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Abstract. This study focuses on the carbon management and energy transition of
Shenzhen enterprises, using mathematical model as the core analysis tool. The
dynamic relationship among energy consumption structure, carbon emission and
related economic indicators is analyzed by multi-variable grey forecasting model.
Based on the actual data of Shenzhen, the model was constructed and verified,
and the influencing factors of energy transition and the investment trend of en-
terprises were discussed. Comprehensively assess carbon management systems
and policies, analyze the economic and environmental benefits of innovative in-
itiatives, and provide data-driven decision-making for businesses and policymak-
ers to help Shenzhen and beyond achieve sustainable development goals.
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1 Introduction

Under the severe challenge of global climate change, achieving carbon peak and carbon
neutrality has become a broad consensus of the international community!l. As the main
body of economic activity, enterprises play a crucial role in the process of carbon man-
agement and energy transition. Shenzhen, as the frontier of China's economic develop-
ment and innovation capital®, has a significant demonstration effect and reference
value for the country and even the world with its carbon management practices and
energy transformation pathl,

In recent years, domestic and foreign scholars have conducted extensive and in-
depth research on enterprise carbon management and energy transition®. In terms of
carbon management, the research mainly focuses on the optimization of carbon emis-
sion accounting methods, the improvement of carbon trading market mechanism and
the formulation of enterprise carbon strategy™. The research of energy transition covers
the development trend of new energy technology, the adjustment strategy of energy
structure and the impact of energy transition on economy and society. However, there
are still some deficiencies in the existing studies in the targeted analysis of regional
characteristics and the comprehensive evaluation of the dynamic relationship between
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enterprise carbon management and energy transition by using comprehensive models.
Shenzhen's unique economic structure!®, policy environment and resource endowment
determine that its enterprise carbon management and energy transformation have
unique rules and characteristics, which need to be further explored.

In this study, the multi-variable grey prediction model is used to deeply study the
dynamic changes of Shenzhen enterprises in the process of carbon management and
energy transformation, aiming to provide scientific basis for sustainable development.

2 Current Situation Analysis of Carbon Management and
Energy Transformation in Shenzhen Enterprises

2.1  Evolution of Energy Consumption Structure

The total energy consumption in Shenzhen continues to grow, but the energy consump-
tion structure has changed significantly!”!. The proportion of consumption of traditional
fossil energy (such as coal, oil) is gradually declining, while the proportion of consump-
tion of clean energy (such as natural gas, nuclear energy, renewable energy) is rising.
Over the past decade, for example, the share of coal consumption has fallen from 35%
to 20%, the share of natural gas consumption has risen from 20% to 28%, and the share
of renewables consumption has increased from 5% to 15%.

2.2 Construction and Analysis of Multivariate Grey Prediction Model

Let total energy consumption be xl(o) (k), coal consumption xéo) (k), natural gas con-
sumption xéo) (k), and renewable energy consumption xio) (k), where k =1,2,---,n
represents the time series.

A first order cumulative generation (1-AGO) operation is performed on the original
data to obtain a new sequence:
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Let the differential equation of the multivariable grey prediction model be:
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Where a;;(i,j = 1,2,3,4) is the parameter to be estimated and u; (i = 1,2,3,4) is the
ash action. The above differential equation is discretized to obtain the difference equa-
tion:

2O + 1) = BV (0) + Broxd () + BraxiV (k) + BraxP() + v, (9)
xO(k + 1) = By x P (k) + Brpx P (k) + Boax$V (k) + BraxP(K) + v, (10)

2O (e + 1) = B3ax (k) + Bz xS (k) + BasxSV (k) + Baax sV (k) +v5 (1)
2O U + 1) = BV () + Buoxt? () + BasxSV () + fraxV (k) + v, (12)

The parameters f8;; and v; are estimated using the least square method. Let the pa-
rameter vector 8:

6= [ﬂll!ﬂlZ'”"ﬂ4—4—'vl'v2'v3'v4]T (13)

Data matrix Y:

T
= [x2),x°@2),, 2P (n + 1)] (14)
And coefficient matrix B be:
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Then the parameter estimate § = (BTB)~'BTY.

The forecast results for 2023 are shown in Figure 1.

The construction and operation of photovoltaic power generation in the first three
quarters of 2023

The prediction results show that the proportion of clean energy in the energy con-
sumption structure of Shenzhen enterprises will continue to rise in the future!®), which
provides important data support for Shenzhen to formulate energy transition strategies.
Projections show that natural gas and renewables will each account for 140 in some
future period.
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Fig. 1. The forecast results for 2023

2.3  Carbon Emission Trend Analysis

With the improvement of environmental awareness and the support of government pol-
icies, the electric vehicle industry is booming in Shenzhen!®. Many local automakers,
as well as international auto giants, have set up research and development centers in
Shenzhen and poured resources into developing electric vehicle technologies. At the
same time, the construction of charging facilities has become a hot spot of invest-
ment!'%. Enterprises not only focus on the production of the vehicle itself, but also pay
attention to the construction and operation of charging infrastructure!'!l. The recent
market performance of charging pile concept stocks is shown in Table 1. According to
the data, at the end of 2022, the number of new energy vehicles in China was 13.1
million, and the sales volume of new energy vehicles in 2022 reached 6.887 million!?!!
Data from the China Association of Automobile Manufacturers predicts that the num-
ber of new energy vehicles is expected to exceed 30 million in 2025 and close to 100
million in 2030. However, there is a huge gap of charging piles. By the end of 2022,
the national charging infrastructure ownership is only 5.21 million units, and the car-
pile ratio is only 2.5:1, which means the charging pile gap is huge!'¥). In the strong
market call, many industry insiders have invested in the layout of charging stations this
new outlet, and quickly feel the strong strength of demand. Taking Huawei as an ex-
ample, a number of enterprises have now cooperated with Huawei in charging services.
The core contents of enterprise carbon management include carbon emission data man-
agement, carbon asset management and carbon trading management, and the specific
framework is shown in the following figure 2:

Fig. 2. The core of corporate carbon management
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Table 1. Charging pile concept stocks recent market performance

Third - Quarter Perfor- - = o from Septem- Price - Earnings

Code Abbreviation mance Fo;eec:rst for This ber 16th until now (%) Ratio (PE, TTM)
002227 Aote - Xun 4005080 126.4 137.39
300001 TGOOD 1224438 12.54 136.50
600680 Shanghai Putian 2800570 99.13 1990.38
002226 Jiangnan Chemical 1456472 16.24 910.23
002276 Wanma Co., Ltd. 1712109 98.90 110.15
40005 Beiiing Dynamic 9813 1386.67 1456.65

Power
300141 Heshun Electric 1115488 96.93 62.53
002518 Kstar 1302244 71.57 48.93
300376 EAST 1982667 65.98 53.40
002363 Zhongheng Electric 973158 64.98 85.62
600268  Guodian Nanzi 62.80 12.52 20.53
300040 Jiuzhou Electric 2602145 48.80 67.54
002028  Siyuan Electric 3237648 45.86 20.35
000040 XJ Electric 2371064 40.26 24.93

00468  Baili Electric 36.87 116.49 86.54
002358 Senyuan Electric 2150644 32.38 62.36
600406  NARI Group 543658 18.93 54.66
002211 Hongda Electronics 54264 27.54 88.56
002211 Clou Electronics 1537898 56.58 65.56

In addition to charging piles, with the rapid development of renewable energy, en-
ergy storage technology has received extensive attention in Shenzhen. Companies have
invested in the research and development of more efficient and cost-effective energy
storage devices to solve the intermittent supply problem of renewable energy. All kinds
of energy storage technologies, including lithium batteries and sodium sulfur batteries,
have been focused on research and development and investment by enterprises. Ac-
cording to the official account of "Light Source Capital", Shenzhen Guorui Energy
Storage Technology Co., Ltd. has completed a Pre-A round investment of more than
100 million yuan in 2023, which is used to continuously strengthen the research and
development investment of a full range of energy storage products and core compo-
nents, and expand production capacity.

3 Quantitative Analysis of Influencing Factors of Energy
Transition

3.1 Impact Assessment of Policies and Regulations

The relevant policies and regulations of Shenzhen municipal government were sorted
out, and key indicators in carbon emission trading policies and energy development
planning were selected for quantification'¥. The analytic hierarchy process (AHP) is
used to construct the evaluation model and determine the policy objectives, measures
and index weights. The analysis results show that the impact weight of carbon emission
trading policy on enterprise emission reduction is 0.45, and the impact weight of energy
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development planning on energy structure adjustment is 0.35, which provides a basis
for policy adjustment.

3.2 Establishment of the Relationship Model between Technological
Innovation Factors and Energy Transition

The proportion of new energy technology R&D investment, the growth rate of patent
applications and the conversion rate of technological achievements were selected to
measure the technological innovation ability of enterprises!'), and the data of repre-
sentative enterprises in Shenzhen were collected. A multiple linear regression model
was constructed, with the proportion of clean energy and the improvement rate of en-
ergy utilization efficiency as the dependent variable, and the technical innovation index
as the independent variable. The model results show that the proportion of clean energy
increases by 0.5% when the proportion of R&D investment increases by 1%. For every
10% increase in the growth rate of patent applications, the improvement rate of energy
efficiency will increase by 0.3%, highlighting the importance of technological innova-
tion.

3.3  Construction of Correlation Model between Economic Development and
Energy Transition

The economic indicators such as GDP growth rate, industrial structure adjustment co-
efficient and energy consumption elasticity coefficient are selected for correlation anal-
ysis with energy transition indicators. After data standardization, co-integration analy-
sis and Granger causality test were used to construct the modell'®l. The results show
that there is a long-term cointegration relationship between GDP growth rate and clean
energy consumption growth rate, and GDP growth is the Granger cause of clean energy
consumption growth, and economic development and energy transition promote each
other.

3.4  Social Awareness Factors Affect the Path Analysis

Data related to public environmental awareness were collected through questionnaires
and social media monitoring, and key information was extracted after collation. A struc-
tural equation model was constructed!!”], with social awareness factors as exogenous
variables, enterprise carbon management behavior and energy transition decisions as
endogenous variables, and intermediate variables such as consumer green consumption
tendency and public supervision pressure were introduced!'®. The model analysis
shows that the public awareness of environmental protection promotes the transfor-
mation of enterprises by influencing the consumption tendency, and the public super-
vision pressure also has a direct role in promoting the transformation of enterprises.
Social awareness is crucial to the transformation of enterprises.
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4 Enterprise Investment Trend and Comprehensive Benefit
Analysis

4.1 Enterprise Investment Trend Analysis

Investment by Shenzhen enterprises in electric vehicles and charging facilities has
grown rapidly, with an average annual increase of 30% from 2018 to 2022. The ARIMA
model is used to forecast the investment trend. After stationarity test and parameter
estimation, the model passes the diagnostic test!!°l. It is predicted that the investment
amount in 2023-2025 will reach 30 billion yuan, 40 billion yuan and 55 billion yuan
respectively, and enterprises should seize the opportunity. Energy storage technology
investment has attracted attention, and enterprises have developed efficient energy stor-
age equipment to cope with the intermittent problem of renewable energy. For example,
Shenzhen Guoruixiechuang Energy Storage Technology Co., Ltd. has received more
than 100 million yuan of investment. The real option model is used to analyze the in-
vestment decision, the option value is calculated considering the uncertainty factors,
and the key factors are determined by sensitivity analysis, which provides reference for
enterprise investment timing and scale. The investment trend and forecast value are

shown in Figure 3.
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Fig. 3. Investment trends and forecast values

4.2  Comprehensive Benefit Analysis

4.2.1 Economic Benefits

Shenzhen enterprises have achieved significant energy saving and carbon reduction.
After one enterprise adopted energy-saving technology!?”), energy costs were reduced
by 20%, the added value of products increased by 15%, and the annual net profit in-
creased by 1.2 million yuan. The comparison of net profit of Shenzhen enterprises be-
fore and after implementing energy-saving emission reduction measures is shown in
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Figure 4. The development of green industries has driven employment and economic
growth. For every 100 million yuan increase in the output value of the new energy
industry, 800 new jobs have been created in upstream and downstream industries, con-
tributing 3% to GDP. As shown in Figure 5, the new energy industry has a driving

effect on the employment of upstream and downstream industries
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Fig. 4. Net profit comparison of Shenzhen enterprises before and after implementing energy-
saving and carbon reduction measures
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Fig. 5. The employment driving effect of new energy industry on upstream and downstream in-
dustries

4.2.2 Environmental Benefits
The carbon emissions of Shenzhen enterprises have been reduced, with a cumulative
reduction of 15 million tons from 2013 to 2022, effectively mitigating climate change.
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The development of clean energy has reduced pollutant emissions, such as sulfur diox-
ide and nitrogen oxide emissions, improved air quality, and reduced the incidence of
respiratory diseases among residents. Figure 6 shows the avoidance of environmental
damage costs caused by Shenzhen enterprises' carbon emission reduction.
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Fig. 6. Environmental damage cost avoidance caused by carbon emission reduction of enter-
prises in Shenzhen

4.2.3 Comprehensive Benefit and Sustainable Development Prospect

Carbon management and energy transformation of Shenzhen enterprises achieve
win-win economic and environmental benefits, and promote sustainable development.
Enterprises should continue to innovate, the government should improve policies, and
the society should strengthen supervision to jointly promote the realization of carbon
peak and carbon neutrality goals, and contribute to the global sustainable development
of Shenzhen. The comparison of pollutant emissions between clean energy and tradi-

tional fossil energy is shown in Figure 7.
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Fig. 7. The use of clean energy and traditional fossil energy pollutant emission comparison
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5 Conclusion

This study uses the multivariate grey prediction model to deeply analyze the carbon
management and energy transition of Shenzhen enterprises, and clarify the evolution
trend of energy consumption structure, the decline trend of carbon emissions, and the
challenges and opportunities faced by enterprises. Quantitatively assess the influence
of policies and regulations, technological innovation, economic development and social
awareness, and reveal the trend of enterprise investment and the comprehensive bene-
fits of transformation. Future research will expand the application range of the model
and optimize the parameter estimation method to improve the prediction accuracy.
Strengthen case studies of enterprises in different industries, and deeply analyze the
differences and characteristics of transformation. Pay attention to the international en-
ergy transition experience, to provide more reference for Shenzhen enterprises. Keep
track of the effect of policy implementation to provide dynamic support for policy ad-
justment and enterprise decision-making.
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