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Abstract

Climate change is driving the world to care about environmental sustainability, includ-
ing the use of bioenergy. External factors like economic globalization and international
agreements may impact the rise in bioenergy consumption. Hence, this study examines
the impact of economic globalization and the Paris Climate Accord on bioenergy con-
sumption in developing and developed countries. Economic globalization encourages
developing and developed countries to use more bioenergy. One of the factors that
compels both regions to employ bioenergy is a variety of ecologically friendly trade
standards. In the meantime, the Paris Climate Accord only benefits the use of bioenergy
in developed countries. Other factors that drive bioenergy consumption include the
value-added of industry and agriculture, population growth, human development, and
temperature. Meanwhile, GDP growth harms bioenergy consumption in developing
countries. The study’s findings are consistent with the EKC theory, where strict reg-
ulations and innovation increase environmental awareness, while economic growth
without proper supervision will harm the environment.
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1. INTRODUCTION

The population greatly influences the total GDP and energy consumption. However, this also
causes an increase in ecological demands for human activities, including housing, industry,
agriculture, and ultimately environmental degradation [1]. High population density, acute poverty,
and rapid industrialization are significant obstacles to sustainable development [2]. This is
compounded by the fact that many countries face unique challenges, such as a heavy reliance on
coal-based energy sources that cause air pollution [3]. Many parts of the world are experiencing a
rapid increase in energy needs. The fastest way to meet this condition is to use fossil fuels that
negatively impact the environment and human health. Countries that are particularly vulnerable
to the effects of climate change would suffer greatly if this issue is neglected [4].
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A country makes a lot of effort to preserve environmental sustainability. For instance, the
BRICS countries have achieved carbon neutrality of approximately 0.567% and 0.139% because of
the introduction of green energy and taxes [3]. Many countries are now using bioenergy. Fuel
fuels currently meet approximately 10% of the world’s energy needs, accounting for 2% of the
world’s electricity production and a comparable portion of all the use of liquid fuels [5]. Although
essential for addressing climate change and guaranteeing sustainable development, the transition
to green energy faces numerous obstacles in obtaining funds, implementing effective government
policies in practice, and improving material efficiency.

One way to address this issue is to implement economic globalization and international
policy pressure [6]. Although the impact of economic globalization is still subject to debate
because it helps importing countries ensure food security, on the other hand, it has increased
interdependence between countries and contributes to environmental pollution and resource
depletion [7]. Furthermore, restrictions on grain import dependence caused more changes in cereal
consumption in most regions than the effects of climate change on agricultural productivity [8].
However, for the green energy transition, increased economic globalization has a positive impact
on the green energy transition in developed countries such as the Republic of Korea, but some
countries experience adverse effects on the transition, such as Spain, Italy, and Portugal [6].

The Paris Agreement, which encouraged countries to alter environmental laws and implement
an emissions reduction plan, came into effect to slow the rate of ecological damage that is occurring
on a worldwide scale. Even countries known for lack of environmental awareness are trying to
adapt to the Paris Accord. For example, China has established rules to promote renewable energy
sources and has set a goal to reduce carbon emissions [3]. Likewise, the Arabian Gulf Countries
have committed and ratified the Paris Agreement to reduce their CO, emissions, improve the
environment, public health, and economy. They created several scenarios to achieve this goal, with
the retirement of the oldest natural gas and oil-fired power plants that reduce total emissions by
75 MtCO, /year and the installation of point source capture in power plants, which would prevent
emissions of around 240 MtCO, /year [9].

Previous studies have analyzed the impact of economic globalization and Paris Climate Accord
(PCA) in G-20 countries [1], OECD [6], or only one country [10] on bioenergy. Some studies also
examine developing countries but only look at one country [3,11]. Considering this, the question
arises: do economic globalization and PCA impact bioenergy consumption in developing and
developed countries? This study will answer these questions by examining numerous countries
and comparing developed and developing countries. In addition, this study also uses several
explanatory variables: agriculture, forestry and fishing, value added; industry value added; GDP
growth; population growth; previous year temperature change; and human development index.

Theoretically, this study looks at how external factors, in this case, economic globalization and
international agreements, affect the attainment of environmental sustainability. The Environmental
Kuznets Curve, a contemporary concept, only highlights how economic growth affects sustainabil-
ity and environmental harm. This study also contributes significantly to the achievement of the
Sustainable Development Goals, especially Goal 7 on Affordable and Clean Energy, Goal 12 on
Responsible Consumption and Production, and Goal 13 on Climate Action.

2. THEORETICAL BACKGROUND, LITERATURE REVIEW AND HYPOTHESIS

2.1. Theory

The connection between environmental degradation and economic growth is depicted by the
Environmental Kuznets Curve (EKC). According to the EKC, environmental degradation is more
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likely to be caused by increases in economic and income [12]. This theory states that when a
country’s income is still low, it will prioritize raising its income above addressing issues with
environmental quality. As a result of the process, environmental degradation will occur via land,
water, and air pollution [13]. However, at a certain point, economic and income growth will
reduce environmental degradation (turning point). This results from government regulation,
environmental public awareness, technological advancements, and the transitioning to a service-
based economy [13,14]. However, this scenario will be reversed as a country’s population grows
and its energy needs are met without considering the environment. In this study, these two
phenomena are human development and population growth. One benefit of human quality
development has been the rise in environmental awareness. They place a high priority on using
eco-friendly energy to reduce environmental harm and assist future generations. In addition,
technological progress in this study is described as the value added to various sectors in a country.
Value added is obtained from the industrial and agricultural sectors, which are the economy’s
foundation. A country can enhance environmental circumstances, including bioenergy usage,
with value added.

Using an inverted U-curve model, the EKC explains the connection between environmental
degradation and economic growth. The pre-industrial economy (agriculture), the industrial
economy (the shift from agriculture to industry), and the post-industrial economy (a service-
based economic structure) are the three phases of this. Changes in the economic structure of
urbanization and the industrial economy phase tend to cause environmental degradation. Mass
manufacturing and satisfying rising consumption are the goals of this activity. Then, the shift in
the economic structure from energy-based sectors to technology-based industries and services
causes this to fall [12,15]. This study captures the phenomenon by including the GDP growth
variable which increases environmental damage, as seen by developing countries increasing their
energy consumption, whereas developed countries experience the reverse situation.

The EKC has become an intriguing study topic, along with the strengthening of environmental
degradation worldwide. Mason & Swanson [14] state that the EKC theory applies in high-income
countries. This study supports the theory that the EKC in the area has an inverted U-curve
over the long term. Several previous studies on the relationship between economic growth and
environmental degradation also consider the impact of sectoral value-added structural changes,
international trade-induced structural changes, and the effects of globalization on economic
growth—environment relations [16]. The problem could be further complicated because the
efficiency of strategic sectors may not always be able to reduce environmental damage [17]. In
other words, environmental damage is worsening in many countries, necessitating international
cooperation across sectors. Many countries have understood this and started several accords
to strengthen their shared environmental concern [18]. In this study, the accord is reflected
through climate agreements, especially the Paris Climate Accord, which encourages each country
to do their part to lessen the adverse effects of climate change, including by using bioenergy.
Furthermore, economic globalization is one of the key elements influencing bioenergy use in this
study. The reason for this is that economic globalization has prompted numerous regulations and
certifications to ensure that every country manufactures eco-friendly goods.

2.2. Literature review and hypothesis

One strategy to boost the use of bioenergy is to add agricultural value added. Value added
demonstrates the effectiveness of technological advancement and innovation in a sector that
benefits the environment. For example, producing value-added outputs from residues represents
an opportunity to increase the renewable energy supply. Agricultural waste can be converted into
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sustainable bioenergy and biofuels (biodiesel, bioethanol, biogas, and biohydrogen) to lessen the
shortage of fossil fuels and the effects of climate change. Although it can be treated, agricultural
waste has been a global issue as most of it is burned or buried in the ground, polluting the air and
water, and causing global warming [19]. According to a different study, using agricultural waste
with a high value added can help expand its use in the food, pharmaceutical, and agricultural
sectors as well as in bioenergy [20].

Hypothesis 1: agriculture, forestry, and fishing value added will increase bioenergy consumption
in developing and developed countries.

Developments in the industrial sector have led to increased energy consumption [21]. This
development is followed by technological advancement that promotes economic growth. How-
ever, technological advancements are responsible for the decrease in carbon emissions by using
more ecologically friendly energy. On the other hand, the value added in the industry has a
detrimental effect on the ecological footprint. All this happens because of the limited ability to de-
velop and use environmentally friendly production methods and weak environmental policies [22].

Hypothesis 2: industry (including construction) value added will increase bioenergy consumption
in developing and developed countries.

GDP per capita more accurately reflects the development level and the most important key
factor affecting energy demand, including clean energy. Even yet, the relationship could be
complicated because it will fluctuate in the short term before stabilizing once a particular GDP
level is attained and sustained. In the first year, GDP per capita has no direct impact on the use of
bioenergy. On the other hand, net energy production falls in the second year and then rises in
the third. Long-term stabilization eventually occurs after a minor decline in the fourth year [23].
GDP growth can also be more complicated when comparing developed and developing countries.
While GDP growth in developed countries can lead to a rise in the use of bioenergy, the opposite
is genuine in developing countries. Alsaleh and Abdul-Rahim [24] added a positive relationship
exists between GDP and the degree of cost efficiency of the bioenergy sector; the more economic
growth, the greater the cost efficiency that may be achieved.

Hypothesis 3: GDP growth will increase bioenergy consumption in developed countries but
decrease bioenergy consumption in developing countries.

Energy consumption is predicted to rise as the population grows since more people use energy
for daily needs, including industry, transportation, and power. Hence, population growth is one
of the factors contributing to environmental damage, notably higher carbon emissions, the use of
harmful environmental goods, and unclean manufacturing procedures because of the growing
ecological pressure in this state [3]. In developing countries, where energy infrastructure may still
rely heavily on fossil fuels, this rising demand directly results in higher CO, emissions. Reliance
on carbon-intensive energy sources may be strengthened if population growth rates surpass the
expansion of sustainable energy capacity [25]. Natural resources are being depleted at an alarming
rate due to population growth, endangering species and life on Earth [2].

Hypothesis 4: population growth will decrease bioenergy consumption in developing and devel-
oped countries.
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Direct investment and trade openness significantly affect the long-term advantages of increas-
ing the usage and production of bioenergy [23]. Trade openness lowers the need for conventional
energy usage because trade promotes the development of green technologies [1]. Li et al. [3] argue
that financial globalization increases the efficiency and sustainability of green energy and resource
management. However, economic globalization has led to large-scale infrastructure development,
including ports, highways, and industrial zones. Although this development is essential for eco-
nomic expansion, it frequently harms the environment [26]. Economic globalizers often prioritize
investment in established, low-cost energy infrastructure, such as coal or natural gas, over clean
and renewable technologies [23,27]. Economic globalization drives CO, emissions, perhaps due
to foreign trade-related carbon leakage and the self-interestedness of multinational firms [28].
Economic globalization also impacts water and bioenergy: the world’s irrigation water usage will
rise by 3%, while maize ethanol production will fall by 7% in 2050 [8]. This circumstance supports
the pollution haven hypothesis, which holds that because labor and environmental regulations in
developing countries are laxer than in developed countries, polluting firms that export to other
countries are more likely to settle there to cut costs [26].

Hypothesis 5: economic globalization will decrease bioenergy consumption in developing and
developed countries.

Air temperature variations affect power loads and the supply and demand for renewable
energy. Reduced heating needs can be met with low-temperature energy from renewables. On
the one hand, rising temperatures may eventually result in less need for heating, which is ad-
vantageous for the economy, ecology, and energy sector. On the other hand, as temperatures
rise, more energy is needed for cooling, particularly during the summer. The current building
services and energy systems are not yet wholly equipped to supply the growing demand for
cooling sustainably. Meanwhile, the efficiency of electricity generation is negatively impacted by
rising air temperatures in energy systems that conventional power plants dominate. This condition
raises awareness of the use of bioenergy [29]. When linked to nature, rising temperatures and
precipitation will make more wood fuel energy supplies available by the middle of this century,
allowing them to replace coal [5]. It is also impossible to ignore the use of bioenergy in industry,
both to meet societal demands and to try to mitigate climate change.

Hypothesis 6: previous year’s temperature change will increase bioenergy consumption in
developing and developed countries.

The human development index (HDI) is critical in achieving economic and societal sustain-
ability goals since it includes the skills, knowledge, and experience individuals possess that
drive innovation, productivity, and sustainable practices. Additionally, HDI will guarantee the
availability of qualified personnel capable of driving the adoption and implementation of green
energy solutions. The government must also provide a framework to promote green technology
innovation, which includes offering tax incentives for eco-friendly products [27]. Higher HDI
countries use more bioenergy to create an environmentally friendly state. For example, a 1% in-
crease in bioenergy usage in Mediterranean countries reduces EMS CO; by 1.902% [30]. Countries
with high HDI have gained benefits from protecting the environment, including longevity, health,
and a decent standard of living [31].

Hypothesis 7: Human development index will increase bioenergy consumption in develop-
ing and developed countries.
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Countries have pledged to fight to eradicate carbon footprint and greenhouse gas (GHG)
emissions through the Paris Agreement, mainly using bioenergy and renewable energy sources.
For instance, India has a rigorous plan to reduce its carbon footprint and has attained a 26% share
of renewable energy to meet the promises made in the Paris Agreement [18]. However, as the pace
of renewable energy growth approaches the Paris Agreement, there is an unforeseen consequence:
costs will rise dramatically. This phenomenon can potentially slow down bioenergy use if it is not
supported by strict government policies and public awareness [32].

Hypothesis 8: The Paris Climate Accord will increase bioenergy consumption in developing
and developed countries.

3. MEeTHODS

3.1.

This study uses panel data that combines cross-sectional and time-series data. These data were
obtained from the World Bank, FAO, and KOF Globalization. This study used cross-sectional data
from 74 developing and 17 developed countries, and the time-series data ranged from 1990 to
2022 (Table 1). The country samples are selected based on the data availability in each database.
Many developing and developed countries cannot be used as subjects in this study as they have
not released data. Meanwhile, a three-decade time frame is ideal for observing the massive
determinant factors of bioenergy consumption measures.

Data source

Table 1: List of developing and developed countries

Developing countries Developed countries

1. Argentina 26. Guyana 51. Panama 1. Australia

2. Bahamas 27. Haiti 52. Papua New guinea 2. Austria

3. Bangladesh 28. Honduras 53. Paraguay 3. Brunei Darussalam
4. Barbados 29. India 54. Peru 4. Cyprus

5. Belize 30. Indonesia 55. Philippines 5. Denmark

6. Benin 31. Iran 56. Russia 6. Finland

7. Bolivia 32. Traq 57. Saint Lucia 7. France

8. Botswana 33. Jamaica 58. Saudi Arabia 8. Germany

9. Brazil 34. Jordan 59. Senegal 9. Italy

10. Bulgaria 35. Kenya 60. Sierra Leone 10. Netherland

11. Cameroon 36. Lesotho 61. South Africa 11. New Zealand
12. Chile 37. Malawi 62. Sri Lanka 12. Norway

13. China 38. Malaysia 63. Sudan 13. Republic of Korea
14. Colombia 39. Mali 64. Thailand 14. Singapore

15. Congo Republic 40. Mauritania 65. Togo 15. Sweden

16. Democratic Republic of Congo  41. Mauritius 66. Tonga 16. Switzerland

17. Dominican Republic 42. Mexico 67. Trinidad and Tobago  17. United Kingdom
18. Ecuador 43. Mongolia 68. Turkey

19. Egypt 44. Morocco 69. Uganda

20. El Salvador 45. Mozambique  70. Tanzania

21. Eswatini 46. Namibia 71. Uruguay

22. Fiji 47. Nepal 72. Vietnam

23. Gabon 48. Nicaragua 73. Zambia

24. Guatemala 49. Niger 74. Zimbabwe

25. Guinea 50. Pakistan

Based on the purpose of this study, one primary variable will be investigated: bioenergy
consumption or the total bioenergy use in a country from bagasse, animal waste, biogasoline,
biodiesel, biogases, bio-jet kerosene, charcoal, fuelwood, and other liquid biofuel [33]. Several
explanatory variables will have an impact on this variable (Table 2): (1) agriculture, forestry, and
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fishing, value added is the net output of the agricultural sector after adding up all outputs and
subtracting intermediate inputs in a country [34]; (2) industry (including construction), value
added is the net output of the industrial sector after adding up all outputs and subtracting
intermediate inputs in a country [34]; (3) GDP growth annually is the annual percentage growth
rate of GDP at market prices based on constant local currency [34]; (4) population growth annually
is the exponential rate of growth of the midyear population from year t-1 to t [34]; (5) economic
globalization index is measured using the variables exports and imports of goods and services,
capital flows, and stocks of foreign assets and liabilities [35]; (6) previous year temperature change
is temperature change on land domain disseminates statistics of mean surface temperature change
by country, with annual updates [33]; (7) human development index is a summary measure of
human development [34]; and (8) Paris climate accord (PCA) is an international treaty on climate
change that was signed in 2016 [34].

Table 2: Variable and data source of this study

Variable Symbol Source
Bioenergy consumption BIO FAO [33]
Agriculture, forestry, and fishing, value added (annual % growth) AGR World Bank [34]
Industry (including construction), value added (annual % growth) IND World Bank [34]
GDP growth annually (%) GDP World Bank [34]
Population growth annually (%) poP World Bank [34]
Economic globalization index EGI KOF Globalization [36]
Previous year temperature change (°C) TEMP FAO [33]
Human Development Index HDI World Bank [34]
Dummy Paris Climate Accord (0 = period before the agreement, 1 = period PCA World Bank [34]

after the agreement)

3.2. Data analysis

The impact of economic globalization, PCA, and other variables on bioenergy consumption in
developing countries and developed countries (i) every year (t) is assessed using the following
model:

BIOj; = Ay + Ajlog AGRj; + Az log INDj; + Az log GDP;y + Aglog POP;

1
+ A5 log EGIl't + A6 log TEMPlt + A7 log HDlit + DPCA + & ( )
Equation (1) can be written as:
r P |4
BIO; = Ao+ ) A11og AGR;;_1 + ) _ Ay1ogIND;;_1 + Y | A3log GDP;y_4
i=1 i=1 i=1
|4 P P
+ Y A4log POP;_1 + Y Aslog EGly_1 + Y Aglog TEMP;_4 ()
i=1 i=1 i=1

|4
+

Ay log HDI;;_1 4 Dpca + €t
i=1

The first step of this study is the unit root test to determine the stationarity of the variable.
This test can prevent a regression model from producing “t-ratios” that do not follow a standard
t-distribution and spurious regression, indicating a significant relationship between two variables
when there should be none. The Levin Lin Chu (LLC) unit root test is considered in this study [37]:
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k
Ayr = oy 1+ ) Ay i+ u+ 7 ter 3)
i=1
b=a—1
« = coefficient of y;_4
Ay; = first difference of y;, i.e., yt —y;_1

The unit root analysis results display variations across variables and models (Table 3). Accord-
ing to the analysis findings, the variables BIO, AGR, IND, GDP, POP, EGI, TEMP, and HDI of both
developing and developed countries are significant at the level. Therefore, the variables in this
study do not have stationarity issues and can analyzed at the level.

Table 3: LLC unit root test

Developing Countries  Developed Countries

Variable Level Sig. Level Sig.

BIO At level -6.092%** At level -3.568**
AGR At level -12.503*** At level -7.044%**
IND At level -12.072%** At level -7.828%**
GDP At level -11.836*** At level -6.113***
POP At level -7.3116*** At level -4.722%%%
EGI At level -9.4168*** At level -4.285%**
TEMP At level -11.502%** At level -6.815%**
HDI At level -7.7916*** At level -5.927+**

***:sig. at 0.000, **:sig. at 0.01

In this study, several pre-estimation tests must be carried out after the unit root test. Pre-
estimation tests are needed to determine one of the best static panel data models: common effect,
fixed effect, or random effect. The Chow test can determine whether a multiple regression function
differs across two groups [38]. It determines whether each variable’s intercept indicator and
interaction differ. The hypothesis of the Chow test is as follows:

Hy:6; =--- =6, =0, pooled effect model
Hy:61 #...# 0, #0, fixed effect model

The Chow test results indicate that the p-value is lower than 0.05, suggesting that Hy can be
rejected or the model that best fits this data is probably a fixed effect model. The Hausman test is
used as the initial analysis to check for a relationship between the error term and the explanatory
variable [38]. The Hausman test in this study uses the Chi-square test with the hypothesis:

Hp : p = 0, random effect model
Hi : p # 0, fixed effect model

The Hausman test results indicate that the p-value is greater than 0.05, indicating that the
Chi-square value is insignificant or Hy cannot be rejected (Table 4). Therefore, the model that best
fits this data is probably a random effect model. The Breusch Pagan test for heteroskedasticity
based on a variance function or the Lagrange Multiplier (LM) test must be used to validate this
further. Chi-square with the hypothesis is used in the LM test in this study, just like in the
Hausman test [38]:

Hy : B1 = Bn = 0, pooled effect model
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Hj : B1 # By # 0, random effect model

Since the p-value is less than 0.05, the LM test results indicate a significant Chi-square value.
The random effect model is the proper model, as this result shows that Hy is rejected. Hence, the
random effect model will be used in this study based on the outcomes of all tests.

Table 4: Test results for developing and developed countries

Test Type Developing Countries Developed Countries
Chow test 6302.378*** 929.034***
ow tes Conclusion: FEM Conclusion: FEM
9.1226™ 6.6048"

(p-value = 0.3321)
Conclusion: REM

8645.1"
(p-value < 2.2e-16)
Conclusion: REM

Hausman test

Lagrange Multiplier Test (Breusch-Pagan)

112.89
(p-value < 2.2e-16)
Conclusion: there is heteroskedasticity

690.94
(p-value < 2.2e-16)
Conclusion: there is autocorrelation

Breusch-Pagan test

Breusch-Godfrey /Wooldridge test

(p-value = 0.5798)
Conclusion: REM

2974.9"
(p-value < 2.2e-16)
Conclusion: REM

57.249
(p-value < 1.61e-09)
Conclusion: there is heteroskedasticity

282.1
(p-value < 2.2e-16)
Conclusion: there is autocorrelation

The multicollinearity, heteroscedasticity, and autocorrelation tests are the subsequent pre-
estimation that follows the selection of the random effects model. The results of the multicollinear-
ity test show that the variables used are free from this issue since no relationship between variables
has a value of more than 0.8 (Table 5). The Breusch-Pagan test concludes that the model includes
heteroscedasticity components (Table 4). The Breusch-Godfrey/Wooldridge test is used in the
autocorrelation test. According to the test results, the model used in this study displays a tendency
for autocorrelation. Therefore, the robust standard error of the random effect model is used in this
study instead of the conventional random effect model. This model is designed to provide more
reliable estimates of uncertainty in statistical models, especially heteroscedasticity or autocorrela-
tion issues. Technically, this model will correct the OLS standard error by correcting the standard
error. All regressors are divided by the weights to get a nuisance error with a constant variance
(homoscedasticity) in the model [38].

This study also uses Propensity Score Matching (PSM) to explore the analysis results of the
PCA dummy on bioenergy consumption. PSM can be performed with multiple phases of analysis.
First, identify the control group and treatment group. Second, determine which outcomes can be
quantified using an impact evaluation study. Third, ascertain the impact of the treatment on the
predefined outcomes, conduct a characteristic matching procedure between the treatment group
(following PCA) and the control group (before PCA) [39]:

ATT =E(Ry | I=1)—E(Ro | I =0) 4)

ATT = E{Ry [ I =1,p(Z)} — E{Ro | I = 0, p(Z)} )

Where ATT (Average Treatment effect of the Treated group) is the value of the impact of
treatment on outcomes based on all the data used, I denotes the treatment indicator used in the
study (I=0 for the control group’s outcome, I=1 for the treatment group), Ry denotes the value
of the control group, R; denotes the value of the treatment group’s outcome, and p(Z) denotes
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Table 5: Correlation matrices for developing and developed countries

Developing Countries

BIO AGR IND GDP PoP EGI TEMP HDI PAR

BIO 1.000
AGR 0.031 1.000
IND 0.066 0.063 1.000

GDP 0.167 0.266 0.605 1.000
POP 0.202 0.081 0.113 0.132 1.000

EGI -0.264  -0.060 0.005 0.012  -0.282  1.000
TEMP  -0.012 0.030 -0.064 -0.021 -0.027  0.100 1.000
HDI -0283  -0.089 -0.078 -0.062 -0.466  0.543 0.141  1.000

PAR 0.016  -0.028 -0.099 -0.084 -0.120 0.136 0.367 0233  1.000

Developed Countries

BIO AGR IND GDP POP EGI TEMP HDI PAR

BIO 1.000

AGR -0.049 1.000

IND -0.150 0.047 1.000

GDP -0.145 0.018 0.590 1.000

pPor -0.462 0.038 0.135 0.138 1.000

EGI 0.093 -0.055 -0.098 -0.093 -0.070  1.000
TEMP 0.327 0.003 -0.088 -0.196 -0.229 0311 1.000
HDI 0471 -0.033 -0.109 -0.062 -0.078  0.589 0.402  1.000

PAR 0.087  -0.034 0.021 0.017 -0.016  0.186 0369 0.435  1.000

the propensity score derived from the PSM analysis. The probit estimation results for the PCA
dummy variable are used to determine p(Z). Two presumptions must be fulfilled for the PSM’s
results to be considered valid: conditional independence and overlapping [40].

The impact evaluation result is unbiased because the total percentage of bias reduction reached
94.80% in developing countries and 96.70% in developed countries (Table 6). The low number
of observations on "treated: off support" following the matching process indicates that the PSM
model developed in this study fulfilled the requirements for overlapping assumptions. As a result,
the PSM analysis is accurate and can be used in this study.

Table 6: Balancing test for matching based on the propensity score and its distribution

Indicator Developing countries ~ Developed countries
Mean Standardized Bias Before Matching 23.70 25.60

Mean Standardized Bias After Matching 2.64 2.78

Total % bias reduction 94.80 96.70
Distribution of propensity scores Overlapping Overlapping

4. RESULTS

According to comparing conditions between developing and developed countries, developing
countries utilize more bioenergy on average than developed countries (Table 7). Bioenergy sources
are more abundant, varied, and reasonably priced in developing countries. The value added of
agriculture, industry, and GDP growth in developing countries is also higher than in developed
countries because this region is racing against time to improve its economic conditions by utilizing
all of its resources. This condition is also supported by the rapid population growth of developing
countries, which allows them to supply inexpensive labor. Developed countries have advantages
in terms of human development and can adopt economic globalization better than developing
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countries. Temperature change, the study’s sole environmental element, is trending downward in
both regions.

Table 7: Descriptive statistics of the variables in this study (log model)

. Mean Standard Error
Variable
Developing ~ Developed  Developing  Developed

BIO 4.66 4.49 1.30 1.05
AGR 0.41 0.32 0.48 0.48
IND 0.57 0.28 0.48 0.43
GDP 0.52 0.33 0.40 0.37
POP 0.14 -0.20 0.36 0.39
EGI 1.67 1.87 0.10 0.07
TEMP -0.18 -0.04 0.32 0.32
HDI -0.24 -0.05 0.12 0.02
PCA 0.21 0.21 041 0.41

Source: Own elaboration (2024)

Once each variable has been described, the study employs a robust standard error of random
effect model analysis to determine the factors influencing bioenergy use in developing and
developed countries. The analysis’s findings indicate that developing and developed countries ’
adjusted R? values are included in the "good" category (Table 7). This suggests that the study’s
explanatory variable variation can explain 41.82% of the variation in bioenergy consumption in
developed countries and 68.77% in developing countries. On the other hand, the F-test value
indicates significance or that the explanatory factors together influence the dependent variable.

Table 8: Robust standard error of the random effect model in this study

Variable Developing Countries Developed Countries
Coefficient ~ Std Error  Coefficient Std Error
C 4552 0.365 0.984" 2.091
(12.481) (0.471)
AGR 0.016 0.009 -0.006" 0.014
(1.796) (-0.420)
IND 0.026" 0.012 0.016™ 0.032
(2.267) (0.504)
GDP -0.053" 0.025 0.035™ 0.873
(-2.104) (0.040)
POP 0.135 0.076 0.167" 0.073
(1.789) (2.282)
EGI 0.159" 0.072 2.010 0.956
(2.223) (2.102)
TEMP -0.003"s 0.016 -0.057"s 0.035
(-0.2115) (-1.611)
HDI 0.726" 0.243 4.099™ 0.859
(2.9933) (4.769)
PCA 0.008" 0.017 0.070° 0.034
(0.452) (2.073)
Adj. R-Squared 0.687712 0.41824
F-stat 134.53™ 410.598"™

Source: Own elaboration (2024)
™. sig. at 0.000, ": sig. at 0.01, ": sig. at 0.05, : sig. at 0.1, ns= not significant

Economic globalization can increase bioenergy consumption (BIO) by 0.159% in developing
countries and by 2.010% in developed countries (EGI). Another explanatory variable focused on this
study, Dummy PAC, has a significant influence only in developed countries. Population growth
(POP) and the human development index (HDI) are other explanatory variables significantly
influencing both regions. An increase in POP by 1% in developing countries can increase BIO by

141



Journal of Asian Energy Studies (2025), Vol. 9, 131-148

0.135%; an increase in POP in the same percentage can also increase BIO by 0.167% in developed
countries. In the meantime, a 1% increase in HDI will benefit bio in developing (0.726%) and
developed (4.099%) countries.

Several other explanatory variables significantly influence only one of the regions in this
study. Increased agricultural (AGR) and industry (IND) value added only significantly affect
developing countries, each of which positively influences BIO by 0.016% and 0.026%. GDP growth
is the only variable that negatively influences BIO; an increase of 1% in GDP decreases bioenergy
consumption by 0.053% in developing countries. The last variable in this study, TEMP, has no
significant effect on BIO in developing and developed countries.

The Propensity Score Matching analysis findings are consistent with those in Table 9. PAC
is only significant in developed countries but has no effect in developing countries. Following
PAC’s adoption, bioenergy consumption in developed countries rose by 0.067%. Although the
consumption trend increased, it was relatively modest and fell short of many people’s expectations.

Table 9: Impact evaluation results of Paris Climate Accord on bioenergy consumption

Dummy Variable Developing Countries ~ Developed Countries

Estimate t-stat Estimate t-stat

Paris Climate Accord 0.007 0.964" 0.067 6.789"

Source: Own elaboration (2024)
™ significant at 0.000, ns = not significant

5. DiscussioN

5.1. Impact of economic globalization and Paris Accord on bioenergy consump-
tion

Economic globalization expands international trade and investment opportunities, which support
the transition to green energy. The global economy is revolutionizing by replacing capital-intensive
frameworks with economically and environmentally sustainable green energy. As a result, green
energy policies have gained attention from economists and scientists due to their potential to
benefit the environment and economy [2]. Nowadays, several regional and global free trade
agreements that promote exports also consider environmental sustainability. These agreements
can facilitate the use of bioenergy to lessen the harm of different economic activities on the
environment [26].

Economic globalization can also promote environmental sustainability through technology
transfer. For example, technological regulation in economic globalization can encourage the
adoption of environmentally friendly practices by establishing and enforcing environmental
standards [27]. The FDI can also contribute to developing and growing bioenergy infrastructure.
Countries that open themselves to foreign investment have more room to install bioenergy plants
and reduce environmental externalities. Many countries are competing to embrace companies with
green finance that promote the use of bioenergy to gain immediate benefits without restricting the
use of resources in the future [2]. Multinational companies frequently employ Corporate Social
Responsibility (CSR) to promote the expansion of the bioenergy sector [28].

The Paris Climate Accord (PCA) variable gives positive results for bioenergy consumption in
both regions, although it is only significant in developed countries. The PCA has increased the
commitment of many countries to address climate change and adapt to its adverse impacts. These
countries have implemented domestic policies that strictly improve environmental conditions.
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The stringent environmental policies have been shown to drive the transition to green energy in
developed countries such as the Republic of Korea. The government of the Republic of Korea
offers numerous incentives to promote the use of bioenergy through infrastructure development,
liberalization of bioenergy installation, development of agricultural solar energy models, and
reduction of rental fees. On the other hand, an emission trading scheme is included as an extra
carbon tax to limit the country’s usage of energy-polluting activities [6]. At the same time, the US
has put in place several measures to change its energy balance, including more domestic renewable
resources, including bioenergy [32]. Government effectiveness, rule of law, regulatory quality,
and voice and accountability have also been demonstrated to increase bioenergy consumption
growth in Western European (WEC) countries compared to Central and Eastern European (CEEC)
countries [41].

Energy consumption in developing countries tends to be high from fossil fuels. Although
developing countries are making strides in renewable energy, the pace could not be sufficient
to counteract emissions from traditional energy sources [25]. In addition, numerous factors
contribute to the Paris Accord’s inability to encourage the use of bioenergy in developing countries.
The selling price is not competitive since producing bioenergy in developing countries exceeds
the expected cost to comply with the Paris Agreement [32]. Bioenergy technology transfer in
developing countries faces obstacles such as patents and high costs. This is exacerbated by the
concentration of technological innovation in industries based on traditional energy sources, which
can hamper the development of the bioenergy sector [6]. While non-renewable energies may be
initially less expensive, they could have far-reaching detrimental impacts on a country’s economy
and social stability compared to bioenergy [2]. The most striking is the weak support for bioenergy
consumption policies in developing countries. These countries still face a dilemma because
bioenergy development will reduce land for food production. Significant adjustments to the food
system’s demand side or advancements in biotechnology are needed to simultaneously meet the
demand for both food and bioenergy [42].

5.2. Impact of other factors on bioenergy consumption

Agricultural value-added (AGR) is one way to increase bioenergy consumption. In fact, if handled
properly, agricultural waste can have value-added that can be reused to achieve sustainable agri-
culture and the environment as bioenergy [19]. Modern technology is being used in agriculture
these days, and it can assist farms in lowering emissions through bioenergy and boosting yields.
Industrial value-added (IND) has the same potential to raise bioenergy use as AGR. Energy
consumption may have increased because of industrial developments like construction and trans-
portation expansion [21]. However, if the development is followed by value-added, technological
advancement, and human capital, it will reduce environmental damage. This results from the
shift in energy use toward sustainable bioenergy [22]. Several countries have also initiated policies
to make industries more environmentally conscious through action or financing. Industries
value-added that benefit from unrestricted access to resources must be compelled to engage in
these activities or bear such costs, which must be recognized as compromising their financial
viability [43]. In addition, Aquilas et al. [11] stated that industrial performance and environmental
sustainability are positively impacted by the relationship between value added and the use of
bioenergy. The primary energy source for industry could eventually be bioenergy. More bioenergy
will be needed as the industrial sector grows, increasing the load capacity factor and enhancing
environmental sustainability. Therefore, the benefits of using bioenergy balance the harm that
industry causes to the environment.

The consumption of non-renewable energy has increased due to population growth (POP)
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and rising food demands, which lowers soil fertility and produces pollution. Rapid POP could
surpass environmental rules and infrastructure development, leading to insufficient environmental
control and waste management systems. Hence, cleaner and more energy-efficient technologies
are the answer to this problem [3]. The age distribution changes toward a percentage of adults
who are nearly fully employed at several points in the demographic transition. By expanding
comparatively lower energy use of the service sector, which typically has a lower carbon footprint
than manufacturing and heavy industry, this scenario promotes higher economic productivity.
Using bioenergy and greater recycling may help raise awareness and spur action to lower carbon
footprints as the population expands [25].

HDI positively impacts developed countries’ transition from conventional energy to green
energy. High HDI countries are focused on sustainable economic growth. This indicates that
progress will significantly benefit current and future generations by protecting the environment [2].
Sound policies for a sustainable environment are implemented, low-emission production is
practiced, environmentally friendly agricultural goods are chosen, waste is processed (recycled),
and climate-smart technological and institutional innovation is encouraged via human resource
development [44]. In addition, high HDI countries will support the cost-efficiency rate of the
bioenergy industry among developing countries, which is equal to that of developed countries in
the case of EU28 [24]. Finland and Poland promote using and building renewable energy power
plants through their tax regulation policies, premium guarantees, and quota systems [27].

GDP has reduced the use of bioenergy in developing countries. This finding is consistent
with the Environmental Kuznets Curve theory, which holds that developing countries prioritize
economic growth over environmental sustainability [13,14]. Increasing GDP often correlates
with growing industrialization, demand for natural resource extraction, and traditional energy
consumption (such as coal, oil, and natural gas). So does the demand for fossil-fueled trans-
portation, which is cheaper than bioenergy and rapid urbanization, leading to detrimental effects,
such as high carbon emissions or the destruction of forests for construction, which lowers the
number of resources available for future generations [2,25]. Another study shows that bioenergy
can not lower CO; emissions, so many countries are skeptical of its potential for environmental
improvement and prefer to focus on economic growth [45]. Developing countries also often face
unstable economic growth. This factor can impact the bioenergy industry by causing it to suffer
due to low demand and production [24].

In the meantime, the analysis findings also show that GDP can increase bioenergy consumption
in developed countries, although the relationship is not significant. Developed countries have
recognized environmental harm and are implementing economic adaptation strategies prioritizing
environmental sustainability in their growth [13,14]. High GDP also allows residents of developed
countries to use bioenergy, which may be more expensive than traditional energy. In addition,
there is a positive relationship between GDP, clean production methods, and the degree of cost
efficiency of the bioenergy sector in developed countries; the more economic growth, the greater
clean production methods and the cost efficiency that may be achieved. Comparing high-GDP
countries to those with lower GDPs, the former are more effective at lowering total production
costs (labor and capital costs) and generating enough output (primary production) [24].

Temperature changes (TEMP) have an insignificant effect on bioenergy in developing and
developed countries. The rise in TEMP, which lowers the bioenergy industry’s profitability,
contributes to this. Because of this, the market’s supply is erratic, bioenergy development is
sluggish, and customers are not interested in using it [46]. Furthermore, there is skepticism in the
community regarding the ability of bioenergy to withstand TEMP. People in Sweden, for instance,
are extremely cautious when using bioenergy from boreal woods that are managed for productive
purposes because of their ability to withstand TEMP [47].
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6. CONCLUSION

Economic globalization is one of the variables contributing to the rise in bioenergy consumption
in developed and developing countries. Various forms of trade and investment openness boost
both regions” use of bioenergy. Increasing the use of bioenergy is also largely dependent on the
Paris Climate Accord, although primarily in developed countries. Other factors that could increase
bioenergy consumption in both regions include the human development index and population
growth. The increase in the value-added of industry and agriculture is another factor driving the
use of bioenergy in developing countries. The inhibiting factor for bioenergy consumption is GDP
growth, although only in developing countries. In the meantime, neither region has seen a rise in
the use of bioenergy due to rising temperatures.

The results of this study support the Environmental Kuznets Curve (EKC) theory, which
states that economic growth will reduce the concern of developing countries for the environment.
However, this study also highlights the massive efforts in developing countries to increase the
value added of their economic sectors and human development, as well as the role of external
factors, especially economic globalization and climate agreements, can accelerate the achievement
of the next stage of EKC, which is reducing environmental damage. The same thing also happens
in developed countries where external factors have increased public concern for the environment.

Some recommendations to increase bioenergy consumption include: (1) increasing commitment
to economic globalization, especially requirements regarding environmentally friendly products.
In fact, several regulations and requirements in economic globalization might motivate developing
and developed countries to take environmental issues seriously, especially the use of bioenergy.
Countries must agree on strict rules for economic globalization to continuously maintain environ-
mental sustainability; (2) increasing compliance of developing and developed countries within
the framework of the Paris Climate Accord. This agreement encourages the commitment of all
countries to mitigate and adapt to climate change, one of which is using bioenergy to reduce
global temperature increases. PCA must be implemented as an act in every country to facilitate the
transition to bioenergy. For the development and use of bioenergy, developed countries must also
offer financial assistance, subsidies, and tax incentives to developing countries; (3) increasing the
human development to raise environmental concerns among all countries. Increasing education
and literacy in environmentally friendly technologies is a practical step that all countries can take.
This will also enhance the development of more efficient technologies in converting biomass into
energy, including waste utilization; and (4) increasing the value-added of a country’s agricultural
and industrial sectors. Increasing value-added will ensure that a sector uses resources efficiently
and obtains maximum profit. The primary activity to increase the value-added of a sector is
increasing investment in research and development of bioenergy technologies and human resource
training.

The main limitation of this study is that many countries have incomplete data, which prevents
them from being analyzed in this study. This condition opens opportunities for future research
to use more country samples if other researchers find databases with better data completeness.
For example, this study makes PCA easier with dummy, without considering how countries’
compliance with PCA varies. Another limitation of this study is that it does not consider regional
heterogeneity, which could impact its findings. Therefore, further studies can consider analysis
based on regional areas. Finally, this study can only use static panel data analysis because the
variables have been significant at the level. Meanwhile, dynamic panel data analysis, such as the
General Method of Moment (GMM) and System GMM, requires the variables to be stationary at
the 1st difference. At the same time, both analysis methods can be used to solve several economic
problems that could lead to spurious regression.
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