on CO2 emissions through panel
regression. Their research reveals a noteworthy trend, indicating that globalization exerts a negative influence on environmental
breakdown in Sub-Saharan Africa. In a similar research by Yameogo et al. [46] examines the relationship between economic glob-
alization and environmental quality in Sub-Saharan Africa, considering institutions as a determining factor (SSA). The approach of
GMM was used in a study to compare data from 2002 to 2017. The outcome of that shows that regulation quality positively impacts
environmental degradation in SSA, whereas economic globalization and corrupt practices control negatively impact CO2 emissions.

The summary of the literature review section has been presented in Table 1. The table shows the effect of globalization on CO2
emissions presented in the literature review section.

3. Method and materials
3.1. Theoretical background

As a mediating role, globalization has been one of the contributing factors left undiscussed in relation to its influence on foreign
direct investment (FDI), economic growth, trade openness, carbon emissions, and renewable energy. The findings of Sheraz et al. [39]
a second-generation method on retrieved data (2003-2019) from that of the 64 BRIC countries, records that globalization impacts
socially negative and environmental externality associated with financial development, whereas institutional quality minimizes it.
Moreover, globalization and the quality of institutions (FDI, trade openness) each contribute to the advantageous decrease in emissions
from renewable energy sources. One of the existing studies by Mishkin [47] examined the empirical relationship of Globalization with
FDI and Economic growth (i.e. GDP). From the results, globalization stands to be a primary contributor promulgating the financial
system: debt finance reduction, giving rise to significant investments in concurrent projects and at the intersection of growth in GDP.
Sheraz et al. [39] also conlcudes that globalization is directional in relationship with financial systems and GDP, but energy posed a
hindrance to the manufacturing of goods and services, though it was the source of CO2 emissions. In a country analysis using glob-
alization as a mediating role, a new threshold analysis of Japan revealsShahbaz et al. [48] globalization raises energy demand and CO5
emissions, and that economic growth exacerbates environmental degradation via globalization. Likewise for Pakistan Khan et al. [49]
using the ARDL method to demonstrate that in the short run, there was a positive relationship between trade openness, globalization,
FDI and CO2 emissions. This association persisted in the long run as well. According to the reviewed studies, proponents have
examined various globalization-related factors such as trade openness, FDI, export, and import; however, neither of the research has
looked at different aspects of globalization and assessed their impact on carbon emissions. As a result, by carrying out this study, we are
able to bridge the gap.

Globalization

ndepende

Dependent variable

T

Renewable
energy

Renewable
energy Wil

Fig. 1. Mediation pathways.
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3.2. Method

Numerous studies have investigated the direct impact of the consumption of renewable energy on CO, emissions through various
models. However, to improve on the current literature, this study emulates Gyimah et al. [50] to employ the Mediation Model to assess
the indirect effect of renewable energy consumption on CO, emissions using trade openness and foreign direct investment as medi-
ators. The mediation model is utilized when exploring the connection between an independent variable, a dependent variable, and an
intermediary factor in a study. The mediation model can analyze both the direct impact of the independent variable on the mediators
and the dependent variable. The model further helps to understand the existing relationship between the predictor and the outcome
variable when they do not have an obvious direct connection. In other words, the model helps explain best if the influence from the
predictor variable to the outcome variable is mediated by another variable and helps better understand the underlying mechanisms
through which the influence from the predictor variable affects the outcome variable. Again, it broadens the understanding of the
relationships that exist between the two variables (both direct and indirect relationships). Although, the model is not able to check
selection bias, the preliminary tests done have helped address the issue making the data suitable for the study. With this, the data for
the study is regarded as appropriate for the mediation analysis. For example, Qiu et al. [51] employed the mediation model to explain
the direct and indirect effects of online risky behaviour on sleep quality. Gyimah et al. [50] also used the mediation model to
investigate how renewable energy affect economic growth both directly and indirectly. In addition, Liu and Bah [52] also employed
mediation model to assess the effects (direct and indirect) of renewable energy potential on poverty reduction.

Fig. 1 presents the pathway of the variable effects. The independent variable is renewable energy use (X), the mediator is glob-
alization (M), and the dependent variable is the carbon emissions (Y). The authors have developed two equations (Equation (1) & 2) to
estimate the indirect effect of X on Y as the general mediation estimation.

Equation (1) explains the mediator (X) which is specified as the linear function of the independent variable (X).

M=iy+gX+ey (€8}

Equation (2) shows how the dependent variable (Y) is specified as a linear function of independent variable (X) and the Mediator
(M).

Y=iy + wX + hM + ey 2)

From the figure, the product of path coefficients “g” and “h” will give the indirect effect. The coefficient “w1” is the direct effect.
Equation (3) explains the total effect

TE=wl + gh 3)
3.3. Data

The research was undertaken in Ghana, and the data utilized is sourced from World Bank Indicators spanning from 1990 to 2020.
Ghana was selected as the study area due to the implementation of measures in recent years aimed at promoting the utilization of
renewable energy to mitigate emissions. The research variables are sourced from World Bank data and include renewable energy
consumption (expressed as the total percentage of renewable energy consumption), carbon emissions (measured in kilotons), trade
openness (represented as the percentage of Gross Domestic Product), and foreign direct investment (calculated as the total net inflow
percentage of Gross Domestic Product). Descriptive statistics and the correlation between these variables are presented in Table 2 and
Table 3, respectively. While Fig. 2 gives the general view of the trend of the variables for the study.

4. Results and discussion
4.1. Direct effect

This section discusses the direct influence of the predictor variable on the mediators, the independent variable effect on the
dependent variable, and the direct impact of the mediator on the dependent variable. The summary of the result is presented in Fig. 3.
The results in Table 4 reveal renewable energy has a significant effect on foreign direct investment in a negative direction (—0.5323, p
= 0.0021). Gyimah et al. [50] findings corroborate with this outcome. The study by Shahbaz et al. [53] reveals a reverse trend of a
significant positive effect, while the study by Hagert and Marton [54] indicated a mixed significant relationship. Thus, it reduces and
increases renewable energy in the short term and long term respectively. Appiah-Otoo et al. [55] indicated that the enhancement of

Table 2
Descriptive statistics.
Inc Inr Inf Int

Mean 8.937451 4.103692 1.012232 4.289963
Median 8.893375 4.125572 1.176193 4.275265
Max value 9.905486 4.417977 2.247777 4.754008
Mini value 7.847763 3.725211 —1.381074 3.749230
Std. Deviation 0.621547 3.725211 1.005142 0.256301
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Table 3
Correlation.
Inc Inr Inf Int
Inc 1
Inr —0.9763 1
Inf 0.7757 —0.7379 1
Int 0.3370 —-0.1200 0.3383 1
10

2 |
0|
2 L L L L L L B e T T 1 T T 7T
90 92 94 96 98 00 02 04 06 08 10 12 14 16 18 20
—_IC — LR — LF — LT
Fig. 2. The trend of the variables.
Trade openness
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Renewable energy -
+
\ |
Foreign direct
investment
Fig. 3. Summary of the direct effect.
Table 4
Direct effect.
Direct Effect Coefficient Prob
r—f —0.5323 0.0021
r—t 0.0872 0.6409
r—c —0.2800 0.0960
f-c 0.4945 0.0050
t—c 0.1693 0.2292
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foreign direct investment encourages the adoption of renewable energy, fostering economic growth. REC has no significant effect on
trade (0.0872, p = 0.6409). Our findings corroborate with the study of Gyimah et al. [50] whose results revealed that renewable
energy has no significant impact on trade openness. In the study by Hussain et al. [56], the findings revealed that an increase in trade
openness encourages renewable energy investment. The study of Zhongwei and Liu [57] further revealed that trade openness enhance
the adoption of renewable energy use. However, the result is contradicted by the study by Zhang et al. [58] whose results indicated that
trade openness and renewable energy use have a strong nonlinear relationship. Renewable energy has a negative and significant effect
on CO, emissions (—0.2800, p = 0.0960). The use of renewable energy helps reduce carbon emissions to promote environmental
sustainability. Li et al. [59] study supports the findings of our study. Their findings indicated that improving renewable energy helps
alleviate environmental pressure. In addition, Wang et al. [60] study revealed that renewable energy development helps to curb carbon
emissions in countries like Canada, Finland, Russia, Slovenia, South Korea, and the UK. The findings of Hussain et al. [61] also
indicated that renewable energy promotes environmental sustainability in five polluted economies. Foreign direct investment has a
positive and significant effect on CO, emissions (0.4945, p = 0.0050). The result implies that FDI causes carbon emissions which do not
help in the mitigation process. Derindag et al. [62] study supports the findings of our study. Their findings indicated that foreign direct
investment positively affects industrial carbon emissions. In addition, a study by Bui et al. [63] revealed that foreign direct investment
causes carbon emissions. However, Yi et al. [64] study revealed a negative correlational effect between foreign direct investment and
carbon emissions. Lastly, trade openness does not have any effect on CO5 emissions (0.1693, p = 0.2292). Wang and Zhang [65] study
on trade openness and carbon emissions revealed that the improvement of trade openness reduces carbon emissions in both
high-income and upper-middle-middle countries however, an insignificant effect was captured for lower-middle-income countries,
and increased CO; emissions in low-middle-income countries. In addition, Abokyi et al. [66] study indicated that in the short and long
term, trade openness has a positive relationship with carbon emissions.

4.2. Indirect effect

Table 5 presents the indirect effect outcome. The table indicates that REC through foreign direct investment has a negative sig-
nificant effect on carbon emissions (—0.2633*). The findings suggest that when FDI acts as the intermediary, renewable energy exhibits
a negative indirect impact on COy emissions. However, renewable energy consumption through trade openness positively and
significantly affects CO, emissions (0.0148*). This means that renewable energy causes carbon emissions if trade openness serves as
the mediator.

5. Conclusion

Demand for energy is rising because of the increased industrial revolution and globalization. Globalization has caused an amazing
rise in energy demand that has an effect on the environment. We found two main perceptions surrounding the effect of globalization on
the environment. One group argues that globalization is not environmentally friendly since it causes carbon emissions and the second
group argues that globalization is environmentally friendly because it exposes a country to clean technologies and other factors to
promote environmental quality. As an augmentation to the current body of knowledge, this study employs the Mediation Model to
investigate the direct and indirect influence of renewable energy on CO5 emissions mediated by globalization. The study utilizes trade
openness and foreign direct investment as proxies for globalization (the mediators). The findings reveal that renewable energy exhibits
a negative influence on foreign direct investment and a negative impact on carbon emissions. However, renewable energy does not
significantly affect trade openness. Nevertheless, foreign direct investment is found to contribute to carbon emissions, while trade
openness shows no significant effect on carbon emissions. Regarding the indirect effects, renewable energy, mediated through foreign
direct investment, demonstrates a negative indirect impact on carbon emissions, while it exhibits a positive indirect effect on carbon
emissions through trade openness. The results imply that, factors of globalization have mixed effects on environmental sustainability
depending on the recipient country.

Foreign investors are promoting environmental quality in Ghana. In this respect, much attention is to be given to the FDI to
accommodate them and make them promote clean energy use in Ghana. In addition, there should be strict measures to control the flow
of these foreign investors to avoid the abuse of given freedom to maintain their negative mediation role towards carbon emissions.
Again, the results indicate that renewable energy through trade openness has a positive indirect effect on carbon emissions. The trade
openness has caused easy possession of high emissions technologies in the country. There should be rigid laws regulating the trading
system in Ghana. More attention should be shifted to the trade sector to restrict the trading of high-emissions technologies.

In spite of the relevance of this study to the ongoing deliberations on globalization and carbon emissions, there are some areas that
future research could work on. Future research can add more variables to the globalization variables to enlarge the scope. Variables
like capital formation and tourism. The authors could not add these variables to the study because of the objective behind the study.
Again, future research can include more countries and even research on the regional or continental level. The authors restricted the
study to only Ghana because of the current rise in globalization issues in the country.

Data availability statement

The data are available upon demand by request to the corresponding author.
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Table 5

Indirect.
Indirect Effect Coefficient
rofoc ~0.2633"
r-t—c 0.0148"
Total effect —0.5285"

# denotes a 1% significant.
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