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Abstract
The debate on ecological matters that relate to the biomass emissions nexus has gained prominence and different scholars have
suggested various forms of policy directions to tackle the menace. This study seeks to contribute to this subject by examining the
impact of biomass energy use on carbon dioxide pollution in the G7 economies context. Thus, to this end, we employed energy
usage and GDP measured as economic growth which adds factors that can influence pollution for annual time-frequency
between1995 and 2016 for the case of G7 economies. The present study adds to the extant literature by the adoption of the
novel econometric techniques such as the panel cross-section augment ARDL and common correlated estimate mean group
(CCEMG) to evaluate the impact of biomass energy on pollutants. The empirical results from all the techniques show that
biomass energy consumption significantly and negatively correlates to CO2 emissions meaning that it helps to reduce pollution in
the long run. On the other hand, there is a significant positive relationship between energy use and pollutants implying that the
primary energy use is not favorable for environmental sustainability over the sampled period. Finally, the results proved that GDP
increases CO2 emissions in the long run with respect to the G7 context. Thus, validating the growth-induced pollution hypothesis
in G7 blocs. On causality relationship, we observe a unidirectional causal relationship between these variables: biomass and
pollutants, pollutants and output, biomass and output, biomass and energy use, and output and energy use. While there was a
bidirectional causality between energy use and pollutant, these results suggest policy implication for the G7 countries which
indicates that stakeholders should give much attention to technological know-how and energy mix particularly biomass energy
which is environmentally friendly as well as more paradigm shift to renewables.
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Introduction

Data from British Petroleum (BP 2018) shows that carbon
dioxide (CO2) in the orbit around the earth has risen from
19,809 to 33,431 million tonnes, the maximum rate which

has been reported within the last years, raising threats to indi-
vidual and other living species’well-being (Wang et al. 2019).
Integrated Pollution Prevention and Control (IPPC 2014)
states that CO2 levels generate higher than 60% of gas in the
atmosphere (GHG) pollution and are responsible for environ-
mental transition and environmental degradation (Sarkodie
et al. 2019). Increasing ecological and well-being issues are
globally discussed in the studies dealing with energy use that
contributes to CO2 pollution, especially through fossil fuel
reserves as a source of power (Danish Zhang et al. 2017).
Regulation of global warming and air degradation has now
been an emotive subject (Danish and Wang 2019). The re-
quirement for renewable power has risen as a consequence
of rising greenhouse pollutants. The development and use of
sustainable energy options such as bioenergy as well as other
alternatives seem to be the most powerful methods for resolv-
ing the ecological issues (Owusu and Asumadu-Sarkodie
2016). Biomass power utilization in addition to construction
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will form the basis of renewable power infrastructure by
shifting the trajectory of power generation and using sources
that will successfully lead to massive progress and environ-
mentalism (Mao et al. 2018).

Danish and Wang (2019) identified biomass power as an
essential component for sustainability and that it has a signif-
icant role in the discourse on climate policies as well as eco-
nomic growth initiatives all over the globe. According to the
World Development Index (World Bank 2012), the G7 States
consumed 36.6% of the world’s actual power supply and emit
33.7% of the world’s overall CO2 pollution on aggregate
across the span 2000 to 2008. To find answers to this problem,
the adoption of biomass energy has been described by Danish
and Wang as the best way to go. Bildirici and Ozaksoy
(Bildirici and Ozaksoy 2017; Bildirici and Özaksoy 2018)
clarified that biomass production is classified under three
types: woody or compact biomass is developed in
agriculture-manufacturing crops in addition to wetlands,
built-up trees, scrubland trees, and farm trees; non-woody bio-
mass is created in yield wastes such as grass, leaves and plant
stems, and manufactured wastes such as wood chips, bagasse,
seeds, and husks; and agricultural garbage such as food rough.
Different varieties of biomass can be used explicitly or implic-
itly for the generation of heat and energy by way of distribu-
tion fuel and additives. Over hundreds of years, humans have
been using biomass fuels, including burning wood for food or
heating. Biomass power intake comprises primary utilization,
such as fermentation for heat, cooking, and manufacturing
operations (conventional intake) and explicit usage by turning
biomass to supplementary power (Bildirici 2014). The earth
needs an enormous quantity of resources to sustain socioeco-
nomic expansion (Herbert and Krishnan 2016; Kirikkaleli
et al. 2020; Etokakpan et al. 2020; Adedoyin et al. 2020a, b,
c). Besides, bioenergy seems to have the ability to tackle eco-
logical challenges such as greenhouse gases, environmental
degradation, ozone contamination, and toxic rainfall by de-
creasing CO2 gases as well as other polluting greenhouse gas-
es (Bilgili et al. 2017). Furthermore, fact from www.usatoday.
com reveals that the G7 nations (i.e., the USA, the UK, Japan,
Italy, Germany, France, and Canada) are all within the top
twenty-five states with the highest CO2 pollution in the globe.
The USA was the 2nd most generated CO2 pollution nation
with 5269.3 million metric tons; Japan the 4th with 1205.1
million metric tons; 6th was German, with 799.4 million met-
ric tons of CO2 output; 10th was Canada, with 572.8 million
metric tons; the UK, with 386.3 million metric tons and 17th
metric tons on the list; France was 18th, with 356.3 million
metric tons; and Italy was 19th with 355.45 million metric
tons of CO2 releases per year.

Ozturk and Acaravci (2009) on the other hand pointed out
that several nations since the 1990s have been able to reduce
their greenhouse gas pollution but these changes have stayed
as a localized trend. This is because, from a worldwide

viewpoint, overall concentrations of carbon dioxide and
greenhouse gasses produced have risen. From the examination
of BP Statistical Review of World Energy (2017), eleven
countries had the highest decreases in CO2 pollution in the
past decade (2007 to 2016), with the USA once again leading
the world. The US reduction was nearly 800 million tons of
CO2 pollution since in 2007, it was almost 5 times more than
the second-ranked nation (UK) and marginally smaller than
the remaining 10 nations combined which the list is as fol-
lows: USA, UK, Italy, Ukraine, Spain, Japan, Russian
Federation, France, Germany, Canada, and Greece. From the
list, it proves that all members from the G7 countries are part
of countries over the last decade that has been able to reduce
the production of CO2 (Fig. 1).

As a consequence, the G7 nations have a significant role to
play in meeting the objectives of the Paris memorandum of
understanding. Biomass power may help to address the eco-
logical catastrophe, particularly ecological destruction and re-
source destruction, which limits the sustainable economic
growth of human civilization. It is therefore the main purpose
of the study to identify if truly biomass power utilization will
eventually reduce CO2 pollution within the G7 states, thus
understanding the short-term and long-term elasticity and also
the causal relationship between biomass power use and sus-
tainable development. The outcome will, therefore, be impor-
tant in deciding effective energy policies for the G7 nations.

The growing demand for renewable resources exists be-
cause of growing air pollution (Dong et al. 2018). The require-
ment for the environment and green protection can be provid-
ed by biomass energy (Dogan and Inglesi-Lotz 2017), while
findings of the analysis on its economic development connec-
tion and CO2 emissions remain unclear (Adewuyi and
Awodumi 2017). Bilgili et al. (2016), instantly, found that
biomass power reduces CO2 emissions, but Solarin et al.
(2018) proposed that biomass power behaves like fossil fuels
when CO2 emissions are created. Shahbaz et al. (2019)
claimed that electricity from biomass speeds up CO2 emis-
sions, whereas Shahbaz et al. (2017) reported in another anal-
ysis that energy consumption from biomass decreases pollu-
tion. Dogan and Inglesi-Lotz (2017) emphasized that electric-
ity from biomass tends to minimize CO2 emissions. Although
little was addressed regarding biomass energy in environmen-
tal degradation in the literature, these results are unclear as to
whether the use of biomass energy decreases CO2 emissions.

The existing studies on ecology-emissions have failed to
address the issue of biomass energy consumption in the eco-
nomic development agenda without considering the impact on
carbon dioxide emissions. The existing studies are scanty and
have relied on outdated data for inferences and policy
directions. This study employs more recent data as
compared with most of the existing studies. For instance,
Shahbaz et al. (2019) used data from 1980 to 2014; Danish
and Wang (2019) also utilized data from 1992 to 2013, and
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Sun et al. (2016) relying on data from 1996 to 2013. Also,
several of the existing studies did pay much attention to
household usage of biomass energy rather than looking at
the holistic perspective of biomass energy use in order to
allow the study to provide more generalized conclusions. In
the sense of energy economics, this analysis can be described
as supplementary to earlier studies. Nevertheless, in some
ways, it breaks from the current literature on energy-
environmental economics. Secondly, the study contributes to
the literature in terms of method by the adoption of second-
generation estimation approach (i.e., Westerlund co-
integration test, cross-section augment ARDL (CS-ARDL),
and common correlated effects mean group estimates
(CCEMG) to investigate the relationship between biomass,
real gross domestic product (GDP), and energy use on envi-
ronmental degradation in the G7 context. We employed the
Pesaran (2015) LM test, Pesaran (2007) CD test, and Breusch
and Pagan (1980) cross-section dependence techniques to as-
sess the cross-section dependency of the panel. Furthermore,
the Pesaran (2007) panel unit root test was utilized to establish
the characteristics of the variables due to the presence of the
second-generation cross-section dependency; the Westerlund
(2007) co-integration was employed to examine the long-run
equilibrium among the variables. In order to estimate the long-
and short-run relationship of the variables, the cross-sectional
augmented ARDL (CS-ARDL) was utilized. The robustness
of the estimations was checked by applying the common cor-
related effect mean group (CCEMG) technique. Our findings
established that there is a long-run relationship between the
variables under study. Ultimately, this paper, therefore, seeks
to bridge this gap by employing a more recent data set to study
the impact of biomass energy consumption on CO2 emissions
in the G7 countries for the duration 1995 to 2016. Given the

aforementioned contribution in method and scope for the case
of G7, which have received less documentation, this study
seeks to serve as a policy guide to the investigated blocs and
other regions alike.

The remainder of this study is structured as follows: a lit-
erature summary is provided in the second part of the analysis.
Econometric methods and information are presented in the
third sector. The fourth sector focuses on analytical observa-
tions, while the last section contains conclusions and policies
form the policymaker’s implementation.

Review of related literature

This documentation has illustrated the function of bioenergy
production in lowering pollutant production, growing power
stability, industrial progress at the detriment of biodiversity,
intense water use, deforestation, growing power costs, and
potential declines in foodstuff availability (Burg et al. 2018;
He et al. 2018; Shao and Rao 2018). Bioenergy, especially
compost in addition to biomass, is a clean power source which
brings environmental policies into consideration (Baležentis
et al. 2019). The discourse discussed both the good or bad
involvement of biomass power in ecological emissions. For
example, Katircioglu (2015) evaluated the relation among bio-
mass power and carbon dioxide exposure within Turkey
utilizing the ARDL process, indicating the biomass power
prevents contamination. Bilgili (2012) noticed that biomass
production is helping to reduce pollutant emissions in the
USA. In a certain analysis, Bilgili et al. (2016) had to use a
wavelet consistency method to show that biomass power de-
creases CO2 pollution within the USA. Shahbaz et al. (2017)
implied comparable conclusions for the US economy by

Fig. 1 Countries with the largest
reduction of CO2 pollution
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means of the autoregressive distributive lag (ARDL)
bounding experiment process. Dogan et al. (2017) examined
the correlation regarding biomass power and carbon dioxide
production in biomass-overwhelming states and identified the
significant involvement of biomass power in lowering pollut-
ants. Baležentis et al. (2019) reported that biomass power
lowers emissions rather than so many green power sources.
Shahbaz et al. (2019) examined the contribution of biomass
power to the relation among foreign direct investment as well
as CO2 concentrations throughout the Middle East and in
North Africa by means of the generalized moment method
(GMM) technique and established a significant effect of
biomass power on pollutants prevention. Danish and Wang
(2019) investigated the energy use and pollutant impacts of
biomass in BRICS countries by using the GMMmodel within
the period of 1992 to 2013. The findings demonstrate that the
use of biomass power is a sustainable source of power to
mitigate carbon emissions. The report also found a consensus
for N-shaped income and emission ties and concluded that
free trade is the only driving factor for BRICS emissions.
Ulucak (2020a, b) on the other hand examined the connection
regarding biomass energy and actual income in China with
CO2 pollutions. The findings indicate a negative association
regarding China’s energy use in the form of biomass and CO2,
indicating that biomass use is beneficial in mitigating pollu-
tion. Furthermore, biomass output lowers pollutants and may
be the perfect substitute for fossil fuels. Moreover, the impact
of wood biomass intake on carbon pollution was studied for
the span 1990–2017 by Sulaiman et al. (2020) in 27 countries
of the European Union (EU). The findings demonstrate that
CO2 pollution declines with a rise in wood biomass power
intake using panel dynamics of ordinary least squares
(DOLS). As fossil fuels, per capita GDP and global
globalization raise CO2 emissions. The result suggested that
the power use of wood biomass in manufacturing applications
could significantly minimize CO2 emissions in the EU
Member States. Again, the Gao and Zhang (2020) study ex-
amined a group of 13 Asian developing countries in terms of
relationships between carbon dioxide emissions, the use of
biomass, industrial development, and urbanization. The panel
co-integration experiments indicate that CO2 pollution, bio-
mass power use, socioeconomic development, and urbaniza-
tion have long-term equilibrium. The results of the FMOLS
estimate show that the total utilization of biomass power can-
not decrease CO2 emissions. The outcomes of panel causality
evaluations have shown that there has been a short-term, one-
way, causal effect that varies from GDP to biomass intake and
from GDP to urbanization to CO2 emissions. With regard to
long-term relationships, the results suggest that one-way cau-
sality varies mainly from CO2, biomass usage, and urbaniza-
tion to GDP, suggesting that actual GDP could assume a piv-
otal component in the adaptation phase, as the mechanism
shifts away from the long-term balance. However, by finding

the impact of energy use for human production from biomass
on BRICS nations between 1990 and 2015, Wang et al.
(2020a, b) wished to add to established literature. Their find-
ings show that biomass energy consumption increases human
evolution in the BRICS as well as the two parameters have a
bidirectional causality. The findings could provide decision-
makers with a recommendation to encourage the use of bio-
mass resources. Kim et al. (2020) explored the causal link
regarding total biomass power utilization, carbon output of
CO2, and GDP in the USA for the period of January 1973–
December 2016. This analysis also looks at the nature of the
Kuznets environmental hypothesis (EKC). The findings
showed that a unidirectional, conventional causal link occurs
between gross biomass power intake and GDP and overall
carbon CO2 emissions. This statement indicates that the use
of biomass is one direction in which greenhouse emissions are
minimized and regulated in the US. In comparison, the
inverted U-shaped EKC theory is satisfactory in the case of
the United States. The findings of this study suggest that en-
ergy policies will promote an increase in the production of
biomass to reduce increased CO2 emissions. Utilizing a revo-
lutionary quantitative methodology, energetic ARDL,
Sarkodie et al. (2019) evaluated the effect of biomass power
on pollutant mitigation by foodstuff as well as the develop-
ment of the country in a multivariate context and concluded
that biomass power lowers greenhouse gas leakage.

Some few investigations did not approve the beneficial
influence of biomass power on pollutants avoidance
(Mahmood et al. 2019; Shahbaz et al. 2019; Solarin et al.
2018 as well as Ahmed et al. 2016) and claim that biomass
power partakes had a negligible influence on CO2 production.
Around the very period, certain external variables in CO2

pollution, including foreign exchange and FDI, had already
been mentioned in the documentation in order to prevent
requirement prejudice. Ren et al. (2014) claimed in coopera-
tion worldwide commerce and foreign direct investment with-
in the Chinese manufacturing industry have exacerbated eco-
logical efficiency, although Al-Mulali et al. (2015) observed
worldwide commerce greatly decreases carbon dioxide pollu-
tion throughout Europe. Liobikien and Butkus (2018) ob-
served the same outcome on behalf of a team made up of
147 nations. However, Chang (2015) hypothesized free
import and export would raise carbon dioxide emits. Zhang
and Zhang (2018) noticed that the money system had a nega-
tive effect on CO2 greenhouse gases in China. Hille et al.
(2019) prediction finding has been that foreign direct invest-
ment decreases carbon dioxide production; however, in a sam-
ple of many areas, Shahbaz et al. (2015) recorded the detri-
mental effect of foreign direct investment with carbon dioxide
greenhouse gases, supporting the toxicity theory that the ex-
istence of FDI is the contaminant.

Some studies have found that as biomass energy consump-
tion goes down, it shows that economic growth has increased
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meaning that economic development is a good indication that
biomass energy use will be discouraged (Victor and Victor
2002). In some cases, the increased utilization of energy leads
to a reduction in utilities especially in the household levels.
For instance, Foster et al. (2000) reported that households
reduced their total energy use through other means where
energy consumption could provide efficacious results. A lot
of the emerging economies have however proven to have
lower gross domestic products per capita and these countries
depend mostly on energy sources that are not clean as com-
pared with their counterparts in the developed economies such
as the G7 (IEA 2016). Since the EKC theory talks about the
relationship between economic growth and clean environ-
ment, most of the studies that have been done on developed
countries have proven to support this theory (Shahbaz et al.
2019). For instance, Cetin (2018) findings show that develop-
ing economies do not confirm the EKC hypothesis; however,
the advanced economics support it. Again, the long-term elas-
ticity effects of per capita income can impact CO2 emissions
in advanced and developing economies.

Such experiments are among the only credible studies on
the relation between biomass power and CO2 production, and
their results are uncertain. None of the experiments listed in
the analysis of the G7 nations used the cross-sectional aug-
mented ARDL (CS-ARDL) and common correlated effect
mean group (CCEMG) techniques to estimate the long- and
short-run relationship of biomass power utilization and pollut-
ants. Furthermore, a more novel and effective second-
generation cross-section dependency techniques such as the
Pesaran (2007) CD test, Pesaran (2015) LM test, and Breusch
and Pagan (1980) have been applied.

Data and method

Exposures made by the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC) which
directs to the significance of clean and efficient energy use
at all levels and for countries to understand that the central
wellspring of CO2 pollution exudes from the use of energy
and various structures for the production of energy in compar-
ison with activities from agricultural production, transport
benefits, the utilization of land, and the related activities
(IPCC 2016). It depends on these revelations that the G7 has
given a lot of consideration to all policies coordinated at cre-
ating frameworks and quality institutional structures that will
be competent to recognize, forestall, and control bottlenecks
in the environmental administration (Sarpong and Bein 2020:
Gyamfi et al. 2020).

To additionally extend the action for Europe’s advance-
ment in all perspectives including the environment, a com-
prehensive walk towards a supportable environment has
been created courtesy the Paris COP21 as a major aspect

of the region’s motivation for agenda 2063 during the
G7’s highest meeting in 2015. These provisions order all
part states to follow the rules and work inside the standard
working strategies for sustainable power source and pro-
ductive and compelling vitality administration structures
for environmental supportability. Lastly, as part of the en-
vironmental cleanliness movement, during the ministerial
meeting, Canada pledged to divert over 75% of its plastic
wastes that are coming from government activities by the
year 2030. Again, the countries with the G7 have commit-
ted themselves to spend over 100 billion US dollars every
year by 2020 ending on a clean environment as well as
take steps to eliminate inefficient fossil fuel grants. These
countries have also ratified the EU Directive 2009/406/EC
to be included in the regional countries’ quest to tackle
issues of climate change head-on. Member countries have
put themselves to the resolutions that came from the 14th
and 24th sessions of the conference of the countries serv-
ing on the Kyoto Protocol (CMP) and Paris Agreement
(CMA 1-3 and COP21) as well as the Katowice Climate
Change Conference of Parties (COP 24). All these are
stringent efforts to institute frameworks that will contrib-
ute to fight pollution and ensure clean energy sources for
use.

Data

This paper examined the impact of biomass energy consump-
tion on CO2 emissions in the G7 countries utilizing the most
recent available data from 1995 to 2016. We based on the
recent work of Shahbaz et al. (2019), Danish and Wang
(2019), and Sun et al. (2016) for selecting our variables for
this analysis which is biomass power utilization, energy use,
real GDP, and CO2 emissions. The data for biomass energy
was obtained from the Global Material Flow database while
CO2 pollution, energy use, and real GDP were sourced from
the World Bank’s World Development Indicators (World
Bank 2019). CO2 was peroxided for pollutants and is defined
as the emissions that are coming from fossil fuel burnings as
well as cement manufacturing and carbon dioxide production
when solids, liquids, gas fuels, and the flaring gas. It is also
calculated in metric tons per capita. Biomass energy is the
energy source that is emanating from the use of biomass and
wastes measured in kilowatts per hour. Energy use is a proxy
for primary energy which represents the final fuel usage that is
domestically produced and those imported for use. It is mea-
sured in kilograms of oil equivalent per capita. The real GDP
is the peroxided for economic growth or output and measured
as the constant 2010 $US. This variable has been touted as the
best indicator of economic growth by many scholars (Batuo
et al. 2018; Akbar et al. 2020a, b). All the variables were
converted into their natural logarithms in order to allow inter-
pretation of the results to be in elasticity terms.
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Method

We based our study on the cross-section augment group
autoregressive distributive lag (ARDL) model proposed by
Pesaran and Shin (1998) to estimate the impact of the
independent variables on the dependent variable. This
technique was adopted because the ARDL approach is
plausible for this study since our sample data is not large
but contained a small sample size. It is able to generate all
together long-run and short-run equilibrium relationships
and also error corrections for the bound estimations at the
same time. It was appropriate to use this method for this
study since it is applicable for the estimation of long-run
relationships with respect to panels that are dynamic with
heterogeneity in nature and that the dependency of the
cross sections is associated with errors. Again, compared
with the traditional ARDL, the CS-DL technique provide a
standardized form of estimation which means that unlike
the ARDL method, the CS-DL is able to strongly identify
models that are not specified appropriated and also mis-
takes and items that are serially correlated. According to
the Monte Carlo simulations reported by Chudik et al.
(2016), this approach is suitable in cases where the T is
not too huge. Considering the T for this paper is not huge
and therefore qualifies to rely on the CS-DL methodology
to achieve its objectives. In situations where the variables
have properties of mixed order of integration at I (0) or [I
(1)], this approach is mostly suitable to determine the co-
integration. Estimations were basically done using four
approaches. Following Wang et al. (2020a, b), we
employed the CIPS propounded by Pesaran (2007) and
IPS (Im et al. 2003) to determine the unit root so that
approximations of the variables will not result into unau-
thentic regressions. Secondly, the possibility of a long-run
equilibrium relationship was established through the
Westerlund (2007) co-integration test considering the
presence of cross dependence. After this test, it was
established that the variables were cointegrated and so
long-run relationships exist and so we utilized the cross-
section augment ARDL (CS-ARDL) technique to estimate
long- and short-run relationships. Then, sensitivity analy-
sis of the long-run equilibrium relationship was undertak-
en by applying the common correlated effects mean group
estimates (CCEMG) proposed by Pesaran (2006). This
technique was preferable because it deals with issues

concerning endogeneity, its robustness to the heteroge-
neous slope, cross-sectional dependency issues, and data
that are not stationary. This technique is advantageous
since it could be calculated with the help of the least
squares applicable to auxiliary estimations where the inde-
pendent variables are given a boost with the help of the
cross-sectional means of the dependent variables and the
specified independent variable. In this technique, the as-
ymptotic spreading of the attributes becomes evident in the
model of Pesaran (2006). Another advantage of applying
the CCEMG is the fact that this study uses a small sample
size albeit the heterogeneous and dynamic characteristics
of the dataset. The figures for the N and T are all small in
this study which makes this trait of the CCEMG technique
adequate for this study. The heterogeneous causality test
was also deployed to ascertain the causal relationship be-
tween the variables. It was important to use this technique
in order to find the direction of the causal relationship
between the variables considering the heterogeneity of
the variables. The causality test offers efficient and con-
sistent estimates even in the presence of a mixed order of
integration among variables. In Dumitrescu and Hurlin
(2012), the methodology is appropriate when stationarity
is gained at the level for the study variables and that the
estimations are done employing the autoregressive vector
(VAR) which is good for unrestricted estimations for dou-
ble variables. The technique helped to identify different
types of relationships between heterogeneous variables
that include homogeneity of non-causality, homogenous
causality, and heterogeneity in causality. Again, the het-
erogeneous non-causality attribute helps to show the direc-
tion of causality and that the information criterion of
Akaike, Bayesian, and Hannan-Quinn was checked by
employing the preferable number of lags to be used in
estimation.

Model specification

We relied on the following model for our regression to estab-
lish the impact of biomass energy on CO2 emissions. The
general equations of the model are given below:

lnCO2 ¼ f lnBEMC; lnEU; lnGDPð Þ ð1Þ

ð2Þ

∂i and σt stand for the effects that specific countries present
as well as the precise period properties associated with the

variables respectively. The error term is represented by εit.
The term β is the parameters to be estimated in the

11021Environ Sci Pollut Res  (2021) 28:11016–11029



equation.where lnCO2 stands for the log of carbon dioxide
pollution; lnBEMC is the log of biomass energy consump-
tion; lnEUit indicates log of energy use; lnGDPit stands for
the log of gross domestic products which is a proxy for
economic growth. ɣi and ɤt are the respective specific coun-
try effects and the precise time period characteristics that are
related to the variables. εit stands for the unobserved vari-
ables in the model, thus the error term. The coefficients to be
estimated are denoted by ρ.

Empirical results

In determining the impact of biomass energy consumption
on CO2 emissions in the G7 countries, we initially
established correlations between the variables for the study.
The correlation matrix results from Table 1 show a signifi-
cant positive association between biomass energy consump-
tion and emissions. It also proves that energy use has a posi-
tive and significant association with CO2 emissions and bio-
mass energy and GDP. Again, biomass energy consumption is
significantly and positively correlated with GDP and energy
usage. The outcome of the correlation matrix generally proves
that biomass energy consumption is a good energy source in
fighting pollution emanating from carbon dioxide.

Descriptive statistics

Results from Table 2 show the descriptive statistics of the G7
countries with respect to the variables under study. The mean
emissions that are produced from carbon dioxide on annual
basis are 13.59 metric tons per the population; biomass energy
consumption average is 17.50 metric tons per capita annually;
on the average energy use for the countries under review is
8.40 kg of oil equivalent per capita on an annual basis. The
average growth per year for the G7 countries for this study
was 10.62%. The results also show that the highest CO2 emis-
sions per year for the countries used for this study were 15.57
metric tons, biomass energy was 19.27 metric tons, and

energy usage was at a maximum of 9.04 kg of oil equivalent.
The highest growth rate is 10.62% per year for the countries
under review. Again, the minimum pollutants per year for the
countries were 12.62 metric tons per capita, consumption of
biomass per year is 14.70 metric tons, and the same for energy
use is 7.78 kg of oil equivalent per capita every year. Lastly,
Table 2 depicts that the least growth rate per year for the G7
countries is 10.33%.

Cross-sectional dependency test

Ignoring the issue of the cross-section dependency test renders
the findings and conclusion unreliable. Paying attention to
present studies in the environment-energy economic nexus
(Ahmad and Zhao 2018; Danish and Wang 2019), the
Pesaran (2015) LM test, Pesaran (2007) CD test, and the
Breusch and Pagan (1980) Lagrangian multiplier techniques
were adopted to establish the cross dependence between econ-
omies. Matters concerning cross-section dependence become
problems in which there are certain determinants that are not
observed locally and globally and that integrate and occur
within the energy and environmental spheres. In the same
way, the heterogeneous nature of economies and the structural
dynamics alongside locations also raises alarm for cross-
sectional dependence. This approach was also utilized to serve
as a guide in employing the appropriate technique for unit root
test. Results in Table 3 show that from the Pesaran (2015) LM,
Pesaran (2007) CD, and the Breusch and Pagan (1980) depen-
dency tests, the independence of cross sections is supported by
the null hypothesis.

Unit root test results

Because the results proved that the panel statistics were cross
dependent, the unit root test of the second generation was

Table 2 Descriptive statistics

LnCO2 LnBEMC LnGDP LnEU

Mean 13.5958 17.4916 10.6157 8.4126

Median 13.2034 17.8785 10.6170 8.2970

Maximum 15.5716 19.2777 10.8692 9.0426

Minimum 12.6224 14.7051 10.3313 7.7892

Std. Dev. 0.87546 1.14911 0.12050 0.3678

Skewness 1.3252 − 0.2690 0.0346 0.5758

Kurtosis 3.5442 2.0869 2.2786 1.9405

Jarque-Bera 46.9775 7.2068 3.3696 15.712

Probability 0.0000 0.0272 0.1855 0.0004

Sum 2093.756 2693.709 1634.824 1295.537

Sum Sq. Dev. 117.2651 202.0294 2.221670 20.70250

Observations 154 154 154 154

Source: Authors’ computations

Table 1 Correlation matrix

Variables LNCO2 LNBEMC LNGDP LNEU

LNCO2 1.

LNBEMC 0.3618*** 1

LNGDP 0.5585*** 0.3687*** 1

LNEU 0.5326*** 0.7260*** 0.5362*** 1

Source: Authors’ computations

⁎0.01 significance level

⁎⁎0.05 significance level

⁎⁎⁎0.10 significance level

11022 Environ Sci Pollut Res  (2021) 28:11016–11029



plausible to overly refuse to accept the null hypothesis. It was
thereby important to implement a unit root test so that this
issue of cross-section dependency could be addressed. Then,
the IPS and CIPS techniques which are innovative and effi-
cient tactics in dealing with heterogeneity and cross-section
dependency were employed to determine the unit root. This
approach was also necessary to find out the probable integra-
tion of the variables for the study. These approaches were
appropriate because they are able to identify heterogeneity
and cross-sectional dependency among the panels since it is
regarded as a very important or significant methodology for
the determination of unit root in the generation of the second
order in a panel study. The general form for CIPS is given
below as:

ΔCAi;t ¼ Φi þ ΦiZi;t−1 þ ΦiCA
it−1

þ ∑p
1¼0ΦilΔCAt−1

þ ∑p
i¼0ΦilΔCAi;t1 þ μit ð3Þ

where CAi̅t-1 and ΔCAi,t1 represent cross-section average.
The CIPS statistic is also given below as:

CIPS2007 ¼ N−1∑n
i¼0CDFi ð4Þ

Whereas CDF is a cross-sectional augmented Dickey and
Fuller (1981) (CADF) given in Eq. (4).

Such approaches were favored to give us the opportunity to
address the question of weak-strength generated in a pseudo-

stationary set of data and to leverage from the extra knowledge
given in the test results by a combined cross-sectional time
series for strength. The results provided in Table 3 show that
the variables have integration in the order I (1), thus the identi-
cal sequence. It really is an indicator of the non-stationarity of
the parameters at the point, but at first, difference stationery
implies that the difference, for example, CO2, is found to be
stationary at [I (1)] under the heterogeneity variance frame-
work. As per Table 4 below, the unit root test shows that all
the variables were not stationary at level, but they were station-
ary at first difference meaning that the variables were fit for
analysis and that the results could be used for policy decisions.

Co-integration test results

Findings from the cross-section dependence estimations and
unit root test necessitated the utilization of the second-
generation co-integration propounded by Westerlund (2007).
This second-generation technique is capable of detecting the
co-integration of data which is panel time series even in the
existence of cross-dependence issues and found that there is
no presence of co-integration as specified by the null hypoth-
esis. Results from Table 4 prove that no co-integration accord-
ing to the null hypothesis should be rejected. This means that
there is a long-run association between the independent vari-
ables, biomass, energy use and GPD, and the dependent var-
iable CO2. It implies that the variables are associated with CO2

Table 4 Unit root

Variables IPS (Im et al. 2003) CIPS (Pesaran 2007)

Intercept Intercept and trend Intercept Intercept and trend

Levels 1st Diff Levels 1st Diff Levels 1st Diff Levels 1st Diff

LnCO2 − 1.705 − 5.908*** − 2.787 − 5.753*** − 2.558 − 5.134*** − 3.515 − 5.103***

LnBEMC − 2.306 − 4.470*** − 2.352 − 4.836*** − 3.647 − 4.869*** − 3.546 − 4.896***

LnGDP − 1.935 − 3.376*** − 1.965 − 3.652*** − 1.568 − 2.655*** − 1.395 − 2.871*

LnEU − 1.263 − 5.161*** − 2.790 − 4.839*** − 2.630 − 5.645*** − 4.287 − 5.655***

Source: Authors’ computations

⁎0.10 significance level

⁎⁎0.05 significance level

⁎⁎⁎0.01 significance level

Table 3 Cross-sectional dependency test results

Pesaran (2007) CD Test Pesaran (2015) LM Test Breusch-Pagan LM

LnCO2 = f (LnBEMC, LnGDP, LnEU) 2.095** − 2.517** 225.5297**

p value (0.0362) (0.012) (0.023)

Source: Authors’ computations

⁎⁎0.05 significance level
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at a 1% significant level and there is a long-run effect on
pollutants (Table 5).

Long-run and short-run relationship

The test results for the cross-section augment ARDL (CS-
ARDL) estimation are presented in Table 6 below. The equa-
tion for CS-ARDL is provided as:

ΔCO2i;t ¼ πi þ ∑p
i¼0πil ΔCO2i;t−1 þ ∑p

i¼0πilAEVi;t−1

þ ∑p
i¼0πilZi;t−1 þ μit ð5Þ

The averages for cross-sections are denoted by
Zt = (ΔCO2,t, AEVt), where AEVt represents the independent
variables in the form of biomass, GDP, and energy use.

The results prove that there is a robust negative long-run
relationship between biomass energy consumption and

pollutants. These results are consistent with several studies of
Katircioglu (2015), Bilgili (2012), Bilgili et al. (2016), and
Shahbaz et al. (2019) but in contradiction with Mahmood
et al. (2019), Shahbaz et al. (2019), and Solarin et al. (2018).
The results imply that a percentage change in biomass energy
use results in a 0.11% reduction in pollutants. This feedback is
implying that biomass energy source is favorable in terms of
fighting emissions from carbon dioxide in the G7 countries.
Besides, energy usage was found to be positively and signifi-
cantly related to the emission of carbon dioxide in the long run.
The findings are supported by Katircioglu (2015). This means
that when there is a percentage change in energy usage, it
causes a 0.82% increase in pollutants. The results imply that
energy usage in G7 countries is not being managed in a way
that will help in fighting the reduction of pollution that is
caused by carbon dioxide. Meaning that energy use in the re-
gion leads to increased levels of CO2 production. Results from
Table 6 also prove that there is a robust positive long-run rela-
tionship between GDP and carbon dioxide emissions in the
countries under review. The results are inconsistent with
Ulucak (2020a, b). Studying the Chinese energy/economy,
the study concluded that there is a negative significant long-
run relationship between output and pollutants. This current
study results imply that a 1% change in output results into a
0.50% increase in pollutants, which implies in the long run, as
output increases, pollutant also increases.

Our results for the error correction with regard to the coef-
ficient proved negatively robust. This could be interpreted that
any disturbance in the long-run equilibrium between the var-
iables under consideration will be amended at a swiftness of
20.67% annually. Table 6 also reveals that in the short-run
biomass energy usage and energy use, both have a significant
positive relationship with pollutants. The results show that in
the short-run, a 1% change in biomass and energy usage re-
sults in a 0.06% and 0.39% increase in carbon dioxide pollu-
tion respectively. On the other hand, output has an insignifi-
cant negative relationship with pollutants in the short run as a
1% change in output leads to a 0.09% decrease in pollutants.

Robustness test

After estimating the long-run equilibrium relationship using
the CS-ARDL approach, we resorted to a more recent tech-
nique of estimating long-run relationships to check the

Table 6 Cross-section augment ARDL (CS-ARDL)

Variables Coefficient STD. error t-statistic

Long-run equations

LnBEMC − 0.1123*** 0.0311 − 3.6146
LnGDP 0.5063*** 0.0250 20.262

LnEU 0.8281*** 0.0359 23.080

Short-run equation

COINTEQ01 − 0.2067* 0.4054 − 2.5269
D (LnCO2 (− 1)) 0.2846 0.4115 0.6917

D (LnCO2 (− 2)) − 0.0290 0.1606 − 0.1808
D (LnCO2 (− 3)) 0.3140 0.1079 2.9109

D (LnBEMC) 0.0550* 0.0975 0.5642

D (LnBEMC (− 1)) 0.0659 0.0949 0.6941

D (LnGDP) 0.0996 0.4365 0.2282

D (LnGDP (− 1)) 0.2727 0.3730 0.7311

D (LnEU) 0.3927* 0.5357 0.0006

D (LnEU (− 1)) 0.4957 0.6639 − 0.7466
Constant 3.6720* 1.8708 1.9628

Source: Authors’ computations

⁎0.10 significance level

⁎⁎0.05 significance level

⁎⁎⁎0.01 significance level

Table 5 Westerlund co-
integration test Dependent/models Group statistics Panel statistics

Gt Ga Pt Pa

LnCO2 = f (LnBEMC, LnGDP, LnEU) − 4.458*** − 13.754*** − 15.734*** − 14.342***

Source: Authors’ computations

***0.01 significance level
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sensitivity of our results. The CCEMGmethod was employed
and the results were not different from those provided by the
CS-ARDL. This method was preferred for long-run coeffi-
cients while in cross-section, dependence exists between the
panels. Estimation results as per Table 7 prove that biomass
energy consumption has a negative and significant long-run
relationship with pollutants; thus, in the long run, a percentage
change in biomass energy usage decreases pollutants by
0.19%. The outcome affirms with several studies such as
Katircioglu (2015); Bilgili (2012); Bilgili et al. (2016); and
Shahbaz et al. (2019). It again shows that biomass energy is
significant in fighting pollution from pollutant emissions.
Energy use also has a significant and positive relationship
with pollutants in the long run. It also affirms the findings of
Katircioglu (2015). Furthermore, output was found to have a
strong positive relationship with CO2 emissions in the long-
run relationship indicating that a 1% change in GDP leads to a
0.03% increase in pollutants significantly. The outcome does
not confirm the finding of Ulucak (2020a, b), analyzing the
Chinese energy/economy which concluded that there is a neg-
ative significant long-run relationship between output and
pollutants.

Causality test results

Correlation is not necessarily causality and so we sought to
determine the causality directional relationship between the var-
iables for the study. The results from Table 8 show that there is
a unidirectional causality relationship running from pollutants
to output and biomass energy consumption, from biomass en-
ergy consumption to GDP and to energy use and from GDP to
energy use. Again, there is a bidirectional causality relationship
between pollutants and energy use. The causality in the long-
run relationship between renewable energy sources such as
biomass energy and pollutants is in line with findings by
Sadorsky (2009) in respect of 18 developing countries;
Apergis and Payne (2010a) study of 20 OECD economies;
and Apergis and Payne (2010b) study of six economies within

Central America. Considering the findings of this study, there is
a need for the countries of the G7 to continuously invest in
research and development to find a further refined technological
means of improving biomass energy consumption to help in
fighting for the reduction of carbon dioxide for a clean environ-
ment. It is very important to note that the results also show that
pollution from CO2 causes energy usage, thus as there is high
pollution, it means that energy usage is not encouraging and
that it does not improve clean environment.

Discussion

This study scientifically investigates the impact of biomass
energy consumption on CO2 pollution in G7 countries from
the period 1995–2016 using the most recent data set. In ana-
lyzing the relationships, we employed numerous dynamic
panel methodologies which took into consideration the het-
erogeneous nature of the variables under study. Globally, pol-
lutants have been a very challenging issue confronting many
countries and governments, and stakeholders as a whole have
tried very hard to find solutions associated with several prob-
lems that are presented by the use of energy in all sectors of the
economies. Given this reason, it is important to undertake
empirical studies to have a full understanding of the dynamics
of this phenomenon, thus CO2 emission in order to find the
appropriate steps to implement in addressing the matter.
Understanding this, we resorted to examining the environ-
mental impact of the use of biomass energy source. We also
included certain important economic indicators such as GDP
and energy use to evaluate the impact on pollutants. The gen-
eral results from the study indicated that biomass energy

Table 8 Heterogeneous causality test

Null hypothesis Zbar Stat p value

LnBEMC ≠ LnCO2 2.2734** 0.0230

LnCO2 ≠ LnBEMC − 1.1601 0.2460

LnGDP ≠ LnCO2 2.5430** 0.0110

LnCO2 ≠ LnGDP 1.0969 0.2727

LnEU ≠ LnCO2 2.7954*** 0.0052

LnCO2 ≠ LnEU 7.3863*** 2.E-13

LnGDP ≠ LnBEMC 0.96548 0.3343

LnBEMC ≠ LnGDP 3.74057*** 0.0002

LnEU ≠ LnBEMC − 1.4043 0.1602

LnBEMC ≠ LnEU 5.1097*** 3.E-07

LnEU ≠ LnGDP 0.5688 0.5695

LnGDP ≠ LnEU 7.3513*** 2.E-13

Source: Authors’ computations

⁎0.01 significance level

⁎⁎0.05 significance level

⁎⁎⁎0.10 significance level

Table 7 Common correlated effects mean group estimates (CCEMG)

Variables Coefficient STD. error t-
statistic

LnBEMC − 0.1944*** 0.08595 − 2.5120
LnGDP 0.03777** 0.09132 3.0262

LnEU 0.002107** 0.00407 28.0180

Wald test 45.55***

Source: Authors’ computations

⁎0.10 significance level

⁎⁎0.05 significance level

⁎⁎⁎0.01 significance level
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consumption is significantly and negatively related to CO2

emissions akin (Bilgili 2012; Bilgili et al. 2016; Shahbaz
et al. 2019). These results mean that biomass energy use is a
clean energy source that is capable of contributing to the re-
duction of carbon dioxide production into the atmosphere.
Reliance on the biomass energy source is a better energy
source to help in reducing pollution in the G7 countries. The
results go to suggest that renewable energy source such as
biomass is serving these economies better in fighting the re-
duction of pollution as a result of CO2. On the other hand,
energy usage was established by this study to have a positive
and statistically significant relationship with pollutants. This
outcome implies that energy usage in the G7 economies is not
good or does not favor in reducing pollution but rather in-
creases it. Energy use in these economies should be
reconsidered once again if the region needs to fight against
pollution of the environment as a result of energy use. A
second look at the technological and energy mix of the econ-
omy should be given much attention as it is not contributing
positively to the fight against a poor environment.
Furthermore, economic growth within the countries under re-
view is not a catalyst for fighting emissions levels as it con-
tributes to increasing pollution of carbon dioxide. This study
fails to validate the environmental Kuznets curve (EKC) the-
ory as in the long-run economic growth in these economies
does not help to reduce CO2 emissions. Besides, Ulucak
(2020a, b) confirmed that output has a positive relationship
between pollutants and that it does not necessarily mean that
when an economy grows its economy, it presupposes that the
country will have a clean environment or will be free from
carbon dioxide production.Moreover, from the heterogeneous
causality test, it was observed that a unidirectional causality
relationship between pollutants and output, between energy
usage and pollutants, and between biomass energy consump-
tion and energy use.

One important point to take cognizance here is that even
though biomass energy can lead to a reduction of carbon re-
leases, its efficacy is highly dependent on how efficient the
technology of generating energy is and also the quantities of
fossil fuels utilized for the biomass manufacture. We could
therefore infer here that there is some level of the positive role
of the technologies used for biomass production in the G7
countries and that increased biomass energy invention may
reduce these countries’ fossil fuel dependency and find an-
swers to the environmental challenges associated with fossil
energy within the energy mix.

Conclusion and implications of policies

This study empirically examined the impact of biomass ener-
gy consumption on CO2 pollution in the G7 countries for the
period 1995–2016. The paper applied the cross-section

augment ARDL and common correlated mean group esti-
mates to examine the hypothesized claims. The study con-
cludes that in the G7 economies, biomass energy consumption
is a good source of the energy mix, which is favorable in
helping to reduce pollution coming from carbon dioxide. It
is worthy to note here therefore that broadening the renewable
energy source and paying much attention to a renewable en-
ergy source like biomass energy stands to benefit these coun-
tries (Bilgili et al. 2017). The increased heights of carbon
dioxide productions are validated with the ever-existing cycle
of pollutions that comes from the traditional sources of energy
(Owusu and Asumadu-Sarkodie 2016). Perhaps these stands
have been given much more credence by this study inferring
from the positive shocks shown by biomass energy as a re-
newable energy source on carbon dioxide emissions. Existing
literature has proven that biomass energy is a clean energy
source which has the tendency of helping the de-
carbonization agenda by the International Energy Agency
(IEA).

The use of energy in the region is found to be a bad source
for the fight against pollution. This is because the results of a
positive relationship between energy usage and pollution are a
clear indication that the total energy consumption of the coun-
tries is not influencing the economy enough to help in the
reduction of pollution. The implication of these findings
stands to prove that the primary energy before transformation
to other end-use fuels is not a good source of energy that will
help in the clean environment agenda. Since this source of
energy is purely based on local production without any energy
exported to other countries for ships and air travels, it is in-
cumbent on stakeholders to have the proper structures that will
introduce and arrest infractions in the technological knowhow
to protect the environment. Without these steps taken to en-
sure environmental protection, the achievement of the sustain-
able development goal (SDG-7) 7 for agenda 2030 would be
not be achieved. Considering the relationship between bio-
mass energy and economic growth, it could be clearly realized
that expanding this section of the energy source would be
encouraging for economic growth and development as the
natural resources would be put into good use such as produc-
ing electrical energy for use.

As a take home for stakeholders, there should be a multi-
lateral agreement between the countries to ensure the promo-
tion of renewable energy and efficient energy consumption
source in the G7 economies. In all these, cooperation at re-
gional levels is very crucial. It is incumbent on governments to
ensure that a congenial atmosphere is created for both public
and private sector investments in clean energy source such as
biomass, wind, or solar. Knowledge sharing in terms of tech-
nological advancements and other related critical projects un-
dertaken by regional bodies should be paramount for countries
to take advantage of creativity and innovations. Governments
must also create the opportunity for easy access to renewable
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energy project financing as specified in the Paris COP21
agreement to encourage partners in investing in the renewable
energy production sector. Tax holidays are good financing
mechanisms that will whip up the interest of investors in the
private sector to engage in renewable energy production
which will in the end have a ripple effect on final consump-
tion. Lastly, we join the debate for policy-makers to ensure the
establishment of a market, whereby renewable energy could
be traded and certificates issued plus the operation of a stan-
dardized clean energy portfolio which is capable of creating
more space within the renewable energy subdivision.
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