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Artificial intelligence (AI) is an important driving force of the new round of technological revolution and industrial change, and
the development of a new generation of Al can help improve comprehensive national power and promote healthy and sustainable
economic development. Al can promote economic development through four ways. First, Al replaces labor, expands labor
connotation, increases labor supply, and enriches labor wealth; AT empowers laborers and improves labor productivity. Second,
AT empowers the three industries and improves production efficiency. Third, Al creates consumer surplus and improves social
welfare. Fourth, AT empowers government to correct government failure and improve government efficiency, which in turn
corrects market failure and improves economic efficiency. The economic subsystem covers both quantitative and qualitative
aspects of economic growth, economic structure, economic efficiency, and economic support. Environmental subsystems are
divided into environmental quality, environmental pollution, and environmental protection. While using AI to promote
economic development, it is also important to strengthen the research and prevention of potential risks of AI development to

ensure that Al is safe, reliable, and controllable.

1. Introduction

Artificial intelligence (AI) is one of the main driving forces of
the fourth industrial revolution, which is a general-purpose
technology that must be integrated with and empower the
real economy in order to play a role similar to that of steam
engines, electricity, and computers in the first three in-
dustrial revolutions and to drive sustainable and healthy
socioeconomic development. With the continuous devel-
opment and maturity of AI technology, it is clear how to
integrate AI and the real economy, promote the science and
technology innovation revolution to the depth of the body
that, to achieve the leapfrog development of social pro-
ductivity, will directly affect the strength of national eco-
nomic development, as well as the competitiveness in the
world economic development, and ultimately determine the
country’s position in the world economic development
pattern.

(he first i ed-at the Dartmouth

fined Al as a new
*4 +*

technical discipline: the use of machines to simulate human
intelligence in terms of behavior and thought [1]. Specifi-
cally, it refers to the research and development of human
thinking and behavior for the purpose of simulating the role
of humans [2]. Scientists first proposed the concept of ar-
tificial intelligence 2.0 (AI2.0) in 2016, which is different
from the traditional AI1.0; AI2.0 is the data intelligence
innovated on the basis of the development of network
technology and belongs to the new generation of AI [3].
With the rapid development and progress of many infor-
mation technologies such as the Internet of Things (IoT),
cloud computing, interactive Internet, and blockchain, the
networking of social space has become an inevitability; the
network makes the integration of physical space and social
space an inevitability; the interaction between people, people
and enterprises, enterprises and enterprises, and countries
becomes more and more rapid and convenient; the level of
social productivity is greatly improved; human society has
opened the door to the era of intelligent economy [4-10]. In
the future, the research field and development space of Al
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are very broad, and the research, development, and appli-
cation of Al technology are the main direction and content
of scientific research at present and even in a long period of
time in the future. In terms of objectives, after more than 40
years of construction, AT has made remarkable achievements
and significant progress from scratch, from small to large,
and from weak to strong [11]. It is important to continue to
strive with confidence and in accordance with the national
AT development strategy and the established goals [12]. At
the same time, it is also important to acknowledge the gap
with developed countries and move forward. In terms of
foundation, the new Al infrastructure is systematic national
infrastructure construction, which is a difficult task and
needs to be carefully designed to gradually realize a com-
prehensive layout including Al infrastructure, technology
construction, and application construction, so as to lay a
solid foundation for fully realizing the national AI devel-
opment goals and building a strong AI country [13]. In terms
of investment, the state has provided a good investment and
financing environment for Al infrastructure construction
and industrial development, which has played an important
role in supporting the development of AI [14]. However, as
major national infrastructure construction in the new era,
the state needs to provide more policy support and financial
investment for the new Al infrastructure to provide a
fundamental guarantee for the enhancement of China’s Al
strength. In terms of industry, one of the important tasks of
the new Al infrastructure is to develop Al industry, realize
the layout of the whole industrial chain of Al basic industry,
technology industry, and application industry, and provide
quality services for national economic construction, social
development, and people’s life [15-18]. In terms of talents,
high-quality Al talents at all levels are the first resource of the
new Al infrastructure, and it is necessary to cultivate Al
talents at all levels in multiple channels and modes [19].

All economic implementation activities such as material,
spiritual, products, services, and even logistics can be called
real economy, which can be subdivided into transportation,
communication, agriculture, industry, manufacturing, and
so on, as well as the production and services of spiritual
products such as culture, sports, arts, and education. The real
economy is a broad category; all economic activities and
economic organizations with actual activities of production
and services can be included in the real economy. The real
economy is the foundation of the national economy, with the
rapid development of Al in the new era, and the popularity
of Internet technology, Al, and advanced productivity has
the basis and conditions for effective integration with the
real economy, which can help optimize and upgrade the
structure of the real economy and drive the transformation
of the real economy to intelligent, technological
development.

2. Artificial Intelligence and Real Economy
Development Trend

2.1. Industrialization Drives the Trend. It has been more than
60 years since the day the concept of Al was introduced and
has entered the fast lane of development after entering the
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21st century, becoming one of the important elements of the
world’s technological revolution, and has been applied to
economic and social development in large quantities, de-
veloping and innovating more new technologies, new
products, new business models, and new modes. The de-
velopment trend of the integration of AI and the real
economy is mainly reflected in the following aspects, as
shown in Figure 1: first, through the use of big data, AI can
quickly and accurately process huge information and data,
so as to reduce the errors in decision-making caused by
errors in data analysis and make economic development
more stable [20]; second, the effective allocation of resources
through intelligent control can realize the precision of
production and improve the efficiency and benefits of
production; third, through the effective use of electric en-
ergy, it can achieve commercial ecology, reduce carbon
emissions, and achieve energy conservation and environ-
mental protection [21]. In fact, the full use of AI can realize
the transformation and upgrading of traditional real
economy, and the deep integration of Al and traditional real
economy can be realized through the use of big data to
promote product elements and supply structure [22].

The economic system has been improved and the market
economy has developed rapidly, but it still has not reached
the level of modern market economy development, and it is
still necessary to build and improve the modernized eco-
nomic system on the basis of vigorous development of the
real economy [23]. National economic security and mac-
roeconomic development stability are the basis for the
construction of a modernized economic system, while the
availability of a sound industrial system is a key factor in the
construction of a modernized economic system. At the same
time, we must also optimize the industrial structure and
rationalize the layout of the economic system, so that we can
truly cultivate a mature economic market to achieve high-
quality economic improvement [24]. The key point of in-
tegration of AI with the real economy is to effectively en-
hance the intelligence content of the real economy so that it
can be applied in agriculture, industry, manufacturing, and
tertiary industries in a focused manner. This must achieve
two requirements: first, to adjust the original industrial
structure from low level to high level to achieve innovation
in product value; second, to optimize and upgrade the
growth mode of the real economy, breaking through the
original idea of expanding the quantitative scale to achieve
growth, but constantly upgrading product quality and
performance to achieve growth and maximize revenue while
reducing costs [25].

2.2. Transformation of Manufacturing Development. The
starting point of traditional manufacturing industry is OEM,
which is at the bottom of the “smile curve” of the
manufacturing industry, with backward production equip-
ment, high production cost, low intelligence, and the most
tiring and dirty work but the least rewarding and the least
technical content, and many key technologies and core
technologies are monopolized by enterprises in Europe,
America, Japan, and other developed countries. This makes
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FiGure 1: Artificial intelligence (AI) and real economy develop-
ment trends.

the development of traditional manufacturing transforma-
tion have to face many difficulties and problems [26]. At the
same time, the development of the emerging manufacturing
industry is still in the early stage of small-scale development,
and it is a long way to go to become a modern manufacturing
power. From the current situation of international market
competition, it can be seen that the core competitiveness of
industrial manufactured products in the international
market is mainly low prices, which weakens the overall
profitability of the manufacturing industry, as shown in
Figure 2. In fact, the more intelligent the manufacturing
industry is, the more competitive the real economy is, in
order to have the opportunity to continuously improve its
position in the global industrial value chain. Therefore, the
key to accelerating the transformation and upgrading of the
manufacturing industry lies in the ability to achieve intel-
ligent transformation and upgrading.

Traditional service industries such as retail, tourism, and
catering occupy a great proportion of the service industry,
but the application of AI technology in them is subject to
many restrictions and has not been commonly used. The
main reason for this situation is that the traditional service
industry is relatively backward in terms of business methods
and service means. At the same time, logistics, finance,
commerce, information, and other service industries in the
service industry occupy a relatively small proportion of the
use of AI, which is not optimistic. In summary, the trans-
formation and upgrading of the service industry cannot be
separated from the driving force of Al technology. Although
the development of the sharing economy and the promotion
of ToT commerce have eased the downward development
pressure of the service industry to a certain extent, the
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occupational standards in the development of these two
models has affected the quality of development. Therefore,
the transformation of the development of service industry
must accelerate the use of Al technology and realize the
integration of Al and service industry in order to truly meet
the needs of market competition and realize the transfor-
mation and development of modern service industry.

2.3. The Development of AI Technology. From the develop-
ment and application of Al technology, it can be seen that
the AI industry in the first-tier cities such as North,
Guangzhou, Shenzhen, and other relatively developed
economies is more widely distributed and more Al tech-
nology is used, forming a certain Al technology focus effect.
However, the development of Al in these first-tier cities is
still at a low level of popularity; only those very large en-
terprises, leading enterprises, or backbone enterprises in the
use of more, accounting for more than 85% of the total
number of enterprises in small- and medium-sized enter-
prises, are rarely involved, which directly limits the scale
effect of Al devices, reducing the advantages of seamless
docking and smooth communication of Al technology. To
sum up, the development of the real economy needs the
addition of AI, and the integration of AI into the real
economy is also an inevitable choice for economic devel-
opment. The deep integration of AI and manufacturing
should start from four aspects, such as product development,
production, sales, and service. The energy subsystem is
divided into three aspects of energy scale, energy con-
sumption, and energy efliciency, covering the process of
energy subsystem from input and output to consumption
and considering the efficiency of energy use.

From the perspective of product development, Al
technology can access a large amount of relevant infor-
mation and data both at home and abroad and build a
platform for product development more quickly, as shown
in Figure 3. After the intelligent platform analyzes and learns
the collected data and information, it can quickly research
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FIGURE 3: Deep integration of Al and manufacturing.

and design various R & D texts to meet the needs of social
production and life. From the perspective of product pro-
duction, Al technology is able to deeply inspect products and
work nonstop 24 hours a day while ensuring product quality.
From the perspective of product sales, Al can analyze and
calculate the macroenvironment of the market, determine
the most reasonable and competitive price of products, and
ensure the competitiveness of the market while ensuring
maximum profits, so as to provide high-quality advice and
suggestions for product manufacturers and customers. From
the point of view of product service, the application of Al to
enterprise intelligent services can, to a certain extent, achieve
round-the-clock service and give customers corresponding
intelligent technical support. The key to the development
and growth of the real economy is in the manufacturing
industry, and the deep integration of AI technology and
manufacturing industry can promote the transformation,
upgrading, and optimization of the manufacturing industry
and realize the healthy and sustainable development of the
manufacturing industry.

AT technology is fully applied to agriculture, forestry,
animal husbandry, fisheries, and other broad agricultural
industries to develop corresponding intelligent agricultural
production equipment to realize the intelligence, technol-
ogy, and modernization of traditional agriculture. It is a
large agricultural country, in thousands of years of farming
civilization, human and semimechanized labor are the core
of labor, and the annual harvest depends more on the cli-
mate. With the development of socialist market economy,
more and more rural laborers are working in the cities, and
agricultural laborers are reduced in large numbers. And the
use of Al technology can significantly reduce the manpower

ire i ion_while improving
on. In fact, in the
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macroenvironment that the era of big data has arrived, Al
can be used in agriculture to fully introduce big data
technology to make a comprehensive analysis of market
demand and make scientific decisions. The production of
agricultural and sideline products and the production of
animal husbandry are quantified, and point-to-point tar-
geted sales are carried out through the Internet, so as to
optimize the allocation of agricultural production and
marketing resources in different regions and realize the
integration of agricultural production and supply and
marketing.

3. Results and Analysis

3.1. System Coordination Evaluation Model. The integrated
coordination model is based on the assumption that the
three subsystems of energy, economy, and environment are
of equal importance and have the same impact. The model
examines the coordinated development of these three
subsystems from a holistic perspective.

U —Vni]XH (1)

q
E, = ZXii’ )

where E; denotes a subsystem i in the 3E system, E;, E,, and
E; denote the development levels of the energy subsystem,
the economic subsystem, and the environmental subsystem,
respectively, x;; denotes the jth evaluation index of sub-
system 7, and X is the corresponding weight of this evalu-
ation index. From equation (1), it is easy to calculate and is
essentially the geometric average of the development level of
the three subsystems, and there is no specific requirement
for the value of the comprehensive development level of the
system to be positive, negative, or zero. It can reflect the
functional degree of the development level of the whole 3E
system, but it cannot reflect the submission degree of the
subsystems matching each other’s development level.

The distance-based coordination model assumes the
premise that the combined development levels of the energy,
economic, and environmental subsystems must all be pos-
itive and are calculated as

E. =

1

™

]
—_

Xii X 0ijp (3)

where W denotes the degree of matching of development
levels among subsystems; V' denotes the functional degree of
the overall development level of the 3E system, which is
essentially a weighted average of the development levels of
each subsystem.

When evaluating the degree of coordination between the
energy subsystem and the economic subsystem,

k+1
Q, = L Eq % E;; '
" E, +E, ’

(4)
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where k (k>2) is the coordination coefficient, which is
generally taken as 2; E; and E, denote the weights of the
subsystems, respectively. When measuring the coordination
degree among the three systems, that is, the total coordi-
nation degree of the 3E system, W and V in equation are
expanded according to the system covariance theory and the
discretization principle, respectively:

Q. = aE, + BE,
N (5)
{si/s+Qj}

The evaluation model reflects both the matching degree
and the functional degree among the subsystems of the 3E
system, and the calculation is relatively easy. When the
comprehensive development level of each subsystem is
equal, the 3E system coordination degree U reaches the
maximum, which means that the development status of the
3E system is high-quality coordination, as shown in Figure 4.

The change-based coordination model is a dynamic
evaluation model. This dynamic evaluation is reflected in the
fact that it evaluates the whole 3E system coordination by the
degree of relative change in the rate of development of
subsystems and subsystems. The system coordination degree
U; of the subsystem is calculated as

dQ; de

(dQrdt-dQyar)  4Q; 9K
¢ U a Sar

(6)
dQ;

dr’

where dE*/dt is the 3E system development rate and E*
denotes the 3E system development level. u; takes values in
the range of U; belongs to (0, 1]. The total coordination
degree U of the 3E system is calculated as

Vn&U;
v=2t_"="° (7)

From the equation, we can see that U takes the value
range of U belongs to (0, 1], and the larger the value of U, the
better the coordination state of the 3E system. In addition to
the total coordination degree of the 3E system, the evalu-
ation can also examine the coordination degree between two
subsystems, which is more comprehensive. However, it uses
a differential algorithm to calculate the coordination degree
between two subsystems, which is more difficult and
complicated than the other two evaluation models men-
tioned above. Meanwhile, it focuses on the matching degree
of development speed between subsystems, as shown in
Figure 5, which lacks the function of reflecting the overall
development level of the system.

In this paper, we refer to the evaluation metrics used in
the current literature on the evaluation of provincial 3E
system coordination.

(1) The target level is set as the provincial energy-
economy-environment (3E) system coordination
degree U.

(2) The criterion level is divided into three categories

according to the number of subsystems, namely, the
energy subsystem development level 1E, the
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economic subsystem development level 2E, and the
environmental subsystem development level 3E. The
environmental subsystem is divided into environ-
mental quality, environmental pollution, and envi-
ronmental protection, which evaluates the level of
environmental development from three aspects: the
current state of the environment, the current state of
pollution, and the inputs made to protect the
environment.

(3) In accordance with the subcriteria level, represen-
tative evaluation indicators were selected based on
the existing literature on 3E system coordination
evaluation and consultation with relevant experts, as
shown in Figure 6, 9 indicators for evaluating the
energy subsystem, 11 indicators for evaluating the
economic subsystem, and 9 indicators for evaluating
the environmental subsystem, a total of 29
indicators.

In the evaluation and analysis of the provincial 3E system
coordination, in order to eliminate the influence of di-
mensionality and ensure the comparability of the evaluation
results, as shown in Figure 7, this paper uses the polarization
method to dequantize the original data x;;.

min(x,--) - X;i
Xij = e,
max(xij) - mm(xij)
U 1
=< X;; = 8
Yol (8)
X — min(xl--)
max(x,-j) - mm(xij)

Max (x;) and min (x;;) are the maximum and minimum
values of evaluation index x;;, respectively, and M is the
average value of evaluation index x;;.

In order to calculate the development level of the three
subsystems of energy

and environment, this
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calculate the weights of each indicator according to the three
subsystems of energy, economy, and environment. The basic
idea of the coeflicient of variation weighting method is that
when the coeflicient of variation of an indicator is more
different from that of other indicators, the indicator can
better reflect the gap between the evaluated objects, and the
indicator is given a larger weight; conversely, it should be
given a smaller weight. From the comparison of the weight
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coordination.

of each indicator, it can be inferred that the indicator with a
larger weight has a greater influence on the coordinated
development of 3E system; on the contrary, it has a smaller
influence on the coordinated development of 3E system.

3.2. Analysis of Experimental Results. There are 3 indicators
in the energy subsystem with weights greater than the av-
erage value (11.11%), as shown in Figure 8, in descending
order: electricity generation, investment in energy industry,
and investment in fixed assets in energy industry of state-
owned economy, with weights of 20.08%, 18.58%, and
18.55%, respectively. It means that these three indicators in
the energy subsystem are relatively different among the 30
provinces and regions, while the remaining six indicators do
not vary much among the 30 provinces and regions.
Combined with the meaning of coordinated development of
the 3E system, improving energy use efficiency and devel-
oping green energy require financial support, and achieving
stable energy supply and demand needs to be considered
from the supply side. The more intelligent manufacturing is,
the more likely the real economy is. It is more competitive
and has the opportunity to continuously improve its posi-
tion in the global industrial value chain. The two indicators
of energy industry investment and the amount of investment
in fixed assets in the energy industry of the state-owned
economy, which are sources of financial support, and the
amount of electricity generation, which is the main supply
side, differ significantly among the 30 provinces. Therefore,
the above weighting of the energy subsystem indicator layer
is more objective and reasonable. Therefore, the above-
mentioned weight assignments for each subsystem indicator
layer are more objective and reasonable.

The highest year-on-year growth rate was 17.64% in
2010; this indicates that the overall level of provincial 3E
system coordination was on the rise, and the year 2010 was
the turning point, as shown in Figure 9, when the 3E system
coordination level changed from a severe disorder level to a
moderate disorder level. 2010 was the closing year of the
Eleventh Five-Year Plan. The year 2010 was the closing year
of the 11th Five-Year Plan, so it can be concluded that it is
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provincial 3E system coordination from quantitative to
qualitative change. If the average annual growth rate of
7.25% is maintained, the provincial 3E system coordination
will reach a turning point of 0.53 by 2015, and the 3E system
coordination level will develop from a moderate disorder
level to a mild disorder level, while 2015 is the closing year of
the 13th Five-Year Plan. The year 2015 is the closing year of
the 13th Five-Year Plan.

In the economic subsystem, there are six indicators with
higher weight than the average value (9.09%), as shown in
Figure 10, in descending order, namely, industrial value
added, total retail sales of consumer goods, social fixed asset
investment, value added of tertiary industry as a percentage
of GDP, per capita gross regional product, and local general
budget revenue as a percentage of GDP, with weights of
14.26%, 13.20%, 11.07%, 10.63%, 10.21%, and 10.15%, re-
spectively. The difference algorithm is used to calculate the
coordination between two subsystems. This is harder and
more complex than the other two evaluation models above.

It indicates that these 6 indicators in the economic
subsystem are relatively different among the 30 provinces,
while the other remaining 5 indicators are less different
among the 30 provinces. Combined with the meaning of
coordinated development of the 3E system, achieving the
goal of economic development requires solid government
financial support, reasonable industrial structure, innova-
tion and popularization of relevant advanced technologies,
and steady growth of social consumption capacity, and the
above-mentioned 6 indicators with higher-than-average
weights cover exactly these requirements. Therefore, the
above-mentioned weighting of the indicators of the eco-
nomic subsystem is also objective and reasonable. Similarly,
there are three indicators in the environmental subsystem
with higher-than-average weights (11.11%), in descending
order, namely, water resources per capita, total investment
in environmental pollution control, and completed invest-
ment in industrial pollution control, with weights of 27.63%,
19.84%, and 18.79%, respectively. It means that these 3
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indicators in the energy system are the ones that differ more
among the 30 provinces, while the other 6 remaining in-
dicators do not differ much among the 30 provinces. It
means that these 3 indicators in the environmental sub-
system are more different among 30 provinces, while the
remaining 6 indicators are less different among 30 provinces.
Combined with the meaning of the 3E system coordinated
development, the environmental protection goal cannot be
achieved without the treatment of environmental pollution,
and to treat it, we need to invest money. At present, the
overall environmental pollution remediation efforts are
increasing, but the differences in investment efforts between
regions are still large, the water resources problem has been
one of the factors troubling the sustainable economic and
social development, and the differences in water resources
between regions have aggravated the imbalance of regional
development.

The coordination degree of the provincial 3E system has
shown an increasing trend over time, and its coordination
degree value increased from 0.28 in 2006 to 0.49 in 2014,
with an increase of about 75% and an average annual growth
rate of 7.25%. The possible reason is that, with the imple-
mentation of the 11th Five-Year Plan in 2006 on the
comprehensive implementation of the scientific concept of
development and accelerating the pace of building a re-
source-saving and environment-friendly society, the atten-
tion to the coordinated development of energy, economy,
d and effective
est year-on-year

growth rates, in 2009 and 2014, both of which are the same as
the previous year. Possible reasons are mainly as follows:
2009 was affected by the global financial crisis and economic
development was seriously challenged, while the negative
effects of energy depletion and environmental pollution
generated by years of rough economic growth model also
emerged; 2014 is mainly a period of active deepening reform,
which will inevitably have an impact on the three subsystems
of energy, economy, and environment.

4. Conclusion

Based on the construction of the provincial 3E system co-
ordination evaluation index system and coordination
evaluation model, this paper measures and analyzes the
coordination degree of provincial 3E system by using the
annual data of 30 provinces from 2006 to 2014 and obtains
the following main conclusions: (1) In terms of average level,
the 3E system coordination in the province from 2006 to
2014 showed an increasing trend and a large magnitude; and
with 2010 as a turning point, the 3E system coordination
level changed from a serious disorder level to a moderate
disorder level. (2) By province, from the value of 3E system
coordination of each province, the development of each
province varies greatly. Shandong Province leads the
country in the fluctuation of 3E system coordination; the
fluctuation of 3E system coordination in five provinces,
namely, Beijing, Shanxi, Shanghai, Jiangsu, and Guangdong,
is smaller; except for the above-mentioned provinces, the
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fluctuation of 3E system coordination in the remaining
provinces is also relatively large. However, judging from the
status level of 3E system coordination in each province (with
the median as the reference), the provincial 3E system co-
ordination is in a state of dysfunction, and most of the
provinces are in a state of serious dysfunction.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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