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Abstract. Henan Province is a major economic province of China with significant aggregate energy consump-
tion. In the context of studying the problems of factors and elements of sustainable economic development,
the author sets the task of researching the relationship between energy consumption and economic growth.
Using data from 2001-2021 and Stata 15 software, it can be studied that the gross regional product (GRP)
of Henan province has relatively low energy-intensive nature, since for each percentage point of increase in
energy consumption, GRP increases by about 4.12 percentage points. However, electricity production is based
on an expensive and limited resource, and environmental pollution occurs. Therefore, the challenge for manag-
ing the sustainable development of Henan Province is to increase its GRP while reducing energy consumption.
In the process of sustainable development of Henan Province, the author recommends stepping up research
and development, developing new energy-saving technologies; increase the share of clean energy use, optimize
the structure of energy consumption, increase public awareness of the need for energy saving.
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UccnepoBaHue noTpebrneHus aHeprum U IKOHOMUYECKOro pocTa
B npoBuHUUK X3HaHb (Kutan) Ha ocHoBe yCTOMYMBOIro pasBuTus
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AxnHomayus. llpoBuHI YA X3HaHb ABJIAETCA KPYITHOM 3KOHOMHUYeCKOU NpoBUHIMel KuTas co 3HaYUTeIbHbIM
COBOKYIIHBIM NNOTPe6JIeHHEM SHepTrUU. B KOHTeKCTe u3ydyeHus npob6seM GpaKkTOPOB U 3J1eMEHTOB YCTOMYUBOTO
3KOHOMHUYECKOT0 Pa3BUTHSA aBTOP CTABUT 3a/ia4y M3y4YeHUsl B3aUMOCBA3U MeX/Ay NOoTpebeHueM 3HePTUU U
3KOHOMMWYeCKHUM pocToM. OCHOBbIBasich Ha AaHHBIX 32 2001-2021 roasl ¥ nporpaMMHOM obecrniedyeHUHU Stata
15, 6bLJI0 YCTAHOBJIEHO, YTO BaJOBOM pervoHaabHbIM NpoAykT (BPII) mpoBHHLMM X3HaHb UMeeT OTHOCHU-
TeJIbHO HU3KUI 3HEepProeMKUi XapaKTep, TOCKOJIbKY Ha KaXK/bli MPOL@eHTHBIN YHKT yBeJu4eHus NoTpebie-
HUA 3Hepruu BPII yBesmmuuBaeTca npuMepHo Ha 4,12 npoLleHTHBIX YHKTa. TeM He MeHee, IPOU3BOACTBO
3JIEKTPO3HEPIHUY OCHOBAHO Ha JJOPOTOCTOAILMX U OTPAHUYEHHBIX pecypcax, KpoMe TOT0, IPOUCXOJUT 3arpsi3-
HeHHMe OKpyxawlleill cpeapl. CiefoBaTeNbHO, 3ajaya yNpaB/eHUs YCTOWYMBBIM pa3BUTHEM INPOBHHIUH
X9HaHb 3akJ04aeTcs B pocTe ee BPII npu cHmkeHUM 06'beMa 3HepronoTpeb/ieHUd. B nponecce focTKeHNA
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YCTOﬁqHBOFO Pa3BUTUA IPOBUHIUHU X3HaHb dBTOD pEKOMEHAYET aKTUBHU3WPOBATb HAYYHbI€ UCC/I€JOBAHUA
H paspa60TKH, BHEAPATb HOBbIE 3Heproc6epera}omne TEXHOJIOTHUH; YBEJIUIUTD J0JIH0 UCII0JIb30BaHHA 3K0JI0-
THYeCKH YUCTOM JHEeprun, ONTUMHU3NPOBATL CTPYKTYDPY 3HepFOHOTpe6HeHI/IH, IOBBICUTb OCBEJOMJIEHHOCTb
OGI.LLGCTBEHHOCTI/I (0] H906X0,ZLI/IMOCTI/I 3Hepr0c6epe>KeHHH.

Kawouesule c108a: noTpebieHNe 3HEPTUH, TPOBUHLMS X3HaHb, YCTOMYNBOE PAa3BUTHE, SKOHOMHUYECKHUH POCT

Jaa yumupoearus: Ciou Jlyny. UcciefnoBaHue notTpe6/eHUsI 3HEPTUM U S9KOHOMHUYECKOTO POCTa B MPOBUHLUU
XaHaHb (KuTail) Ha ocHOBe ycToWuHMBOTO pa3BUTHs // [ocyapcTBEeHHOE U MyHUIMIA/JbHOE yIpaBjieHHe. YueHble
3anucku. 2023. Ne 4. C. 282-289. https://doi.org/10.22394/2079-1690-2023-1-4-282-289. EDN XXPLHD

1. Introduction

In recent years, the economy of Henan Province has experienced rapid growth. As one of the factors promoting
economic growth, energy consumption has also been increasing year by year. However, the continuous increase
in total energy consumption will bring about the following crises. Firstly, the use of energy will bring about a
crisis of resource shortage. Although Henan Province has relatively abundant energy, its energy production is
limited, and most of the energy is nonrenewable. Therefore, if we consume energy without restraint in order to
develop the economy of Henan Province, it will inevitably lead to energy shortages. Secondly, the use of energy
can bring about a crisis of environmental pollution. The energy consumption in Henan Province is mainly coal,
and the use of coal will emit a large amount of harmful substances, such as sulfur dioxide, carbon dioxide, etc.,
which will exacerbate environmental pollution. As early as September 2020, the Chinese government explicitly
stated its goal of achieving peak CO2 emissions by 2030 and striving to achieve carbon neutrality by 2060.
Therefore, based on the above crisis, this article focuses on energy consumption and economic growth of Henan
Province.

2. Literature review

With the advancement of global sustainable development, many scholars have shifted their focus to energy
consumption.

Amine L., Ramzi B., Anthony M. (2019) conducted an empirical analysis of the causal relationship between oil
consumption and economic growth in the United States, and concluded that changes in oil consumption can
cause changes in economic growth, which is also in line with practical economic significance [1].

Li].J., Wang N. (2019) found that coal consumption has increased China's ecological and environmental burden,
leading to enormous pressure on emissions reduction. Therefore, they proposed that the efficient use of coal
energy and the improvement of technological level are important ways to promote China's green economic
growth [2].

Hu X.Y. (2019) used statistical data of Chongqing from 1997 to 2016 to analyze the relationship between energy
consumption and economic growth by the Granger causality test method. The author found that economic
growth of Chongqing will not lead to an increase in energy consumption, but an increase in energy consumption
will promote economic growth [3].

Chandrasheekar R. and Krishna R.C. (2020) selected India's energy consumption and industrial structure data
from 1998 to 2016. The analysis results showed that the primary industry has a much lower degree of depend-
ence on energy consumption than the secondary and tertiary industries, and the secondary industry has the
highest degree of dependence on energy consumption [4].

Lekana H.C (2020) studied the relationship between energy consumption and economic development from 20
countries in South Africa from 1996 to 2017 using methods such as generalized matrix and Granger test. The
author found that the former is a one-way causal relationship with the latter, and the catalyst for this relation-
ship is governance quality [5].

Magazzino C., Mele M., Schneider N. (2020) studied Germany and Japan and found that changes in natural gas
consumption in Germany and Japan can lead to economic development, which can also lead to an increase in
the amount of natural gas used, but Japan expects a longer transmission time [6].

Wang S. (2020) found an inverted U-shaped trend between green energy consumption and economic develop-
ment based on Chinese data, with carbon emissions contributing significantly to green energy consumption and
economic development [7].
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Zhu H., Zheng ]., Zhao Q.Y. (2020) used data of 67 global economies to empirically study the influence of eco-
nomic growth on energy structure transformation and carbon dioxide emissions using a simultaneous equation
model. The author found an inverted "U" shaped relationship between the two variables mentioned above [8].

Roger S., Lgnacio D.B., Perissi I. (2020) used the European Union scale MEDEAS model to evaluate how the
uncertainty of major driving factors affects key socio-economic and environmental indicators, and found that
energy efficiency and usage parameters have the most severe influence to the economy and environment [9].

Ma S.P., Liu Q.Q., Zhang W.Z. (2022) found that there are multiple causal hypotheses between energy use and
economic development [10].

3. Economic Development and Energy Consumption Status in Henan Province

3.1. The Economic Situation of Henan Province

In recent years, the gross regional product (Hereinafter referred to as GRP) of Henan Province has shown a
trend of increasing year by year. As shown in Figure 1, the gross regional product of Henan Province has grown
rapidly from 553,3 billion yuan in 2001 to 5888,7 billion yuan in 2021. In 2021, Henan Province ranked 5th in
China in terms of gross regional product. As a province with a large grain and population, this is a relatively
good achievement.
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Fig. 1. Gross Regional Product (GRP) of Henan Province, 2001 - 2021, 100 million yuan?

Industrial structure refers to the proportion of agriculture, industry, and service industries in a country's eco-
nomic structure. The promotion and rationalization of industrial structure can promote regional economic
development. Next, we will analyze the changes in the industrial structure of Henan Province based on the ratio
of the first, second, and third output values to the gross regional product from 2001 to 2021, in order to further
analyze the current economic development status of Henan Province. The composition of Henan Province's GRP
by industry is shown in Figure 2.

From Figure 2, it can be found that in the industrial structure of Henan Province from 2001 to 2021, the scale of
the primary industry steadily decreased year by year, while the scale of the secondary industry showed
atrend of first increasing and then decreasing. From 2001 to 2009, it rose to the highest point of 54,8% year by year,
and then declined. By 2021, the proportion was only 41,3%, while the proportion of the tertiary industry showed
a steady upward trend, rising from 33,3% in 2001 to 49,1% in 2021. From Figure 2, it can be clearly observed that
the proportion of the secondary industry in the economy has always been high, but this position has gradually
been replaced by the tertiary industry. The proportion of the tertiary industry surpassed that of the secondary
industry for the first time in 2017 [11]. This is mainly because the secondary industry is dominated by industry,
which is also an industry with high energy consumption. In recent years, with the constraints of energy shortages,
the introduction of ecological construction policies in China, and the crisis of environmental pollution, the develop-
ment speed of the secondary industry has slowed down; This phenomenon also marks the upgrading of
the overall industrial structure in Henan Province, making the industrial structure more rational and advanced.

1 Henan Province Statistical Yearbook [Electronic resource] / Access mode: https://www.henan.gov.cn/zwgk/
zfxxgk/fdzdgknr/tjxx/tjnj/?eqid=83848dbb00024b5100000003648fcace (access date November 19, 2023).
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Fig. 2. Composition of Henan Province's Gross Regional Product by Industry, 2001 - 2021, %?*

3.2. Current Situation of Energy Consumption in Henan Province

Henan Province, as a province that has transformed from a major agricultural province to a province that em-
phasizes both industry and agriculture, is not only a major economic province, but also a major energy consum-
ing province. The total energy consumption increased from 83,67 million tons of standard coal in 2001 to
235,01 million tons of standard coal in 2021 [11], indicating a significant growth rate in energy consumption,
as shown in Figure 3. In terms of energy consumption structure, coal is mainly used, but the total amount of
coal is limited. Therefore, Henan Province must pay attention to energy consumption on the path of sustainable
development.

M Total Energy Consumption in Henan Province
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Fig. 3. Total Energy Consumption in Henan Province, 2001 - 2021, 10000 tons of standard coal?.

1 Henan Province Statistical Yearbook [Electronic resource] / Access mode: https://www.henan.gov.cn/zwgk/
zfxxgk/fdzdgknr/tjxx/tjnj/?7eqid=83848dbb00024b5100000003648fcace (access date November 19, 2023).
2 Ibid.
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4. Empirical analysis
4.1. Variable selection and data processing

Based on the experience of selecting indicators in relevant literature and the availability of data, this article
selects Henan Province's annual GRP as an alternative indicator for economic growth, with a unit of 100 million
yuan; The total energy consumption (EC), as an alternative indicator of energy consumption in Henan Province,
is measured in 10000 tons of standard coal [11]. The data sample length is 21 consecutive sets of data from
Henan Province from 2001 to 2021. The required data comes from the Henan Provincial Statistical Yearbook,
etc. Based on these data, empirical analysis was conducted using Stata software.

4.2. Stability test of variables

If two-time series are non-stationary, there may be a phenomenon of "pseudo regression”. Since the GRP and
EC variables are non-stationary, natural logarithms are taken separately to make the two series closer to sta-
tionarity. The logarithmic time series data is calculated as LnGRP and LnEC. This article uses the ADF method
for stationarity testing, and uses Statal5 software to perform ADF stationarity testing on LnGRP and LnEC, as
shown in Table 1.

Table 1 - Stationarity test

ADF critical critical critical
variable value value value value P-Value Stability analysis
a=1% a=5% a=10%
LnGRP 1,755 -4,380 -3,600 -3,240 1,0000 Nonstationary
LnEC -2,204 -4,380 -3,600 -3,240 0,4876 Nonstationary
D1. LnGRP -1,252 -3,750 -3,000 -2,630 0,6510 Nonstationary
D1. LnEC -1,939 -3,750 -3,000 -2,630 0,3140 Nonstationary
D2. LnGRP -4,559 -3,750 -3,000 -2,630 0,0002 stable
D2. LnEC -6,260 -3,750 -3,000 -2,630 0,0000 stable

D1 and D2 in Table 1 represent first-order and second-order differences for time series data. Table 1 presents
the results of the stationarity test values for time series data LnGDP and LnEC, as well as the stationarity test
values after first-order and second-order differences between LnGDP and LnEC. From Table 1, it can be found
that the stationarity test values of LnGDP and LnEC are both greater than the critical values of 1%, 5%, and 10%
stationarity tests, confirming the original hypothesis and indicating that LnGDP and LnEC are not stationary
time series; At the same time, the first-order difference stationarity test values of the time series data of LnGDP
and LnEC are also greater than the critical values of the 1%, 5%, and 10% ADF tests, confirming the original
hypothesis and indicating that LnGDP and LnEC after the first-order difference are still non-stationary; The ADF
test values of the second order difference for the time series data of LnGDP and LnEC are all lower than the
critical values of the stationarity tests of 1%, 5%, and 10%, rejecting the original hypothesis, indicating that the
second order difference for LnGDP and LnEC is stationary [11]. Therefore, it is necessary to conduct further
cointegration tests to determine the second-order single integration I (2) of LnGDP and LnEC variables in Henan
Province from 2001 to 2021.

4.3. Cointegration test

Through the stationarity test mentioned above, we have learned that there may be a cointegration relationship
between EC and GRP, so the next step is to conduct cointegration testing. The above stationarity test results
show that both the time series LnEC and LnGRP are second-order single integer I (2), which meets the require-
ments of cointegration testing. This article uses Johansen cointegration testing to conduct cointegration testing.

Firstly, test the optimal lag order of the VAR corresponding to the time series. If the lagging order is not selected
properly, the information contained in the lagging variable will be omitted, leading to significant estimation
errors. To avoid losing a significant amount of freedom, this article sets the maximum lag order to 3, and uses
six information criteria: LL, LR, FPE, AIC, HQIC, and SBIC to automatically select the lag order. The software
Statal5 is run, and the results are shown in Table 2. From Table 2, it can be known that lagging third order
(marked with *) should be chosen.
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Table 2 - Determine the optimal lag order of VAR

lag LL LR df p FPE AIC HQIC SBIC

0 17,8567 0,000531 | -1,8655 | -1,85575 | -1,76747

1 89,2385 | 142,76 4 0,000 1,9e-07* - - -
9,79277* | 9,76353* | 9,49869*

2 90,1749 | 1,8729 4 0,759 2,8e-07 | -9,43235 | -9,38363 | -8,94222

3 95,0104 | 9,671* 4 0,046 2,8e-07 | -9,53064 | -9,46243 | -8,84446

4 95,6891 | 1,3574 4 0,852 4,7e-07 -9,1399 | -9,0522 | -8,25767

Secondly, conduct cointegration tests, and the test results are shown in Tables 3 and 4[11].

Table 3 - Johansen cointegration test results of trace statistics

Maximum rank LL Eigenvalue Trace statistic 5% critical value
0 89,010691 . 25,5407 18,17
1 101,10529 0,73916 1,3515* 3,74
2 101,78106 0,07234

According to Table 3, there is a cointegration relationship between LnEC and LnGDP, with * indicating that there
is one cointegration relationship between the two variables mentioned above. Meanwhile, from Table 4, it can

also be seen that there is a cointegration relationship between the two variables mentioned above.

Table 4 - Johansen Cointegration Test Results for Maximum Eigenvalues

Maximum rank LL Eigenvalue Max statistic 5% critical value
0 89,010691 . 24,1892 16,87
1 101,10529 0,73916 1,3515 3,74
2 101,78106 0,07234
Finally, use Johansen's MLE method to estimate the cointegration equation of the system, as shown in Table
5[11]:
Table 5 - Cointegration equations estimated by Johansen's MLE method
beta Coef. Std. Err. z P>zl
_cel
LnGRP 1 . . .
LnEC -4,119019 ,4419126 -9,32 0,000
_cons 32,08227

(D

From an economic perspective, this relationship indicates that there is an equilibrium relationship between
GRP and total energy consumption in Henan Province, and energy consumption will promote economic growth
in Henan Province. Specifically, for every one percentage point increase in energy consumption in Henan
Province, the gross regional product will increase by approximately 4,12 percentage points. This indicates that
changes in energy consumption in Henan Province can affect economic growth.

LnGRP=4,119019InEC-32,08227

4.4. Granger causality test

There are three types of claims about the causal relationship between economic growth and energy consump-
tion, namely growth type, conservation type, and neutral type. Growth type refers to economic growth relying
on energy consumption, and an increase or decrease in energy consumption will lead to a corresponding in-
crease or decrease in economic growth rate. Economical type refers to economic growth that does not rely on
energy consumption, and sustained economic growth or decline will lead to an increase or decrease in energy
consumption. Neutral type refers to the fact that there is no relationship between the two, and changes in either
aspect will not cause corresponding changes in the other.

From the above analysis, it can only be concluded that there is a long-term stable equilibrium relationship be-
tween GRP and EC, but the causal relationship between the two is not unknown. Therefore, a Granger causality
test is required. This section conducts Granger causality tests on the cases of lag 1st order, lag 2nd order, and
lag 3rd order, and the results are shown in Table 6.
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Table 6 - Granger causality test results

Original hypothesis Lag order N;rrnnl;eiz:f F svt:ltlilsetic P-Value | conclusion
LnGRP does not Granger-cause LnEC 1 20 0,39 0,4980 accept
LnEC does not Granger-cause LnGRP 1 20 26,78 0,0000 refuse
LnGRP does not Granger-cause LnEC 2 19 0,27 0,6895 accept
LnEC does not Granger-cause LnGRP 2 19 3,33 0,0109 refuse
LnGRP does not Granger-cause LnEC 3 18 1,4 0,0762 accept
LnEC does not Granger-cause LnGRP 3 18 1,69 0,0398 refuse

As shown in Table 6, it can be known that LnGRP is not the Granger cause of LnEC. The probabilities of lagging
in the first, second, and third orders are 0,4980, 0,6895, and 0,0762, respectively, which are greater than 0,05.
The test results accept the original assumption that 'LnGRP is not the Granger cause of LnEC', indicating that
economic growth in Henan Province is not the Granger cause of energy consumption. Meanwhile, LnEC is not
the Granger cause of LnGRP, and the probabilities of lagging behind the first, second, and third orders are
0,0000, 0,0109, and 0,0398, respectively, which are less than 0,05. The test results reject the original hypothesis
that 'LnEC is not the Granger cause of LnGRP' [11], indicating that energy consumption in Henan Province is the
Granger cause of economic growth. From this, it can be seen that the increase in energy consumption in Henan
Province will promote economic growth, belonging to the growth type. This conclusion is consistent with the
conclusion of the previous cointegration analysis, and also conforms to the reality of economic development in
Henan Province.

5. Conclusion and suggestions
5.1. Conclusion

1. According to stationarity testing, it can be seen that that the time series data of Henan Province's Gross Re-
gional Product and Henan Province's energy consumption processed by second-order difference shows station-
arity. Through the Granger causality test, it was found that the changes in energy consumption of Henan Prov-
ince can cause changes in the GRP of Henan Province.

2. Through cointegration testing, there is a long-term equilibrium relationship between GRP and energy con-
sumption of Henan Province. Through the model, it can be seen that 1% increase in energy consumption in
Henan Province, the gross regional product will increase 4,12%. This indicates that energy consumption in He-
nan Province contributes to promoting economic growth. However, with the shortage of total energy, whether
the energy supply in Henan Province can support the rapidly growing economy in the future has become a focus
of scholars' attention.

5.2. Suggestions

Based on the above analysis, it can be seen that energy consumption contributes to economic development, but
the total amount of energy is limited. Meanwhile, the process of consuming energy can release harmful gases
and pollute the environment. So, for the sake of achieve sustainable economic development in Henan Province,
this article proposes the following suggestions.

First, there is a task to increase research and development efforts, and develop new energy-saving technologies.
At present, the utilization rate of renewable energy in Henan Province is relatively low, and there is a shortage
of coal resources due to excessive use. So, it is necessary to develop new technologies, eliminate old equipment
with high energy consumption.

Secondly, increase the development of clean energy and optimize the energy consumption structure. Henan
Province should vigorously develop clean energy, such as solar and wind energy, based on its own resource
conditions. These clean energy sources have the characteristics of abundant resources and low pollution. In-
creasing the scale of clean energy in energy consumption is conducive to optimizing the energy consumption
structure.
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Finally, strengthen residents' awareness of energy conservation. Henan Province is a populous province, and
its residents have a relatively large amount of energy consumption. Therefore, energy conservation is not only
the responsibility of the government and enterprises, but also the responsibility of residents to take on energy
conservation. On the one hand, we need to increase the efforts of community energy-saving publicity, call for
comprehensive participation in energy-saving training, cultivate residents' energy-saving awareness, and vol-
untarily undertake energy-saving tasks. In summary, based on the above suggestions, we hope that Henan Prov-
ince can achieve synchronous development of energy, economy, and environment systems.
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