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This article takes Henan Province as the research object and analyzes the relationship
between the green energy use, carbon emissions and economic growth in Henan Province
by constructing a VAR model. The results show that: 1) There is a long-term equilibrium
relationship between the green energy use, carbon emissions and economic growth in
Henan Province. The green energy use can simultaneously promote the reduction of
carbon dioxide emissions and sustainable growth of economy; 2)The article examines the
“creative” effect and “destructive” effect of green energy use on economic structure in
Henan Province, and the “creative” effect is greater than the “destructive” effect, so, the
green energy use can help Henan Province to achieve green and low-carbon economic
growth; 3) Carbon dioxide emission and economic growth are the important factors
affecting the green use of energy in Henan Province. Recently, the call of national carbon
emission reduction and the pressure of economic development transition have induced
Henan Province to change to a clean and green use of energy to some extent; 4) The
contribution rate of green energy use to economic growth shows an inverted U-shaped
trend, which increases first and then decreases. Carbon emission has influence on both
green energy use and economic growth to a certain degree. Finally, targeted
recommendations are presented to promote the green energy use and ensure the
coordinated and sustainable development of economy and environment of Henan
Province.
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INTRODUCTION

Since the reform and opening up, Henan has witnessed rapid economic development. The province’s
GDP has exceeded 5 trillion yuan, and the per capita GDP has exceeded 8,000 US dollars. However,
its rapid economic development relies heavily on the input and use of fossil energy such as coal. In
2019, the total energy consumption of the province exceeded 22,000 tons of standard coal, with coal
accounting for 67.4%. And before 2019, the energy coal accounted for more than 69%. The massive
investment and use of energy, especially coal, has promoted the rapid economic development, but it
has also led to serious environmental pollution and the emission of a large amount of greenhouse
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gases such as CO2, which has brought enormous pressure to the
environmental governance and carbon emission reduction of
Henan Province.

Energy is the cornerstone and pillar of economic development.
A large amount of energy investment has promoted the rapid
growth of regional economy, but it has led to a large number of
greenhouse gas emissions such as CO2 and serious ecological
environmental problems, which in turn will affect the economic
development. The “Fourteenth Five-Year Plan for National
Economic and Social Development of Henan Province and the
Outline of the 2035 Long-Term Goals (Draft)” hereinafter
referred to as the “Draft Outline,” puts forward the goal of
building an ecologically strong province. It points out that we
shall form a green way of production and life. And at the same
time the carbon emissions shall reach a peak after a steady
decline. Meanwhile the man and nature basically realize the
modernization of harmonious coexistence. Low-carbon and
green have become the keynote of Henan’s economic
development. Under this background, the green energy use
has become an important measure of carbon emission
reduction in Henan Province.

The green energy use can reduce the emission of greenhouse
gases such as CO2, but the economic growth of Henan Province is
heavily dependent on traditional energy sources such as coal.
Therefore, how to rationally arrange the green energy use in the
balance between carbon emission reduction and economic
growth has become an important research issue. Schumpeter
pointed out that “creative destruction” of economic structure is
the fundamental driving force of economic growth and the
essence of innovation. Green energy use in Henan Province
will have a significant impact on the original economic
structure of Henan Province: On the one hand, green energy
use will have a negative impact on traditional energy production
and processing industries with high energy consumption, high
pollution and high emission, such as coal, oil and other traditional
manufacturing industries, resulting in a “destructive” effect on
economic development and growth. However, green energy use
will also promote the rise and development of clean energy
production and use industries such as new energy batteries,
new energy automobiles and other industries, which will bring
new sources of growth to economic growth, namely the “creative”
effect. Therefore, it is necessary to comprehensively evaluate
whether the green energy use in Henan promotes or hinders
the economic growth and development of Henan Province. Only
when the “creative” effect of the green energy use is greater than
the “destructive” effect, the green energy use in Henan Province
can be an important measure conducive to the high-quality
development of Henan Province.

The outline of the “14th Five-Year Plan” focuses on
accelerating the green transformation of development
methods, and synergistically promoting high-quality economic
development and high-level protection of the ecological
environment. The coordinated development of green, low-
carbon and high- quality has become the overall background
of economic growth. Under the background of national advocacy,
it is important for Henan Province to find the balance between
the green energy use, carbon emission reduction and economic

growth to ensure the coordinated and sustainable development of
economy and environment.

Accordingly, in order to study the relationship between the
green energy use, carbon emission reduction and economic
growth in Henan Province, this article will construct a vector
autoregressive (VAR) model to analyze how green energy use can
achieve a balance between carbon emission reduction and
economic growth. At the same time, the article will further
examine whether the requirements of carbon emission
reduction and economic growth can promote and induced the
green energy use.

The contributions of this paper lie in five aspects: first, it fills the
gap in the research on the relationship between the green energy
use, carbon emissions and economic growth in Henan Province.
Second, it finds out that how the green energy use can achieve a
balance between carbon emission reduction and economic growth.
Third, it examines the “creative” effect and “destructive” effect of
green energy use on economic structure in Henan Province, and
provides theoretical support for green energy use in Henan
Province. Fourth, it analyzes the effect of green energy use on
the economic growth of Henan Province, which provides a
reference for the energy development and reform of other
countries and regions like Henan Province. Finally, the paper
provides relevant countermeasures and suggestions for the green
energy use in Henan Province, which has a certain significance for
the energy reform in Henan Province.

The rest of this article is structured as follows: Literature
review is provided in “Literature review” section. The Research
design is established in the “Research design” section, where data
source, data processing and model design, are introduced. The
results are discussed in the “Empirical analysis” section. In this
section, we analyze the relationship between the green energy use,
carbon emissions and economic growth in Henan Province. The
“Discussion” section shows implications of research results for
developing countries and regions. Conclusions and
recommendations are drawn in the final section.

LITERATURE REVIEW

Whether green energy use can reduce carbon emissions, most
scholars believe that the relationship between the two is positive:
for example Fei et al. (2014) conducted research on energy use in
Norway and New Zealand and found that clean energy input can
help reduce carbon dioxide emissions. Shafiei and Salim (2014)
believes that the increase in renewable energy consumption will
help reduce carbon dioxide emissions. Dogan and Seker (2016)
pointed out that the green use of energy can reduce carbon
dioxide emissions. Zoundi (2017) believes that the increase in
renewable energy consumption will negatively affect carbon
dioxide emissions. Feng and Zou (2008) believe that low-
carbon energy structure can positively drive carbon dioxide
emissions reduction. Lu et al. (2013) pointed out that greener
use of energy structure can restrict carbon dioxide emissions. Zou
et al. (2021) pointed out that solar energy, wind energy, hydro
energy, nuclear energy and hydrogen energy are the main force of
new energy, which will help the power sector to achieve low

Frontiers in Energy Research | www.frontiersin.org July 2021 | Volume 9 | Article 7015512

Wang Green Energy and Economic Growth

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles


carbon emissions. “Green hydrogen” is the backup of new energy,
helping to further reduce carbon emissions in industrial and
transportation sectors.

There is no unified conclusion on the relationship between green
energy use and economic growth. Some scholars believe that green
energy use will promote economic growth: for instance Apergis and
Payne (2012) and Inglesi-Lotz (2016) believe that the increase in
renewable energy consumption has promoted positive economic
growth. Pao et al. (2014) and Kahia et al. (2017) point out that there
is a mutually reinforcing relationship between the use of renewable
energy and economic growth. Cang et al. (2020) concluded that the
economic growth rate supported by new energy is higher than that
supported by traditional energy. Li and Xu (2020) found that
renewable energy consumption plays an important role in
stimulating economic growth through co-integration test and
establishment of VECM model analysis. Xu (2021) pointed out
that new energy demonstration cities are an institutional attempt of
energy policy. The implementation of such policies has significantly
promoted the growth of regional GDP and per capita GDP, andwith
the deepening of the policy, the effect becomes more significant.
However, some scholars believe that the greening of energy use will
negatively affect economic growth:for example Ocal and Aslan
(2013) and Maji (2015) both believe that the consumption and
use of renewable energy hinders economic growth. Qi and Li (2018)
point out that the use of renewable energy consumption will have a
negative impact on economic growth.

There is not much literature on the combination of green
energy use, carbon emissions and economic growth in a unified
framework for research: Wang (2020) conducted an empirical
study on the relationship between green energy use, carbon
emissions and economic growth by establishing a vector
autoregressive model (VAR).

The research showed that there is a long-term equilibrium
relationship between green energy use, carbon emissions and
economic growth in our country. The green energy use not only
reduces carbon dioxide emissions but also promotes sustainable
economic growth in our country.

In reviewing the relevant literature, it can be found that, in recent
years, there is almost no relevant research on the combination of
green energy use, carbon emission and economic growth in Henan
Province, which relies heavily on traditional fossil energy for
economic development. Therefore, this article takes the
relationship among the green energy use, carbon emissions and
economic growth in Henan Province as the research object, which
can fill this gap in the literature. At the same time, it analyzes how the
green energy use in Henan Province can achieve a balance between
carbon emission reduction and economic growth, which is of great
significance for the development of new energy, high-quality
economic growth and high-level protection of the ecological
environment in Henan Province.

RESEARCH DESIGN

Data Source and Processing
Since this article focuses on the interaction mechanism between
the green energy use, carbon emissions and economic growth in

Henan Province, this article will take carbon emissions and
economic growth as the dependent variables for the analysis,
and green energy use as the independent variables to construct a
research model. Among them, green energy consumption is
measured by the proportion of natural gas, primary power and
other energy consumption to total energy consumption, recorded
as CE, carbon emissions are measured by the carbon emissions of
Henan Province’s primary energy consumption, recorded as CO2,
and the economic growth is measured by per capita GDP,
recorded as PGDP.

This article selects the relevant data of Henan Province from
1996 to 2019 for analysis. In order to eliminate the impact of
inflation, the per capita GDP is converted into constant prices
based on 1996. The data related to energy and economic growth
are from the 1997–2020 “Henan Statistical Yearbook,” and the
carbon emissions data are from calculations. The specific
calculation formula is as follows:

C � α1C1 + α2C2 + α3C3 (1)

C is the total amount of carbon dioxide emitted by the
combustion of coal, oil, and natural gas, and the unit is ten
thousand tons. α1, α2, α3 are the carbon emission coefficients of
coal, oil and natural gas, and the unit is 10,000 tons/10,000 tons of
standard coal. C1,C2,C3, represents the actual consumption of
coal, oil, and natural gas.

Since the energy consumption data in the current statistics has
been converted into standard coal, it is necessary to convert these
data into physical quantities again. For the physical amount of
various primary energy consumption, we use the reciprocal of the
coefficient of conversion of various types of energy into standard
coal announced by the National Development and Reform
Commission, that is, 1 ton of standard coal � 1.4 tons of coal
� 0.7 tons of oil � 0.5883 tons of natural gas (Shang, 2011). The
carbon emissions coefficients of coal, oil and natural gas (Energy
Research Institute, National Development and Reform
Commission, 2003) are shown in Table 1.

Therefore, the final carbon emission calculation formula is:

C � C1 p 0.7476 + C2 p 0.5825 + C3 p 0.4435
� E p a1 p 1.4 p 0.7476 + E p a2 p 0.7 p 0.5825 + E p a3 p 0.5883 p 0.4435
� E p (a1 p 1.04664 + a2 p 0.40775 + a3 p 0.26091)

(2)

Among them, E are the total energy consumption, the unit is ten
thousand tons of standard coal. a1, a2, a3 are respectively the
proportion of coal, oil and natural gas in the total energy
consumption (%).

In order to eliminate the heteroscedasticity problem that may
exist in the data analysis process, the three time series data of CE,
CO2, and PGDP are processed by logarithm, and they are

TABLE 1 | Carbon emissions coefficients of three energy sources.

Coal Petroleum Natural gas

0.7476 0.5825 0.4435
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recorded as LNCE, LNCO2, and LNPGDP respectively, as shown
in Figure 1.

Figure 1 shows the change trend of LNCE, LNCO2 and
LNPGDP, and it can be concluded that there are three stages
in clean energy development in Henan Province: the gentle
development stage is from 1996 to 2000, the slow
development stage is from 2001 to 2009 and the rapid
development stage is from 2010 to 2019. The proportion of
clean energy in Henan Province increased from 3.1% in 1996
to 16.8% in 2019, indicating that Henan Province has made
remarkable achievements in green energy consumption and
energy structure optimization. It can also be seen from
Figure 1 that although Henan Province’s carbon dioxide
emissions have been increasing year by year, its growth rate
has slowed down significantly after 2010, indicating that Henan’s
industrial structure upgrade and energy consumption structure
optimization and other related measures have achieved certain
results and contribute to the decline in the growth rate of carbon
emissions. In addition, Henan’s per capita GDP maintained a
rapid growth trend from 1996 to 2019.

MODEL DESIGN

The vector autoregressive model (VAR) can effectively predict
and judge whether multiple groups of correlated time series
variables will affect their future development. Therefore, this
paper chooses the VAR model to study the impact of green
energy use on carbon emissions and economic growth in Henan
Province. The expression of VAR model is as follows:

yt � α1yt−1 + α2yt−2 + · · · + αnyt−n + βxt + μt , t � 1, 2, 3...T (3)

Where, yt is the k-dimensional endogenous variable, xt is the
exogenous variable, α1, α2, · · ·αn and β are the parameter matrix
to be estimated, μt is the random error term.

The VAR model is expressed in matrix form as follows:

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
y1t
y2t
· · ·
ykt

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ � α1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
y1t−1
y2t−1
· · ·
ykt−1

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ + α2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
y1t−2
y2t−2
· · ·
ykt−2

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ + · · · + αn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
y1t−n
y2t−n
· · ·
ykt−n

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ + β

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
x1t
x2t
· · ·
xkt

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

+
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
u1t

u2t

· · ·
ukt

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, t � 1, 2, 3...T (4)

EMPIRICAL ANALYSIS

The Unit Root Test
Before analyzing the VARmodel, it is necessary to perform a unit
root test on the data to avoid “false regression” and ensure the
stability of the VAR model data. Therefore, this article chooses
the ADF unit root test method to test the original logarithmic data
LNCE, LNCO2 and LNPGDP for the stationarity. The specific
test results are shown in Table 2.

According to Table 2, LNCE, LNCO2 and LNPGDP and their
first-order difference are all non-stationary series at the
significance level of 5%, but their second-order difference
series are stationary series at the significance level of 5%, so it
is a second-order single integral process.

Cointegration Test
Although the original sequence is not stationary, it is likely that
there is a long-term equilibrium relationship between the original
sequences. Therefore, this paper uses Johansen co-integration test
to determine how many linearly independent co-integration
vectors there are between the original sequences. The specific
results are shown in Table 3.

The cointegration rank trace test (trace statistic) including the
constant term and the time trend term shows that there is only

FIGURE 1 | Time series diagram of LNCE, LNCO2 and LNPGDP.
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one linearly independent cointegration vector (starred in
Table 3). However the maximum eigenvalue test (max
statistic) shows that the null hypothesis of “cointegration rank
is 0” can be rejected at the 5% level, but the null hypothesis of
“cointegration rank is 1” can not be rejected. Thus, the
corresponding cointegration equation can be drawn as follows:

−0.3615563 p LNCO2 + 1.202035 p LNPGDP � LNCE (5)

According to the co-integration Eq. 5, there is a long-term equilibrium
relationship between the green energy use and carbon emissions and
economic growth in Henan Province. From a long-term perspective,
the green energy use in Henan Province can not only reduce carbon
dioxide emissions in Henan Province, but also promote Economic
growth in Henan Province. we can see that if the proportion of green
energy use in Henan province is increased by 1%, the carbon dioxide
emission can be reduced by 2.7658%, indicating that the
implementation and efforts of Henan Province’s energy clean-up
policies and projects such as “coal to gas” have effectively reduced
carbon dioxide emissions. In addition, an increase in the proportion of
green energy use in Henan Province by 1% can increase per capita
GDP by 0.8319%. This shows that the green energy use in Henan
Province has indeed promoted the economic growth and development
of Henan Province, and at the same time, it also indicates that the win-
win economic growth goal of environmental effect and economic
benefit is achieved to a certain extent. Therefore, from the perspective
of the long-term economic development planning of a province, the
“creative” effect of the green energy use in Henan Province is greater

than the “destructive” effect, and the green and low-carbon economic
growth in Henan Province has been realized. In other words, the
sustainable and coordinated development of economy and
environment can be realized to some extent. Hence, in the long
term, the green energy use is an important measure of energy
conservation, emission reduction and sustainable development for
Henan Province.

Granger Causality Test
The co-integration test has confirmed that there is a long-term
equilibrium relationship between LNCE, LNCO2 and LNPGDP.
In order to further determine the causality between the variables,
this paper will conduct a Granger causality test on them, and the
test results are shown in Table 4.

It can be seen from Table 4 that both carbon emissions and
economic growth are Granger reasons for green energy use, and
green energy use is not the Granger reason for carbon emissions
and economic growth. It shows that the carbon emissions and
economic growth of Henan Province have a great impact on the
green energy use in Henan Province. Therefore, the increasing
pressure of carbon emission reduction and the unsustainable
extensive economic growth mode will force the change of energy
use to clean, low-carbon and green in Henan Province.

Impulse Response Analysis
According to the stationary test and co-integration test, LNCO2,
LNCE and LNPGDP are all second-order single integration
processes, so the VAR model can be constructed. In order to
estimate the VAR model, it is necessary to first determine the
optimal lag period of the VAR model according to the
information criteria. The specific results are shown in Table 5.

It can be seen from Table 5 that the optimal lag order of the
VAR model is 2, so the VAR(2) model can be established. The
coefficient matrix estimation results are as follows:

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
LNCEt

LNCO2t

LNPGDPt

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ � ⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
−3.09
1.40

0.02

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ + ⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
0.27 −0.37 0.10

−0.19 1.35 −0.17
0.70 0.26 1.14

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
LNCEt−1
LNCO2t−1
LNPGDPt−1

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦+

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
0.22 0.01 −0.03
−0.65 −0.10 0.07

1.83 0.28 −0.27
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

LNCEt−2
LNCO2t−2
LNPGDPt−2

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ + ⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
ε1t

ε2t

ε3t

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
(6)

TABLE 3 | Johansen tests for cointegration.

Rank Parms LL Eigenvalue Trace statistic 5% Critical
value

0 15 131.32527 . 39.5595 34.55
1 20 143.01686 0.65454 16.1763* 18.17
2 23 149.98683 0.46934 2.2364 3.74
3 24 151.10502 0.09666

Rank Parms LL Eigenvalue Max statistic 5% Critical value

0 15 131.32527 . 27.3832 23.78
1 20 143.01686 0.65454 13.9399 16.87
2 23 149.98683 0.46934 2.2364 3.74
3 24 151.10502 0.09666

TABLE 2 | ADF unit root test results.

Variable ADF statistics 5% Threshold p value Conclusion

LNCE 0.532 −3.000 0.9858 Unstable
LNPGDP −1.415 −3.000 0.5753 Unstable
LNCO2 −2.265 −3.136 0.1836 Unstable
DLNCE −2.518 −3.000 0.1754 Unstable
DLNPGDP −1.395 −3.000 0.5847 Unstable
DLNCO2 −2.307 −3.136 0.1696 Unstable
D2LNCE −5.518a −3.000 0.0000 Stable
D2LNPGDP −5.478a −3.000 0.0031 Stable
D2LNCO2 −7.334a −3.136 0.0016 Stable

D represents first-order difference, D2 represents second-order difference.
aDenotes the rejection of the null hypothesis of sequence instability at the significance
level of 5%.
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If an effective impulse response analysis is to be carried out, the
stability of the VAR model must be ensured. Therefore, the VAR
model needs to be tested for stability before impulse response
analysis. The test results are shown in Figure 2.

As can be seen from Figure 2, all eigenvalues of the model are
within the unit circle, so the VAR model is stable and can be
analyzed by impulse response analysis and variance
decomposition analysis.

Figure 3 is a graph of the impulse response of LNCO2 and
LNPGDP to LNCE. In Figure 3, the vertical axis is the value of the
relevant response, and the horizontal axis is the period setting.
This article is set to 10 periods.

It can be seen from Figure 3 that after a positive impact on
green energy use, it will lead to a reduction in carbon dioxide
emissions and an increase in per capita GDP. The green energy
use will continue to negatively affect carbon dioxide emissions. At
the same time, it maintains a positive impact on per capita GDP,
which indicates that the green energy use in Henan Province can
effectively reduce carbon dioxide emissions. Therefore, green
energy use is an important measure for carbon emission
reduction in Henan Province.

Variance Decomposition Analysis
After the impulse response analysis, the variance decomposition
analysis can observe the contribution rate of the green energy use,
carbon dioxide emissions and economic growth in Henan
Province to the changes of the three variables. Table 6 shows
the variance decomposition results of carbon dioxide emissions,
and Table 7 shows The results of the variance decomposition of
economic growth, Table 8 shows the results of the variance
decomposition of green energy use, and the time is set to 10
periods.

It can be seen from Table 6 that carbon dioxide emissions are
mainly affected by itself and the green energy use. Until the 10th
period, the influence of the two remained above 94.7%. The
contribution rate of economic growth to carbon dioxide
emissions has also continued to increase and the influence
reached 5.3376% in the 10th period. As can be seen from
Table 7, economic growth is mainly influenced by itself,

followed by carbon dioxide emissions. The contribution rate of
green energy use to economic growth shows an inverted
U-shaped trend that first rises and then falls, indicating that
the impact of green energy use on economic growth increases first
and then decreases. The data in Table 8 shows that the green
energy use is mainly affected by itself, and its own contribution
rate has beenmaintained at more than 81%. The impact of carbon
emissions and economic growth on the green energy use is
increasing, indicating that the continuous increase of carbon
emissions in Henan Province, the pressure of emission
reduction and the continuous growth of economy have
promoted the clean and green energy use in Henan Province
to some extent.

DISCUSSION

Furthermore, our results suggest that there is a long-term
equilibrium relationship between green energy use, carbon
emissions, and economic growth for energy, especially coal-
dependent developing regions. The article examines the
“creative” effect and “destructive” effect of green energy use
on economic structure in Henan Province, and the “creative”
effect is greater than the “destructive” effect, that is to say the
green and low-carbon economic growth in Henan Province has

TABLE 4 | Granger causality test results.

The null hypothesis F Statistic p value Conclusion

LnCO2 is not the Granger cause of lnCE 3.97 0.0307 Refuse
LNCE is not the Granger cause of LNCO2 2.23 0.1381 Not refuse
LNPGDP is not the Granger cause of LNCE 4.9 0.0209 Refuse
LNCE is not the Granger cause of LNPGDP 2.91 0.0816 Not refuse

TABLE 5 | Optimal lag period of VAR model.

Lag LL LR FPE AIC HQIC SBIC

0 12.235 0.00008 −0.923499 −0.894343 −0.77414
1 126.651 228.83 3.2e−09 −10.846 −10.6419 −9.80044
2 135.78 12.577 4.30e−09 −11.4651* −11.3485* −10.8677*
3 149.002 26.509 2.10e−09* −11.002 −10.6212 −9.0587

FIGURE 2 | Stability test of VAR model.
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been realized, which provides a reference for the energy
development and reform of other countries and regions like
Henan Province.

For developing countries and regions like Henan Province
with an average annual output value of about 5 trillion yuan, the
green energy use will indeed promote carbon emission reduction

FIGURE 3 | Impulse response of LNCO2 and LNPGDP to LNCE.

TABLE 6 | Variance decomposition of LNCO2.

Period LNCO2 LNPGDP LNCE

1 93.3229 0.0000 6.6771
2 88.9412 0.0887 10.9701
3 80.1060 0.9422 18.9518
4 75.7441 1.9761 22.2798
5 73.2303 2.8351 23.9346
6 71.5475 3.5164 24.9362
7 70.3403 4.0732 25.5865
8 69.4256 4.5461 26.0283
9 68.6961 4.9619 26.3420
10 68.0901 5.3376 26.5723

TABLE 7 | Variance decomposition of LNPGDP.

Period LNPGDP LNCO2 LNCE

1 94.6318 0.0000 5.3682
2 82.2556 7.7194 10.0250
3 71.5822 13.9748 14.4430
4 66.5595 17.6386 15.8019
5 65.6575 20.0555 14.2870
6 64.3407 21.7544 13.9049
7 63.9154 22.9869 13.0977
8 63.0280 23.9098 13.0622
9 62.4820 24.6217 12.8963
10 62.1612 25.1842 12.6546
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and sustainable economic growth. Therefore, the green energy
use is the progress of the economic development of developing
countries and regions, and it is also the inevitable choice of
developing countries and regions under the international call of
“carbon neutral” and “carbon peak.”

The clean and green energy use can reduce carbon dioxide
emissions and promote economic growth for developing energy-
dependent countries and regions.

Therefore, when developing countries and regions are faced
with the choice between carbon emission reduction and
economic growth, the clean and green energy use is a major
measure and method. The clean and green energy use can
promote the optimization of energy structure and industrial
structure in developing countries and regions. And it also can
assist developing countries and regions to achieve high-quality
economic development and high-level protection of the
ecological environment. Hence, the clean and green energy use
is imperative for developing countries and regions.

However, this article uses a regional data from Henan
Province to conduct the research, and the regional samples are
limited. This study will expand on this and select more regional
samples to conduct research to verify the long-term equilibrium
relationship between green energy use, carbon emissions, and
economic growth. At the same time, this article also will find a
balance between green energy use, carbon emission reduction and
economic growth to ensure the coordinated and sustainable
development of the economy and the environment.

CONCLUSIONS AND POLICY
RECOMMENDATIONS

This paper takes Henan Province as the research object and
analyzes the relationship between the green energy use, carbon
emissions and economic growth in Henan Province by
constructing a VAR model. The main conclusions are as follows:

1) There is a long-term equilibrium relationship between the
green energy use, carbon emissions and economic growth in
Henan Province. The co-integration equation also shows that
the green energy use in Henan Province can simultaneously
promote the reduction of carbon dioxide emissions and the
sustainable growth of the economy. The acceleration of green

energy use for Henan Province can ensure the realization of its
win-win goals for energy conservation, emission reduction
and sustainable economic development. Through impulse
response analysis, we can still see that the green energy use
is an important measure to achieve the carbon emission
reduction and economic growth. This is mainly because the
“creative” effect of green energy use in Henan Province on
economic growth exceeds the “destructive” effect, and finally
Henan Province has realized the green and low-carbon
economic growth.

2) The Granger causality test shows that carbon dioxide
emissions and economic growth are important factors
affecting the green energy use in Henan Province. Recently,
the call of national carbon emission reduction and the
pressure of economic development and transformation
have forced Henan Province to change its energy use to a
cleaner and greener way to some extent. This is also an
important reason for Henan Province to accelerate the
optimization and transformation of industrial structure,
accelerate the construction of energy saving and emission
reduction industrial system and the construction of “coal to
gas” project in recent years.

3) According to variance decomposition analysis, the
contribution rate of green energy use to carbon dioxide
and economic growth is between 5 and 27%, especially its
contribution rate to economic growth shows an inverted
U-shaped trend that increases first and then decreases.
Carbon emissions have a certain influence on both green
energy use and economic growth. However, its influence on
economic growth is greater than its influence on the greening
of energy use. However, although economic growth has a
certain influence on the greening of energy use and carbon
emissions, the influence is relatively small.

Based on the conclusion, this article proposes the following
policy recommendations:

1) The promotion of green energy use in Henan Province is an
important measure for Henan Province to reduce the pressure
on the ecological environment and promote sustainable and
healthy economic development. Therefore, it is suggested that
Henan Province should focus on the dual effects of green
energy use in reducing carbon emissions and promoting
economic growth, and actively promote clean and green
energy use in the province. At present, Henan Province
ranks fifth in the national economic aggregate rankings. It
is a large agricultural province and a populous province in the
country. Economic development and employment stability
are still the key goals of Henan Province in the future.
Therefore, Henan Province can take the following measures
in terms of energy transition and greening: In traditional
energy-using industries (such as industry), we should promote
their transformation to intelligence, accelerate the elimination
of backward production capacity, actively introduce energy-
saving and emission reduction green equipment, increase the
proportion of investment in clean energy and renewable
energy, and realize the green use of energy from the

TABLE 8 | Variance decomposition of LNCE.

Period LNCE LNCO2 LNPGDP

1 100.0000 0.0000 0.0000
2 99.5956 0.0591 0.3453
3 97.3802 1.8546 0.7652
4 93.5021 3.7785 2.7194
5 90.6899 4.2186 5.0115
6 88.7380 4.2393 7.0227
7 87.1288 4.2603 8.6108
8 85.4785 4.7869 9.7347
9 83.5111 6.0960 10.3928
10 81.0741 8.3094 10.6165
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production side. For the clean energy production industry, the
government should introduce corresponding policies and
measures to ensure its construction and smooth
production, and provide R&D tax credits and subsidies and
other related measures to promote its rapid development to
ensure the supply and use of clean energy in the province. For
green industries such as new energy vehicles, the government
should give strong policy and financial support, including
subsidies and R&D tax incentives, to help enterprises go
through the initial stage of smoothly promoting the
development of green industries such as new energy. In
addition, the whole province should pay attention to the
construction and bidding of clean and green projects such
as coal to gas to ensure the smooth implementation of green
projects. Through the implementation of various measures
related to energy greening, the process of energy greening and
cleaning in Henan Province will continue to advance. After
that a green and beautiful Henan will be realized as soon as
possible, and the harmonious coexistence between man and
nature will be truly realized.

2) The green energy use has forced Henan Province to optimize
its energy use structure, which requires Henan Province to
change its traditional energy consumption pattern. Its high
dependence and high input on high-emission and high-
polluting energy sources like coal should be gradually
transformed. At the same time, the development and
utilization of natural gas, hydropower, and nuclear energy
should be accelerated. Henan Province also shall increase the
proportion of clean energy in the province’s production and
living inputs, and improve the peak shaving capacity of clean
energy reserves to expand its utilization range. At the same
time, we must also see that the economic development of
Henan Province is highly dependent on coal. In the short
term, its economic development will still require a large
amount of coal energy input. Therefore, Henan Province
should speed up the research and application of coal clean
and green technologies. For example, coal water slurry
technology, carbon storage technology and circulating
fluidized bed combustion and other high-efficiency and
clean coal combustion and conversion technologies. This
can promote the transformation of coal, a black energy
source, into a cleaner and greener one.

3) Improve the low-carbon and green-related laws of the energy
market, and innovate the incentive system for low-carbon and
green energy. Developed countries such as the United States
and the United Kingdom have formed relatively complete
energy low-carbon and green energy laws and regulations.
However, although energy low-carbon and green energy has

received certain attention and development in our country,
there is still a long way to go. Henan Province’s laws and
regulations on low-carbon and green energy have not formed
a complete system. Therefore, Henan Province can consider
expanding and detailing management measures for low-
carbon and green energy use in industrial enterprises on
the basis of the Ecological Environment Protection Law.
For different types of industrial enterprises, different laws
and regulations may be implemented. Henan Province needs
to strengthen the regulatory mechanism for low-carbon and
green development and operation of energy, and increase the
employment rate of green industries. Henan Province can also
innovate the incentive system for low-carbon and green use of
energy, formulate incentive standards for green energy input
and use, reward enterprises that meet the standards, set up
goodmodels, and drive the rapid transformation of energy use
by enterprises in the province to green and clean energy.

4) Deepen the structural reform of the energy supply side, and
give full play to the regulatory effect of the market mechanism
in the energy market. With the vigorous development of green
energy and green economy in Henan Province, the
development of related industries will need a lot of
financial support. Therefore, it is suggested that the
government and financial institutions do a good job of
green credit planning, make good use of green credit
financial instruments, and give full play to their maximum
effect, so as to meet the capital needs in the process of green
energy use.
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