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Abstract
This paper examines the impact of biomass energy consumption on CO2 emissions and the environmental Kuznets curve (EKC)
hypothesis in G-7 countries. We also incorporate capitalization, financial development, and globalization measures (economic,
social, and political) as additional determinants of CO2 emissions. This study covers the period of 1980–2014. We apply the
generalized method of moments (GMM) for empirical analysis. The empirical results reveal that biomass energy consumption
contributes to CO2 emissions. The EKC hypothesis is valid in G-7 countries. Capitalization is inversely linked with CO2

emissions. Financial development deteriorates environmental quality. Foreign direct investment (FDI) and trade openness im-
prove environmental quality. Globalization increases CO2 emissions. Institutional quality improves environmental quality
through effective economic and environmental policies. Urbanization impedes environmental quality. These results provide
new insights for policy makers in designing comprehensive environmental policy by considering biomass energy as an economic
tool for sustainable economic development and to improve environmental quality.
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1 Introduction

In the last few decades, industrialization and population growth
have led to a rapid increase in world energy demand. This trend
has also been followed in recent years by developing countries.
However, the need to meet a growing energy demand to sustain

economic growth has seriously affected environmental quality
(e.g., deforestation, climate change, water pollution, and a loss
of biodiversity). The rising level of energy consumption world-
wide has led to a need for research on how to mitigate the
negative effects of climate change that are caused by CO2

emissions because the way in which we consume energy de-
termines society’s environmental impacts [123]. Therefore, re-
search in energy economics that aims to determine optimal and
efficient energy sources is one of the most fundamental ways to
support sustainable economic development. Today, the aware-
ness of climate change and its repercussions is widespread;
however, it was not until the early 1990s that environmental
pollution problems began to be more frequently described in
energy economics literature. Since Grossman and Krueger
[60], many studies have considered the connection between
economic growth and environmental degradation [114, 122,
125]. Various studies have shown that environmental degrada-
tion generates global economic recession [135, 142].
Therefore, in the coming decades, it will be necessary to as-
sume energy challenges at global levels to reduce or at least
control the ascending trend of environmental degradation [73,
142]. In doing so, the way to mitigate this problem must be
linked with the promotion of structural reforms, mainly in
terms of energy usage and environmental regulations [20].
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Numerous studies have explored the important role that is
played by the energy sector in economic activity for developed
nations [28, 112, 115]1. Since the pioneering study of Kraft and
Kraft [88], many studies have investigated the relationship be-
tween energy consumption and economic growth and have
defined different relationships between energy use and eco-
nomic growth. This has motivated interest among economists
and policy analysts to investigate the direction of causality
between energy consumption and economic variables as well
as between energy consumption and trade variables, i.e., ex-
ports, imports, trade, trade liberalization, foreign capital in-
flows, and globalization (economic, social, and political).
Additionally, the existence of improvements in economic de-
velopment will increase environmental pressure because of an
ascending economic cycle (high rates of economic growth),
which increases energy demand to drive long-run economic
growth. Consequently, energy use can be considered a funda-
mental cause of high carbon dioxide (CO2) emissions, and
environmental policies and improvements in institutional qual-
ity become a global concern in the reduction of the negative
consequences that energy consumption and economic growth
have for environmental quality [22, 28, 44].

Higher economic growth and better environmental quality
have conventionally been considered a trade-off scenario
[102]. Grossman and Krueger [60] empirically reported a pos-
itive relationship between economic growth and environmen-
tal degradation2. Furthermore, they noted that economic
growth is initially positively aligned with carbon emissions
and that environmental quality begins to improve after a cer-
tain level of per capita income at later stages of economic
development, which is referred to as an Environmental
Kuznets curve, i.e., the EKC hypothesis.

The EKC hypothesis reveals that at a certain level, the
positive relationship between economic growth and environ-
mental degradation changes to a negative one. This action can
be considered justified by the improvements in income levels,
which, as a result, increase the demand for better environmen-
tal quality [111]. In its original version, the EKC embodies an
inverted U-shaped relationship between economic growth and
environmental pollution. To confirm the inverted U-shaped
relationship, many studies have used gross domestic product
(GDP) in real and per capita terms as an indicator of economic

growth and CO2 emissions as an indicator of environmental
degradation [2, 8, 12–14, 76, 85, 91, 110, 119, 127].

Figure 1 shows an inverted U-shaped relationship between
economic growth and environmental degradation [19, 27, 32,
38, 40, 114, 122, 136]. Figure 1 illustrates that in the early
stages of economic growth, environmental pollution levels
rise up to a certain turning point, beyond which economies
experience a reduction in pollution levels. This advance also
supposes dynamic structural changes that are connected with
economic growth [46]. Economic development implies mod-
ifications in environmental quality through three channels:
scale, composition, and technique effects. In the first stage
of economic growth, an increase in income, which is achieved
by industrialization, is positively linked with environmental
pollution (scale effect). The scale effect suggests that even if
the structure and technology of an economy does not change,
an increase in output level will decrease environmental qual-
ity. Therefore, in the developing stage, the relationship be-
tween economic growth and environmental quality becomes
positive [46, 116, 140]. In the early stage of economic growth
(developing stage), a rise in economic growth will worsen
environmental quality until it reaches a certain turning point
at which the relationship between economic growth and envi-
ronmental pollution becomes negative. The composition ef-
fect suggests a positive impact on environment quality due to
changes in economic structure as societies experience a tran-
sition from agriculture and heavy manufacturing industries to
cleaner industries and a growing service sector.

Therefore, as the economic structure transits to a tertiary
sector, clean industry will reduce environmental degradation
by adopting energy-efficient technology. Finally, the tech-
nique effect implies that as economies achieve a developed
stage (high-income level, low economic growth), energy in-
novations and improvements in institutional quality will re-
duce energy intensity [20, 95, 106]. In such circumstances, the
level of environmental pollution declines (composition and
technique effects) as countries that experience an increase in
environmental consciousness achieve sustainable economic
development.

The described relationship between economic growth and
environmental pollution has been well discussed in the existing
energy economics literature [60, 65, 122, 125]. For example,
Martínez-Zarzoso and Bengochea-Morancho [101] reported that
economic growth and CO2 emissions are negatively correlated in
developing countries, but the relationship is positive in high-
income countries. However, a high-income level does not neces-
sarily ensure greater efforts to maintain environmental quality.
Shafik [124] and Holtz-Eakin and Selden [66] demonstrated that
emissions monotonically increase with income levels. Therefore,
the empirical findings of the existing empirical studies are incon-
clusive for design policy recommendations that can be helpful
across countries. Various studies have also tested the nexus of
income-energy and income-environmental pollution under the

1 Payne [115] examines, through the Toda-Yamamoto causality test, the rela-
tionship between biomass energy consumption and income in the USA. The
results support a positive unidirectional causality that runs from biomass en-
ergy consumption to real GDP. Bildirici [28] examines the short- and long-run
causality between biomass energy consumption and income for selected
emerging countries. Ozturk and Bilgili [112] find a significant but positive
effect of biomass consumption on economic growth.
2 Although, Panayotou [113] first coined the term Environmental Kuznets
Curve, Grossman and Krueger [60] established the EKC relationship using
cross-sectional data for 42 countries´ urban areas and 3 pollutants to study the
relationship between air quality and economic growth.
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same integrated framework, given that energy consumption has a
direct effect on environmental pollution [8, 13, 28, 34, 110, 115,
131]. This highlights the significance of linking these two stan-
dards of literature to avoid problems of misspecification [123].

Many studies in the existing energy literature apply diverse
methodologies and additional variables to confirm the pres-
ence of the EKC relationship between economic growth and
environmental degradation. These variables are energy
consumption [8, 13, 22, 34, 110, 126], capitalization [13,
58, 68, 104], FDI [42, 106, 128], trade openness [6, 76, 80,
110, 111, 127], financial development [6, 47, 52, 110, 128,
133], urbanization [6, 80, 111, 129], institutional quality
[111], and globalization [130, 132]. This study examines,
within the EKC modeling framework, the role that biomass
energy consumption exerts on environmental pollution in G-7
countries over the period 1980–2014.

The Group of Seven (G-7) contains the world’s leading in-
dustrialized countries (Canada, France, Germany, Italy, Japan,
the UK, and the USA). Although G-7 represents 11% of the
worldwide population, its share of the world’s economic out-
put—which is 33% when adjusted for purchasing power—un-
derscores its importance for the global economy [145]. In other
words, these seven countries are responsible for one-third of the
global economic output. Despite the financial crisis, in recent
years, most of the G-7 states have managed to increase their
economic output in real terms, with theUSA andCanada achiev-
ing the largest increase in GDP. The only exception is Italy,
which was more or less unchanged (− 1.2%) compared to the
year 2000. Furthermore, approximately one-third of all exports
worldwide come from one of G-7 states, and 35% of all goods
and services imported have a G-7 destination. Germany is a
leading export nation, with an export volume of 1744 billion
US$ (goods and services) in 2013. Otherwise, most G-7 coun-
tries depend on imports to cover their energy demand. This cir-
cumstance is especially significant in Japan, which imports

approximately 96% of its total primary energy supply. The other
G-7 countries also have a high percentage of energy dependency
levels: Italy (84%), Germany (64%), France (49%), the UK
(45%), and the USA (18%). On the other hand, in 2013,
Canada produced more energy than it needed for inland con-
sumption (− 67%), being the only net energy exporter among
the G-7 states [71]. Concerning the levels of energy intensity,
for G-7 countries, the rates differ considerably. In 2013, while
Italy and the UK required, respectively, 0.1 and 0.09 kg oil
equivalent (koe) of energy for every 1 int. US$ of GDP,
Germany and Japan required approximately 0.11 kop. In con-
trast, the highest rates of energy intensity were found in Canada
(0.19), the USA (0.15) and France (0.13).

Since 1990, many countries have succeeded in reducing
their carbon dioxide emissions. However, this positive prog-
ress has remained a regional phenomenon because, from a
global perspective, the total emissions of carbon dioxide and
greenhouse gases have continued to increase [71]. Between
1990 and 2013, the G-7 reduced its per capita CO2 emissions
levels: Germany (21.24%), France (21.32%), Italy (22.24%),
the UK (26.53%), the USA (15.18%), Canada (13.58%), and
Japan (10.04%). These results are correlated with the CCPI
ranking3. In 2016, the UK rose to fifth place in the CCPI, with
a score of 70.13 points, followed by France (position 8, score
65.97), Italy (position 11, score 62.98), and Germany

3 The Climate Change Performance Index (CCPI) is an instrument that was
designed to enhance transparency in international climate politics. On the basis
of standardized criteria, the index evaluates and compares the climate protec-
tion performance of 58 countries that together are responsible for more than
90%of global energy-relatedCO2 emissions. Therefore, 80%of the evaluation
is based on indicators of emissions (30% for emissions levels and 30% for
recent development of emissions), efficiency (5% level of efficiency and 5%
recent development in efficiency), and renewable energy (8% recent develop-
ment and 2% share of total primary energy supply). The remaining 20% of the
CCPI evaluation is based on national and international climate policy assess-
ments by approximately 300 experts from the respective countries.

The Environmental Kuznets Curve: Scale, Composition and Technique Effects

Source: Prepared by authors 
Fig. 1 The Environmental Kuznets Curve: scale, composition, and technique effects. Source: Prepared by authors
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(position 22, score 58.39). Germany’s position is supported by
the efforts of the renewable energy sector, where it performs
relatively well. However, the USA ranks at position 34 with a
score of 54.91; but despite that the USA is still the second-
largest CO2 emitter, recent positive developments, such as the
rejected construction of a large oil-sands pipeline and efforts
to push international climate negotiations, are sending positive
signals [141]. A slightly positive trend can be seen in Canada
(position 56 and score 38.74). Japan has the poorest CCPI
score position among G-7 countries. This country is posi-
tioned at 58 with a 37.23 score. This position is associated
with the dominant use and promotion of coal-fired power
plants and the lack of an effective and binding emission trad-
ing scheme in Japan [72].

In 2014, the total primary energy supply (TPES) in the G-7
rose to 43,898.05 Tw/h [71]. The USA had the highest share
(58%), followed by Japan (12%), Germany (8%), Canada
(7%), and France (6%). The lowest percentages were from
the UK (5%) and Italy (4%). By source (from TPES), Italy
showed the highest contribution in renewable energy at 18.5%
(314.6 Tw/h) (18.5%), followed by Canada at 18.1% (542.2
Tw/h), and Germany at 12.6% (443.2 Tw/h). The lowest
shares of participation of renewable sources in primary energy
supply were from the UK at 6.9% (142.7 Tw/h), the USA at
6.7% (1719.0 Tw/h), and Japan at 5.3% (271.9 Tw/h). In
2014, crude oil and natural gas continued to be the main en-
ergy sources in the G7 countries (Fig. 2). Otherwise, the total
primary energy supply of renewable energy sources is mostly
covered by energy from biofuel and waste at 56% (mean value
from G-7 countries), followed by hydropower at 24%. In
2014, solar and wind energy represented 14% and geothermal
6% (Fig. 3).

By country, most of the renewable energy consumed comes
from biofuel and waste: Germany (73%), the UK (70%), the
USA (66%), France (65.5%), Italy (50%), Japan (39%), and
Canada (29%). Figure 4 illustrates the annual TPES (including
industry) per unit population in 2014. In the USA, the share of
biogenetic energy (solid biomass, gas biofuel, and liquid bio-
fuel) from the TPES (81.1 Gw/h) was 4.2% (3.38 Gw/h per
capita). In Canada in 2014, the share of biogenetics was 5.3%
(4.49 Gw/h per capita), and in Japan, the biogenetic share was
2.1% of the TPES (40.3 Gw/h per capita). In France, the
biogenetic share accounted for 5.5% (2.33 Gw/h) of the annu-
al TPES (42.5 Gw/h per capita). In 2014, Italy showed a
biogenetic share of 8.4% (2.3 Gw/h per capita) of the annual
TPES. Finally, in the UK, the biogenetic share was 3.7% (1.2
Gw/h per capita) of the annual TPES (31.9 Gw/h per capita) in
2014 [71]. Figure 5 also shows the evolution of CO2 emis-
sions (metric tons). This evolution reveals that G-7 countries
present a net correction in CO2 emissions (21.92%). The
highest reduction in CO2 emissions appears in Germany
(42.70%).Within the G-7 countries, France presented themin-
imum value of CO2 emissions in 2012, followed by Italy. Both

countries presented a high score in their CCPI rankings.
Between 1980 and 2014, the G-7 countries reduced biomass
consumption (Fig. 5). This use has stabilized in recent de-
cades. The UK offered the highest reduction in biomass ener-
gy use (63.34%), followed by Japan (48.37%), Germany
(45.87%), Italy (30%), and France (26.8%). The lowest per-
centages of reduction in biomass consumption between 1980
and 2013 were in the USA (11.8%) and Canada (3%).

Few studies have examined the association between bio-
mass energy consumption and carbon emissions using various
empirical methodologies or have supported the presence of a
direct relationship between biomass energy consumption and
CO2 emissions (for instance, see [23, 54, 78, 98, 113, 143]).
Additionally, a few studies have shown that biomass fuel
forms the highest percentage in household energy portfolios
in some developing countries, where the energy transition is
common in the urban areas. The use of biomass fuel is strong-
ly dependent on urban populations and household incomes
[51, 64, 90, 109].

Furthermore, few studies have demonstrated that bio-
mass as the primary form of energy consumption de-
creases with increasing economic growth [143]. Foster et
al. [54] tested the existence of the energy transition pro-
cess with a model of household energy utility as a func-
tion of net energy consumption and efficiency factors.
They found that at high levels of net energy consumption,
increasing gross energy consumption is associated with a
decrease in utility. In other words, households that can
afford to do so will reduce their gross consumption by
switching to more efficient energy sources under an
inverted U scenario in, for example, Guatemala. The
IEA [71] shows that the majority of biomass energy con-
sumption remains in developing countries where there is
low GDP per capita, while cleaner fuel dominates the
households of the developed world. This result supports
the EKC hypothesis, in which economies would reduce
their biomass energy consumption with an increase in
their income levels. Manomet [100] concluded that gen-
erating a given amount of energy using biomass would
emit 20 tons of carbon, and generating the same amount
of energy from fossil fuels would emit only 11 tons of
carbon4. Higher rates of biomass energy development are
typically not a function of any single factor but are instead
the result of the combined effects of a variety of policy
instruments. Within the context of a single country, there

4 The atmospheric greenhouse gas implications of burning forest biomass for
energy vary depending on the characteristics of bio-energy combustion tech-
nology, the fossil fuel technology that it replaces, and the biophysical and
forest management characteristics of the forests from which the biomass is
harvested. For the biomass replacement of coal-fired power plants, the net
cumulative emissions in 2050 are approximately equal to what they would
have been burning coal; and for the replacement of natural gas, the cumulative
total emissions are substantially higher with biomass electricity generation
[100].
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tends to be a combination of energy sources, determined
to some extent by the degree of development of its for-
estry sector [79]. However, the existing biomass energy
consumption literature has focused on the positive im-
pacts of biomass on carbon emission reduction [4].
Ahmed et al. [4] examine the causal relationship among
CO2 emissions, biomass energy consumption, and GDP
per capita by including technology innovations in the car-
bon emissions function. Their results validate a negative
relationship between biomass energy consumption and
CO2 emissions, where energy efficiency innovations help
correct environmental degradation.

This study contributes to the existing energy literature in
four ways: (i) an augmented carbon emissions function is

utilized to validate whether the EKC exists in the presence
of biomass energy consumption. (ii) To avoid specification
bias, other determinants of CO2 emissions, such as capital,
trade openness, financial development, urbanization, and in-
stitutional quality, are included in the carbon emissions func-
tion. (iii) Globalization (economic, social, and political) is also
included in the carbon emissions function. (iv) The general-
ized method of moments (GMM) developed by Arellano and
Bover [17] is employed for empirical analysis. Our empirical
analysis confirms the presence of an EKC relationship be-
tween economic growth and carbon emissions. Financial de-
velopment and urbanization worsen environmental quality by
adding CO2 emissions. Capital, FDI, and trade openness low-
er CO2 emissions. Insti tutional quali ty improves

Total Primary Energy Supply of Renewable Energy in G-7 (2014) 

Source: OECD/IEA (2016)
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environmental quality through effective economic and envi-
ronmental policies.

2 Modeling and Data Collection

Environmental quality improvement depends on the level of
economic growth, type of energy use, efforts in energy inno-
vation, financial development, institutional quality, foreign
divestment, trade openness, urbanization, and globalization
(economic, social, and political). Following Grossman and
Krueger [60], who showed that the relationship between eco-
nomic growth and CO2 emissions is nonlinear, we compose
our empirical equation as follows:

lnCt ¼ a0 þ a1lnY t þ a2lnY 2
t þ azlnZt þ εi ð1Þ

In Eq. 1, if the signs a1 and a2 are positive and nega-
tive (Fig. 1), respectively, and significant, an inverted U
or EKC hypothesis will be supported, as was proposed by
Grossman and Krueger [60]. Stern [134] suggested that
the EKC model was excessively simplistic and/or gener-
ally inadequate and that alternative approaches might be
more productive. Therefore, the EKC analysis might de-
termine factors that are important in driving changes in
emissions and may indicate where there might be policy
levers. In addition, az is expected to adopt different sig-
nificant effects to validate the assumption that is proposed
in the empirical model.

This study employed annual data for the period 1980–
2014 to examine an inverted U-shaped linkage between
economic growth and environmental degradation for G-7
countries, including additional determinants of carbon
emissions. These variables have been included in different
studies by various researchers as determinants of

Bioenergy Supply per Capita (Gw/h per capita) and Bioenergy Supply by Sources in G-7 (2014) 
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environmental degradation. Additionally, this study in-
cludes the interaction of institutional quality with FDI,
trade openness, and globalization (economic, social, and
political) to explore moderation under the EKC frame-
work. Institutional quality plays a fundamental role in
the establishment of an inverted U relationship between
economic growth and carbon emissions. Ozturk and Al-
Mulali [111] find a negative relationship between gover-
nance and CO2 emissions. This negative relationship val-
idates that better governance reinforces environmental
regulations and reduces pollution levels and/or that im-
provements in the quality of governance increase the de-
mand for environmental quality by stimulating environ-
mental regulation [22, 111].

To estimate the impact of different variables on environ-
mental degradation, we employ different models based on the
carbon emissions function for G-7 countries. The empirical
models are specified as follows:

lnCt ¼ a0 þ a1lnY t þ a2lnY 2
t þ aElnEt þ aK lnKt

þ aFDlnFDt þ aF lnFt þ aI lnI t þ aU lnUt þ εi ð2Þ
lnCt ¼ a0 þ a1lnY t þ a2lnY 2

t þ aElnEt þ aK lnKt

þ aFDlnFDt þ aulnUt þ a2lnI t*lnFt þ εi ð3Þ
lnCt ¼ a0 þ a1lnY t þ a2lnY 2

t þ aElnEt þ aK lnKt

þ aFDlnFDt þ aulnUt þ aI lnI t þ aF lnFt þ εi ð4Þ
lnCt ¼ a0 þ a1lnY t þ a2lnY 2

t þ aElnEt þ aK lnKt

þ aFDlnFDt þ a3lnI t*lnOt þ εi ð5Þ

lnCt ¼ a0 þ a1lnY t þ a2lnY 2
t þ aElnEt þ aK lnKt

þ aFDlnFDt þ aF lnFt þ aI lnI t þ aU lnUt

þ aEGlnEGt þ εi ð6Þ

lnCt ¼ a0 þ a1lnY t þ a2lnY 2
t þ aElnEt þ aK lnKt

þ aFDlnFDt þ aF lnFt þ aU lnUt þ a4lnI t*

þ EGt þ εi ð7Þ

lnCt ¼ a0 þ a1lnY t þ a2lnY 2
t þ aElnEt þ aK lnKt

þ aFDlnFDt þ aF lnFt þ aI lnI t þ aU lnUt

þ aSGlnSGt þ εi ð8Þ

lnCt ¼ a0 þ a1lnY t þ a2lnY 2
t þ aElnEt þ aK lnKt

þ aFDlnFDt þ aF lnFt þ aU lnUt þ a5lnI t*lnSGt

þ εi ð9Þ
lnCt ¼ a0 þ a1lnY t þ a2lnY 2

t þ aElnEt þ aK lnKt

þ aFDlnFDt þ aF lnFt þ aI lnI t þ aU lnUt

þ aPGlnPGt þ εi ð10Þ
lnCt ¼ a0 þ a1lnY t þ a2lnY 2

t þ aElnEt þ aK lnKt

þ aFDlnFDt þ aF lnFt þ aU lnUt

þ a6lnI t*lnPGt þ εi ð11Þ

Biomass Consumption and CO2 Emissions in G7 Countries (1980-2014) 

Notes: Main axis mean values CO2 emissions. Second axis mean value biomass consumption (ktoe). Source: 
www.materiaflow.com. IEA (2015). 
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lnCt ¼ a0 þ a1lnY t þ a2lnY 2
t þ aElnEt þ aK lnKt

þ aFDlnFDt þ aF lnFt þ aI lnI t þ aU lnUt

þ aGlnGt þ εi ð12Þ
lnCt ¼ a0 þ a1lnY t þ a2lnY 2

t þ aElnEt þ aK lnKt

þ aFDlnFDt þ aF lnFt þ aU lnUt þ a7lnI t*lnGt

þ εi ð13Þ

where lnCt, ln Yt lnKt lnEt lnFDt lnFt lnOt ln It ln
Ut lnEGt ln SGt lnPGt and lnGt are respectively the natu-
ral logs of CO2 emissions per capita proxy for environmental
degradation, a real GDP per capita measure of economic
growth, a real gross fixed capital formation per capita proxy
for capitalization, biomass energy consumption, real domestic
credit to private sector per capita measuring financial devel-
opment, real foreign direct investment per capita, a real trade
per capita proxy for trade openness, an institutional quality
index, urbanization (urban population/total population), eco-
nomic globalization, social globalization, political globaliza-
tion, and overall globalization. εt is an error term.

The data for CO2 emissions (metric tons), real GDP (con-
stant 2010 US dollars), and real gross fixed capital formation
(constant 2010 US dollars) measure capitalization, while real
domestic credit to private sector (constant 2010 US dollars)
proxies for financial development. The real FDI (constant
2010 US dollars), real exports (constant 2010 US dollars),
and real imports (constant 2010 US dollars) were collected
from world development indicators (CD-ROM 2015).
Biomass energy consumption (domestic material consump-
tion) was retrieved from net material flows5. Total population
is used to transform all the variables into per capita units
except for globalization6. We borrowed the globalization in-
dex from Dreher [50], who separates the overall globalization
index into three sub-indices: economic globalization, social
globalization, and political globalization. Economic globali-
zation is a composite of actual economic flows that include
trade, foreign direct investment, and portfolio investment and
restrictions to trade and capital flows (e.g., restrictions on trade
and capital using hidden import barriers, mean tariff rates,
taxes on international trade as a share of current revenue,
and an index of capital controls). Social globalization is com-
posed of personal contacts, telephone contacts, tourism, the
migration of people among countries, information flows (in-
ternet usage, televisions per 1000 people, trade in newspa-
pers), and data on cultural proximity (number of

McDonald’s restaurants, number of IKEA stores, trade in
books). Political globalization includes the number of embas-
sies in a country, membership in international organizations,
participation in UN secretary council membership, and inter-
national treaties to generate an index of political globalization.
Taken together, the relative share in the overall globalization
index that is contributed by economic globalization is 36%, by
social globalization 38%, and by political globalization 26%.
The overall globalization index and its sub-indices are avail-
able at http://globalization.kof.ethz.ch/. The trend of sampled
variables is shown in Fig. 67.

3 Methodological Framework

This study examines the influencing factors that affect CO2

emissions using data for G-7 countries. In doing so, we apply
the generalized method of moments (GMM) for empirical
analysis. The panel GMM technique is used because it effi-
ciently estimates linear and nonlinear regressions with endog-
enous regressors and non-spherical disturbances. The GMM
estimation model was developed by Arellano and Bond [16],
who argued that additional instruments could be obtained in a
dynamic model from panel data if the orthogonality condi-
tions between the lagged values of the dependent variable
and the disturbances were utilized. The GMM estimator elim-
inates country effects through first-differencing and controls
for the possible endogeneity of the explanatory variables.

This study treats economic growth variable as endogenous,
while biomass energy consumption, capital, financial devel-
opment, urbanization, and institutional quality variables are
treated as exogenous. The endogenous variables and distur-
bances are jointly correlated in simultaneous equation models
that create the problem of simultaneity and/or endogeneity
bias. Furthermore, inconsistent and biased parameter esti-
mates are obtained by using ordinary least squares (OLS)
regressions, which lead to the infringement of one of the as-
sumptions of the classical linear regression model. The GMM
model employs first-differences in the equation to control for
unobserved country-specific effects. The GMM estimation
consequently reduces the error term to “white noise” and
thereby eliminates endogeneity due to a correlation between
the error term and the independent variables [62]. The GMM
estimation thus works under the supposition that all indepen-
dent variables in addition to the lagged-dependent variable are
exogenous and operate as valid instruments.

The use of instrumental variables provides a set of variables
that are correlated with the independent variables of the equa-
tion; however, they are uncorrelated with disturbances.
Therefore, the instruments remove the correlation between

5 Many of the biomass fuels that are used today come in the form of wood
products, dried vegetation, crop residue, and aquatic plants. Biomass must be
considered in the search for an alternative source of energy that is abundant in a
wide-scale yet non-disruptive manner because it is capable of being imple-
mented at all levels of society.
6 We have also transformed all of the variables into natural-log before empir-
ical analysis for reliable and efficient empirical evidence.

7 G 7 countries such as France, Germany, Italy, Japan, the USA, and the UK
and Canada are shown by 1, 2, 3, 4, 5, 6, and 7, respectively.
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the independent variables and the disturbances. By eliminat-
ing endogeneity, we restore the orthogonality conditions of the
independent variables to attain “unbiased and consistent esti-
mates” [62]. Consequently, the estimates that are obtained are
reliable and consistent. Arellano and Bond [16] and Arellano
[15] proposed the GMM estimator, which is both a single-
equation and a system estimator. GMM was chosen for the
current study over other estimators of its class for the follow-
ing reasons:

a) The GMM offers a simple substitute for other estimators,
particularly when it is problematic to write a maximum
likelihood estimator.

b) The GMM covers many standard estimators and thereby
offers a valuable framework for their evaluation and
comparison.

c) The GMM is a robust estimator because it does not re-
quire information about the accurate distribution of error
terms.

d) The GMM is an asymptotically unbiased and consistent
estimator, regardless of the weighting matrix that is used.

In conclusion, the GMM estimation technique corrects for
heteroskedasticity and creates efficient as well as unbiased
results. The GMMmodel helps to solve for heteroscedasticity
and corrects for the endogeneity of independent variables
[62]. It therefore produces efficient and unbiased results8.

4 Empirical Results and Discussion

The descriptive statistics analysis reported in Table 1 reveals
that urbanization is less volatile compared to economic growth
and political globalization (overall globalization). The volatil-
ity in CO2 emissions is higher than volatility in capitalization,
industrialization, and economic globalization (social globali-
zation). Trade openness has less volatility compared to vola-
tility in biomass energy consumption and financial develop-
ment. Foreign direct investment is found to be highly volatile.
We explore a linkage among carbon emissions, income, bio-
mass energy consumption, capitalization, and other additional
explanatory variables (Table 2). The econometric results that
were estimated by the GMM (Table 2) of Eqs. 2 to 13 verify
the existence of an inverted U-shaped relationship between
economic growth and environmental pollution.9 The signs
lnYt and lnY 2

t are positive and negative, respectively (a1 > 0,
a2 < 0), and both are statistically significant for Eqs. 2 to 13.

The lnY 2
t result confirms the delinking of CO2 emissions and a

higher per capita GDP. This result validates the existence of an
inverted U-shaped relationship between economic growth and
CO2 emissions. This relationship considers that CO2

8 For a more detailed explanation, see [16, 17, 30, 62].

9 To determine whether the EKC hypothesis does exist, the significance of the
slope coefficient Yand Y square must be examined. If the slope coefficients of
Y are positive and significant (β1 > 0) and the Y square is negative and
significant (β2 < 0), an inverted U-shaped relationship can be determined
between income and environmental pollution (Table 4). The behavior of the
remaining coefficients also helps to explain the relationship between income
level and environmental pollution levels. The result of the regression implies
that in an initial stage, increases in income levels lead to increases in CO2

emission levels until the first turning point is reached. Beyond this point,
higher income levels are inversely related to environmental pollution levels
(CO2 levels start to decrease).
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emissions will increase with economic growth until a certain
turning point in a developing stage; after that, emissions will
begin to decline under a sustainable level of economic growth.
This empirical evidence is consistent with Galeotti et al. [57],
Cho et al. [36], Yusuf and Erginbay [146], Nabaee et al. [105],
and Apergis [11], who reported the validity of an environmen-
tal Kuznets curve in G-7 economies.

Biomass energy consumption exerts a positive and signif-
icant effect on environmental quality, i.e., aE > 0. Biomass
energy consumption is increased by 1%, and it is aligned with
a 0.307–0.636% increase in carbon emissions. This indicates
that biomass energy consumption is positively linked with
carbon emissions and that it deteriorates environmental qual-
ity. This empirical evidence is consistent with Ma and Stern
[98] and Manomet [100], who noted that biomass energy con-
sumption produces CO2 emissions as a fossil fuel source.
However, Ahmed et al. [4] conclude that biomass energy con-
sumption reduces CO2 emissions in newly industrialized
countries. The effect of capitalization on environmental deg-
radation is negative and significant. It shows that capitaliza-
tion is environmentally friendly, i.e., aK < 0. The empirical
results are consistent with Mugablech [104], Saidi and
Hammami [121], and Kasperowicz [81], who noted that an
improvement in capitalization leads to a decline in carbon
emissions and improves environmental quality.

Financial development significantly increases energy pol-
lutants, i.e., aFD > 0. A 1% increase in financial development
increases carbon emissions by 0.175–0.466%. This implies
that financial development worsens environmental quality
by increasing carbon emissions. Existing studies, such as
Shahbaz et al. [127, 128], Al-Mulali et al. [6, 7], Jalil and
Feridun [75], and Tang and Tan [138], have argued that finan-
cial development may attract FDI and higher degrees of eco-
nomic growth and energy consumption [55]. This process will
enhance the level of economic growth and energy consump-
tion, leading to carbon emissions. This empirical evidence is
consistent with Sadorsky [120] and Zhang [147], who noted
the positive relationship between financial development and
carbon emissions. Similarly, Dasgupta et al. [45] and
Tamazian and Rao [137] conclude that financial development
deteriorates environmental quality by increasing carbon
emissions.

FDI negatively and significantly affects CO2 emissions.
This implies that FDI is environmentally friendly in G-7 coun-
tries, i.e., aF < 0. We note that a 1% increase in FDI leads to a
decline in CO2 emissions by 0.007%. This empirical evidence
is not consistent with Frankel and Romer [55], who consid-
ered that the attraction of FDI would attract economic growth
and energy consumption (scale effect), which leads to CO2

emissions. This negative effect of FDI reveals that as the level
of manufacturing in G-7 countries increases, CO2 emissions in
these countries decrease due to the adoption of energy-
efficient technology. This negative effect of FDI on CO2Ta
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emissions can be justified by the existence of strong or suffi-
cient composition and technique effects. The empirical evi-
dence that FDI improves environmental quality is contradic-
tory to Kim and Beak [84], Wang et al. [144], Lau et al. [89],
Kivyiro and Arminen [86], and Shahbaz et al. [130]; however,
Al-Mulali and Tang [5] reported a neutral impact of FDI on
environmental quality. This empirical evidence is similar to
Blanco et al. [29] and Zhang and Zhou [148], who reported
that FDI improves environmental quality by lowering CO2

emissions.
The association between institutional quality and carbon

emissions is negative and statistically significant. This implies
that institutional quality significantly saves the environment
from degradation. We note that a 1% increase in institutional
quality leads to a decline in CO2 emissions of 0.119–0.195%.
The existing literature reveals that institutions determine our
choices and provide incentives for the sustainable use of nat-
ural resources, which enhances environmental quality [44,
107]. Moreover, Panayotou [114] revealed that “countries
with the same level of per capita income may consciously
adopt more or less stringent environmental policies based on
differences in educational level, quality of policy making in-
stitutions and bureaucracy, rule of law, etc.”. This empirical
evidence is similar to that of Ibrahim and Law [70].

Urbanization has a positive and significant effect on CO2

emissions, i.e., aU > 0. We note that a 1% increase in urbani-
zation leads to an increase in CO2 emissions of 0.82–2.3%.
The positive effect of urbanization on carbon emissions is
similar to Lin et al. [97], Liddle [96], Iwata and Okada [74],
Hou et al. [67], and Shahbaz et al. [131]. For instance, Lin et
al. [97] examined the relationship among population, urbani-
zation, and atmospheric pollution in China. They concluded
that population is the main factor to influence CO2 emissions
and that the level of urbanization plays a significant role. The
reason for this phenomenon is that immigration flows have
been internally generated in recent years in China as a result of
the process of industrial growth. Liddle [96] applied a
population-based framework, i.e., a STIRPAT model, to ex-
amine the association between urban density and CO2 emis-
sions. He noted that population size and urban density are
determining factors that affect environmental quality. Iwata
and Okada [74] analyzed the effect of population and urban-
ization on carbon emissions in 119 countries. Their empirical
analysis indicated that population leads to urbanization that
positively and significantly affects CO2, CH4, and NO2 emis-
sions. Hou et al. [67] find that population and the degree of
urbanization affect emissions. Similarly, Shahbaz et al. [131]
reported that urbanization was initially accompanied by low
carbon emissions; however, after a certain level, it impedes
environmental quality, i.e., it has a U-shaped effect. We may
conclude that urbanization exerts a negative effect on environ-
mental quality.
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Trade openness is negatively and significantly linked with
carbon emissions. This reveals that trade openness is environ-
mentally friendly. We note that a 1% increase in trade open-
ness leads to a decrease in CO2 emissions by 0.321%. This
empirical finding is consistent with Jayanthakumaran et al.
[77], Shahbaz et al. [128], Dogan and Turkekul [48], and
Al-Mulali et al. [6]. This result can be justified by the view
that trade openness improves environmental quality, as the
technique effect dominates the scale effect [53, 127, 128].
We may argue that in the transition from a developing to
developed stage, the scale effect implies trade liberalization,
which increases exports and, by extension, economic growth.
Otherwise, the composition effect changes the industrial struc-
ture of an economy through trade liberalization, and the tech-
nique effect boosts economies to use more efficient and clean-
er technologies. Consequently, the net effect of a reduction of
CO2 emissions can be justified by the existence of compara-
tive advances in environmentally clean industries and im-
provements in energy efficiency [20, 21, 128]. Recently,
Shahbaz et al. [132] examined the association between trade
openness and carbon emissions using data for low-, middle-,
and high-income countries for the period 1980–2014. They
found that trade openness was initially positively aligned with
carbon, and after a certain level of trade openness, CO2 emis-
sions begin to decline, i.e., the EKC effect.

The relationship between economic globalization and CO2

emissions is negative and statistically significant at a 1% level.
We note that a 1% increase in economic globalization leads to
a decrease in CO2 emissions of 0.846%. This implies that
economic globalization is environmentally friendly. This re-
sult is linked with the empirical literature that considers the
economic globalization process in terms of instruments of
efficiency and technical progress. Cavlovic et al. [33] establish
the existence of a direct relationship between low levels of
economic globalization and high pollution intensity levels.
They suggest that in the long-term, globalization might be
expected to have a positive impact on economic efficiency
(technique effect) and improve environment quality.
Therefore, increased competition, which is shaped by eco-
nomic globalization, will reduce technical inefficiency and
pollution [139]. This empirical evidence is similar to that of
Shahbaz et al. [131].

Similarly, the social globalization process is understood in
terms of increasing access to education and information about
the negative side effects of consumption and production, and
environmental awareness increases with the demand for
“cleaner” products [103]. The impact of social globalization
is positive and significant at a 1% level. We note that a 1%
increase in social globalization leads to an increase in CO2

emissions of 0.334%. This result is in opposition to the “glob-
al environmental awareness” hypothesis, which suggests that
globalization decreases environmental pressures [46]. Our re-
sults support the “socio-cultural distancing hypothesis,”

which assumes that social globalization will increase ecolog-
ical pressures [43, 108, 118]. Thus, the critical drivers of social
globalization (e.g., dairy consumption, mobility, international
tourism, and especially the air transport system10) will in-
crease environmental damage [108]. Shahbaz et al. [131] also
reported that social globalization impedes environmental
quality.

The effect of overall globalization is positive and signifi-
cant on carbon emissions. It shows that globalization is not
environmentally friendly. We note that a 1% increase in over-
all globalization leads to an increase in CO2 emissions of
0.754%.11 Our study supports Dinda’s [46] “global environ-
mental awareness” hypothesis for economic globalization,
and social and overall globalization implies a direct negative
effect on CO2 emissions. The effect of social globalization on
CO2 emissions is mainly due to an increase in the air transport
process [43, 108].12 Our results suggest the existence of a
negative relationship between overall globalization and CO2

emissions under the “global environmental governance fail-
ure” hypothesis, which supports a positive correlation be-
tween political globalization and environmental pollution
[108]. These results are consistent with Shahbaz et al. [130,
131]. However, Shahbaz et al. [132] noted that overall glob-
alization has a positive and significant effect on carbon
emissions.

We have also included interactions of institutional quality
with FDI, trade openness, and globalization (economic, social,
and political) in the carbon emissions function for the G7
countries.13 The results, reported in Table 1, reveal that inter-
action between institutional quality and FDI has a negative but
significant impact on carbon emissions. This empirical evi-
dence confirms the presence of a dampening effect. It indi-
cates that the intent of strict environmental regulations
coupled with high punitive penalties for contaminators is that
foreign manufacture companies implement cleaner, more ef-
ficient, and more environmentally friendly means of

10 Over the period from 1975 through 2004, the annualized growth rate for
ocean transport was 3.8%, while for air transport, the growth rate was 8.4%
[69]. Consistent with the disparity between the growth rates of aviation and
other modes of transport, the Stern report (2007) projects that―between 2005
and 2050―emissions are expected to grow fastest from aviation (tripling over
the period, compared to a doubling of road transport emissions) (Stern 2007).
11 The impact of political globalization on CO2 emissions is positive but sta-
tistically insignificant.
12 The overall globalization disclosures inform nations and people about how
to improve institutions and structures. In many cases when there is suffering
from a lack of democracy, accountability and transparency, globalization may
contribute to power abuses (and potential damages over environmental pro-
cesses) [59]. This abuse is shaped more by increased consideration about
investment objectives than by environmentally sustainable consumption, pro-
duction and trade.
13 The hypothesis of interaction effects seeks to determine under what condi-
tions a relationship becomes stronger or weaker, disappears or changes direc-
tion. The moderator variable may be qualitative or quantitative, and it affects
the magnitude and/or direction of a relationship between an independent var-
iable (predictor) and dependent variable (criterion) [37].
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production [95, 106].14 Under the correct institutional quality,
the globalization process can also help lessen and prevent
environmental damage [108]. For example, international trade
can help spread the most-sophisticated environmental solu-
tions far and wide, particularly with regard to global warming,
and it applies innovations to green technologies.

The impact of the interaction between institutional quality
and trade openness has a negative but insignificant effect on
carbon emissions. Kaufmann et al. [82] indicate that institu-
tions do indeed improve as a result of trade openness in coun-
tries that can expect to capture institutionally intensive sectors
after trade opening. Meanwhile, Levchenko [94] considers
that institutions play dual roles: they generate rents for some
parties within the economy, and they are a source of compar-
ative advantage in trade openness. In addition, this dual role
implies that the increasing openness for institutional quality
will depend on technological development similarity between
the trading countries. The results of our study are compatible
with Frankel and Rose [56], who consider both income and
trade openness to be endogenous variables through the use of
a gravity model of bilateral trade and endogenous growth.
This study shows that air pollution is an externality, and soci-
ety must engage both an adequate level of income and effec-
tive institutional quality to reduce environmental pollution.
Therefore, and in accordance with this fact, institutional in-
struments are necessary to restrain the damaging effects of
trade and economic growth on environmental quality. These
results are similar to those obtained by Chintrakarn and
Millimet [35] and Kellenberg [83]. Moreover, Cole and
Elliott [39] establish that trade openness would increase the
production share in countries with comparative advantages.
Instead, trade openness would reduce the comparative advan-
tage of capital-intensive goods in high-income countries with
relatively strict environmental policies. However, capital-
intensive industries present the comparative advantage of hav-
ing such goods in countries with less stringent environmental
regulations. Therefore, the production of capital-intensive
goods15 will decrease under more stringent regulation (insti-
tutional quality), and, by extension, this will reduce environ-
mental pollution [99].

The interaction terms between institutional quality and eco-
nomic globalization and between institutional quality and so-
cial globalization negatively but insignificantly affect environ-
mental degradation. These results are in line with the

theoretical framework of endogenous growth theory, where
globalization is understood as a driving force for global eco-
nomic growth [31]. Consequently, the globalization process
can be considered an opportunity to make more efficient use
of available resources [43]. Globalization enables the transfer
of advanced technology (technique effect), and political deci-
sions will promote the division of labor and increase the com-
parative advantage with beneficial environmental conse-
quences [24, 25]. In contrast, an inadequate property rights
protection system with a low level of institutional quality will
increase uncertainty and volatility, with pernicious influences
on investments and research in clean production processes
[18, 61].

The joint (interaction) effect of institutional quality and
political globalization on CO2 emissions is negative and sig-
nificant at a 1% level. An extensive literature search has em-
pirically confirmed that the quality of institutions is a signifi-
cant element of economic growth and the political integration
process ([1, 49, 87, 93, 117], among others). In addition, the
“global environmental governance” hypothesis suggests that
under a high institutional capacity, the political globalization
process will lower ecological pressures [118]. In addition, the
globalization literature establishes that the association be-
tween globalization and institutional quality depends both on
the level of economic development and on the presence of
natural resources16 [26]. Antweiler et al. [10] describe the
“factor endowments hypothesis” (FEH), in which globaliza-
tion leads to an increase in emissions in capital-abundant
countries and to a reduction in capital-scarce countries.

Overall, the coefficient of R2 shows that the carbon emis-
sions function is well explained, i.e., more than 80%, by its
determinants. This is an indication of the goodness-of-fit of
the empirical model(s). The overall significance of the carbon
emissions function(s) is confirmed by the F-statistic, which is
highly significant at the 1 and 5% levels.17 Lastly, we applied
the Hansen-J test of overidentification. The F-statistic (p
values are in brackets) of the Hansen-J test indicates confir-
mation of the null hypothesis. The null hypothesis of the
Hansen-J test assumes that the instruments used in the model
are appropriate, i.e., the empirical model is well specified.
These empirical findings show that the model is valid for
empirical analysis by applying the GMM approach.

Figure 7 shows the empirical results of the interaction be-
tween institutional quality and globalization indicators on

14 It is argued by Neequaye and Oladi [106] that the relationship between FDI
and carbon emissions is linked with a wide number of factors. These are
factors such as technology usage for domestic production. The adoption of
energy-efficient technology for production lessens carbon emissions (tech-
nique effect) and institutional quality, whereas environmental regulations and
corruption can affect emissions directly by increasing the cost of production
[20, 41] and indirectly through FDI, i.e., the pollution haven hypothesis [63].
15 Cole and Elliot (2003) establish a strong correlation between a sector’s
capital intensity and its pollution intensity, where the capital-intensive goods
can be considered pollution goods.

16 In societies, when there is a tendency toward decreasing institutional qual-
ity, this tendency should be particularly strong when there is an abundance of
valuable natural resources. In other words, resource abundance correlates with
a lower quality of government in general [9]. Therefore, some studies support a
correlation between resource abundance and institutional quality ([3];
Treisman 2000; [92]).
17 The adjusted-R2 indicates the percentage of variation explained by deter-
minants of CO2 emissions. Comparatively, a moderate value of adjusted-R2

also corroborates R2, which is used for the goodness-of-fit of empirical
model(s).
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carbon emissions. The impact of the influencing factors of
CO2 emissions is described in Fig. 8. The empirical analysis
confirms the presence of an inverted U relationship between
economic growth and environmental degradation, i.e., EKC
for G-7 countries. An increase in biomass energy consumption
stimulates CO2 emissions. The elasticity of CO2 emissions
with respect to capital formation, trade openness, overall glob-
alization, and institutional quality is negative and significant.
However, financial development, urbanization, and globaliza-
tion (social and political) exert positive effects on carbon
emissions. The impact of economic globalization on CO2

emissions is positive and significant.

5 Conclusions and Policy Implications

This study has examined the validity of the environmental
Kuznets curve hypothesis in G-7 countries in the presence of
biomass energy use and other explanatory variables, such as
capitalization, financial development, FDI, urbanization, trade
openness, institutional quality, and globalization. The empiri-
cal results from the generalized method of moments (GMM)
confirm the existence of an inverted U-shaped relationship
(i.e., the EKC) between economic growth and CO2 emissions
in G-7 countries for the period 1980–2014. The EKC hypoth-
esis is detected, which indicates that an increase in GDP per

Interaction Effects between Institutional Quality and Globalization 

Source: Prepared by authors 

Fig. 7 Interaction effects between
institutional quality and
globalization. Source: Prepared
by authors

Conceptual Scheme of Empirical Analysis 

Source: Prepared by authors 

Fig. 8 Conceptual scheme of
empirical analysis. Source:
Prepared by authors
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capita leads to environmental improvements after the thresh-
old income level. Countries should project boosts to their in-
come levels. Biomass energy consumption increases CO2

emissions. Administrations might implement policies to re-
place this source with other renewable sources by controlling
air pollution levels. Improvements in governance are impor-
tant for the improvement in the quality of the environment.
Otherwise, it is assumed that countries that produce biomass
energy should support other renewable sources, because the
empirical evidence has proven a negative relationship with the
environmental pollution process.

To improve environmental quality, administrations should
continue to improve their capitalization amenities and reduce
the rate of urban population expansion with new local strate-
gies of suburban development. Given the positive role that
trade openness and institutional quality exert over economic
globalization, these factors can support the adoption of clean
technologies, and administrations should increase public ef-
forts in environmental protection. The results also show that
improvements in institutional quality will reduce environmen-
tal pollution. Therefore, it would be effective to increase ef-
forts to improve environmental policies and institutions rather
than limit FDI and globalization activities that reduce environ-
mental quality. In addition, institutional quality helps increase
positive effects on the environmental correction process more
so than trade openness and economic globalization. Therefore,
to correct the negative effect of FDI on carbon emissions,
administrations might promote energy efficiency and energy
R&D policies under strong environmental regulations coupled
with high punitive consequences for contaminators to reduce
energy intensity and carbon emissions.

Finally, we have outlined some options that encompass a
wide range of non-regulatory and regulatory approaches that
the state may wish to consider if it determines that further
actions are needed to protect environmental quality. One of
the greatest concerns about biomass energy consumption is
indoor air pollution, which has been found to cause serious
health problems. Smoke from incomplete combustion during
the burning of biomass contains a large number of pollutants,
such as CO2 emissions and suspended particulate matter
(SPM), which have been associated with public health risks.
Therefore, future studies might explore the control of endog-
enous SPM within the EKC model to estimate the income
levels that are necessary to reduce environmental damage.
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