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Abstract

Renewable energies can reduce greenhouse gas (GHG) emissions. However, in
previous studies, less attention has been paid to their role by emphasizing two
wind and solar energy sources in applied research. Therefore, the current
research seeks to investigate the role of per capita consumption of renewable
energy, wind, and solar energy in reducing per capita carbon emissions (CO2) by
using the very new approach of quantile-on-quantile regression (QQR) modeling
in the annual period from 1990 to 2021 and for Group of 7 (G7) countries. The QQR
econometric approach investigates how the per capita consumption quotients of
renewable, wind, and solar energy asymmetry affect the per capita CO2 emission
quantities by providing a sufficient framework to understand the overall
dependence structure. The results show that using renewable energy, especially
wind and solar energy, as an alternative to traditional energy sources (fossil
energy) can significantly reduce carbon emissions. More precisely, it can be
concluded that the per capita consumption of renewable energy and the per
capita consumption of wind and solar energy has hurt the per capita carbon
emissions in all G7 countries and all quantiles (0.05 to 0.95), although, in some
quantiles, this negative relationship was weaker. In this way, the need to pay
attention to the development policies of renewable and new energies and to
provide solutions to have a more significant impact on reducing CO2 emissions
in the environment is of great importance.
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Extended Abstract

1. Introduction

Climate change has become a global issue
that transcends borders (Kirikkaleli &
Adebayo, 2021; Miao et al., 2019). The main
driver of this phenomenon is widely
attributed to the increase in the level of
greenhouse gases (GHG), especially
carbon dioxide (CO.). CO, emissions are
inevitably linked to energy consumption.
Since energy is considered the essential
support of the development of modern
societies, from this point of view, with the
development of the global economy and
population growth, the demand for energy
in human societies has increased
significantly. The world economy has
relied on fossil fuels, the primary source of
greenhouse gas emissions, to meet
sustainable energy needs. However,
efforts have begun to replace conventional
energy with renewable energy. However,
global growth in renewable energy
capacity is expected to be slow, with only
a 50% increase predicted between 2019
and 2024 (International Energy Agency,
2019). However, under different scenarios,
renewable energy sources have the
potential to meet half of the world's energy
needs by 2050 borders (Kirikkaleli &
Adebayo, 2021). Wind and solar energy can
transform the global electricity sector
among the various low-carbon technology
options. This requires increasing the
global cumulative capacity of onshore
wind farms by 2050 (to 5044 GW) and
offshore wind capacity to nearly 1000 GW
by 2050. Also, solar PV capacity is
expected to grow almost six times over the
next three decades (International
Renewable Energy Agency, 2019).

2. Material and Method
The quantile regression (QQR) method,
initially proposed by Sim and Zhou (2015),

provides a new approach to analyzing
bivariate equations. It is also helpful in
investigating the complex relationship
between the lower and upper quantiles of
the data series. As a result, the QQR
method provides a more accurate analysis
(Yu et al.,, 2022). This research uses the
QQR approach to investigate the
comprehensive relationship between CO.
emissions per capita and the use of
renewable energies, wind and solar per
capita. This model focuses on how an
independent variable's quantiles affect
different dependent variables' quantiles.
As aresult, the quantile-on-quantile (QQR)
method provides a valuable tool for
performing more robust analyses instead
of traditional techniques such as OLS and
ordinary quantile regression (Yu et al,
2022). To investigate the effect of per
capita use of renewable energy, per capita
use of wind and solar energy on per capita
carbon emissions, the econometric model
based on equation 1 has been specified
based on the theoretical literature:

Coy
= Bo + B1(PREy) + B,(PCW,) + B5(PCS,)
+ &

(1)

In equation 1, CO; represents per capita
carbon emissions, PRE represents per
capita use of renewable energy, PCW
represents per capita use of wind energy,
PCS represents per capita use of solar
energy, and ¢ is part of the model error.
Before estimating the quantile-on-
quantile model, pre-estimation (tests
Descriptive test, mean value of variables,
diagnostic test (disruption component
autocorrelation test), correlation test,
Johansen cointegration test, dependent
variable normality test (per capita carbon
emission)), and finally estimation of the
quantile-on-quantile model have been
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done. It is worth mentioning that the
analyses were carried out based on
Eviews12 and Matlab2022 software.

3. Findings

The results obtained from quantitative
regression (QQR) show that transitioning
to renewable energy sources as an
alternative to fossil fuels can significantly
reduce greenhouse gas emissions. These
findings appear valid and effective in
different quantities for the G7 countries
studied, including Germany, France, the
United Kingdom, and the United States,
and to some extent for Italy, Japan, and
Canada in specific quantities. In addition,
this research emphasizes empirical
evidence supporting the advancement of
renewable energy development to achieve
sustainable development and foster a
more environmentally sustainable future.
This insight has far-reaching implications
for policymakers and stakeholders
pursuing greener, more sustainable
energy practices.

4. Conclusions

To develop and promote renewable
energy as a vital step toward achieving a
more sustainable environment, this
research highlights several key
recommendations:

1. Effective government policies:
Effective policies are necessary to
promote the adoption of renewable
energy, including incentives, targets to

Journal of Energy Economics Modeling, 2023, 1(1): 7-40.

support the growth of renewable energy
sources and carbon pricing.

2. Green technologies: It is necessary to
encourage production units to adopt
green technologies through regulatory
incentives.

3. Gradual elimination of non-
renewable energy subsidies: Moving away
from subsidizing non-renewable energy
sources and directing those sources
towards renewable energy technologies is
essential in promoting sustainability.

Overall, this research’s
recommendations are consistent with the
broader global goal of transitioning to a
more sustainable and environmentally
friendly energy landscape to reduce
environmental threats and ensure a
cleaner future.
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