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Abstract: With the rapid development of China's economy, the problems of energy resource utilization and environmental
quality deterioration have become increasingly prominent. As an important energy base in China, the energy consumption
structure of Henan Province has an important impact on the energy and environment of the whole country and even the whole
world. Therefore, in-depth study of the factors affecting the clean energy consumption structure in Henan Province is of great
significance for promoting the sustainable development of Henan energy. This study empirically analyzed the factors affecting
the structural changes of energy consumption in Henan Province from 2007 to 2021, used time series analysis to test the
stationary and co-integration of the data, established a multiple linear regression model, conducted parameter estimation,
hypothesis testing, diagnosis and correction, and finally determined the model. The results show that the level of economic
development, energy price and scientific and technological level are the key factors affecting the change of clean energy in Henan
Province, and the influence of energy price is the most significant. Based on the above conclusions, some suggestions are
provided, hoping to bring enlightenment to the adjustment and optimization of energy structure in Henan Province.
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consumption in Henan Province is still nearly 10% higher.
Therefore, in the "14th Five-Year Plan", Henan Province not

1. Introduction

In the evolution process of human society, energy has only needs to control the total amount of energy consumption,
always occupied a crucial position. It not only constitutes the but also geeds to further optimize and improve th? energy
cornerstone of economic development and provides strategic consumption  structure — system. Therefore, an 1n-F1epth
economic support for countries and regions, but also plays an analysis of the main influencing factors of the changes in the
indispensable role in people's daily lives. In the current era energy consumption structure in Henan Province is of crucial
background of pursuing high-quality development, reducing significance for promoting the optimization and upgrading of
the dependence of economic growth on energy, improving its energy consumption structure, ~mastering the
energy utilization efficiency, solving energy shortages and characterlst%cs of energy consumption apd realizing the green
improving environmental quality have become extremely transformation of the economy and society.
urgent. . .

Z%{enan Province, as the hinterland of the Central Plains, is 2. Varlab!e Selection and Data
not only a densely populated area and an important Collection

agricultural town in China, but also an important area of

energy consumption. In order to promote the transformation 2.1. Design and Selection of Variables

in the energy field, Henan Province has introduced relevant 2.1.1. Explained Variable
policies, such as the "14th Five-Year Plan for Modern Energy The optimization of the regional economic structure and
System". Under the principle of adhering to sustainable ecological environment is an important goal and plan for the
development, this plan is oriented towards the comprehensive development of Henan Province. In order to ensure the stable
green transformation of the economy and society, with growth of the economy and simultaneously reduce the
reducing energy consumption intensity as the core, aiming to negative impact on the environment, it is particularly
improve energy utilization efficiency and reduce the important to control the consumption of traditional energy
proportion of energy consumption, especially coal such as coal and oil and increase the proportion of the
consumption. Through the in-depth implementation of carbon consumption structure of clean energy such as electricity and
peaking actions, it promotes the conservation of resources and natural gas. In order to deeply understand and quantify the
environmental protection in the industrial structure, key factors affecting this transformation, it is crucial to
production methods, lifestyles and spatial patterns, and conduct a quantitative analysis of the influencing factors of
ensures the achievement of the carbon peaking goal by 2030 the energy consumption structure. The energy consumption
and the comprehensive goals of energy conservation and structure mainly reflects the proportional relationship
emission reduction in Henan Province. between the consumption amount of clean energy (natural gas,
During the "13th Five-Year Plan" period, Henan Province wind power, solar energy, geothermal energy, etc.) and the
has achieved remarkable results in energy consumption, with total amount of energy consumption and the proportional
the proportion of coal consumption reduced by 8.8%. relationship between the total amount of non-clean energy
However, compared with the national average level, the coal consumption (coal, oil) and energy consumption. According
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to Table 1, this paper takes the ratio of the consumption of
clean energy such as natural gas and electricity in Henan
Province to the total amount of energy consumption in Henan

Province as the explained variable of the model, represented
by the variable Y.

Table 1. Energy Consumption in Henan Province from 2007 to 2021

Total energy _Natural gas _Hydropower The proportion of
Year consumption (Tons Consumption Proportion of total Consumption Proportion of total = clean energy in the
of standard coal) (Tons of energy (Tons of energy total energy

standard coal) consumption (%) standard coal) consumption (%) consumption (%)
2007 17837.79 440.59 2.47 338.92 1.90 4.37
2008 18976.27 493.38 2.60 417.48 2.20 4.80
2009 19751.24 553.03 2.80 454.28 2.30 5.10
2010 21437.76 728.88 3.40 964.70 4.50 7.90
2011 23061.88 823.31 3.57 1021.64 4.43 8.00
2012 23647.11 1111.41 4.70 903.32 3.82 8.52
2013 21909.09 1042.87 4.76 1130.51 5.16 9.92
2014 22890.00 1023.18 4.47 1217.75 5.32 9.79
2015 22343.00 1159.60 5.19 1139.49 5.10 10.29
2016 22323.00 1169.73 5.24 1116.15 5.00 10.24
2017 22162.00 1289.83 5.82 1772.96 8.00 13.82
2018 22659.00 1323.29 5.84 2039.31 9.00 14.84
2019 22299.65 1369.20 6.14 2386.06 10.70 16.84
2020 22752.01 1346.92 5.92 2548.23 11.20 17.12
2021 23501.45 1515.84 6.45 3431.21 14.60 21.05

2.1.2. Explanatory variables

This paper focuses on the research of key factors for
optimizing the energy consumption structure in Henan
Province, aiming to promote the optimization and upgrading
of the energy consumption structure in Henan Province.
Through a comprehensive analysis of existing literature and
data, it is found that the four dimensions of economy,
structure, technology and policy are the main factors affecting
the changes in the energy consumption structure. Through in-
depth analysis of these factors, strong support can be provided
for the optimization of the energy consumption structure in
Henan Province.

(1) Economic factors: From a macro perspective, the
continuous growth of the national economy has made it
possible to discover and utilize new energy sources; from a
micro perspective, consumption theory points out that the
impact of energy prices on energy consumption is of crucial
importance, and the changes in energy prices will also be
reflected in the structural usage of energy resources.

(2) Structural factors: The changes in the energy
consumption structure are closely related to the development
of the primary, secondary, and tertiary industries.

(3) Technological factors: With the improvement of the
scientific and technological level and the progress of
production technology, the energy production efficiency
gradually increases, thereby reducing energy consumption
and further affecting the changes in the energy consumption
structure.

(4) Policy factors: The advancement of urbanization also
affects the demand for energy consumption and its structure.

Based on the above analysis of the influencing factor
dimensions and after consulting a large number of relevant
literatures, the indicators of factors affecting the changes in
the energy consumption structure are selected. Among them,
economic factors include the level of economic development
and energy prices; structural factors include the industrial
structure, that is, the proportion of the primary, secondary, and
tertiary industries; technological factors include the level of
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science and technology; policy factors include the level of
urbanization.

In summary, this study constructs an indicator system for
factors affecting the changes in the energy consumption
structure in Henan Province. This system includes 4 first-
level indicators and 8 second-level indicators, as shown in
Table 2.

Table 2. The comprehensive index system of influencing factors of
energy consumption structure in Henan Province

First-level Second-level

L S Variables = Dimensions
indicators indicators
E . Level of economic X 100 million
conomic development ! yuan
factors -
Energy price X2 —
Prgportlo_n of the Xs %
primary industry
Structural Proportion of the
. X4 %
factors secondary industry
Proportion of the 2
tertiary industry Xs i
Technical Level of science and
Xs —
factors technology
Pl Level of urbanization X7 —
factors

2.2. Sources and Collection of Data

This study selects the ratio of the consumption of clean
energy such as natural gas and hydropower in Henan Province
from 2007 to 2021 to the total energy consumption in Henan
Province as the data of the energy consumption structure in
Henan Province; uses the GDP of Henan Province to
represent the economic development level of Henan Province;
since there is currently no unified energy price index, and the
purchase price index of fuels and power in the industrial
industry can reflect the energy price situation to a certain
extent, the purchase price index of industrial producers in
Henan Province is used to represent the energy price index;
obtains the data of the proportion of the primary, secondary,



and tertiary industries in Henan Province from the Henan
Statistical Yearbook; uses the investment in scientific
research funds to represent the scientific and technological

level, that is, the proportion of R&D in GDP; uses the
urbanization rate to represent the urbanization level. The
specific data are shown in Table 3.

Table 3. Indicators of energy consumption and its structural influencing factors in Henan Province from 2007 to 2021

Year Y X1 X2 X3 X4 Xs Xe X7

2007 4.37 14824.49 106.43 14.55 53.32 32.13 0.67 34.34
2008 4.80 17735.93 111.85 14.52 54.77 30.71 0.66 36.03
2009 5.10 19181.00 97.13 13.90 53.83 32.28 0.90 37.70
2010 7.90 22655.02 110.19 13.80 53.73 32.46 0.93 38.82
2011 8.00 26318.68 110.13 12.73 53.28 34.00 0.98 40.47
2012 8.52 28961.92 99.16 12.35 51.94 35.71 1.05 41.99
2013 9.92 31632.50 99.27 12.10 50.57 37.33 1.11 43.60
2014 9.79 34574.76 98.39 11.54 49,57 38.89 1.14 45.05
2015 10.29 37084.10 95.39 10.83 48.40 40.77 1.17 47.02
2016 10.24 40249.34 99.23 10.10 47.17 42.73 1.23 48.78
2017 13.82 44824.92 107.25 9.23 46.72 44.05 1.29 50.56
2018 14.84 49935.90 104.04 8.63 44.13 47.23 1.34 52.24
2019 16.84 53717.75 101.20 8.63 42.88 48.49 1.48 54.01
2020 17.12 54259.43 99.40 9.87 40.95 49.18 1.64 55.43
2021 21.05 58071.43 109.50 9.69 40.58 49.73 1.73 56.45

2.3. Description and Processing of Data

2.3.1. Descriptive analysis

The descriptive statistical characteristics of the main
variables are shown in Table 2 - 4. The minimum value of the
explained variable Y is 4.37, and the maximum value is 21.05,
indicating that the proportion of clean energy consumption in

Henan Province has increased significantly in recent years.
Judging from the standard deviation and extreme values of X1
and X7, the economic development level and urbanization
level in Henan Province have both increased significantly. In
addition, it can be seen from the data of X4 and X5 that the
secondary and tertiary industries have developed rapidly
during this period.

Table 4. Descriptive statistical characteristics of each variable

Variable Y X1 X2
Maximum 21.05 58071.43 111.85
Minimum 4.37 14824.49 95.39
Mean 10.84 35601.81 103.24
Median 9.92 34574.76 101.20
Standard 4.93 1421953 5.52
Sample size 15 15 15

2.3.2. Correlation analysis

The correlation analysis results of the main variables are
shown in Table 5. As can be seen from the results, there is an
overall significant correlation between the explained variable

X3 Xy Xs Xs X7
14.55 54.77 49.73 1.73 56.45
8.63 40.58 30.71 0.66 34.34
11.50 48.79 39.71 1.15 45.50
11.54 49,57 38.89 1.14 45.05
2.11 4.87 6.83 0.31 7.25

15 15 15 15 15

and the explanatory variables, and the correlation coefficients
between the variables are relatively large. Therefore, the
validity of model regression may be affected by
multicollinearity.

Table 5. Correlation analysis of each variable.

Y X1 X2 Xa Xs Xe X7
Y 1
X1 0.9754* 1
X2 -0.0261 -0.16 1
X3 -0.8775* -0.9513* 0.2445
Xa -0.9614* -0.9791* 0.1728 0.9040* 1
Xs 0.9556* 0.9910* -0.1986 -0.9524* -0.9913* 1
X 0.9727* 0.9742* -0.2069 -0.8844* -0.9594* 0.9564* 1
X7 0.9645* 0.9975* -0.2016 -0.9542* -0.9756* 0.9894* 0.9766* 1



3. Model Construction, Estimation and
Testing

3.1. Assumptions of the Model

Before the construction of the model, this paper sets certain
assumptions: First, the influence relationship between the
effectiveness of production and R & D investment and the
energy consumption structure of Henan Province is not
considered. Second, the restrictions of special production
activities and emergencies are not considered. Third, the
interaction effect of changes in energy composition elements
is not considered.

3.2. Econometric Estimation of the Model

3.2.1. Analysis of the correlation between the proportion
of clean energy consumption in Henan Province,
economic development level and energy price.

In order to better analyze the correlation between the

proportion of clean energy consumption (Y), economic
development level (Xi), and energy price (X») in Henan
Province, the ratio of the consumption of clean energy such
as hydropower and natural gas in Henan Province from 2007
to 2021 to the total energy consumption in Henan Province is
selected as the data of the energy consumption structure in
Henan Province. The GDP of Henan Province is used to
represent the economic development level.

Aregression model y =bl +b2x2 + b3x3 + ei is established.
Taking LnY as the explained variable y, LnX; as the
explanatory variable x,, LnX> and as the explanatory variable
x3. Using the statistical software Eviews, the regression
analysis results are shown in Table 6.

Table 6. Model summary

Variable Coefficient Std. Error t-Statistic Prob.

C -13.92749 2.057950 -6.767652 0.0000

LNX1 1.102588 0.049498 22.27559 0.0000

LNX2 1.023721 0.405501 2.524580 0.0267
R-squared 0.976689 Mean dependent var 2.281938
Adjusted R-squared 0.972804 S.D. dependent var 0.476528
S.E. of regression 0.078585 Akaike info criterion -2.072406
Sum squared resid 0.074108 Schwarz criterion -1.930796
Log likelihood 18.54304 Hannan-Quinn criter. -2.073914
F-statistic 251.3899 Durbin-Watson stat 1.760313

Prob (F-statistic) 0.000000

3.2.2. Analysis of the correlation between the proportion
of clean energy consumption in Henan Province,
economic factors and structural factors.

A regression model y = bl + b2x2 + b3x3 + b4x4 + b5x5 +
b6x6 + ei is established. Taking LnY as the explained variable

y, LnX; as the explanatory variable x», LnX, as the
explanatory variable x3, LnX3 as the explained variable xa,
LnX4 as the explanatory variable x5, LnXs and as the
explanatory variable xs. Using the statistical software Eviews,
the regression analysis results are shown in Table 7.

Table 7. Model summary

Variable Coefficient

C -16.63117

LNX1 1.273958
LNX2 1.015178
LNX3 0.678177
LNX4 -0.278462
LNX5 0.108302
R-squared 0.983245
Adjusted R-squared 0.973936
S.E. of regression 0.076932
Sum squared resid 0.053267
Log likelihood 21.01952
F-statistic 105.6274
Prob (F-statistic) 0.000000

3.2.3. Analysis of the correlation between the proportion
of clean energy consumption in Henan Province,
economic factors, structural factors, technological
factors and policy factors.

A regression model y =bl + b2x2 + b3x3 + b4x4 + b5x5 +
b6x6 + b7x7 + b8x8 + ei is established. Taking LnY as the
explained variable y, LnX; as the explanatory variable xa,

Std. Error t-Statistic Prob.
19.39155 -0.857650 0.4133
0.236797 5.379963 0.0004
0.530020 1.915357 0.0877
0.800453 0.847241 0.4188
2.206030 -0.126228 0.9023
2.380389 0.045498 0.9647

Mean dependent var 2.281938

S.D. dependent var 0.476528

Akaike info criterion -2.002603

Schwarz criterion -1.719382

Hannan-Quinn criter. -2.005619

Durbin-Watson stat 2.424997
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LnX> as the explanatory variable x3, LnX3 as the explained
variable x4, LnX4 as the explanatory variable xs, LnXs as the
explanatory variable xs LnXsas the explanatory variable x7,
LnX7 as the explanatory variable xg. Using the statistical
software Eviews, the results obtained from regression
analysis are as follows Table 8.



Table 8. Model summary

Variable Coefficient

C -4.083758

LNX1 1.742103
LNX2 1.161119
LNX3 0.146995
LNX4 -1.003477
LNX5 0.517436
LNX6 0.816319
LNX7 -4.092900
R-squared 0.992087
Adjusted R-squared 0.984175
S.E. of regression 0.059947
Sum squared resid 0.025155
Log likelihood 26.64646
F-statistic 125.3793
Prob (F-statistic) 0.000001

For the economic significance of this model: The
explanatory variables (the proportion of the primary industry,
the proportion of the secondary industry, the proportion of the
tertiary industry, and the level of urbanization) have an
insignificant impact on the proportion of clean energy
consumption statistically. The economic development level,
energy price, and technological level have a significant
impact on the proportion of clean energy consumption.
However, the explanatory variables in the model jointly have
a significant impact on the proportion of clean energy
consumption, and this model reflects 99.21% of the real level.

3.3. Determination of the Number of Model
Influencing Factors

For model one:

y=-13.9275+1.1026x2+1.0237x3+ei
R=09767  R2=1-(1-R?) *:= =0.972816667

For model two:

y=-16.6312+1.2740x*+1.0152x3+0.6782x*-
0.2785x%+0.1083x%+¢!

R?=0. 9832 F=1-(1-R2) *:—:i =0.973866667
For model three:

y=-4.08381+1.7421x*+1.1611x>+0.1470x*-
1.0035x3+0.5174x°4+0.8163 x7-4.0929x® +¢!

R?=0. 9921  R?=1-(1-R?) *2— =0.9842

Accordingly, we can see that the change of the adjusted
coefficient of determination is observed in the process of
gradually increasing the explanatory variables. It can be
found that: (1) When the two explanatory variables, the

Std. Error t-Statistic Prob.
16.47760 -0.247837 0.8114
0.628617 2.771326 0.0276
0.448493 2.588935 0.0360
0.651997 0.225453 0.8281
1.929306 -0.520123 0.6190
1.869545 0.276771 0.7900
0.335068 2.436275 0.0450
2.168459 -1.887470 0.1011

Mean dependent var 2.281938

S.D. dependent var 0.476528

Akaike info criterion -2.486195

Schwarz criterion -2.108568

Hannan-Quinn criter. -2.490217

Durbin-Watson stat 3.378457

proportion of the secondary industry and the proportion of the
tertiary industry, are added, the adjusted coefficient of
determination becomes smaller. This may be because the
relationship between these two variables and the dependent
variable is weak, or there is multicollinearity with other added
explanatory variables. Therefore, these two variables may not
make much contribution to the explanatory power of the
model. (2) When adding the other five variables, the adjusted
coefficient of determination becomes larger, indicating that
the relationship between these variables and the dependent
variable is strong and they contribute to the explanatory
power of the model.

3.4. Analysis of Model Specification Errors

Through comparison and contrast, it can be found that
among these models, model three has the highest goodness of
fit. However, due to possible collinearity problems among
variables, the relationship between the explanatory variables
and the explained variable is not significant. When there is
multicollinearity, the variables in the model may not be able
to independently explain the variability of the dependent
variable, that is, there is a model specification error.

4. Diagnosis and Remediation of Model
Multicollinearity

4.1. Diagnosis of Model Multicollinearity

4.1.1. Correlation coefficient test.

The correlation coefficient can be used to analyze the
pairwise correlation between explanatory variables. As shown
in Table 9. It can be seen from the correlation coefficient
matrix that many of the correlation coefficients between
explanatory variables are above 0.93, that is, the explanatory
variables are highly correlated.

Table 9. Correlation coefficient matrix.

LNX1 LNX2
LNX1 1 -0.2255030
LNX2 -0.2255030 1
LNX3 -0.9502490 0.203968
LNX6 0.9727050 -0.276205
LNX7 0.994839 -0.224918

LNX3 LNX6 LNX7
-0.950249 0.972705 0.994839
0.203968 -0.276205 -0.224918

1 -0.885298 -0.951615
-0.885298 1 0.973142
-0.951615 0.973142 1
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4.1.2. Auxiliary regression equation test.

When there are more than two explanatory variables and
there is a complex correlation between variables,
multicollinearity can be tested by establishing an auxiliary
regression model. As shown in Figure 1, the constructed
auxiliary regression equation takes Lnxl as the explained
variable. However, the F-statistic of the regression equation
is very significant in short, indicating that there is
multicollinearity among these variables.

Variable Coefficien...  Std. Error  t-Statistic Prob.

C 3.478819  3.108283 1.119209  0.2892

LNX2 0.066264  0.264345 0.250671  0.8071

LNX3 -0.274116  0.284854 -0.962304  0.3586

LNX6 0.284270  0.256826 1.106858  0.2943

LNX7 1.903910  0.669918 2.842004  0.0175

R-squared 0.990952 Mean dependent var 10.39714

Adjusted R-squared 0.987332 S.D. dependent var 0.435539

S.E. of regression 0.049020 Akaike info criterion -2.931969

Sum squared resid 0.024030 Schwarz criterion -2.695952

Log likelihood 26.98977 Hannan-Quinn criter. -2.934483

F-statistic 273.7944  Durbin-Watson stat 1.265729
Prob(F-statistic) 0.000000

Figure 1. Test of auxiliary regression equation.

4.2. Remedies for Model Multicollinearity

This paper uses the stepwise regression method. In the
Selection Method section, the default forward stepwise
method (Stepwise-Forwards) is adopted. In the program
termination criterion area, the significance level p-value is
selected as 0.05, and the number of regression variables used
is selected as 5. Finally, a ternary linear regression model
including LNX1, LNX2, and LNX6 is obtained.

Therefore, the model established for the influencing factors
of clean energy consumption in Henan Province is:

y=-10.1165+0.6172x,+1.2720x2+0.778 1 x3
t = (-5.0484) (3.8053) (3.9657) (3.0779)
R2=0.9875 DW=2.3727 F=289.0887

5. Conclusions and Recommendations

According to the estimation results of the empirical model
and relevant data analysis in this article, we can draw the
following conclusions:

Firstly, the sum of the output elasticity coefficients of the
economic development level, energy price, and technological
level is greater than 1, indicating that these three factors will
significantly affect the proportion of clean energy
consumption in Henan Province. Therefore, Henan Province
should continue to intensify its efforts to develop and improve
the economic development level, energy price, and
technological level in the future. Strengthen economic
construction, promote the optimization and upgrading of the
industrial structure, and drive green, low-carbon, and circular
development. Encourage and support the development of
clean energy-related industries, such as solar energy, wind
energy, and biomass energy, to improve the supply capacity
of clean energy. Strengthen cooperation and exchanges with
international and domestic regions with advanced clean
energy technologies, and introduce advanced technologies
and management experience.

Secondly, the elasticity coefficient of energy price is the
highest, indicating that the impact of energy price on the
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change in the proportion of clean energy consumption in
Henan Province is the most significant. It shows that Henan
Province still relies relatively on traditional energy. When the
prices of these energy sources rise, the use of clean energy
will increase. Therefore, in the next step, the government
should still optimize the industrial structure, promote the
optimization and upgrading of the industry, establish a
reasonable energy price mechanism, reflect the
environmental value of clean energy, and encourage
consumers and enterprises to use clean energy. Provide
appropriate subsidies or tax incentives for the production and
consumption of clean energy to reduce the use cost of clean
energy. Strengthen energy market supervision to prevent
energy price monopoly and unreasonable increases, and
maintain market order.

In conclusion, Henan Province should continue to intensify
its efforts to develop and improve the three factors of
economic development level, energy price, and technological
level to further increase the proportion of clean energy
consumption. At the same time, comprehensive policies need
to be formulated, publicity and education need to be
strengthened, and other measures need to be taken to ensure
the smooth development of clean energy.
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