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Abstract

Global climate change caused by greenhouse gases (GHGs), particularly carbon dioxide (CO,) emissions, poses incomparable
threats to the environment, development, and sustainability. This research investigates the potential of economic growth,
renewable energy use, and technological innovation to achieve Malaysia’s Paris Agreement by reducing CO, emissions.
Time-series data from 1990 to 2019 were utilized applying the Dynamic Ordinary Least Squares (DOLS) method. The
empirical findings show that the coefficient of economic growth is positive and significant with CO, emissions, indicating a
1% increase in economic growth is related to a 0.9% rise in CO, emissions. Furthermore, the coefficient of renewable energy
use is negative and significant, which indicates that increasing renewable energy use by 1% is associated with CO, emissions
reduction by 0.3% in the long run. In addition, increasing technological innovation lowers CO, emissions, implying that a
1% increase in the number of patent applications is linked to a 0.05% reduction of CO, emissions. The empirical findings
reveal that increased renewable energy use and technological innovation can reduce Malaysia’s carbon emission while eco-
nomic growth deteriorates the environmental quality. Thus, effective implementation of policy measures to a low-carbon
economy, promoting renewable energy use, and financing technological innovation could help to achieve Malaysia’s Paris
Agreement by reducing CO, emissions.
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1 Introduction

Global climate change is a burning issue due to the atmos-
pheric concentrations of GHGs dominated by CO, which is
primarily emitted from human-induced events, such as the
burning of fossil fuels and deforestation (Azmi and Tokai
2016; Magazzino 2017; Raihan et al. 2018, 2021; Jaafar et al.
2020; IPCC 2021). The continuous increase in CO, emis-
sions is projected to have tremendous effects on the global
climatic system resulting in catastrophic consequences that
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initiatives. When Malaysia signed the Paris Agreement in
2016, it joined worldwide efforts to keep global warming
far below 2 °C, to limit it to 1.5 °C. This also indicates that
the country is dedicated to lowering national emissions and
responding to the effects of climate change. Malaysia has
pledged to reduce GHG emission intensity of GDP by 45%
by 2030 compared to 2005 levels under the Paris Agree-
ment. This includes a 35% unconditional basis and a 10%
conditional basis contingent on developed nations provid-
ing climate financing, technological transfer, and capacity
development. A significant issue emerging is how Malaysia
can reduce CO, emissions, and this issue may be handled
by examining the potential impacts of Malaysia’s emission
reduction components. Overall knowledge of Malaysia’s
potential to reduce emission is increasingly essential for
policymakers to strike a balance between policies aimed at
mitigating climate change and achieving sustainable devel-
opment and executing both.

The concern for environmental sustainability and the
development strategy primarily depends on whether the
persistent economic growth produces environmental dete-
rioration or if such growth is adequate to pay for the envi-
ronmental cost of production or development process (Hitam
and Borhan 2012). The environmental Kuznets curve (EKC)
depicts an inverted U-shape relationship between economic
growth and environmental degradation, in which environ-
mental degradation rises with economic growth, peaks, and
then declines when the economy reaches a critically high
level of income (Grossman and Krueger 1991). As the econ-
omy grows, old and polluting technologies are phased out
and replaced by newer, cleaner technology, increasing envi-
ronmental quality (Saboori et al. 2012). Decoupling between
economic development and environmental deterioration is
aided by factors such as changes in output composition, the
introduction of cleaner manufacturing technologies, envi-
ronmental legislation, and environmental consciousness
(Saboori et al. 2012). However, Malaysia’s gross domestic
product (GDP) in 2019 was USD365 billion, which ranked
it 36th globally and 4th in Southeast Asia (World Bank
2021). According to Gan and Li (2008), Malaysia’s GDP is
anticipated to rise at a rate of 4.6% between 2004 and 2030,
with real GDP reaching USD341.6 billion by 2030, up from
USDI107 billion in 2004. Thus, a key concern is whether
Malaysia’s increased economic development is aligned with
improved environmental sustainability (emission reduction).

Moreover, the rising concern about global climate change
has highlighted the significance of renewable energy (Iran-
doust 2016). The rapid depletion of fossil fuels and their
severe environmental effects are gradually causing interna-
tional economies to move to more sustainable renewable
energy sources (Bhattacharya et al. 2017). The advantages of
renewable energy minimize conventional energy use while
preserving long-term global economic output (Paramati
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et al. 2017). The five major renewable energy sources are
biomass, water (hydropower), the geothermal, wind, and
solar. Compared to conventional energy, renewable energy
is safe, clean, and abundant (Khan et al. 2017). Renewable
energy is widely regarded as a carbon-free energy source
with the potential to solve energy security and reduce emis-
sions (Baek 2016). Renewable energy plays a critical part
in meeting the global emission reduction goal of 50% by
2050 (IEA 2012; Paramati et al. 2017). The continual expan-
sion in energy consumption in Malaysia has led to increased
CO, emissions, as more than 90% of power generation relies
on fossil fuels (Chachuli et al. 2021). Malaysia has been
facing an increasing energy consumption demand over
the past years due to urbanization and industrial develop-
ment (Begum et al. 2017). However, Malaysia has a lot of
resources that can be used to generate renewable energy
(Chachuli et al. 2021). In addition, Malaysia has developed
and implemented several policy tools to encourage renew-
able energy technology. Despite this, limited research has
been conducted to investigate the link between renewable
energy use and environmental degradation. Hence, it is
crucial to analyze the potential of renewable energy use to
reduce CO, emissions in Malaysia.

At present, technological advance is the most significant
contributor to mitigating global climate change (Yang and
Li 2017). The improvement of environmental legislation has
resulted in a steady growth of direct environmental technolo-
gies to lower CO, emissions (Chen and Lee 2020). These
innovations enable the rapid growth of new technological
applications, resulting in increased energy efficiency and
lower energy consumption. Furthermore, technological
innovation plays a significant role in the economic restruc-
turing and optimization process. It is changing conventional
economic development from a production-driven mode to
an innovation-driven mode aids in reducing CO, emissions
generated by industrialization (Sohag et al. 2015). Malay-
sia’s economic development has progressed to a new nor-
mal period. To some extent, technological innovation may
help alter and upgrade Malaysia’s industrial structure, and
it is an important source of driving force for high-quality
economic growth. For a long time, the Malaysian govern-
ment has valued innovation activities, encouraging the rapid
growth of enterprise scientific research activities, with tech-
nology innovation playing an increasingly significant role.
Therefore, researching the influence of technological inno-
vation on carbon emissions is critical both theoretically and
practically for increasing Malaysia’s economic growth and
lowering carbon emissions.

The IPCC (2014) reported that population size, economic
activity, lifestyle, energy consumption, land use patterns,
technology, and inadequate climate policy are the primary
drivers of GHG emissions. In this regard, several stud-
ies examined the nexus between CO, emissions and their
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determinants by using time-series data for Malaysia (Begum
et al. 2015; Chin et al. 2018; Sarkar et al. 2019; Zhang et al.
2021). However, there is a scarcity of research exploring the
dynamic impacts of emission reduction factors in Malaysia
by using an econometric approach. Furthermore, a limited
study investigates the potential of economic growth, renew-
able energy use, and technological innovation to reduce CO,
emissions in Malaysia. To address this research gap, this
study aims to examine the nexus among CO, emissions,
economic growth, renewable energy use, and technologi-
cal innovation in Malaysia by using the Dynamic Ordinary
Least Squares (DOLS) approach. This study is significant
because it contributes to the recent literature and policy-
making in Malaysia in several directions. First, this research
establishes the relationships between CO, emissions and
emission reduction factors, revealing the potential impacts
of economic growth, renewable energy use, and technologi-
cal innovation on CO, emissions reduction in Malaysia. Sec-
ond, it highlights the unique role of technological innova-
tion, which is commonly not given too much attention when
explaining the emission reduction factors. Next, several unit
root tests and cointegration tests are employed to verify the
precision of the results. Finally, the study’s outcomes would
provide further comprehensive and valuable insights to poli-
cymakers for designing effective policies related to climate
change, low-carbon economy, promoting renewable energy
use, financing technological advancement, and emission
reduction in Malaysia.

2 Literature review

Over the last three decades, CO, emissions from energy con-
sumption in Malaysia proliferated due to rapid population
expansion, urbanization, and industrial development (Begum
et al. 2020). Moreover, the Malaysian economy subsidizes
petroleum prices (Abdullah et al. 2009), encouraging fur-
ther energy use by accelerating economic growth. In line
with energy demand, Malaysia is experiencing an increasing
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trend of CO, emissions. Figure 1 presents the annual trend
of CO, emissions in Malaysia. Total CO, emissions in 1960
were about 568 Kilotons (kt) which increased gradually to
56,190 kt in 1990. Due to rapid industrialization, total CO,
emissions in Malaysia increased drastically to 265,971 kt in
2019. From 1971 to 2019, Malaysia’s average yearly increase
rate of CO, emissions was 4.6%. Furthermore, Fig. 2 depicts
the major sources of CO, emissions in Malaysia for 2014.
Energy industries are the main culprit of CO, emissions in
Malaysia, followed by transport, manufacturing, and cement
production (MNRE 2018). Therefore, the country is highly
concerned about the growing emission intensity, especially
from the energy sector. Consequently, lowering CO, emis-
sions has become a key priority in Malaysia to preserve envi-
ronmental sustainability and mitigate the harmful effects of
climate change.

Malaysia is the 4th biggest economy in Southeast Asia.
The Malaysian economy is growing swiftly due to strong
worldwide demand for electronics, rising demand for com-
modities such as oil and gas, an improved labor market, a
pro-cyclical budget, and significant infrastructure expendi-
ture. Since the 1970s, Malaysia’s economy has been among
the world’s fastest-growing (Begum et al. 2020). Malaysia
transitioned from a resource-based economy in the 1970s to
a multi-sector economy in the 1990s, focusing on manufac-
turing and services (Begum et al. 2020). During the periods
1970-1980 and 1980-1990, Malaysia’s economy grew at
an average rate of 7.7% and 5.8%, respectively. Malaysia
has seen significant economic growth during the previous
thirty years. From 1990 to 2019, the average rate of eco-
nomic growth was about 6.5%. Figure 3 presents the annual
trend of economic growth in Malaysia. GDP in Malaysia was
nearly RM40 billion in 1960, which increased to RM1.42
trillion in 2019. The services sector grew at the fastest rate,
accounting for 57.7% of GDP, followed by the manufactur-
ing (22.3%) and agriculture sectors (8.2%) (DOSM 2020).
Primary industries like crude oil, palm oil, tin, rubber, and
their production and export have made significant contri-
butions to the country’s socioeconomic growth. Malaysia’s
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Fig.2 The major sources of
CO, emissions in Malaysia for
2014 Source: MNRE (2018)
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Fig.3 Annual trend of eco-
nomic growth in Malaysia
Source: World Bank (2021)
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economic development has only slowed since 1990, in 1998,
due to the Asian financial crisis, and then again in 2008 and
2009, amid the global economic downturn (Begum et al.
2020).

Numerous studies have been carried out to determine the
link between environmental and economic activities for vari-
ous countries. For example, Adebayo (2021a) for Japan, Ali
et al. (2017) for Singapore, Adebayo and Kalmaz (2021) for
Egypt, Ahmed et al. (2019) for China, Adebayo and Akin-
sola (2021) for Thailand, Kirikkaleli and Kalmaz (2020) for
Turkey, Adebayo and Odugbesan (2021) for South Africa,
Bouznit and Pablo-Romero (2016) for Algeria, Adebayo
(2020) for Mexico, Akbota and Baek (2018) for Kazakh-
stan, Adebayo (2021b) for Indonesia, Vo et al. (2019) for
ASEAN countries, Wang et al. (2020) for G7 countries,
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Teng et al. (2020) for OECD countries, Pao and Tsai (2010)
for BRIC countries, and Al-Mulali (2011) for MENA coun-
tries. In the Malaysian economy, however, several studies
have discovered the environmental Kuznets curve (EKC),
which indicates that increasing economic growth improves
environmental quality (Hossain 2011; Saboori et al. 2012;
Hitam and Borhan 2012; Begum et al. 2015; Bekhet and
Othman 2017; Azam et al. 2018; Sharif et al. 2020; Zhang
et al. 2021). According to Panayotou (2000), economic
development is not necessary for environmental devastation,
but policies and institutions must address the issues.

The growing concern about global warming,
GHGs emissions, and rising fossil fuel prices suggests
that achieving energy sustainability would likely result in
a cleaner environment. Renewable energy offers several



Environment Systems and Decisions

advantages over traditional energy. They come from natu-
ral resources and may be renewed regularly. Renewable
energy, moreover, has a low environmental effect since it
creates little or no waste products like CO, and other pol-
lutants. Hence, it may offer a solution to global warming
and energy security (Sebri and Ben-Salha 2014). However,
renewable energy not only reduces CO, emissions but also
contributes to increased economic prosperity. Further-
more, renewable energy reduces dependency on imported
fossil fuel energy and increases the availability of reli-
able electricity (Sebri and Ben-Salha 2014). As a result,
many countries began to transition away from fossil fuels
and toward more renewable energy sources (Aziz et al.
2020; Liu et al. 2021). Global renewable energy usage
has increased by more than 60%, from 353 million tons of
oil equivalent (Mtoe) in 1995 to 579 Mtoe in 2014 (Liu
et al. 2021). Furthermore, renewable energy accounted for
approximately 70% of net increased global power capac-
ity in 2017, with a new investment of 279.8 billion USD.
Thus, renewable energy use appears to have a significant
global impact on achieving the Paris Agreement’s and Sus-
tainable Development Goals’ goals.

However, Malaysia has abundant renewable energy
resources, such as forest residues, oil palm biomass, mill
residues, hydropower, solar thermal, solar photovoltaic,
municipal waste, rice husk, and landfill gas (Sulaiman et al.
2013). In 2001, Malaysia’s government designated renew-
able energy as the country’s fifth fuel source as part of the
country’s efforts to secure long-term energy supply and
satisfy the country’s rising demand. Since then, work on
developing the legal, regulatory, and financial framework
has begun to meet the renewable energy generation objec-
tives that have been set (Chachuli et al. 2021). The annual
trend of renewable energy use in Malaysia is presented in
Fig. 4. In 1990, renewable energy accounted for about 12%
of the total final energy consumption, but by 2010, that fig-
ure had dropped to under 4%. However, since 2010, with the
adoption of several policy programs, Malaysia’s renewable

Fig.4 Annual trend of renew-
able energy use in Malaysia
Source: World Bank (2021)
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energy use has steadily increased, reaching 6% of total final
energy use in 2018.

Several studies reported that CO, emissions could
be reduced by increasing renewable energy use by using
econometric approaches. Liu (2020) reported that renew-
able energy use would reduce CO, emissions in China. Baek
(2016) reported that using renewable energy reduces CO,
emissions in the United States. Boliik and Mert (2015) high-
lighted the potential of renewable energy sources in reducing
emissions in Turkey. Sugiawan and Managi (2016) reported
that boosting renewable energy use in Indonesia might
reduce CO, emissions. Danish et al. (2017) and Waheed
et al. (2018) reported that renewable energy has a major role
in lowering CO, emissions in Pakistan. Jebli and Youssef
(2015) reported that increasing renewable energy usage in
Tunisia decreases CO, emissions. Al-Mulali et al. (2016)
reported that renewable energy reduces CO, emissions in
Kenya. Sharif et al. (2020) found a strong negative relation-
ship between renewable energy use and environmental dete-
rioration in China, the USA, Japan, Canada, Brazil, South
Korea, and Germany. Dogan and Seker (2016) reported that
increases in renewable energy consumption reduce carbon
emissions in the top renewable energy countries. Khan et al.
(2017) reported that increasing renewable energy consump-
tion is good for the environment and reduces the use of tra-
ditional energy sources in Europe. For 25 African nations,
Zoundi (2017) found that renewable energy hurt CO, emis-
sions. Irandoust (2016) reported that renewable energy
increases environmental well-being in Nordic nations. Par-
amati et al. (2017) reported that renewable energy usage
significantly decreases CO, emissions in G20 nations. Liu
et al. (2017) suggest that economic growth and renewable
energy negatively influence CO, emissions in the BRICS.
Furthermore, according to Dong et al. (2017), renewable
energy might serve as a cleaner alternative for other fossil
fuels, resulting in considerable CO, emissions reductions
for the BRICS countries. Shafiei and Salim (2014), Bilgili
et al. (2016), and Jebli et al. (2016) reported that renewable
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energy consumption reduces CO, emissions in OECD coun-
tries. Ito (2017) reported that renewable energy contributes
to emissions reductions in 42 developing nations. Bhattacha-
rya et al. (2017) reported that the increased use of renewable
energy has a considerable negative impact on CO, emissions
in 85 developed and developing economies throughout the
world. Zhang and Liu (2019) reported that the expansion of
renewable energy helps improve the environment in Asian
countries. However, there are limited studies in Malaysia
to explore the potential of renewable energy use to reduce
environmental degradation. Sulaiman et al. (2013) reported
the potential of renewable energy to assure the sustainability
of power supply and limit CO, emissions in Malaysia.

Furthermore, technological innovation is critical for
increasing energy efficiency. Advanced technologies ena-
ble the economy to achieve a certain amount of production
while consuming less energy (Sohag et al. 2015). In addi-
tion, technical progress allows the economy to transition
from depletable to renewable energy sources to fulfill energy
demands. As a result, technological innovations cut energy
consumption and CO, emissions from the burning of fos-
sil fuels. With the rapid economic expansion, Malaysia has
seen a lot of technical innovation. Figure 5 depicts the trend
of technological innovation in Malaysia (as assessed by the
number of patents). Following a surge in patent applications
in 1997, Malaysia’s patent application submissions began
to decline in 2007. Figure 5 indicates that the number of
patents rose dramatically between 1985 and 2019, suggest-
ing considerable technical innovation occurred in Malaysia.
Thus, it is essential to track the dynamic effects of technol-
ogy advancement on CO, emissions.

According to the endogenous economic growth hypoth-
esis, increased research and development (R&D) spend-
ing can enhance economic production efficiency and
resource usage efficiency. However, the impact of technol-
ogy advancements on environmental quality, particularly
CO, emissions, remains unknown (Chen and Lee 2020).

Fig.5 Annual trend of the 9000
number of patent applications
representing technological
innovation in Malaysia
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According to Kumar and Managi (2009), technological
innovation lowered CO, emissions in rich countries while
increasing CO, emissions in most developing countries.
According to Chen and Lee (2020), technical innovation in
high-income nations efficiently decreases CO, emissions
and is thus considered environmentally beneficial green
technology innovation. Several studies have shown that
technological innovation reduces CO, emissions. Accord-
ing to Ahmed and Ozturk (2018), Zhang et al. (2019),
Khan et al. (2019), and Shahbaz et al. (2020), China’s
technological innovation efficiency have a significant
positive impact on environmental performance. Accord-
ing to Ang (2008), CO, emissions in China are adversely
connected to research intensity, technology transfer, and
the economy’s ability to absorb foreign technology. Lin
and Zhu (2019) also claim that renewable energy-driven
innovation in China decreases carbon dioxide emissions.
Rahman et al. (2019) reported that the adoption of clean
technology by international businesses might enhance
environmental quality in Pakistan by lowering carbon
emissions. Ahmed et al. (2016) reported that technologi-
cal innovation improves environmental quality by reduc-
ing CO, emissions in 24 European nations. According
to Churchill et al. (2019), technical advancements in G7
nations improve environmental quality. Ganda (2019)
reported that clean energy consumption and R&D spend-
ing assist OECD nations in reducing CO, emissions. It is
now commonly acknowledged that technical advancements
play a significant role in lowering GHG emissions while
maintaining economic growth; as a result, any improved
understanding of the process of technological innovation
is likely to expand our knowledge of mitigation options
(Bosetti et al. 2008). Despite this hopeful development, the
mechanisms of knowledge accumulation remain a mystery,
and the true potential of technological innovation is yet
unknown.
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3 Methodology
3.1 Study design and settings
3.1.1 Data

This study provides an empirical analysis of the dynamic
impacts of economic growth, renewable energy use, and
technological innovation on CO, emissions in Malaysia
by employing the dynamic ordinary least squared (DOLS)
approach of cointegration by Pesaran and Shin (1995) and
Pesaran et al. (2001). Time-series data from 1990 to 2019 for
Malaysia were obtained from the World Development Indi-
cator (WDI) dataset. This research considers CO, emissions
as the dependent variable while economic growth, renew-
able energy use, and technological innovation as explana-
tory variables. This study measures CO, emissions as kilo-
tons (kt), economic growth as GDP (constant local currency
unit), renewable energy use as the percentage of total final
energy use, and technological innovation as the total num-
ber of patent applications (residents and non-residents). It
ought to be noted that technological innovation refers to a
country’s industrial and commercial organizations’ interest
in finding new technology, which can be measured using a
quantitative metric such as the number of patents (Tang and
Tan 2013). Patenting activities may be used as a proxy for
technological innovation since green patents are the codified
form of technology. Growth in patent applications indicates
that industries and private groups are interested in utilizing
new and green technology (Fei et al. 2014). Lastly, the vari-
ables are transformed into a logarithm to ensure that data are
normally distributed. The variables with their logarithmic
forms, measurement units, and data sources are presented
in Table 1.

3.1.2 Empirical model

Theoretically, CO, emission is associated with income.
Assuming the market clearing condition, where CO, emis-
sions equal economic growth, the following function is writ-
ten within the framework of the standard Marshallian demand
(Friedman 1949) function at time ¢ as:

CO,, = f(GDP,), (1

CO, = f (GDP; RNE,; TI,), where, CO,, is the CO,
emissions at time #, and GDP, is the economic growth at
time ¢.

Furthermore, this study intends to estimate the influence
of renewable energy use on CO, emissions. Hence, Eq. (1)
can be as follows:

CO,, = f (GDP; RNE,), 2)

where RNE, is the renewable energy use at time t.

Based on the discussion in the introduction section, tech-
nological innovation can influence energy use in many ways;
therefore, this study considers technological innovation in
the model. Sohag et al. (2015) revealed that technological
innovation is a crucial factor in spurring economic growth
by accelerating factor productivity and ensuring energy effi-
ciency. This study focuses on whether technological innova-
tion reduces CO, emissions. This research measures techno-
logical innovation as the total number of patent applications
following the empirical studies of Ang (2008); Madsen et al.
(2010); Tang and Tan (2013); Bonilla et al. (2014); Fei et al.
(2014); Sohag et al. (2015); Ahmed et al. (2016); Fan and
Hossain (2018); Wu et al. (2018); and Villanthenkodath
and Mahalik (2020). Therefore, it could be assumed that
the parameter of the partial change in CO, emissions due to
changes in technology should be negative.

The present study used the following economic functions
to determine the interaction between CO, emissions, eco-
nomic growth, fossil fuel energy use, renewable energy use,
and technological innovation:

CO,, = f (GDP; RNE; TI,), 3)

where TI, is the number of patent applications at time t.
The next equation depicts the empirical model:

CO,,= 1 + 7,GDP, + 7,RNE, + ©;TI,, 4)
Equation (4) is further expanded as the econometric

model in the following form:

CO,, = 7y + 7v,GDP, + 7,RNE, + 7;TI, + ¢, 3)

where 1, and ¢, stand for intercept and error term, respec-

tively. In addition, t,, T,, and 75 denote the coefficients.

Moreover, Eq. (6) shows the logarithmic arrangement of
Eq. (5):

Table 1 Variables with their

X . X Variables  Description Logarithmic forms  Units Sources
logarithmic forms, units, and
data sources CO, CO, emissions LCO, Kilotons (kt) WDI
GDP Economic growth LGDP Ringgit Malaysia (RM) WDI
RNE Renewable energy use LRNE % of total final energy use WDI
TI Technological innovation LTI Number of patent applications ~ WDI
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LCO,, = 1y +7,LGDP, + T,LRNE, + T;LTI, + &,  (6)

where LCO2, is the logarithmic form of CO, emissions at
time t, LGDP, is the logarithmic form of economic growth
at time t, LRNE, is the logarithmic form of renewable energy
use at time t, and LTI, is the logarithmic form of technologi-
cal innovation at time t.

3.1.3 Flow chart of the analysis

The flow chart of the analysis techniques employed in the
present study to explore the dynamic interaction of economic
growth, renewable energy use, and technological innovation
on CO, emissions in Malaysia is depicted in Fig. 6.

3.2 Stationarity techniques for data

Conducting a unit root test is essential to avoid erroneous
regression. It verifies that variables included in regression
are stationary by differencing them and using the stationary
processes in estimating the equation of interest (Mahadeva

Fig.6 Flow chart of the analy-
sis techniques employed in the
present study
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data. It contains explanatory factors and leads and lags of
their initial difference terms to regulate endogeneity and to
calculate the standard deviations using a covariance matrix
of errors resistant to serial correlation. The inclusion of the
different terms’ leads and lags confirms that the error term
is orthogonalized. The standard deviations of the DOLS
estimators provide a valid test for the statistical significance
of the variables because they have a normal asymptotic dis-
tribution (Wang 2012). When a mixed order of integration
occurs, the DOLS approach effectively allows individual
variables in the cointegrated outline to be integrated by esti-
mating the dependent variable on explanatory variables in
levels, leads, and lags.

The DOLS estimation’s main advantage is the mixed
order integration of individual variables in the cointegrated
outline. For example, in DOLS estimation, one of I(1) vari-
ables was regressed against other variables, some of which
were I(1) variables with leads (p) and lags (— p) of the first
difference. In comparison, others were 1(0) variables with a
constant term (Alcantara and Padilla 2009). As a result of
aggregating the leads and lags among explanatory variables,
this estimate solves slight sample bias, endogeneity, and auto
correlation issues (Stock and Watson 1993). The DOLS test
by the present study is depicted as follows in Eq. (7):

spurious regressions. Moreover, the CCR technique entails
data transformation using only the stationary component
of a cointegrating model. After such data transformation, a
cointegrating link provided by the cointegrating model will
stay unaffected. In a cointegrating model, the CCR transfor-
mation makes the error term uncorrelated with regressors at
zero frequency. Consequently, the CCR approach produces
asymptotically efficient estimators and asymptotic chi-square
tests that are free from nuisance parameters. By analyzing
the influence of serial correlation, asymptotic coherence can
be obtained using FMOLS and CCR approaches. Therefore,
long-term elasticity is assessed in this research by utilizing
FMOLS and CCR estimators using Eq. (7).

3.5 Pairwise Granger causality

The present research intends to capture the causal effects
between the variables. Therefore, we utilize the pairwise
linear Granger causality test proposed by Granger (1969)
to examine if there is a causal association between the vari-
ables. Granger causality is a statistical concept of causa-
tion based on a prediction that has several advantages over
other time-series research approaches (Winterhalder et al.
2005) and is therefore used in this study. If a time-series Y

q
ALCO2, =1, +1,LCO2,_, + T,LGDP,_, + T;LRNE,_, + T,LTI_, + )’ y,ALCO2,

q
+

i=1 i=1 i=1

=1 )

q q
T,ALGDP,_; + ) v;ALRNE,_; + ) v,ALTI_; +¢,

where A is the first difference operator and q is the optimum
lag length in Eq. (7).

3.4 Cointegration regression to check
the robustness of DOLS estimation

We employed the fully modified OLS (FMOLS) proposed
by Hansen and Phillips (1990) and Park’s (1992) Canoni-
cal Cointegrating Regression (CCR) to ensure the robust-
ness of DOLS outcomes. The FMOLS approach modifies
least squares to account for serial correlation repercussions
and endogeneity in the independent variables caused by the
existence of cointegrating interaction. Polynomial regression
of deterministic variables, stationary error, and integrated
processes were all made easier. The errors can be connected
serially, and the regressors can be endogenous. The FMOLS
method is capable of estimating non-stationary I(1) data
where it can use standard regression techniques (OLS) of
the non-stationary (unit root) data to add to the problem of

can help predict the future of another time-series X, then Y
"Granger-causes" X. The time series of these two variables
have data length T, denoting their values at time t by X, and
Y, (t=1,2,...,T), respectively. However, X, and Y, can be
modeled by a bivariate autoregressive model:

X, =

1

(a1, Xy +ap, Y ) + & (8)

M=

1

M=

Y= ) (ay, X + 25, Yoy) + &, 9)

1

where p is the model order, ajj, (ij=1,2) are coefficients of
the model, and ¢, and &, represent residuals. Ordinary least
squares can estimate the coefficients, and the Granger cau-
sality between X and Y can be detected by F tests (Tam and
Chang 2013).
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Table 2 Summary statistics of the variables

Variables LCO2 LGDP LRNE LTI
Mean 11.87185 27.27076 1.820436  8.552015
Median 11.99460 27.29024 1.757384  8.680641
Maximum 12.49114 27.98270 2483284  8.952476
Minimum 10.93649 26.39816 1.340000 7.742836
Std. Dev 0.467520 0.449577 0.318560 0.381797
Skewness — 0476756 —0.193111 0.562669 — 0.105425
Kurtosis 1.984539 2.060428 2291031 2.627306
Jarque-Bera  2.425434 1.289954 2211281 2.116429
Probability 0.297388 0.524675 0.330999 0.046971
Sum 356.1556 818.1227 54.61307 256.5604
Sum Sq. Dev  6.338665 5.861458 2.942936  4.227299
Observations 30 30 30 30

Table 3 The results of the correlation analysis

LCO2 LGDP LRNE LTI
LCO2 1.000000 0.987623  —0.851639 0.747026
LGDP 0.987623 1.000000  —0.782246 0.765253
LRNE —0.851639  —0.782246 1.000000 - 0.638969
LTI 0.747026 0.765253  —0.638969 1.000000

4 Empirical Findings
4.1 Summary statistics

The outcomes of the summary measures amid variables are
shown in Table 2 together with the statistical estimates of
different normality tests (skewness, probability, kurtosis, and
Jarque—Bera) used. Each variable includes 30 observations
of time-series data from 1990 to 2019 for Malaysia. The
values of skewness by the variables are close to zero, imply-
ing that all the variables adhere to normality. Furthermore,
the research employed kurtosis to evaluate if the series is
light-tailed or heavy-tailed compared to a normal distribu-
tion. The empirical findings indicate that all the series are
platykurtic as their values are less than three. In addition, the

Jarque—Bera probability results reveal that all the parameters
are normal. The unit root test for stationarity of the variables
and further analysis of the DOLS estimation is based on
these statistics.

4.2 Correlation between the variables

Correlation analysis to test for linear relationships between
the variables is presented in Table 3. The results reveal that
all the variables are correlated to one another. LCO,, LGDP,
and LTI indicate a robust and positive correlation, which
implies that when the value of one variable increases, the
value of the other variable also tends to increase and vice
versa. However, LRNE shows a negative correlation with
LCO,, LGDP, and LTI, which reveals that when the value
of renewable energy use increases, the other variable’s value
tends to decrease and vice versa.

4.3 Results of unit root tests

This study used the Augmented Dickey—Fuller (ADF),
Dickey—Fuller generalized least squares (DF-GLS), and
Phillips—Perron (P-P) unit root tests to check the data
stationarity. The outcomes of the unit root tests by ADF,
DF-GLS, and P—P are presented in Table 4. The findings of
unit root tests show that LCO,, LRNE, and LTI were found
stationary at the level and remained stationary after taking
the first difference in ADF and P-P tests. In contrast, they
have been found non-stationary at the level and become sta-
tionary after taking the first difference in the DF-GLS test.
In addition, LGDP was found non-stationary at the level but
became stationary at the first difference in ADF and DF-
GLS tests, while it has been found stationary at the level and
remained stationary after taking the first difference in the
P—P test. Hence, the occurrence of mixed orders integration
for variables estimated by the ADF, DF-GLS, and P—P tests
justify using the DOLS method.

4.4 DOLS outcomes

The outcomes of the DOLS estimated by using Eq. (7) are
presented in Table 5. When other variables are held constant,

Table 4 The results of unit root

tests Logarithmic form of the variables LCO, LGDP LRNE LTI
ADF Log levels — 2.8348%** 0.5494 —2.6898* — 2.3364%*
Log first difference — 5.1480%** — 3.9483%** —3.2011%** — 5.9553##*
DF-GLS Log levels —0.1546 0.8857 —1.1396 — 1.4943
Log first difference — 4.3382%%% — 2.1431%* — 3.2830%** — 6.0676%**
P-P Log levels — 7.2492%%% — 1.9162%* — 2.4589%* — 2.2483%*
Log first difference — 5.1561%%* — 4.8207#** —3.2011%** — 6.2034%**

sk
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Table 5 The outcomes of

> Variables Coefficient Standard Error t-Statistic p-value
DOLS: dependent variable
LCo2 LGDP 0.875461 %% 0.037598 23.28499 0.0000
LRNE —0.296109***  0.035668 —8.301767 0.0000
LTI —0.052112 0.030482 — 1.709600 0.1094
C —10.97381#** 0.997077 11.00598 0.0000
R? 0.997033
Adjusted R? 0.994491
Standard error of the estimate 0.044519
Long run variance 0.000531
F-statistic 1104.454
Prob (F-statistic) 0.000000
Root mean square error (RMSE) 0.040560

the estimated coefficient of LGDP is positive and significant
at a 1% level, implying that a 1% rise in economic growth
would result in a 0.86% increase in CO, emissions. This
finding reveals that economic development triggers envi-
ronmental degradation in the long run. Furthermore, the
estimated coefficient of renewable energy use is negative
and significant at a 1% level, indicating that increased use
of renewable energy by 1% is associated with reducing CO,
emission by 0.3% in the long run. This reveals the emis-
sion reduction potential by expanding the use of renewable
energy in Malaysia. In addition, the estimated long-run coef-
ficient of technological innovation is negative, implying
that a 1% increase in technical innovation results in a 0.05%
reduction in CO, emissions. The DOLS results demonstrate
that increased renewable energy use and technological inno-
vation improve the environment by reducing carbon emis-
sion while economic growth deteriorates the environmental
quality in Malaysia.

Moreover, it is noteworthy that the signs of the estimated
coefficients are consistent both theoretically and practi-
cally. We also used a variety of diagnostic tests to assess
the goodness of fit of our estimated model. First, the R? and
adjusted R? values are 0.9970 and 0.9945, respectively, sug-
gesting that the estimated regression model fits quite well.

, #*, and * signify significance at the 1%, 5%, and 10% levels, respectively

This means that the independent variables may account for
99% of the dependent variable’s change variation. Second,
the F- statistic indicates that the dependent and independent
variables support the estimated DOLS regression. The F-
statistic has a p-value of 0.0000, indicating that the model’s
linear relationship is statistically significant. Third, the root
mean square error (RMSE) score is 0.0406 (near 0) and non-
negative, indicating that the DOLS model’s outputs are a
near-perfect match to the data.

4.5 Robustness check

We utilized the FMOLS and CCR estimators to verify the
consistency of DOLS estimation. The FMOLS and CCR
estimation results for the model are presented in Table 6
and Table 7. The outcomes of FMOLS and CCR esti-
mation provide evidence of the robustness of the DOLS
estimation. The FMOLS and CCR estimation results con-
firmed the positive coefficient of economic growth, which
is significant at a 1% level. Furthermore, both FMOLS and
CCR estimation outcomes verified the negative coefficient
of renewable energy use at a 1% level of significance. The
results from FMOLS and CCR estimation further validate
the inverse association between technological innovation

Table 6 The results of FMOLS:

- Variables Coefficient Standard Error t-Statistic p-value
dependent variable LCO2

LGDP 0.894965%** 0.033479 26.73231 0.0000
LRNE —0.298103*** 0.040099 — 7.434088 0.0000
LTI —0.042413 0.032486 — 1.305562 0.2036
C — 11.62634%** 0.848212 — 13.70688 0.0000
R? 0.990817
Adjusted R? 0.989716
Standard error of the estimate 0.044674
Long run variance 0.001767

sk
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and CO, emissions. Hence, it can be stated that eco-
nomic growth increases CO, emissions in Malaysia while
renewable energy use and technological innovation help
to reduce CO, emissions. The outcomes of the FMOLS
and CCR are duly in line with the findings from DOLS
outcomes. The R? and adjusted R? values from FMOLS
and CCR estimation reflect the model’s goodness of fit.

4.6 Diagnosticinspection

We performed normality, heteroscedasticity, and serial
correlation analysis to verify the intensity of the coin-
tegration valuation. Table 8 shows the diagnostic test
results. The model indicates normality and nonexistence
of autocorrelation and heteroscedasticity. In addition,
we employed the cumulative sum of recursive residuals
(CUSUM) and cumulative sum of squares of recursive

residuals (CUSUMQ) test to check the stability of the
model. The CUSUM and CUSUMQ plots at a 5% sig-
nificance level are presented in Fig. 7. The values of the
residuals are represented by blue lines, while the confi-
dence levels are represented by red lines. At a 5% signifi-
cance level, the calculated results show that the studied
residuals’ values remain within the lines of confidence,
which confirms the model’s stability.

4.7 Pairwise granger causality

The relationship between the variables indicates that there
is the existence of Granger causality, which the F-statistic
determines. The summary of pairwise Granger causality
is presented in Table 9 including the causality direction
between the variables, such as, left to right (—), right to left
(«), and no causality (#). The pairwise Granger causality

Table 7 The results of CCR:

. Variables Coefficient Standard Error t-Statistic p-value
dependent variable LCO,
LGDP 0.903899%#* 0.040059 22.56420 0.0000
LRNE — 0.288821%** 0.045213 — 6.388004 0.0000
LTI —0.044472 0.031445 — 1.414289 0.1696
C — 11.86808*** 1.051169 —11.29037 0.0000
R? 0.990701
Adjusted R? 0.989585
Standard error of the estimate 0.044957
Long run variance 0.001767
“* ## and * signify significance at the 1%, 5%, and 10% levels, respectively
Ta.lble 8 The results of Diagnostic tests Coefficient p-value Decision
diagnostic tests
Jarque—Bera test 2.072585 0.0176 Residuals are normally distributed
Breusch—-Godfrey LM test 47.97189 0.0000 No serial correlation exits
Breusch—Pagan—Godfrey test 14.42781 0.0000 No heteroscedasticity exists
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Fig. 7 Plot of CUSUM and CUSUMAQ (critical bounds at 5% significance level)
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Table 9 The results of pairwise
Granger causality test

Null Hypothesis F-statistic Decision on N- Causality Direction
Hypothesis

LGDP does not granger cause LCO, 0.56655%** Reject LGDP—LCO,

LCO, does not granger cause LGDP 0.47761 Accept

LRNE does not granger cause LCO, 0.00237 Accept LRNE#LCO,

LCO, does not granger cause LRNE 2.36021 Accept

LTI does not granger cause LCO, 0.05415 Accept LTI#LCO,

LCO, does not granger cause LTI 2.22135 Accept

LRNE does not granger cause LGDP 1.12833 Accept LRNE «<LGDP

LGDP does not granger cause LRNE 3.82443% Reject

LTI does not granger cause LGDP 2.70189 Accept LTI+—LGDP

LGDP does not granger cause LTI 3.19184* Reject

LTI does not granger cause LRNE 1.55544% Reject LTI—LRNE

LRNE does not granger cause LTI 0.40424 Accept

test results reveal unidirectional causality from LGDP to
LCO,, LGDP to LRNE, and LGDP to TI, due to statistical
significance leading to the rejection of the null hypothesis.
This indicates that economic growth causes CO, emissions,
economic growth causes renewable energy use, economic
growth causes technological innovation, and technological
innovation causes renewable energy use in Malaysia. The
results suggest that economic prosperity can stimulate the
increase in renewable energy use and technological innova-
tion. Economic growth is critical for expanding the renew-
able energy sector because it provides the resources needed
to study and develop renewable energy technologies and
infrastructure. However, the pairwise Granger causality
test indicates no causal relationship of CO, emissions with
renewable energy use and technological innovation. Figure 8
presents the causality between the examined variables.

Fig.8 Granger causality
between the examined variables
Source: World Bank (2021)

Technological innovation |«

, **, and * denote significance at the 1%, 5%, and 10% levels, respectively

5 Discussion

The present study investigates the interconnection between
economic growth and environmental pollution for the case
of Malaysia, and the empirical results showed that eco-
nomic development exerts a positive and significant impact
on CO, emissions in the long run. The outcome indicates
that a decrease in environmental sustainability accompanies
an increase in economic growth. The fact that fossil fuels,
which produce both environmental damage and economic
growth, are the major sources for industry and agriculture in
Malaysia causes the positive influence of economic expan-
sion on CO, emissions (Begum et al. 2020). Since industrial
growth is linked to infrastructure expansion, trade creation,
and economic capitalization, which favorably impact invest-
ment and company production, increasing oil consumption,

CO, emissions

Economic growth Renewable energy use

Unidirectional causality ——
No causality
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emissions have begun to rise in Malaysia (Adebayo and
Odugbesan 2021). Furthermore, fundamental economic
shifts, such as moving from rural to industrial activities, are
primarily responsible for this effect. Malaysia’s economy
is currently moving to the services sector, which consumes
a lot of energy. Furthermore, faster economic expansion
implies more rapid urbanization and higher energy con-
sumption, both of which increase CO, emissions owing to
the misuse or misallocation of non-renewable energy sources
(Begum et al. 2017). According to Adebayo and Akinsola
(2021), rising economic growth is associated with greater
environmental pollution. It adds to more societal demands
being satisfied through consumption and development activi-
ties, resulting in more pollution, waste, and environmental
deterioration. Thus, economic activities appear acceptable
for environmental protection and development rather than
constituting a danger to long-term environmental qual-
ity (Wang et al. 2020). Malaysia’s most pressing task is to
promote economic development while lowering CO, emis-
sions (CO, accounted for three-quarters of GHG emissions).
Hence, unless the economy significantly converts to employ-
ing low-carbon technology for manufacturing products and
services, the capacity to reach a 45% decrease in emission
intensity may be jeopardized (Zhang et al. 2021). Solid poli-
cies and methods to minimize reliance on fossil fuel sup-
plies, energy intensity, and CO, emissions are required to
achieve sustainable development.

This study attempts to examine the possibilities of renew-
able energy resources in Malaysia for lowering GHG emis-
sions. According to our empirical result, renewable energy
usage appears to have a critical role in lowering CO, emis-
sions in Malaysia. The estimates demonstrate that renewable
energy consumption has a negative and significant impact on
CO, emissions, implying that increasing renewable energy
sources in the total energy mix can help Malaysia reduce
CO, emissions. The findings are consistent with Sulaiman
et al. (2013); Shafiei and Salim (2014); Jebli and Youssef
(2015); Boliik and Mert (2015); Al-Mulali et al. (2016);
Baek (2016); Bilgili et al. (2016); Irandoust (2016); Jebli
et al. (2016); Dogan and Seker (2016); Sugiawan and Man-
agi (2016); Bhattacharya et al. (2017); Danish et al. (2017);
Dong et al. (2017); Ito (2017); Liu et al. (2017); Paramati
et al. (2017); Khan et al. (2017); Zoundi (2017); Waheed
et al. (2018); Zhang and Liu (2019); Liu (2021); and Sharif
et al. (2020) suggest that renewable energy leads to environ-
mental improvements. In addition, Chachuli et al. (2021)
reported that renewable energy development for power gen-
eration had a beneficial environmental impact on Malay-
sia. CO, emissions are falling in tandem with the country’s
renewable energy growth. Malaysia effectively decreased
up to 0.16% of CO, emissions from renewable energy gen-
eration by 2.77 million tonnes over seven years during the

@ Springer

renewable energy policy transition from 2012 to 2018 (Cha-
chuli et al. 2021).

Malaysia has many green energy sources that can be
developed such as solar, hydro, wind, geothermal, tidal
waves, biomass, and biodiesel. Solar energy has been one of
the rising green technologies in the renewable energy indus-
try for Malaysia. Solar energy is an elegant means of produc-
ing electricity directly from the sun, without the concern for
fuel supply or environmental impact. It is renewable, clean,
and does not emit pollutants in the process of electricity
generation. Practically, solar power devices can be designed
for a variety of applications or operational requirements,
either centralized or distributed power generation. Malay-
sia, located in the wet and humid tropics, with a hot climate
coupled with temperature averages of 25 °C, is favorable
for the development of solar energy. According to the report
documented by the Ministry of Energy, Water and Commu-
nications, an installation of the solar photovoltaic system in
Malaysia would produce energy of about 900-1400 kWh
per year, and the areas located in the Northern and Eastern
regions demonstrate the highest potential for solar energy
application. The most significant project is the Green Energy
Office (GEO) building, an administration-cum-research
office integrated with photovoltaics panels to provide elec-
tricity for the building uses, during the peak daylight hours.

Hydroelectricity is a renewable energy source contribut-
ing 6% to the world energy supply, and 2.8% of Malaysia’s
total electricity requirements. With a fair amount of sun-
shine, and a high rainfall rate well distributed throughout
the year, Malaysia poses an ideal and substantial potential
for hydropower generation. The hydropower potential in
Malaysia is estimated at 29,000 MW, with 85% located in
East Malaysia; however, only 2000-MW of the resource has
been fully utilized. This is basically due to the high capital
investment required for its development. Furthermore, wind
energy is a green power technology with minimal environ-
mental impact that has significant potential to promote the
building of tourist resort islands in the long term (Foo 2015).
However, the current utilization of wind energy in Malaysia
is limited and depends on the availability of wind resources
that varies with location. Moreover, ocean energy is another
promising renewable energy source available in Malaysia
that can be harnessed into the form of ocean current, waves,
tides, thermal difference, and salinity gradient. East Malay-
sia has a great potential for tidal energy extraction, with
total electricity of 14.5 GWh/year. This implementation
could save natural gas and avoid the emission of 4.5 mil-
lion tons of GHG per year. Furthermore, Malaysia has been
seriously considered nuclear potential as a stable base for
power generation. Despite its prominent role to serve as a
clean and valuable source of energy, its wide-scale devel-
opment is retarded by the high capital cost. In addition,
green hydrogen is beginning to attract more attention from



Environment Systems and Decisions

both policymakers and investors because of its long-term
sustainability.

Moreover, about 60% of the total land area in Malaysia
is still being forested, while 15% is applied for agriculture
activities. The expansion of the palm oil industry is expected
to generate huge quantities of biomass wastes that are plan-
ning to use as a potential source of renewable energy. Due
to the huge volume of oil palm availability, palm biomass
exerts high green potential as an indigenous, affordable, and
clean source of energy for system heating or power genera-
tion. Additionally, Malaysia holds a large volume of wood
biomass, with only 60-65% of the residues having been har-
vested for energy. Furthermore, with a significant portion of
organic compounds, a high potential energy resource, known
as landfill gas (biogas) is naturally produced in Malaysia
from the anaerobic degradation at waste management facili-
ties. This gas can be used for power generation, transporta-
tion, and cooking. Moreover, being the world’s largest pro-
ducer and exporter of oil palm, Malaysia emerged as one
of the pioneers in the palm biodiesel industry. The current
installed biodiesel production capacity is about 10.2 mil-
lion tons and there are several active biodiesel plants to be
installed, expected to commence another commercial pro-
duction of 1.49 million (Foo 2015). The development of
bioethanol is another efficient and new idea for the Malay-
sian fuel industry. Among the numerous types of renewable
energy, ethanol derived from biomass, or second-generation
bioethanol, is currently the most advanced environmentally
friendly biofuel, which offers greater promise in replacing
fossil fuels as it does not compete with the human food sup-
ply. Malaysian oil palm empty fruit bunches are being used
for bioethanol production since 2015, substituting about 2%
of the Malaysian petrol consumption. Since the country is
bestowed with abundant agricultural resources, palm-based
bioethanol with high viability in transportation systems is
still the main focus of practical interest.

However, Malaysia’s average percentage of renewable
energy in overall primary energy use is only about 6%,
which is lower than the worldwide average of 18% (World
Bank 2021). The lower levels of renewable energy consump-
tion in Malaysia could not significantly promote economic
growth and emission reduction. As a result of the growing
global environmental consciousness, it is essential to shift
Malaysia’s energy balance to renewables to enable sustain-
able energy sources and build an environmentally healthy
ecosystem. Infrastructure concerns and institutional and
administrative structures may provide a barrier to renewable
energy implementation. The presence of these impediments
can either prohibit the implementation or result in higher-
than-expected expenses. Moreover, due to monopsony power
and knowledge asymmetries, as well as financial and techni-
cal constraints, Malaysia’s renewable energy market is not
effective. Hence, overcoming these roadblocks is critical to

adopting renewable energy (Bhattacharya et al. 2017). How-
ever, the Malaysian government aimed to increase renew-
able energy’s contribution to the national energy mix to 20%
by 2025. This policy has initiated programs to expand the
national accessibility of renewable energy (Chachuli et al.
2021). The Malaysian government is now working on the
Renewable Energy Transition Roadmap, aiming to achieve
anational objective of 25% renewable energy by strengthen-
ing existing renewable energy programs and examining new
techniques for scaling up renewable energy projects (Cha-
chuli et al. 2021). The new renewable energy target will
maintain the country’s energy supply continuity and lessen
the environmental burden caused by the country’s excessive
reliance on the fossil-fuel-based energy system.

Our study reveals the unidirectional causality from eco-
nomic growth and technological innovation to renewable
energy use, indicating that economic growth and modern
technologies cause renewable energy use. Azlina et al.
(2014) support our finding, discovering unidirectional
causality running from economic growth to renewable
energy consumption in Malaysia. Economic growth stim-
ulates modern technologies to increase the use of more
renewable energy sources. Instead, the government’s com-
prehensive renewable energy promotion plan has elevated
the renewable energy industry to a vital economic sector,
contributing significantly to the country’s socioeconomic
and long-term progress. Furthermore, the development
of renewable energy has made significant contributions
to climate change mitigation, the energy sector, banking
and finance, and, most significantly, people’s well-being
through creating jobs, affordability, and a cleaner environ-
ment (Chachuli et al. 2021). Malaysia plans to increase the
share of renewable energy in its installed capacity to 31%
in 2025 and 40% in 2035 under its power generation plan.
Continuous economic expansion is likely to stimulate the
supply of renewable energy by providing the resources
needed to study and develop renewable energy technolo-
gies and infrastructure, resulting in a reduction in CO,
emissions in Malaysia.

Moreover, we explore the potential of technological inno-
vation to reduce environmental degradation in Malaysia.
The empirical finding indicates that an increased number
of patent applications can lead to a decline in CO, emis-
sions. This means that using clean technologies in the
manufacturing process might help to enhance Malaysia’s
environmental quality. Most researchers believe that tech-
nological innovation will help reduce CO, emissions and
improve environmental quality (Ang 2008, Yang and Li
2017; Chen and Lee 2020). Our result is aligned with the
findings from Ang (2008); Ahmed et al. (2016); Ahmed
and Ozturk (2018); Khan et al. (2019); Rahman et al.
(2019); Shahbaz et al. (2020); Churchill et al. (2019); and
Ganda (2019); and Zhang et al. (2019) who reported that
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technological innovations promote environmental quality.
However, our study outcome indicates that the emission
reduction potential of technological innovation is not as
much of renewable energy use. This indicates that Malaysia
is not paying adequate attention to developing low-carbon
technology innovation. Ali et al. (2016) reported that techno-
logical advancement has an environmentally friendly impact
on pollution reduction. Malaysia’s target to reduce carbon
emissions by 45% by 2030 can be met through transforma-
tive green growth and green technology adoption. Green
technologies can help Malaysia achieve its strategic goal
of pursuing green growth for sustainability and resilience.
As we move toward an era where there is a greater aware-
ness of the need for sustainable and environmentally friendly
behaviors, the discussion over the role that patent applica-
tions should play in mitigating climate change is becoming
more intense. While pursuing development, patents on green
technologies ensure that the environment is always protected
and conserved for current and future generations (Ridzuan
and Chew 2018).

However, the impact of technological innovation to
reduce CO, emissions is still in its early stage in Malay-
sia and will take the time to show some more outstanding
results in this regard. New technologies must be developed
through research and patent applications to soften the link
between carbon emissions and environmental sustainabil-
ity to achieve the emission reduction target. Part of this
endeavor is the development of technology that enables more
efficient energy usage, and it will likely play a significant
role in any future stabilization strategy. New technology,
such as hybrid cars, provides substantial energy savings
while maintaining the same level of service. Air condition-
ing systems that are more energy-efficient would save a lot of
money while maintaining the same level of comfort (Bosetti
et al. 2008). Our study reveals the unidirectional causality
from economic growth to technological innovation, which
indicates that economic growth accelerates technological
innovation. As a country’s income rises, it can invest more
in R&D and adopt more efficient technology. More efficient
technologies decrease the use of natural resources and pol-
lutants and trash generated as by-products, resulting in a
cleaner environment. For example, if adequate environmen-
tal management systems are in place to ensure proper waste
disposal, more investment in R&D is expected to improve
environmental quality.

Malaysia’s government submitted its Intended Nation-
ally Determined Contributions (INDC) in January 2016.
Malaysia intends to reduce its GHG emissions intensity of
GDP by 45% by 2030 relative to the emissions intensity of
GDP in 2005. This consists of 35% on an unconditional basis
and a further 10% is the condition upon receipt of climate
finance, technology transfer, and capacity building from
developed countries. The low-carbon Malaysia research is
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one of the outcomes emerging from the development of the
Low Carbon Society Scenarios for Asian Regions project
conducted by the Low Carbon Asia Research Group. The
group assembles some 50 researchers from multidisciplinary
backgrounds from Malaysia and Japan to create a low-car-
bon future for Asia, beginning with developing the Iskandar
Malaysia Low Carbon Society Blueprint. In Malaysia, the
potential of reducing the energy and GHG emission was
focused on renewables and energy efficiency in the power,
industry, commercial, and residential sectors. The Institute
of Energy Economics, Japan (IEEJ) compared its outlook for
Malaysia with the country’s INDC. IEEJ’s outlook has two
scenarios. The reference scenario assumes changes based
on the historical development of energy supply—demand and
moderate policy prospects, while the advanced technology
scenario assumes the application of stronger and ambitious
energy-environment policies and corresponding technolo-
gies. However, Malaysia’s unconditional INDC is almost the
same as or slightly better than the IEEJ’s reference scenario.
Since 2016, when Malaysia submitted the INDC, advanced
technology such as artificial intelligence and the internet of
things has been developing rapidly. For the transport sector,
electric vehicles are drawing much attention, and connected
cars or autonomous vehicles are just becoming available.
Compared with the intensity of GDP, which is the INDC,
the GDP growth rate exceeds the GHG emission growth rate,
so the GHG/GDP ratio is expected to decline. Nevertheless,
the total amount of GHG emissions would steadily increase.
If Malaysia were willing to set itself even more ambitious
targets, aggressive measures are required in the energy and
the transport sectors that account for large proportions of
GHG emissions. The outcome of the present study indicates
that the transfer of clean technologies from the developed
countries to Malaysia could help to reduce CO, emissions
and improve environmental quality in Malaysia.

6 Conclusion and policy implications
6.1 Conclusion

This study investigates the potential of economic growth,
renewable energy use, and technological innovation to
achieve Malaysia’s Paris Agreement by reducing carbon
emissions. Time-series data over the period 1990 to 2019
have been used to examine the dynamic impacts of the vari-
ables. The current study utilized ADF, DF-GLS, and P-P
unit root tests to capture the integration order of the series.
The DOLS estimator was employed to capture the long-run
impacts of economic growth, renewable energy use, and
technological innovation on CO, emissions in Malaysia. We
employed the FMOLS and CCR test as a robustness check
to the DOLS estimation. In addition, a pairwise Granger
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causality test was used to explore the causal relationship
between the study variables. The empirical findings indi-
cate that increased renewable energy use and technological
innovation improve the environmental quality in Malaysia
whereas economic growth has an adverse impact on envi-
ronmental degradation in the long run. From a Malaysian
perspective, our findings shed new light on the effects of
renewable energy use and technological innovation on envi-
ronmental quality. The policy recommendation is drawn
following the study outcomes to a low-carbon economy,
promote renewable energy use, and finance technological
innovation to ensure emission reduction in Malaysia.

6.2 Policy implications

Malaysia is completely dedicated to being a significant
player in the worldwide transition to a low-carbon and even-
tually carbon-free society, with the aim of reaching this goal
by 2050. Various initiatives to stimulate green growth would
be implemented in conjunction with Malaysia’s 2050 carbon
neutrality goal. Our research suggests that the policymakers
in Malaysia prepare an environmental policy that reduces
CO, emissions without jeopardizing economic growth. To
avoid pollution at the source, the “pollute first, then treat”
strategy might be altered, and the economic development
mode at the expense of the environment could be trans-
formed. In this respect, we recommend the government
assist markets by building a robust legislative framework
that generates long-term value for emission reductions and
continually promotes innovative technologies that lead to
a less carbon-intensive economy. The Malaysian govern-
ment may potentially implement carbon capture and stor-
age technology to reduce CO, emissions from fossil fuel
consumption in power generation and industries. Further-
more, economic development is highly emission-intensive,
and increased energy consumption and CO, emissions are
frequently associated with economic growth. Renewable
energy sources are becoming more important in manufac-
turing processes as technology improves and the desire for
environmental sustainability intensifies. Thus, fostering the
economic transition to renewables is critical for reducing
the environmental pressures caused by economic develop-
ment. Policymakers could also encourage and promote the
growth of renewable energy companies and technology.
These measures will help the economy increase the percent-
age of renewable energy consumption in overall energy con-
sumption by displacing CO,-intensive conventional energy
sources. Finally, we propose that institutional alignment is
required to encourage renewable energy consumption across
economic activities and assure long-term economic growth.

Our findings imply that the Malaysian government could
create and execute effective support policies to encourage
investment in new renewable energy technology to achieve

a consistent and sustained increase in renewable energy
consumption. The government might invest in renewable
energy projects through public—private partnerships. Poli-
cymakers could support renewable energy technological
progress by emphasizing renewable energy’s significant
impact on Malaysia’s energy sector. To raise public aware-
ness of renewable energy and environmental preservation,
regulatory regulations might be established. Furthermore,
increasing the share of renewable energy in overall energy
usage will long-term impact CO, emissions reduction and
industrialization. Therefore, the Malaysian government may
enhance the amount of renewable energy in the country’s
energy mix by investing in renewable energy infrastructure,
lowering renewable energy costs, and maximizing renew-
able energy efficiency. Due to emission control, greenhouse
gas, and fossil fuel exploitation methods, greater use of
renewable energy to replace fossil fuels reduces adverse
environmental and ecological consequences. Appropriate
and far-reaching actions in renewable energy generation
must be made to prevent climate change and guarantee that
Malaysia’s energy consumption is sustainable. New coal-
fired power facilities would not be built by the government.
In addition, many gas power facilities in Peninsular Malaysia
would be used to replace coal-fired power plants, resulting
in cleaner electricity generation. To assist environmentally
friendly transportation measures, the Malaysian government
would prioritize the development of the energy-efficient
automobile manufacturing business.

Moreover, through enhancing energy efficiency and tech-
nological innovation, CO, emissions may be decreased.
Malaysia has possibilities across various sectors to achieve
its goal of a 40% decrease in emissions intensity as a per-
centage of GDP. However, many mitigation measures are
constrained by the cost and applicability of suitable tech-
nology. The cost of producing renewable energy is still
greater than that of conventional energy. Thus, the Malay-
sian government might invest more in scientific research
and development to improve energy efficiency and lower
the cost of renewable energy. Furthermore, technical inno-
vation is crucial for high-quality economic development.
Malaysia could encourage the transition from a resource and
energy-driven economy to an innovation-driven economy
to minimize energy consumption. Therefore, Malaysia may
invest more in low-carbon technology research and devel-
opment to reduce emissions from manufacturing processes
and support long-term economic growth. The government
may perhaps enhance funding for businesses doing techno-
logical innovation research linked to energy conservation
and emission reduction and encourage firms to develop low-
carbon technology vigorously. Malaysia could investigate
the sources of pollutants and employ more targeted technical
advances to enhance environmental conditions. Hence, the
Malaysian government might increase its collaboration with
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universities and scientific research institutes to boost the effi-
ciency of technological innovation, mainly environmentally
green technology breakthroughs. In trade and partnership
with high-income nations, environmentally friendly techni-
cal innovation may be fostered as well.

Furthermore, the use of green technologies can be a way
to solve the climate change problem by offering consum-
ers to lead a healthier lifestyle such as alternative energy
resources, energy stores, management technologies, recy-
cling and waste technologies, and the disposal of greenhouse
gases. Creative implementation of green technologies in
business may impact the social aspect, the economy, and the
environment. The government might invest in green tech-
nology innovation and environmental protection to enhance
environmental disposal and product development skills.
Malaysia may perhaps continue to develop green environ-
mental protection technology, increase bilateral collabora-
tion, and establish a win—win scenario in the environmental
protection area. Additionally, the government might encour-
age the commercialization of patents and the conversion of
patents into productivity and innovation, particularly in
climate-friendly and renewable energy-related technology.
When upgrading technological innovation levels, Malaysia
may consider the influence on the environment and guide the
development of environmentally friendly technologies. At
the same time, environmental protection concerns might be
explored in more depth with other high-technology nations
for economic, political, and social globalization, and their
respective technical advantages could be leveraged to fos-
ter collaborative technological innovation transformation.
Malaysia may perhaps pay special attention to the benefits
of political globalization and work closely with other nations
to directly replicate and use innovative technology.

6.3 Limitations and future research opportunities

Although the current study yielded substantial empirical
findings in the case of Malaysia, our analysis has some
flaws that might be addressed in future research. One of the
critical drawbacks of our analysis is the unavailability of the
data related to renewable energy use and technological inno-
vation beyond the period of study, which limits the power
of the econometric techniques used. However, this study
has examined the dynamic impacts of economic growth,
renewable energy use, and technological innovation on
CO, emissions in Malaysia. Further studies can explore the
potential of other determinants of emission reduction, such
as increasing forested areas, recycling products, reducing
water and electricity use, changing food habits to organic
food, etc. Furthermore, this study utilized CO, as an indica-
tor for environmental degradation from GHGs emissions.
More research could be done utilizing CO, equivalency
and consumption-based carbon emissions as a proxy for
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environmental deterioration, as well as other emissions indi-
cators, including nitrous oxide (N,0), sulfur dioxide (SO,),
methane (CH,), and other short-lived climate forces (SLCF).
The reduction of SLCF leads to immediate health benefits
and better air quality for city populations. Nevertheless, CO,
emission is regarded as a proxy for environmental pollution
in this study, which is not the only cause of declining envi-
ronmental quality. Future research might investigate more
environmental pollution indicators, such as water pollution
and land pollution.
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