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Abstract

Recently, China has relished rapid green investment, and its influence on clean energy consumption and environment is
substantial. Therefore, this study scrutinizes the effects of green investment on clean energy consumption and CO2 emissions
in China by using autoregressive distributed lag model (ARDL) approach over time from 1998 to 2019. The results show that
green investment tends to have a positive effect on clean energy consumption in China in the long run. The outcomes of study
also show that green investment also tends to have a negative effect on CO2 emissions in China, but it has a small effect on carbon
emissions in magnitude in the long run. Importantly, possible channels revealed green investment encouraging consumers and
producers to consume clean energy, thereby positively affecting the environmental quality in China. Other control variables’
findings show that environmental tax and financial development have increased the environmental quality by decreasing the CO2
emissions. Based on the findings, it recommends that green investment is considered necessary for encouraging clean energy

consumption to reduce carbon emissions in high pollutant economies.
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Introduction

Environmental pollution is considered one of the main hurdles
in the way of sustainable development. Since the global rev-
olution in industrial field, output increases at the cost of envi-
ronmental degradation and exploitation of natural resources
(Dogan and Inglesi-Lotz 2020). Policymakers and authorities
are aimed to work for a reduction in environmental pollution.
In order to achieve environmental sustainability and green
society revolution, many initiatives have been taken around
the globe among them the Kyoto Protocol agreement of 1997
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and more recently the Paris Climate Agreement of 2015; both
are very important in environmental economics. According to
the Paris Climate Agreement, the global temperature growth
should not exceed 2 °C, but no influential action has been
taken yet, and the role of green investment is getting signifi-
cant because of a rising trend in worldwide pollution emis-
sions. China’s economy is indulged mostly in mega infrastruc-
ture projects; that is why investment plays a significant role in
both controlling and promoting pollution emissions.
According to Sachs et al. (2019), approximately 1.7 trillion
USD per annum is needed to promote growth, to eradicate
poverty, and to control climate degradation. Authorities are
now more concerned and taking initiatives for high polluted
economies. The move towards a low polluted system requires
green investment. According to OECD (2018), carbon pricing
is not sufficient to address and alleviate global environmental
challenges. Green investment results in creating an effective
energy system and climate markets that play a significant role
in the alleviation of pollution emissions (Heine et al. 2019).
No doubt, green investment policies effectively influence the
pattern of private capital mobilization for clean energy evolu-
tion (Li et al. 2021).
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In order to combat environmental degradation issues, econ-
omies all over the world are adopting green investment strat-
egies to reduce pollution emissions and to fund the switching
from highly polluted to low polluting economies. A green
investment policy in the way of mobilization of debt capital
markets becomes more cost-competitive for low pollution
projects (Heine et al. 2019). In order to address the climate
challenges, there is a need to embrace policies in the form of
financial instruments like green bonds that helps in fulfilling
the increased demand for low pollution projects (Khan 2019;
Liet al. 2019).

The green investment strategy paves paths towards
attaining sustainable growth and reducing pollution emissions
efficiently (Li et al. 2019). Multilateral development banks
play a crucial role in raising funds for achieving
sustainability and making an investment. Highlighted that
green investment in the broader framework is an investment
in such projects that are essential for attaining environmental
protection and sustainability. Green investment initiatives not
only take into account climate investment but also cover
prevention measures for industrial pollution and greenhouse
gas pollution. Zadek and Flynn (2013) stated that green in-
vestment helps in promoting environmentally friendly tech-
nology. China is among the world leading manufacturer and
exporter of industrial goods; its export magnitude recorded as 2.4
trillion USD in 2017, and its share in global pollution emission
reaches 28.5 percent in 2018 (World Bank 2018), while China
has 953.9 Billion Yuan spending to prevent industrial pollution.
The increasing threat of pollution emission in China is justifiable
in such circumstances, as an increasing trend in industrial growth
and trade openness. No doubt, China’s government has taken
essential initiatives to control carbon emission as the demand
for green investment projects in the country has reached 1 trillion
USD (OECD 2018) and green investment is increasing day by
day in China in different sectors.

In general, pollution emissions not only threaten the quality
of the environment but also deteriorate the productivity of the
manufacturing sector. Green investment plays a significant
role in improving the overall efficiency of the production sec-
tor. According to Krushelnytska (2019), green investments are
not only limited to those investments that enhance technolog-
ical efficiency, but it also takes into account waste manage-
ment and clean energy-related investments. However, green
investments are considered a crucial factor for alleviating pol-
lution emissions and promoting green growth. Azhgaliyeva
et al. (2018) argued that economic friendly growth can be
attained through the promotion of private investment as well.
Private investment can restrain global pollution emissions and
will transform the global economy into low economy
pollution emissions. David and Venkatachalam (2018) also
supported the idea of promotion of public-private green in-
vestment to ensure the sustainability of pollution-free infra-
structure development. Carbon emissions not only destroy the
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purity of the environment but harm the effectiveness of the
industrial sector. Krushelnytska et al. (2017) suggests that
green investment primarily involves renewable energy and
energy efficiency; in a broader manner, it also covers other
areas such as water sanitation, biodiversity protection, water
recycling, water processing, industrial carbon emission
control, environmental change mitigation, and variation.
Azhgaliyeva et al. (2018) identify the importance of green
investment and highlighted that private investment plays a
crucial role in this regard. Nassiry (2019) suggested that the
Paris Climate Agreement 2015 and Sustainable Development
Goals can only be achieved through the promotion of green
investment.

Thorough research has been done on the issue of investigat-
ing possible indicators of climate pollution (for instance, Ozturk
and Acaravci 2010 and Dogan et al. 2019). However, the very
little empirical literature is available discussing the issue of
green investment effect on clean energy consumption and en-
vironmental pollution (Noh 2010; Sachs et al. 2019). The pre-
vailing literature reports a positive association between environ-
mental pollution and energy consumption. In support of this
positive association, Balogh and Jambor (2017) study argues
that as economic activities increase, it raises the demand for
energy consumption. In literature, the most commonly used
indicators of climate degradation are energy consumption, trade
openness, GDP per capita, demographic variables, deforesta-
tion, financial development, urbanization, financial leverage,
arable soil and land quality, and eco-innovation (Grossman
and Krueger 1995; Dogan and Turkekul 2016; Khan et al.
2018; Duguma et al. 2019; Rustam et al. 2019; Khan et al.
2020a, b; Li et al. 20204, b, ¢, d; Ahmad et al. 2020).

Literature also exists on the role of green investment and
finance in sustainable development goals (Noh 2010;
Azhgaliyeva et al. 2018; Punzi 2019; Li et al. 2020a, b, c, d;
Ahmad et al. 2021). Sachs et al. (2019) suggest that there
is a need to promote green finance and green investment
project for the attainment of sustained development goals.
For this purpose, green banking can be enhanced through
green bonds and green funds. But the limitation of this
study is that it is not reporting the magnitude of green
investment’s effect on sustained development goals. Noh
(2010) supports the idea of the promotion of green invest-
ment through institutions that utilize green funds. But the
shortcoming of the study is that it does not incorporate
other important indicators that exert a direct impact on
carbon emission. Recently, Dikau and Volz’s (2019)
study incorporated the role of financial institutions via
carbon pricing and climate risk financing in the develop-
ment of green investment models. Dhurba’s (2018) study
argued that management of credit risk is required in the
promotion of green investment projects as credit risk at-
tached with higher transaction cost creates hurdles in the
promotion of green investment projects.
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In short, environmental degradation indicators are quite
extensively explored in literature. Furthermore, a vast body
of literature is also available for China that examines the indi-
cators of carbon emission China (Chen 2008). But the litera-
ture taking into account the issue of production-based climate
degradation is still quite limited (Karakaya et al. 2019). In
literature, the role of green investment and finance in
determining environmental degradation is still ignored. Li
etal. (2020a, b, c, d) study evaluated the industrial enterprise’s
performance and green investment behavior in the case of
China. The study only incorporated the role of traditional in-
dicators of carbon emissions on green investment; however,
there is a dire need to explore all possible determinants of
climate degradation for China. We select a sample of China
because it is the top carbon emitter in the world and more
investing in the green economy in the modern era in the con-
text of clean energy and green environment. However, previ-
ous studies conclude that green investment is important in
environment evidence from China (Wang et al. 2020b),
Markaki et al. (2013) for the Greek economy; Meirun et al.
(2021) for Singapore. These studies used the ARDL, input
output model, and bootstrap ARDL. There are very limited
numbers of studies on green investment and CO2 nexus; we
empirically emphasize this issue in the context of China.
There is a need for massive investigation on this issue espe-
cially for policymaking purposes in the case of China. Our
study aims to examine the effect of green investment on clean
energy consumption and CO2 emissions in the case of China
from 1998 to 2019. The paper contributes to infant empirical
literature and studies helpful for the policymaking framework.
Rhis study is more relevant in the present scenario

The structure of the remaining paper is as follows:
Literature review is debated in Section 2, methodology em-
braced in this study is given in Section 3, Section 4 comprises
results, and in the end, Section 5 provides conclusion and
some policy recommendations.

Literature review

The modern world has faced a lot of global environmental
quality challenges (e.g., Intergovernmental Panel on Climate
Change (IPCC) 2018; Raufet al. 2018). The evaluation of this
view is slowly starting by financial and businesses institu-
tions; financial markets are growing to introduce new forms
of funding to control environmental pollution. Nowadays, the
financial market is developing and joining by public actors,
civil society, and non-governmental organizations (NGOs) in
the struggles to face the environmental challenge (Khan et al.
2019a, b). The finance of these struggles is generally called
green finance. In today, a well-established and unique defini-
tion of green finance does not exist. However, Volz (2018)
defined green finance as comprising of all kinds of investment

that consider the environmental quality and improve
environmental sustainability. While Migliorelli and
Dessertine (2019) are defining as Green finance is the finance
for achieving green economic growth by reducing pollution,
greenhouse gas emissions, waste, and also improving efficien-
cy in the usage of natural resources.

As a lot of literature discuss that green finance has influ-
enced on environmental quality. While the pollution crisis
grows in dynamic forms in the world, it also carries some
additional burden of dirty economic growth to providing
funding and generating green economic growth. The modern
financial literature is young, and small and the first seminal
works on modern financial theory are developed by
Markowitz (1952) in the period of the 1950s. Indeed, modern
finance is considered an effective system and efficient deter-
minants to activate the economic potential of the economy and
shows a favorable impact on the environment. Global
warming is increasing with the passage of time, and green
finance is a positive impact on the environment and can play
an influential role in the adaptation of the green economy
(Hafeez et al. 2018).

As the past literature revealed the financial industry itself
contributes and improve the environmental quality. The pos-
sible reason is that the finance market provides financial help
for environmental-friendly enterprises as well as projects; an-
other side shows that financial development can encourage the
evolution of industrial and technology structure, which in turn
shows an important role in reducing conventional energy con-
sumption and environmental pollution (Khan and Qianli
2017). Dogan and Seker (2016) found that financial develop-
ment can significantly reduce carbon emissions by using clean
energy. Guo et al. (2019) more polished the financial sector
indicators and establish a positive impact of financial efficien-
¢y on carbon emissions.

While Gianfrate and Peri (2019) suggested that green
bonds are also key tools to mobilize financial resources to
achieve the environmental quality targets, Tang and Zhang
(2018) pointed out that green bonds are beneficial for pro-
ducers as well as promote the green activities in the economy.
The government green finance policies may also increase in-
vestments in the clean energy sectors (Khan et al. 2019a, b).
However, some environmental researchers’ findings are con-
sistent with mainstream findings. The applied research proves
that green financial development promotes the funds flow into
green environment enterprises’ activities by improving the
green technology. Compared with traditional finance, green
finance more underlines environmental interests and favors
environmental protection and the effective use of resources
as one of the important criteria for computing the usefulness
of its economic activities. Green finance has also harmonized
the development of financial activities, ecological balance,
and environmental protection, and it recognizes sustainable
development (Khan et al. 2020a, b; Mahmood et al. 2020).
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Based on past literature, Wang et al. (2020a) reported that
green finance is a “hot topic” of green development and
claimed that the financial sector plays a role in sustainability
pathways. This literature concludes that green finance is one
of the key factors of environmental transition in the globe and
helps to achieve environmental goals.

Zhou et al. (2020) reported that China’s economy onto a
sustainable development path, therefore, needs a shift in in-
vestment away from fossil fuel, greenhouse gas, and natural
resource-intensive activities. In this context, the financial sec-
tor can play a central role in green transformation. Therefore,
green finance is one of the sustainable investments, where
investment decisions are taken only based on environmental
screening and quality to meet sustainability standards, as well
as insurance services that cover climate and environmental
risk. Supporting economic growth with sustainable environ-
mental development is one of a universal challenge. This chal-
lenge is massive for most pollutant economies because their
economic growth models have been very resource and pollu-
tion-intensive. Although the carbon intensity of economic
growth has been declined substantially in most pollutant-
economies over the last few years—with China being notable
exceptions (Ahmad et al. 2018; Li et al. 2020a, b, c, d). Thus,
green investment is the necessity of the modern era in high
pollutant economies.

Model and methodology
Theoretical model

According to the Paris Climate Agreement (2015), pollutant
economies around the world are trying to green invest more in
the environment; China is the leading in this way. In this
scenario, the role of green investment is dynamic to improve
clean energy consumption and reduce CO2 emissions caused
by the consumption activities and production processes (Datta
2017a, b; Wang et al. 2020b). In doing so, we follow the
empirical literature of Liao (2018), Li et al. (2020a, b, c, d),
Shen et al. (2020), and Wang et al. (2020b) and assume that
green investment is the main determinant of clean energy con-
sumption and CO2 emissions in China. Similarly, the role of
green investment is to enhance clean energy consumption
combating decreasing carbon emissions but is also sustainable
for economic green growth. Therefore, green investment is
deliberated as the main source of clean energy consumption
and also alleviating the negative environmental effects
through a fall in carbon emissions (Panwar et al. 2016). At
the first stage, policymakers and authorities use green invest-
ment instruments to improve clean energy consumption by
making efficient energy use and shutting down fossil fuel
energy consumption, and at the same stage, the green invest-
ment also reduces environmental stringency. To empirically
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assess the influence of green investment on clean energy con-
sumption and CO2 emissions in the occurrence of control
variables, thus, we embrace the following long-run model
specifications:

CE, = wy + w;Ginv, + w,Etax, + w;FD; + wsGDP; + ¢, (1)

COy = @y + @,Ginv; + @,Etax, + @,FD; + @3GDP; + 1, (2)

Equations (1) and (2) measure the determinants of China’s
clean energy consumption, and CO2 emissions depend on the
level of green investment denoted by Ginv. As the China
economy grows, the green invests more in clean energy pro-
jects, and people consume more clean energy in economys;
hence, we suppose an estimate of w to be positive. The green
investment is also improving the environmental quality by
dropping the carbon emissions, and we suppose an estimate
of @, to be negative. Estimates discussed in Eqgs. (1) and (2)
are the long run. Other control variables are environmental tax
(Etax), financial development (FD), and gross domestic prod-
uct (GDP). The selection of model variables is based on em-
pirical studies (Li et al. 2020a, b, ¢, d and Wang et al. 2020b).
To incorporate the short-term effects, we turn Egs. (1) and (2)
to error correction models which contains the dynamic short-
term adjustment manner as follows:

n n
ACEt = wo + Z BlkACEt—k + Z szAGith_k
k=1 k=0
=+ kz B3kAEtaXt*k + kz B4kAFDt*k
—0 0

n
+ ¥ BskGDPk + wiCEi + w,Ginvi
k=0
+ w3Etax1 + w4FD1 + wsGDP; + & (3)

ACOyzt = @ + ¥ B1xACO2 1« + ¥ B AGinvi
) k=0
+ 2 BsAEtaxix + ¥ By AFDi
k=0 k=0

+ Y BsxGDPy + @,COz 1 + @,Ginvi
k=0

+ @3Etaxi 1 + @4FDy + @sGDP + 1, (4)

Pesaran et al. (2001) propose a bounds approach to esti-
mate long- and short-run impacts in a single-step testing pro-
cedure which is called to be one of the benefits of this ap-
proach. In models, the short-run coefficients’ estimates are
captured by the first differenced variables, whereas the long-
run coefficients are captured by the estimates of w,-ws nor-
malized on w; in Eq. (3) and estimates of @,—@s normalize
on @ in Eq. (4). We can apply the F-test to confirm joint
significance of lagged level as a symbol of cointegration,
while the F-test has tabulate new critical values instead of
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the conventional critical values. Certainly, indicators could be
combined of order zero, order one, or a mixture of both, and
this is the main additional benefit of this method over other
methods of cointegration. The ARDL approach does not nec-
essarily that all the indicators to be integrated of the same
order. Another advantage is that the long-run relationship test
procedure is well suited to small samples than most over con-
ventional cointegration procedures. Once cointegration is
established through ARDL approach, in the last step, we can
use Granger causality tests in the error correction framework.
Granger causality testing approach is employed to investigate
the nature of causality among green finance, clean energy
consumption, and CO2 emissions, which is mainly helpful
in evolving specific policies to tackle environmental pollution
(Table 1).

Data and definitions

The objective of this study to scrutinize the influence of green
investment on clean energy consumption and environmental
quality for China from 1998 to 2019. The time span for this
analysis is based on data availability because green investment
information is not available for long period in China. The data
for clean energy consumption, CO2 emissions, financial de-
velopment, and GDP are obtained from World Bank (2020).
However, the database of green investment and environmental
taxes are retried from the China Statistical Yearbook (2020)
and organization of economic cooperation development
(OECD 2018). Following Azhgaliyeva et al. (2019), Sachs
et al. (2019), and Wang et al. (2020b), our study announced
green investment as a key determinant of clean energy con-
sumption and CO2 emissions. In our study, green investment,
GDP, and financial development variables are used in the log
form. The graphical description of clean energy, CO, emis-
sions, and green investment is shown in Fig. 1.

Result and discussion

The aim of the empirical study is to guesstimate the influence
of green investment on clean energy consumption and carbon
emissions for China. We employ the augmented Dickey-
Fuller (ADF) and Phillips-Perron (PP) for unit root confirma-
tion. The results of ADF and PP unit root are presented in
Table 2. The results attained a similar order of integration
for each variable in both tests. The outcomes propose that all
indicators are stationary at I(1) except green investment,
which is stationary at the 1(0) in ADF and PP tests. The out-
comes are provided mixed order of integration and theoretical
justifies the usage of ARDL, which is suitable for a mixed
order of integration. Similar outcomes are also retrieved in
the structural break unit root test in Table 2. Table 3 reports

the short-run and long-run coefficient estimates of clean ener-
gy consumption and CO2 emissions.

The results show that green investment is positively affect-
ing clean energy consumption in the long run, while it is
statistically insignificant in the short run. This implies that
1% increase in green investment enhances 1.682% clean en-
ergy consumption in the long run in China. This study is
consistent with Wang et al. (2020b), who noted that green
investment is one of the key emerging instruments of clean
energy. This finding is also in line with Liao (2018), who
noted that the government increases their environmental
awareness about clean energy consumption, thereby pushing
public and private sectors to invest more in the clean energy
sector. This means that green investment plays a crucial role in
the increase of efficient energy mix, system, and markets.
Green finance also reduces dirty energy consumption by in-
creasing clean energy consumption and also achieves green
growth. Besides, green investments especially form of invest-
ments in clean energy projects and facilitate the clean energy
infrastructure; therefore, it enhanced clean energy consump-
tion in China. This also means that green investments also
foster renewable energy transition across the world, which
direct effect on consumption and production processes in
China. The crux of the discussion is that green investment is
a shift energy consumption into a new phase of green
development.

However, environmental tax is also significantly positively
linked with clean energy consumption in the only short term,
and the coefficient estimate is 0.144. This also shows that 1%
increase in environmental taxes has improved 0.144% clean
energy consumption in the short term. In contrast, GDP is a
negative effect on clean energy in the short run, while it is
statistically insignificant in the long run. In the short run, on
average, 5.146% reduces clean energy consumption due to a
1% increase in GDP. Similarly, financial development has
decreased 2.407% clean energy consumption in the long
run, while it is statistically insignificant in the short run.

Regarding diagnostic statistics, ECM term shows the
adjustment/convergence quickness towards equilibrium, and
this value must be negatively significant for the convergence.
In the clean energy model, ECM value is (—0.428) and signif-
icant cointegration at 5% level. While cointegration is also
established by using the F-test, which is also a signifi-
cant coefficient in diagnostic statistics. The Lagrange
Multiplier (LM) and Ramsey’s RESET tests are used
for autocorrelation and misspecification of model.
Diagnostic LM test for autocorrelation and Ramsey’s
RESET test for misspecification are statistically insignif-
icant; supporting free of autocorrelation problem and
optimum model is correctly specified. Furthermore, the
stability of the model is established through cumulative
sum and cumulative sum of a square and suggests that
both statistics are stable indicates by “S.” Finally, the
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Descriptive statistics of data

Table 1

Expected signs in Data source

CO, model

Expected signs in clean

energy model

Definition

Symbol

Variables

WDI
WDI

Alternative and nuclear energy(% of total energy use)

CE

Clean energy

Carbon dioxide emissions (metric tons per capita)

CO,
Ginv

Carbon dioxide emissions

China Statistical year book

Green investment refers to completed investment to

Green investment

prevent industrial pollution
Environmentally related taxes (% of total tax revenue)

OECD
WDI

WDI

Etax
FD

Environmental tax

+ or -

+ or -

Domestic credit to private sector (% of GDP).

GDP per capita (constant 2010 US$)

Financial development

GDP

GDP per capita

Source: WDI and OECD and China statistical year book.

goodness of the fit is assessed through R-square,
which is normally high in our model.

Table 3 also shows the results of CO2 emissions for the
short and long run. The result shows that green investment
has a negative impact on carbon emissions in the long term,
while it is statistically insignificant in the short run. On av-
erage, 0.652% decrease carbon emissions by 1% increase in
green investment in long run. This result is also similar to
Zhou et al.’s (2020) outcomes, which suggest that green
finance solved the environmental problems in China’s prov-
inces. However, due to the early phase of green investment,
this effect is very small on carbon emissions in China.
Achieving environmental quality targets necessitates signif-
icant green investment. Green investment has been increased
significantly globally, from $7 billion in 2000 to $154 billion
in 2010 (Eyraud et al. 2013). It also reported that China has
established a significant amount of green investment getting
to 0.106% of overall investment in 2017 that is the lower
effect on environmental degradation. However, the more
share of green investment has been moved from Europe
and the USA in the period of 1990s to China, which posi-
tively affects the environmental quality. Despite this, it is
assessed that the gap between the financial resources and
demand for green investment from 2014 to 2020 is $3.6
trillion dollars in China (Liao 2018). Therefore, green invest-
ment is a significant effect, but it is a small effect on carbon
emissions. The basic reason is that green investment regu-
lates technological investments that pursue to improve the
efficiency of energy use and stimulate clean energy adop-
tion; therefore, green investments mitigate carbon emissions.

Another possible channel is that green investment can
encourage green growth by increasing the environmental
quality by falling carbon emissions. Green investment is
not only affected the energy efficiency and renewable
energies but also expands to water sanitation, waste
recycling and processing, biodiversity protection, and
industrial pollution control. Moreover, to achieve
environmental quality, Noh (2010) concentrated on the cre-
ation of green financial institutions by encouraging green
financing, green products, and smart cities. Our results are
also similar economic justification and channels for China
case study.

Similarly, environmental tax is also found to be negative-
ly linked with carbon emissions in the short run and long run.
A 1% increases in environmental tax decline, an average, -
0.136% and -0.265% in carbon emissions. While, in similar,
1% increase in GDP causes, an average, -6.405% and -
0.821% fall in carbon emissions in short run and long, but
it is insignificant in long run. Moreover, the results also
indicate that a 1% increase in financial development causes
to reduce carbon emissions by -2.287% in short run and -
5.706% in long run in the case of China. Cointegration is
recognized either by ECM or F-test in the model in which
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Fig. 1 Trends in green investment, clean energy, and CO, emissions in China 1998-2019.

there are twin statistics that are significant. We have also stat-
ed numerous additional diagnostic statistics. The LM and
Ramsey’s RESET tests are insignificant; it means that the
residuals are free of autocorrelation and our model does not
suffer from misspecification problems. Clearly, almost short-
and long-run coefficient estimates of CUSUM and
CUSUMSAQ tests are also stable, which indicates “S.” Of fur-
ther note, the size of the adjusted R is also good.

Finally, the Granger causality test is used to evaluate the
causality among the concern variables. As described in
Table 4, the results reveal unidirectional causality between
green investment and clean energy consumption, in which
green investment causes clean energy consumption. This is a
novel to the empirical literature. Another economic implica-
tion is that green investment increases social, economic, and
environmental edge which in turn increases clean energy con-
sumption. Similarly, green investment mostly in green energy
project which formulate clean energy consumption in the
economy. However, green investment does not either the bi-
directional nor the unidirectional causality with CO2

emissions in model. While causality also shows that CO2
emissions is caused by clean energy, it means that clean ener-
gy consumption is increasing with environmental pollution in
China.

Conclusion and policy implications

There is fact and worldwide considered that climate change
occurs mainly due to humanly produced pollution emissions.
Environment change is linked to many negative externalities
that lead to adverse macro-economic outcomes. However, in-
creasing sea levels, rising temperatures, and severe weather
conditions could adversely damage productivity and output
(International Monetary Fund 2008). Climate changes also
exert a significant direct impact on fiscal aspects; most prob-
ably, they directly affect tax structures and spending sched-
ules. It makes the current trend of energy usage unsustainable
and increases energy disparity. Meanwhile, the conversion of
low-carbon consumption model needs heavy investment in
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Table 2  Unit root tests

ADF test statistic PP test statistic
Variables Level 1st difference Decision Level 1st difference Decision
cOo2 -1.277 -2.812%* I(1) -1.180 -2.826%% 1(1)
CE -1.168 4,824 1(1) -1.115 4,879 1(1)
Ginv -2.970%* 1(0) -2.912%* 1(0)
Etax -1.084 -3.599 %% 1(1) -1.332 -3.656%%* 1(1)
GDP -2.090 -3.269%* 1(1) -1.476 -3.274%* 1(1)
FD -0.435 -4.070 1(1) -0.239 -4.05] 1(1)
Structural break unit root Level Break period 1st difference Break period Decision
cO2 -2.967 2008 4.306* 2012 I(1)
CE -4.435% 2015 1(0)
Ginv -4.842%* 2010 1(0)
Etax -5.264%##* 2013 1(0)
GDP -4.891%#* 2001 1(0)
FD -3.626 2005 5,409 2009 1(1)

##k % and * show significance levels at 1%, 5%, and 10%, respectively. Source: calculated by the authors using Stata and EViews software (data)

Table 3 ARDL coefficients estimate of clean energy consumption and CO, emissions

Clean energy consumption CO, emissions
Coefficient Std. Error t- Coefficient Std. Error t-
Statistic Statistic

Panel A: short run
D(Ginv) 0.715 0.791 0.905 -0.241 0.517 0.466
D(Ginv(-1)) -0.674 0.513 1.312
D(Etax) 0.144%* 0.052 2.775 -0.136%* 0.048 2.840
D(Etax(-1)) -0.321%* 0.078 4.137
D(GDP) -5.146* 2.893 1.779 -6.405%* 3.166 2.023
D(FD) -0.302 0.692 0.437 -2.287%* 0.749 3.054
D(FD(-1)) 2.414% 1.258 1.919 1.861%* 0.818 2276
Panel B: long run
Ginv 1.6827%* 0.645 2.608 -0.652* 0.341 1.912
Etax 0.056 0.050 1.120 -0.265%* 0.110 2.406
GDP 0.289 0.373 0.774 -0.821 0.894 0918
FD -2.407%* 1.028 2.341 -5.706%* 1.677 3.401
C 2461 3.738 0.658 4.238 6.393 0.663
Panel C: diagnostics
R’ 0.980 0.990
F-test 12.12%* 8.423 %
ECMt-1 -0.428%* 0.242 5912 -0.514%#* 0.103 5.004
LM 2.295 2.349
RESET 0.905 1.168
CUSUM S S
CUSUM? S S

The coefficient estimate values of #-test are 1.64 at 10% (*) and 1.96 at 5% (**) significance level, respectively. The critical values of LM and RESET at
the 10% level of significance indicate (*) at 2.70 and 5% level of significance indicate (**) at 3.84. Source: calculated by the authors using Stata and
EViews software (data)
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Table 4  Granger causality results

Null hypothesis  F-stat Prob  Null hypothesis F-stat Prob

CO,=CE 6.808*** 0.008 GDP=>CO, 2.489 0.117
CE=CO, 0.018 0.983 CO,=GDP 0.201 0.820
Etax>CE 8.654*** (0.003 Ginv=>CO2 0.598 0.563
CE=Etax 2421 0.123 CO,=Ginv 0.683 0.520
FD-CE 0.089 0916 FD=Etax 2.865% 0.088
CE=FD 3.065% 0.077 Etax=>FD 0313 0.736
GDP=CE 3.268%* 0.066 GDP->Etax 5.021%% 0.021
CE=GDP 0.111 0.896 Etax=>GDP 0.213 0.811
Ginv=>CE 3.120% 0.074 Ginv=>Etax 3.929%*  0.042
CE=Ginv 0.038 0.963 Etax=>Ginv 0.404 0.674
Etax=>CO, 3.492% 0.057 GDP=>FD 19.13*** 0.000
CO,~Etax 2.921* 0.085 FD=>GDP 0.198 0.823
FD=CO, 1.652 0.225 Ginv=>FD 1.337 0.292
CO,=FD 1.556 0.243 FD=Ginv 6.615%** 0.009
GI=GDP 0.325 0.727

GDP-Ginv 2.133 0.153

* %% and *** show that the coefficient is at 10%, 5%, and 1% signifi-
cance levels, respectively. Source: calculated by the authors using Stata
and EViews software (data)

clean energy because clean energy sources are capital inten-
sive especially at the initial stages of transformation (Johnson and
Acri Née Lybecker 2009). Green investment not only focuses on
investment in low-carbon energy sources but also considers the
need of enhancing energy security, controlling health-related is-
sues due to polluted air, and discovering the improved source of
green growth (OECD 2011). Nowadays, green investment has
been enhanced in many high polluted economies due to techno-
logical development and robust environmental policies. Our
study pays to the existing theoretical and empirical literature by
familiarizing green investment as a key emerging determinant of
clean energy consumption and carbon emissions, which has been
unnoticed in the previous literature. This study employs the time
series data from 1998 to 2019 and empirically examines the
study objective through ARDL approach. Our study findings
are more valuable for evolving energy and environmental poli-
cies related to green investment and financing.

The theoretical literature established a positive and robust
link between green investment and clean energy consumption,
while it is a negative link between green investment and car-
bon emissions. The empirical outcomes show that green in-
vestment is positively affected clean energy consumption in
the long run, while it is an insignificant effect on clean energy
consumption in the case of China. However, empirical results
also show that green investment is negatively affecting carbon
emissions in only the long run in China. Outcomes of green
investment are empirical and economically linked with both
models; this infers that green investment upsurges the envi-
ronmental quality by increasing the clean energy consumption

in China. Regarding control variables, environmental tax is
positive influence on clean energy, but finance development
negatively influences clean energy consumption in the short
term in the case of China. However, environmental tax is
initiated to help control the upsurge in carbon emissions, while
financial development could not supportive to control of en-
vironmental pollution in long run.

Our study offers numerous policy implications for China
and other economies. To limit the rise in dirty energy con-
sumption and environmental pollution, China must finance
low-carbon evolutions through green bonds. The energy con-
sumption mix could be moved towards more clean energy
from fossil fuel energy consumption, which would help
China’s green growth and environmental sustainability.
There is also a need for high pollutant economies to increase
private investment to encourage green growth and low-carbon
transformation. An economic mechanism could be developed
to permit public-private participation in investment, which
would upsurge green investment and thereby expand sustain-
able green growth. Government funds should be arises to pub-
lic-private investment partners that would be helpful to improve
environment friendly technology, energy efficiency, green
growth, and low-carbon economy. Agricultural, industrial, and
service sector structure should be updated to clean energy con-
sumption, which benefits from the green investment. Also, China
should promote environmental pollution taxes for revenue pur-
poses and the government should charge a carbon tax for green
financing in the economy. The government should also improve
the green financial and investment system in the economy that
gives priority to approvals of clean energy projects. The findings
of our study can be generalized to other pollutant economies and
regions. Further empirical research is compulsory to identify a
similar nexus for other economies. Future research should more
focus on how policymakers and authorities enhance green invest-
ment in pollutant economies.
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