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This study aims to examine the cointegration and causal links between carbon dioxide
(CO2) emissions and renewable energy by employing panel data covering 41 countries
from 1973 to 2017. Our empirical results suggest that CO2 emissions and renewable
energy move together in Organisation for Economic Co-operation and Development
(OECD) countries, but not in non-OECD countries. There exists a long-run causal flow
from renewable energy to CO2 emissions in OECD countries, and vice versa. However,
there is a unidirectional causal flow from CO2 emissions to renewable energy in

non-OECD countries in the long run.

I. Introduction

Environmental pollution is a serious problem worldwide
that brings about negative externality and challenges, thus
eventually harming individual lives and national develop-
ment. A growing strand of literature investigates the factors
of environmental pollution, such as economic develop-
ment, political regimes, and industrial structure, as well as
energy consumption and energy efficiency (Chang & Hao,
2017; Narayan & Narayan, 2010; K. Wang et al., 2020).
However, few studies examine whether the share of renew-
able energy to total energy consumption can affect envi-
ronmental pollution (Chen et al., 2019; Hu et al., 2020),
and none focuses on the bidirectional relation between en-
vironmental pollution and renewable energy. We try to un-
cover the long-run bidirectional relation between environ-
mental pollution and renewable energy to fill this research
gap in the literature.

Theoretically, environmental performance is causally
linked to renewable energy use, because, in comparison
with traditional energy sources such as crude oil and coal,
the utilization of renewable energy creates few emissions
and its generation is environmentally friendly. Thus, re-
newable energy would affect environmental performance
(Yang et al., 2021). From another perspective, carbon diox-
ide (CO2) emissions can affect energy consumption and
thus induce shocks to clean energy investment, which
would affect the share of renewable energy to total energy
consumption (Chen et al., 2021). Empirically, for instance,
Y. Wang and Zhi (2016) noted that it is critical to protect the
environment by sustainably utilizing renewable energy. He

et al. (2019) pointed out that investment in renewable en-
ergy would benefit environmental performance. Similarly,
Dubey et al. (2015) proposed that better environmental per-
formance requires the participants to carry out their or-
ganizational processes, production activities, and energy
utilization in a manner that meets legal environmental pro-
tection requirements (Darnall et al., 2008).

The novelties of our study are as follows. We empirically
test the relation between CO2 emissions and renewable en-
ergy by using data for 41 countries from 1973 to 2017 and
Pedroni’s (2004) cointegration test, which has been ignored
by previous literature (Chen et al., 2021; Yang et al., 2021).
Our empirical results show that CO2 emissions and renew-
able energy move together in Organisation for Economic
Co-operation and Development (OECD) countries, but not
in non-OECD countries. In addition, we examine the short-
and long-run causal links between CO2 emissions and re-
newable energy with a panel vector error correction model
(VECM), as well as the differences of these bidirectional
causal links between OECD and non-OECD countries, fill-
ing the gap in the literature (He et al., 2019). Our results
support a long-run causal flow from renewable energy to
CO2 emissions in OECD countries, and vice versa. However,
there is unidirectional causal flow from CO2 emissions to
renewable energy in non-OECD countries in the long run.

II. Data and Methodology
A. Variables and Data

This paper utilizes panel data for 41 countries from 1973
to 2017 to test the relation between CO2 emission and
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Table 1. Summary of descriptive statistics

Variable N Mean SD Min Median Max
Renew 1845 0.129 0.330 0.000 0.000 2.176
Cco2 1845 4,536 1.719 0.511 4.287 9.192

This table shows the descriptive statistics of the variables, which are observations (N), mean (Mean), standard deviation (SD), median (Median), minimum (Min), and maximum

(Max).

energy structure. In line with Y. Wang et al. (2021), we
use CO2 emissions (CO2) to measure environmental qual-
ity. The CO2 data of some countries are sourced from the
World Development Indicators (2020), in units of a thou-
sand tons.' Renewable energy, denoted by Renew, is cap-
tured by the share of renewable energy, such as solar, wind,
and tidal energy, in the total consumption of energy,. Data
for Renew are derived from the International Energy Agency
(2020).2 All data are transformed into natural logarithmic
form.

Table 1 presents the basic statistics, which show that the
mean of Renew is 0.129 with a standard deviation of 0.330,
suggesting that Renew does not fluctuate much among
these 41 countries. The mean, standard deviation, mini-
mum, and maximum for CO2 are 4.536, 1.719, 0.511, and
9.192, respectively, implying that CO2 emissions vary
among our sample countries.

B. Methods

We employ panel cointegration test proposed by Pedroni
(2004) to uncover the relation between COZ2 and Renew:
Yit = Gi + Vit + B + war, (1)
i=1,...,N, t=1,...,T,
where y;; represents CO2;, z;; represents Renew;; ¢; and
~; are individual fixed effects and deterministic trends, re-
spectively, both allowing for differences among countries;
and p;; is a residual.

III. Results

Once the stationary tests suggest that these two vari-
ables follow an I(1) process,3 we further carry out panel
cointegration to examine whether long-run bidirectional
relations exist between CO2 and Renew. The results of the
Pedroni (2004) cointegration test are listed in Table 2. For
the full sample, we find that the statistics of Panel variance,
Panel PP, and Panel ADF are significant at least at the 10%
level, confirming a cointegration relation between CO2 and
Renew. The results for the two subsamples support CO2 and
Renew comoving among OECD countries, but no cointegra-
tion between CO2 and Renew among non-OECD countries.
Our finding is in line with that of He et al. (2019), who pro-

posed that renewable energy benefits environmental per-
formance.

Under the premise that CO2 and Renew comove, we fur-
ther investigate the bidirectional causal links between CO2
and Renew in the short or long term via a panel VECM.
Table 3 provides the results of the panel VECM. First, if the
dependent variable is ACO2, the statistic of ARenew is 0.58
and not significant at the 10% level, offering evidence of no
causal link from Renew to CO2 in the short term. The A sta-
tistic is 4.72, significant at the 5% level, indicating a shock
from Renew to CO2 in the long run. A joint test of the error
correction model and Renew also supports the same idea.
These findings support those of Y. Wang and Zhi (2016),
who suggested that renewable energy benefits environmen-
tal performance. Similarly, based on the results where ARe-
new is a dependent variable, we see that CO2 cannot affect
Renew in the short term, but a significant shock exists from
CO2 to Renew in the long term. This finding is similar to
that of Chen et al. (2021), who argued that climate change
would lead to clean energy investment.

For OECD countries, we find that renewable energy ex-
erts a causal impact on CO2 emissions in both the short
and long run, while the causal link from CO2 emissions to
renewable energy is only established in the long run. For
non-OECD countries, we find that renewable energy does
not change CO2 emissions in the short or long run, while
CO2 emissions only exert a causal link on renewable energy
in the long run.

IV. Conclusions

This research investigates the relation between CO2
emissions (CO2) and the utilization of renewable energy
(Renew) by employing data for 41 countries from 1973 to
2017 and estimations such as the Pedroni (2004) cointegra-
tion test, fully modified ordinary least squares, and a panel
VECM. Pedroni’s (2004) cointegration test shows cointegra-
tion between CO2 and Renew in OECD countries, but no
cointegration between the two in non-OECD countries. The
panel fully modified ordinary least squares results then in-
dicate a negative effect of CO2 on Renew, and vice versa.
However, CO2 and Renew do not affect each other in non-
OECD countries. The panel VECM results support bidirec-

1 See https://datacatalog.worldbank.org/dataset/.

2 See https://www.iea.org/data-and-statistics.

3 To save space, we do not tabulate the results of the unit root test, but they are available upon request.
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Table 2. Pedroni’s (2004) Panel Cointegration Test Results

Sample FULL OECD non-OECD
Dependent variable is co2 co2 co2
Panel variance 3570 2159 0.272
Panel p -0.434 -1.550" 0.395
Panel PP -1.696" -3.278™" -0.267
Panel ADF -1.600° -3.338"" -0.612
Groupp 0.920 -0.793 1.301
Group PP -1.237 -3.438™" 0.293
Group ADF -1.152 -3.259" -0.685

This table shows the Pedroni (2004) panel cointegration test results. Statistics are asymptotically distributed as normal. The variance ratio test is right-sided, while the others are

left-sided. *** ** and * indicate statistical significance at the 1%, 5% and 10% levels, respectively.

Table 3. Panel Causality Test Results

Dependent variable Source of causation (CO2 vs. Renew)
Short run Long run
Panel A: Full
ACO2 ARenew A MACO2 MARenew
ACO2 - 0.58 472" - 229°
ARenew 0.33 - 149.97™ 55.14"" -
Panel B: OECD
ACO2 ARenew A MACO2 AN ARenew
ACO2 - 28.35" 3207 - 19.75™
ARenew 0.91 - 120.81"" 49,14 -
Panel C: non-OECD
ACO2 ARenew A MACO2 AN ARenew
ACO2 -- 1.18 2.50 -- 2.08
ARenew 0.97 - 79.62"" 26.59" -
This table shows the panel causality results. ***, ** and * indicate statistical significance at the 1%, 5% and 10% levels, respectively. A are the error-correction items to examine the

long-run relationship between CO2 and Renew, examining the lag terms of other variables help test for short-term causality.

tional causal links between CO2 and Renew among OECD
countries and a unidirectional causal link from COZ2 to Re-
new among non-OECD countries in the long run.
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