
Citation: Zhang, D.; Tian, J.; Goh,

H.-H.; Liu, H.; Li, X.; Zhu, H.; Wu, X.

The Key Technology of Smart Energy

System and Its Disciplinary Teaching

Reform Measures. Sustainability 2022,

14, 14207. https://doi.org/10.3390/

su142114207

Academic Editor: Nien-Che Yang

Received: 26 September 2022

Accepted: 27 October 2022

Published: 31 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

The Key Technology of Smart Energy System and Its
Disciplinary Teaching Reform Measures
Dongdong Zhang 1,*, Jun Tian 1, Hui-Hwang Goh 1 , Hui Liu 1, Xiang Li 1, Hongyu Zhu 1 and Xinzhang Wu 1,2

1 School of Electrical Engineering, Guangxi University, Nanning 530004, China
2 School of Computer, Electronics and Information, Guangxi University, Nanning 530004, China
* Correspondence: dongdongzhang@gxu.edu.cn

Abstract: Based on the rapid development of new energy technology, modern information technology,
intelligent management technology and different countries’ strategic demand and deployment in the
field of energy, the construction of intelligent energy systems is booming with the combination of
new energy technology and Internet technology. The Energy Internet is the representative product
of intelligent energy systems at the present stage. Its advantages are the effective promotion of
energy saving, consumption reduction and optimization of deployment, thus improving the energy
system. However, the large-scale construction of the Energy Internet requires a large number of
professionals. In order to meet the needs of Energy Internet construction, the talent training mode
of higher education is facing new challenges. To cultivate talents in Energy Internet construction,
an effective measure is to reform the teaching system based on the current electrical engineering
major in universities. This paper investigates the development and construction of the Energy
Internet and the current situation of the electrical engineering discipline and puts forward teaching
reform measures to transform the traditional electrical engineering discipline into an Energy Internet
engineering discipline, considering course structure design, examination form, teacher allocation and
teaching mode. This is important for promoting the large-scale construction of the Energy Internet
and improving the competitiveness of graduates in the electrical engineering field.

Keywords: smart energy system; Energy Internet; information technology; electrical engineering;
teaching reform

1. Introduction

Since the second Industrial Revolution gave rise to the global electric age, fossil energy,
represented by coal and oil, has occupied the absolute dominant position in the global
energy industry. However, currently, the abuses exposed by the excessive use of fossil
energy are obvious, including energy exhaustion, environmental pollution, ecological
destruction and global warming. The London Smog event in 1952 sounded the alarm.
Therefore, in order to seek a sustainable development model with environmental protection
as the purpose, the world urgently needs to carry out a clean and efficient revolutionary
security transformation in the field of energy [1].

Since the 21st century, the rise and development of technologies related to renew-
able energies, represented by hydropower, wind power and photovoltaic energy, have
created opportunities for achieving the above strategic objectives [2]. Renewable energy
will replace a considerable part of fossil energy in the future because of its advantages
of environmental friendliness and high efficiency. However, renewable energy has the
problems of geographical dispersion, discontinuity, randomness, volatility and being un-
controllable [3], and the centralized and unified management mode of the traditional power
network is not suitable for the large-scale and multi-type utilization of renewable energy [4].
A smart energy system, a new energy system, is proposed to deal with the problems faced
by the promotion and popularization of the use of renewable energy [5]. A smart energy
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system, based on advanced information technology, intelligent management technology
and power electronic technology, connects a large number of distributed energy collection
and storage devices and energy networks of electric power, petroleum, natural gas and
other forms (including various forms of renewable energy). Through information exchange
and sharing as well as the mutual cooperation between various energy systems, the overall
optimization of energy allocation, the balance between supply and demand and efficient
transmission are realized [6]. The most representative embodiment of intelligent energy
system in the new era is the Energy Internet (the construction of the Energy Internet is
an important link in promoting the construction of intelligent energy systems in the new
era) [7]. Figure 1 shows the architecture of the smart energy system.
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In September 2015, the Chinese president delivered an important speech at the UN
Development Summit held at the UN headquarters in New York, announcing China’s
initiative to explore the construction of a global Energy Internet and promote a clean and
environmentally friendly mode to meet the global electricity demand. Then, in February
2016, a number of relevant departments in China jointly formulated and issued the docu-
ment titled The Guidance on Promoting the Development of “Internet Plus” Smart Energy.
The guideline clarifies the goal of perfecting the construction of the Energy Internet in
China, indicating that the construction of a smart energy system in China has risen to the
level of national strategy and entered the stage of substantive development. Since China
launched the initiative of “Exploring the construction of a global Energy Internet” in 2015,
important progress has been made in the development of the global Energy Internet, and
more than 140 countries have introduced corresponding energy development policies.

In order to meet the national strategic layout in the field of energy and adapt to the
development trends of today’s world, the construction of the Energy Internet on a global
scale has become inevitable [8]. However, the construction and development of the Energy
Internet cannot be achieved without the joint efforts of a large number of professionals
and technical personnel [9]. As a new field, the number of technical personnel is extremely
limited. Therefore, it has become an urgent task to start educational and scientific research,
studying the core technologies necessary for the construction of the Energy Internet, and
training the talents needed for the construction of the Energy Internet. At present, many
schools and power enterprises around the world have carried out considerable scientific
research on smart energy systems. Among them, the number of Chinese organizations
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that have made achievements is the largest, and the representative ones include the State
Grid Corporation of China, North China Electric Power University, Tsinghua University
and so on. Many universities in the U.K. have also carried out relevant research, including
Imperial College London, the University of Manchester, the University of Birmingham,
the University of Liverpool, Cardiff University and so on. Institutions in other countries,
such as Technische Universitaet Berlin, Polytechnic University of Turin, Aalborg University,
the University of California, the Indian Institute of Science and the University of Lisbon,
have also achieved a lot. Some of these universities established the Global Energy Internet
University Alliance in 2018, aiming to jointly promote the research and construction of a
global Energy Internet. Figure 2 shows the representative organizations of smart energy
systems research around the world.
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The composing structure and specific characteristics of the Energy Internet determine
its intersection of multiple disciplines in technical characteristics. Its technical means cover
the contents of computer technology, communication engineering, artificial intelligence,
electrical engineering and other disciplines [10]. As a traditional discipline, electrical engi-
neering has cultivated a large number of engineering construction and technical innovation
talents for the development of the power industry in various countries through long-term
development and innovation, and made important contributions to the development of
the energy field [11]. At present, the most critical component of the energy system in most
countries is still the power grid, and there are a large number of colleges and universities
offering electrical engineering majors to cultivate talents for the power grid. Therefore, it
is of great significance to carry out a teaching reform to rapidly establish a teaching sys-
tem for training talents in the field of the Energy Internet by taking electrical engineering
major as the basis and integrating the principles of information technology, intelligent
management technology and theories of other forms of energy field which can break the
traditional teaching mode and stimulate innovation [12]. Based on the characteristics of
strong interdisciplinary, advanced concepts and focusing on the practical ability of Energy
Internet technology [13], some universities in China (such as North China Electric Power
University, Shandong University, etc.) have taken the lead in carrying out small-scale
trials of talent training with the ultimate goal of establishing a new talent training system.
Shanghai Electric Power University has become one of the first universities in China to
offer undergraduate programs in Energy Internet engineering through careful discipline
construction planning.

However, at present, among many universities and colleges in the world, the number
of schools offering an Energy Internet engineering major or an electrical engineering
major with an Energy Internet training direction is insufficient, and the promotion of
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corresponding education reform is also lacking. Based on the actual situation of the high-
speed construction of global Energy Internet, the talent output of universities cannot
meet the demand for a large number of talents. The core problem lies in the lack of
clear consensus among many talent training units on the technologies and capabilities
that professional talents should master to build the Energy Internet [14]. In addition, the
optimal teaching reform method, teaching system and personnel training model also lack
sufficient clarity. Based on the actual situation of the electrical engineering discipline in
many talent training units at the present stage, this paper expounds the objective situation
of education reform and the viewpoints and thoughts on the reform methods and modes
of talent training for the Energy Internet. Firstly, it analyzes the specific characteristics and
technologies involved in the Energy Internet [15]. Secondly, it investigates and analyzes
the current situation of talent training and major offerings of the Energy Internet, the
advantages and historical conditions of the current electrical engineering teaching reform
and the problems and challenges faced by the reform. Finally, the paper puts forward and
expounds ideas about the reform of talent training modes and the concrete measures and
suggestions about the reform of the talent training education system, as well as the value
and significance of the reform. In Section 2 of this paper, the specific characteristics of
the Energy Internet and its potential problems are introduced in detail. Additionally, the
technical system of the Energy Internet is analyzed in detail, which provides reference for
the teaching reform measures in the following section; it also focuses on an important pillar
of the Energy Internet, electric vehicles. In Section 3 of this paper, the construction of an
Energy Internet discipline at the current stage is introduced, and the advantages of teaching
reform based on the electrical engineering discipline compared with other engineering
disciplines are analyzed, and the necessity and irreplaceability of teaching reform based
on the electrical engineering discipline are emphasized. In Section 4 of this paper, by
summarizing the Energy Internet technology system described in Section 2 and the actual
situation of the existing electrical engineering discipline described in Section 3, as well as the
current construction of the Energy Internet discipline, the ideas and specific measures for
the Energy Internet-oriented teaching reform based on the electrical engineering discipline
are proposed. In Section 5 of this paper, we emphasize the value of teaching reform and
the work that needs to be carried out in the future in the field of energy and educational
units. In Section 6 of the article, the overall ideas and the main points of view of the article
are summarized.

2. Key Technologies and Disciplinary Characteristics of Smart Energy System

The Energy Internet is the representative achievement and product of the smart energy
system [16]. It is the product of the deep integration of energy and the Internet. It is a
new energy system with the characteristics of open interconnection of multi-energy, free
energy transmission, open peer-to-peer access and so on, based on electrical engineering
technology represented by power electronics technology and combined with relatively
mature information technology and intelligent management technology at the present
stage [17]. Therefore, the Energy Internet is another important topic after smart grids in
the field of energy. The promotion and popularization of the Energy Internet has become a
consensus in all countries of the world, and its development and construction speed are
rapid. The fundamental reason is that the construction of the Energy Internet conforms
to the global call for green and environmental protection in the energy industry [18]. In
addition, through advanced information technology and Internet technology, the Energy
Internet closely couples multiple systems such as conventional energy and distributed
renewable energy with the power system as the core [19], forming a set of intelligent
energy systems with more optimized energy management and allocation, which is of
great significance for energy conservation [20]. Figure 3 shows the conceptual architecture
diagram of the Energy Internet at the current stage.
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2.1. Characteristics of the Energy Internet
2.1.1. Essential Feature

Based on the construction concept and practical application of the Energy Internet, it
mainly has five basic characteristics, namely renewable, distributed, interconnected, open
and intelligent [21]. The renewable feature stems from the fact that renewable energy is
the main energy supply of the Energy Internet [22]; the distributed feature comes from the
fact that renewable energy has various and geographically dispersed characteristics [23];
interconnection is the most distinctive and fundamental feature of the Energy Internet [24];
openness is the requirement of the development mode of the global Energy Internet; and
the intelligent characteristic is the guarantee for the Energy Internet to be at the forefront
of the energy field. Table 1 explains the connotation of the five basic characteristics of the
Energy Internet.

Table 1. Five basic features of the Energy Internet.

Essential Feature Specific Connotation

Renewable
Renewable energy is the main source of energy supply for Energy Internet. Renewable energy power generation
is intermittent and volatile, and its large-scale access will impact the stability of the power grid, thus promoting
the transformation of the traditional energy network into Energy Internet [25].

Distributed

Renewable energy sources are diverse and geographically dispersed. For the most efficient collection and use of
renewable energy, networks for on-site collection, storage and use of energy need to be established. These energy
networks are individually small in scale and widely distributed, and each micro energy network constitutes a
node of the Energy Internet. These elements constitute the distributed characteristics of the Energy Internet [26].

Interconnectivity Large-scale distributed micro-energy networks cannot guarantee self-sufficiency and need to be connected for
energy exchange to balance energy supply and demand [27].

Openness
Energy Internet should be a peer-to-peer, flat and two-way energy flow sharing network. Power generation
devices, energy storage devices and loads can be “plug and play”, which can achieve real-time and efficient
transmission of energy [28].

Intelligent
Energy generation, transmission, conversion and use of energy in Energy Internet should have a certain level of
intelligence. The existence of intelligence makes the monitoring, management and maintenance of Energy Internet
more convenient [29].
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2.1.2. Technical Feature

The composition of the Energy Internet shows that it is a new form of energy industry
development that deeply integrates the Internet, energy production, transmission, con-
sumption, storage and the energy market [30]. It has many technical features, including
multi-capability collaboration, information interaction, supply and demand dispersion,
equipment intelligence, transaction openness, etc. [31]. In the upcoming new round of
global technological revolution and the great transformation of the energy industry, the
deep integration of the energy industry with highly developed information technology
and advanced Internet concepts will highly promote the development of new models,
new business forms and new technologies in the energy field [32]. The specific technical
characteristics of the Energy Internet can be analyzed from two specific levels.

The physical layer: At the physical level, the intelligent energy system represented
by the Energy Internet mainly relies on control technology, cloud platform monitoring
and maintenance technology and high-performance energy technology to achieve the
purpose of optimized cooperative operation of various energy sources and efficient and
green operation of the whole system [33]. The Energy Internet consists of multiple energy
systems, including electricity, heat, gas and various renewable energy sources, serving many
fields such as production, transportation and engineering [34]. Considering its composition
and application scenario, it is not difficult to deduce that the technical characteristics of
the physical layer lie in the fact that it supports the intelligent interconnection of multiple
networks and the mutual transformation of all kinds of energy [35], realizes the optimal
scheduling and optimal operation of energy systems through the mutual transformation of
various energies and the complement of supply and demand [36] and finally realizes the
optimal configuration of the whole energy system [37]. As mentioned above, the Energy
Internet has the basic characteristics of distribution [38]. In the future of highly developed
distributed energy, it has a strong advantage of convenience to directly convert all kinds of
distributed energy into all kinds of energy required by users through technical means [39].
Therefore, the construction of the Energy Internet will take the construction of micro-grid
units as the main technical characteristic [40]. After comprehensive analysis of the technical
characteristics of the Energy Internet at the physical layer, the main advantages of the
Energy Internet at the physical layer can be summarized as follows:

(1) A variety of energy systems achieve complementary advantages, avoid the second
conversion of energy and consumption loss and effectively improve the utilization
efficiency of comprehensive energy, which meet the requirements of the era of energy
conservation and low carbon [41].

(2) All kinds of small-scale renewable energy are incorporated into the grid of the energy
system, which improves the level of consumption and fully mobilizes all environmen-
tally friendly energy sources that can be put into use [42].

Information layer: A high degree of information interaction is an essential requirement
for the construction of the Energy Internet [43]. Therefore, the most prominent technical
characteristics of the Energy Internet at the information level are information transparency
and information sharing [44]. The main embodiment of information transparency is to
make it open and transparent for the running state of energy network, the healthy state of
energy equipment and the trading state of the energy market [45]. One of the problems of
traditional energy networks represented by the power grid is that the actual information
held by power grid companies and power users is seriously unequal [46]. The user side has
a serious lack of information about the energy system, which can easily lead the operator
to exploit the information monopoly [47]. Under the construction of the Energy Internet,
real-time information sharing will be established between operators and users [48]. Users
and all the main parties in the energy market will fully grasp the real-time information of
the energy system [49], break the information monopoly of the energy system operators
and ensure fair, just and open energy transactions [50].
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2.1.3. Potential Problem

Security and privacy problems are important in the development and construction of
the Energy Internet. In the future Energy Internet construction stage, in order to achieve a
high degree of information of the entire energy system, it is inevitable to use some intelligent
equipment and communication equipment in hardware, including smart meters, advanced
metering infrastructure (AMI) and so on. However, although the use of these facilities will
provide effective help for the construction of the Energy Internet, they will also generate
potential risks in the security and privacy of the Energy Internet. For example, smart meters
will be used in the construction of the Energy Internet. While smart meters can provide
households with more autonomy regarding their energy consumption, they can also be
a significant intrusion into the household’s privacy [51]. In addition, advanced metering
infrastructure (AMI) will be used in the measurement system of the Energy Internet. It
plays an important role in providing near real-time two-way communication between
consumers and energy systems, as well as providing a range of value-added services to
increase customer satisfaction. However, given that its existing services are implemented
in a centralized manner, it will still have security and privacy issues [52]. The construction
of the Energy Internet should be based on full respect for human rights and protection of
the privacy of each user. Therefore, security and privacy issues are problems that must be
solved. Therefore, in the subsequent construction process, the technical means of giving
consideration to both performance and security and privacy protection represent the key
content of the study.

2.2. Energy Internet Technology System and Specific Related Technologies

As mentioned in the first section of this paper, the Energy Internet has the nature
of multi-disciplinary intersection, so the technology of constructing the Energy Internet
involves a wide range of fields [53]. Based on the current global conceptual consensus on
the Energy Internet, the architecture of the standard system of Energy Internet technology
can be divided into four layers, namely basic universality, energy grid, information support
and value creation [54]. There is information interaction between every two parts. The
basic universality part is the basic support part of the whole technical system, which mainly
includes basic commonality, industrial control chips, new materials and devices, etc. [55].
The main contents of the energy grid include the distribution network and distributed
energy, high-end power transmission and transformation equipment, renewable energy
friendly access, safe operation and protection of the system, engineering design and en-
vironmental protection, equipment operation and maintenance, grid configuration and
planning [56]. In addition to the information interaction between every two parts in the
above seven parts, there are also energy and power flows between the distribution network
and distributed energy, high-end power transmission and transformation equipment and
renewable energy friendly access [57]. The function of the information support part is
mainly to undertake the operation and management of the system, platform and informa-
tion, including artificial intelligence, sensing and measurement, network and information
security, automation system, digital platform and communication. There is information
interaction between every two parts [58]. The final technical dimension is value creation.
This level is based on the energy grid level and emphasizes the integration and application
of emerging technologies and energy technologies [59]. The most distinctive feature is the
integration and application of the power grid and information technology reflected in smart
grid technology. The specific components include the electricity market, energy storage
technology and application, user supply and demand interaction, energy blockchain, multi-
energy conversion and comprehensive utilization, as well as business model innovation
and decision support [60]. Similarly, there is information interaction between every two of
the six parts mentioned above. Figure 4 shows the conceptual model of the Energy Internet
technology standard system.
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According to the situation reflected by the concept of the Energy Internet technology
standard system, the related technology of building the Energy Internet mainly involves
the existing technology fields, including electrical engineering, communication engineering,
computer and Internet of Things engineering, artificial intelligence and so on [28]. Related
technologies in the field of electrical engineering are still power electronic technology,
power system relay protection, power system overvoltage and other technical means
applied in the current power grid construction (the main reason is that although the Energy
Internet has added many new elements compared with the power grid, energy supply from
the traditional power grid is still one of the core energy supplies of the Energy Internet; the
traditional grid is still an important part of the Energy Internet) [61]. Related technologies in
the field of communication engineering mainly include information sensing technology [62],
wireless communication technology and so on (due to the large geographical span of energy
deployment, condition monitoring and other problems, information interaction is required;
therefore, some important technologies in the field of communication engineering are also
essential elements for the construction of the Energy Internet [63]). The Energy Internet
itself has many similarities to the Internet of Things. Both have the essential characteristics
of high interconnection of each component element, but the objects are different (the Energy
Internet targets all forms of energy, while the Internet of Things targets entities or various
electronic products) [64]. Therefore, blockchain, network technology and programming in
the field of computer and Internet of Things engineering are also important technologies
for building the Energy Internet [65]. In particular, blockchain technology can play a key
role in sustainable energy systems [66]. The technology in the field of artificial intelligence
determines the upper limit of the development of the Energy Internet [67]. Applying AI
and machine learning techniques to various traditional operational models of the Energy
Internet can effectively promote its intelligent transformation. For example, considering
the excellent real-time control and robustness of reinforcement learning method, it can be
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applied to the security and stability control of the power system. Through the design of
online and offline control modes, or the design of more intelligent power system security
and stability devices based on the algorithm, the control characteristics of the security and
stability system can be further optimized. Then, the application of deep learning technology
in the Energy Internet can play an important role in load prediction and control of the
power grid and energy storage devices, fault diagnosis of power equipment, transient
stability assessment of the power system, power big data fusion and anomaly detection
and image recognition of power equipment. In addition, deep learning has advantages in
feature extraction and model fitting. Considering the actual situation that a large number
of new energy power stations, electric vehicles and energy storage devices are connected to
the Energy Internet, the application of deep learning will effectively solve the power system
problems with high dimensional, complex and coupling relations. The application of
intelligent management technology and intelligent robot technology can provide effective
help for the inspection and diagnosis of hardware equipment and the optimization of
energy transmission and deployment of the Energy Internet. The existence of artificial
intelligence technology can not only save human resources in the process of building
the Energy Internet, but also complete some tasks that cannot be completed by human
resources in the context of a large geographical span [68]. The related technologies required
for the construction of the Energy Internet and their fields are displayed in Figure 5.
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To facilitate teaching reform based on electrical engineering disciplines to cultivate
talent for Energy Internet construction, we must consider the basic characteristics of the
Energy Internet and associated technologies, introduce some new elements and train the
talents to use interdisciplinary knowledge to solve practical problems.

2.3. The Important Pillar of the Energy Internet—Electric Vehicles

Up to now, electric vehicle-related technology has achieved exceptional results, and
conventional energy vehicles are gradually being replaced. Electric vehicles are not only
important means of transportation, but also important electric facilities and energy storage
equipment, so they play an important role in the development of the Energy Internet.
Through the connection with distributed and cooperative energy interaction network,
electric vehicles not only give full play to the advantages and characteristics of the Energy
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Internet, but have also become an important pillar in the development of the Energy
Internet [69].

One of the characteristics of electric vehicles is the function of mobile distributed
energy storage, which is mainly reflected in that electric vehicles belong to a large number
of widely distributed small power consumption facilities and energy storage facilities.
In the interaction between electric vehicles and the power grid, not only the charging
requirements can be completed, but also the load of the power grid can be reduced. The
combination of production and marketing in the Energy Internet is realized through the
power grid’s power transmission and electric vehicles’ participation in the power grid
dispatch. Another feature of electric vehicles is its full coverage of communication facilities.
The integrated development of energy and communication is the core of the current Energy
Internet development. The development of electric vehicles and charging piles needs
complete coverage of communication facilities. Thus, in order to guarantee the precision
of the measurement and realize real-time communication and integration of the energy
system, the Internet of Things and the Internet should be included in the development of
electric vehicles. This will guarantee that the Internet contains information on the vehicles’
location and the initial power and charging demands during vehicle running [70]. As
important power facilities and energy storage facilities, the effectiveness of communication
between electric vehicles and other power suppliers should be ensured. Only in this way
can important technical support be provided for the development of Energy Internet.

The key methods to promote the integration of electric vehicles and the Energy Internet
include pile matching, power market development and intelligent integration. The main
way to achieve vehicle pile matching is to promote the construction of electric vehicle
charging piles in the Energy Internet system. To develop the power market, it is necessary
to accelerate the large-scale development of urban distributed photovoltaic and promote
the development of the power sales market. The realization of intelligent integration
mainly depends on the development of unmanned driving technology. The main role of
electric vehicles is to achieve integrated and intelligent development. Only by meeting
the development requirements of the energy sharing economy can they have a greater
economic and social advantage in the Energy Internet [71].

To summarize, electric vehicles constitute a key component and pillar of the Energy
Internet. In order to promote the full development and construction of the Energy Internet,
the research and development of electric vehicle-related technologies are indispensable.

3. Talent Training Model and Reform Direction of Electrical Engineering Subject
under the Background of Intelligent Energy System

After the idea and construction concept of the Energy Internet was put forward, many
universities in China carried out pilot training of talents in Energy Internet, and the pilot
scope of training is almost all concentrated on the electrical engineering discipline. The
reason is that it has obvious advantages to take teaching reform in the field of electrical
engineering, which can quickly cultivate competent professionals to be put into the con-
struction of global Energy Internet and strongly facilitate the green transformation and
environmental protection reform in the field of energy. In this section, we analyze the
specific advantages of the teaching reform for Energy Internet talent training based on the
electrical engineering field, and investigate the current situation of the construction of the
Energy Internet engineering major (taking China as an example) and the construction of
the Energy Internet direction of the electrical engineering major.

3.1. Advantages of Carrying out Teaching Reform Oriented to Energy Internet Based on Electrical
Engineering Major

Different from the emerging engineering disciplines such as information management
and artificial intelligence, electrical engineering is a traditional engineering discipline with
a rich history, solid development foundation and quite mature construction [72]. As far
as universities around the world are concerned, as early as 1882, Columbia University
became the first university to offer a major in electrical engineering, and the discipline of
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electrical engineering was formally established. In China, electrical engineering education
was initiated in 1908 by the former Jiaotong University. The contents in Table 2 show
when the electrical engineering major was first established in some universities in China
and America.

Table 2. The opening time of electrical engineering major in each university of China and America.

Chinese Universities Founding Time of Electrical
Engineering Discipline (Year) America Universities Founding Time of Electrical

Engineering Discipline (Year)

University of Communications • 1908 Columbia University • 1882

Tongji University • 1912 Cornell University • 1883

Zhejiang University • 1920 Princeton University • 1889

Southeast University • 1923 University of Texas • 1895

Tsinghua University • 1932 Massachusetts Institute of
Technology

• 1902

In China, since the first school set up the electrical engineering major, the development
speed of electrical engineering discipline has been remarkable. Especially since the beginning
of the 21st century, there has been a rapid increase in the number of schools setting up
electrical engineering majors in universities throughout China. Figure 6 shows the changes
in the number of schools offering electrical engineering programs in China. After long-term
exploration and development, the discipline of electrical engineering has now formed a
complete scientific education system, with many experienced teachers and researchers. At
present, there are many colleges and universities offering electrical engineering-related majors
in China. The most representative colleges and universities with strong discipline foundations
include Tsinghua University, Xi’an Jiaotong University, North China Electric Power University,
Huazhong University of Science and Technology, etc. Due to the large number of electrical
engineering majors, the number of students is also ranked in the forefront of all engineering
majors. With a complete education system, strong faculty and a large student base, it is
possible to cultivate many high-quality engineering talents with less educational resources
and time cost. This is the natural advantage of electrical engineering compared with emerging
disciplines such as Internet of Things engineering and artificial intelligence.
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At present, an important output direction of electrical engineering graduates is power
grid construction. The foundation and core work of building the Energy Internet in the
new stage is still the construction of the power grid [73]. With the grid and power system
as the skeleton, information technology and management technology are introduced, and
the traditional electric energy and other kinds of new energy are organically combined
to form a complete energy network [74]. Therefore, the existing teaching contents of the
electrical engineering discipline actually cover a considerable part of the core knowledge of
building the Energy Internet. Thus, the teaching reform based on electrical engineering can
avoid the subversive change in the orientation and teaching contents of the whole subject.

As mentioned above, the knowledge system of constructing the Energy Internet is
multi-disciplinary. At the present stage, electrical engineering is a subject with a high
degree of interdisciplinary teaching contents, and the interdisciplinary learning contents
are mostly related to the core knowledge of building the Energy Internet [75]. In the
early stage of electrical engineering discipline construction, the main contents of teaching
were power system analysis, power system relay protection, high-voltage technology
and power plant principle as the core contents of electricity. Nowadays, the teaching
of electronics content has become non-negligible, and the relevant contents are analog
electronic technology, digital electronic technology, power electronic technology and other
course contents. One of the characteristics of the knowledge content of the current courses
is that it mainly serves the automatic control of power systems and equipment, which is
also the technical content required by the hardware facilities of each node of the Energy
Internet. In addition, the required course contents of the electrical engineering major
in the current stage are no longer limited to the contents of electricity and electronics,
but also introduce some core courses of other disciplines with strong universality. The
courses include the C language course involving programming (the core course of computer
science), the microcontroller principle or MCU principle course involving microcomputer
measurement and control (the core content of control engineering discipline) and the
signal and linear system course involving information interaction (the core content of
communication engineering discipline). Programming, microcomputer measurement and
control and information interaction are important pillars of technical support for building
the Energy Internet. Figure 7 shows the main teaching contents of the electrical engineering
and automation major in the present stage.
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A high degree of information and intelligence is a distinctive feature of the Energy
Internet [76]. It is not a simple process to complete the construction of information and
intelligence in conventional physical systems. Since the beginning of the 21st century,
researchers around the world have put forward a new concept of a “smart grid” based
on the technology in the field of electrical engineering, and it has achieved a certain
degree of development up to now. The power system is a highly complex engineering
system [77]. It is of great significance to apply advanced information technology and
control technology to the power system, and to transform and upgrade the traditional
power system to optimize and improve the efficiency and benefits of power facilities [78].
This is the concept of the smart grid. With the comprehensive arrival of the digital age
and the information age, the trend of industrial system informatization is unstoppable, so
the construction of the smart grid has realized the high integration of power system and
information technology [79]. Figure 8 is the schematic diagram of the integration mode of
power system and information technology. The application of information technology to
power system planning and design, scheduling optimization, control and protection, as
well as detection and maintenance, is the same as the concept of the Energy Internet [80].
Similarly, the Energy Internet also integrates the hardware facilities of physical systems with
information technology, and finally realizes information interaction, scientific scheduling
and interconnection of multi-energy systems [81]. Figure 9 is a schematic diagram of the
integration mode of energy and information technology in the Energy Internet. Therefore,
part of the construction of the smart grid can be regarded as the prelude to the construction
of the Energy Internet, which is another advantage of building the Energy Internet based on
the contents of the electrical engineering field. The construction of the Energy Internet can
be realized more quickly and conveniently by referring to the concept and experience of
building the smart power grid and organically combining part of the technical achievements
with new technical means [82].
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To summarize, the development of electrical engineering started early, the discipline
construction has been sufficient and the education system is scientific and complete. In
addition, there are many colleges and universities offering relevant majors in the field
of electrical engineering, forming a large base of teachers, researchers and high-quality
students, which can quickly transform the training mode and produce a large number of
professional talents. At the same time, the construction of the power grid is still a core part
of the construction of the Energy Internet, so the core knowledge of electrical engineering
can be effectively utilized. In addition, the teaching content of the electrical engineering and
automation major has a high degree of interdisciplinarity, which is suitable for the actual sit-
uation of the Energy Internet, which has a high degree of interdisciplinarity [83]. Moreover,
the smart grid, built on the basis of electrical engineering, has many similarities in concept
and technology to the Energy Internet. For example, artificial intelligence technology has
played an extremely important role in the energy system, so the experience and technology
of the smart grid can be followed in the construction of the Energy Internet [84]. Finally,
after a long period of discipline construction and development, many applications show
that the electrical engineering discipline has successfully realized the intersection with the
information discipline, which fully conforms to the construction concept and technical
requirements of the Energy Internet [85]. Therefore, the teaching reform of talent training
oriented to Energy Internet construction based on the electrical engineering discipline
has natural advantages. It can achieve the goal with the fastest speed and the best effect
through the smallest degree of reform, avoiding the risks to talent training caused by the
subversive change in teaching systems and training modes.

3.2. The Current Situation of the Establishment and Construction of Energy Internet Engineering
Major (Direction)—Taking China as an Example

Since the concept of the Energy Internet was proposed and the call of the Chinese
government to build the Energy Internet was issued, some universities with strengths in
electrical engineering in China have intensified the teaching reform and the construction
of the Energy Internet engineering specialty [86]. At present, a small number of universi-
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ties have started to enroll undergraduates or postgraduates majoring in Energy Internet
engineering and have carried out corresponding teaching and training work. The repre-
sentative ones are Tsinghua University, Xi’an Jiaotong University and Shanghai Electric
Power University.

Shanghai Electric Power University and Xi’an Jiaotong University have established
Energy Internet Engineering as a separate undergraduate enrollment major and enrolled
students for the first time in 2021 and 2022 in the national college entrance examination. This
major is set in the school of electrical engineering at both universities. However, Tsinghua
University has not set up independent enrollment in the Energy Internet Engineering major,
but it has set up two independent training systems in the direction of Energy Internet, one
being an international undergraduate class of Energy Internet in the electrical engineering
and automation major, and another being an Energy Internet undergraduate minor. In
terms of graduate students, Shanghai Electric Power University started the enrollment
program of Master of Engineering in the direction of Energy Internet for Energy Power
in 2021.

The above Energy Internet engineering majors or directions have published their
corresponding training programs. According to the training program of Tsinghua Uni-
versity’s Energy Internet International Class, the construction of the Energy Internet is a
global subject [20]. Therefore, students are positioned to be trained in accordance with
international standards. As for the teaching design of this international class, in addition
to the traditional electronics courses of electrical engineering (including power system
analysis, analog electronic technology, etc.), the required courses include signal and system,
computer programming fundamentals, computer network and technology. The contents
of interdisciplinary courses include introduction to the Energy Internet, fundamentals of
thermodynamics and heat transfer and big data technology and application. In addition,
the program has developed a curriculum plan for exploratory learning, including analysis,
control and design of electrical machines, power systems and power electronics. Many
courses about new energy, the smart grid and the Energy Internet have been placed in
the category of electives (specific courses include new energy grid-connection and power
generation, multi-energy system modeling and analysis, energy strategy for sustainable
development, operation and dispatch of the Energy Internet, etc.). At the same time, a
high English level is required for students. According to the training program of the
Energy Internet undergraduate minor at Tsinghua University (specifically targeted at stu-
dents of majors other than electrical engineering major), the main discipline of this minor
is electrical engineering. In addition to the traditional courses in electrical engineering,
students will also need to study relevant content about intelligent energy and artificial
intelligence. Specific courses concern the principles of the Energy Internet, intelligent
processor and industrial control technology, smart grid, smart energy system, smart grid
modeling and simulation, smart home, new energy generation and energy storage, etc. As
for the postgraduate training program of Energy Internet in Energy Power of Shanghai
Electric Power University, the target group is postgraduates rather than undergraduates, so
the learning contents are more detailed. In addition to the traditional content of electrical
engineering, as for the construction of the Energy Internet, the unique content of learning
objectives or learning guidance given in the scheme mainly includes Energy Internet new
energy generation technology, Energy Internet advanced energy storage and its application
technology, Energy Internet advanced power electronics technology and its application,
integrated energy system planning and operation, Energy Internet advanced information
technology and its application, etc.

The construction of undergraduate and postgraduate programs of Energy Internet
engineering at Chinese universities is still in its initial stage, and the few existing colleges
and universities that set Energy Internet engineering as an independent major have just
started to enroll their first batch of students in the past two years. Besides, the construction
of the major is still not optimized, and it is still in the exploration stage. The teaching
content is still mainly about electrical engineering, and only a few courses about artificial
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intelligence and new energy have been added. The same problem is seen in other countries
around the world. At present, the construction degree and enrollment scale of the Energy
Internet engineering major are still insufficient, and cannot meet the large number of
talents needed to vigorously promote the construction of the Energy Internet. Therefore,
it is an urgent task to carry out education reform in many colleges and universities that
have the foundation of electrical engineering but have not yet implemented an Energy
Internet engineering major or direction and to build the Energy Internet engineering
major into an independent discipline with a relatively complete system. This is also of
great significance to respond to the call of the government and realize green energy and
environmental protection.

4. Reform Measures and Challenges of Smart Energy System Discipline

In order to adapt to the demands of the development and construction of the Energy
Internet, follow the strategy of global energy transformation and cultivate comprehensive
technical talents with both basic knowledge in the field of energy and application abilities in
information technology, many colleges and universities should implement teaching reform
on the basis of the electrical engineering discipline as soon as possible, explore the model
of the Energy Internet engineering major, and output applied talents. In the course of the
teaching reform, we should give full consideration to the training mode and construction
of electrical engineering at the current stage. At the same time, we should make full use of
the existing advantages and experiences in the construction of Energy Internet engineering,
scientifically and reasonably promote the reform of the education system, and avoid the
subversive change in the existing education model and structure and the corresponding
risk to talent training.

4.1. Thoughts on Teaching Reform

The development concept of the Energy Internet is the most advanced concept in
the energy field at the current stage [87], and it is in the high-speed construction and
development period. Thus, the demand for high-level talent is substantial. Therefore, in the
process of reform, we must always grasp the central idea of training high-level talents who
can master the most cutting-edge technology for the construction of the Energy Internet,
ensure the pertinence and effectiveness of reform measures, and guarantee that the quantity
and quality of talent output can maintain a high level and effectively promote the rapid
development of the Energy Internet.

The construction of the Energy Internet is an important global strategic policy in the
field of energy, and the research of Energy Internet technology is an important topic in the
field of energy for all countries in the world [88]. The globalization of the Energy Internet
is unstoppable. The talent training for Energy Internet construction should be carried out
in accordance with international standards. During the educational reform, we should not
only pay attention to the development of English teaching, but also pay attention to global
energy concepts, energy policies and technical standards, and add elements in the teaching
contents that adapt to the globalization of Energy Internet construction. For example, the
proportion of bilingual courses should be increased appropriately, and the corresponding
English textbooks or teaching materials should be selected.

As mentioned above, in the basic situation and related technologies of the Energy
Internet, the knowledge system required for building the Energy Internet has a strong inter-
disciplinary nature, and the technical fields involve electrical engineering, communication
engineering, artificial intelligence, computer science, Internet of Things engineering and
other disciplines [89]. Although there is a certain degree of interdisciplinary component in
the current course system of electrical engineering, and the content of the main required
courses can basically serve the construction of the Energy Internet, there is still a gap
compared with the need to build the Energy Internet. (For example, the current teaching
content of electrical engineering basically does not involve the relevant knowledge of
artificial intelligence, and artificial intelligence technology is a necessary technology for
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the construction of the Energy Internet). Therefore, in the process of teaching reform, it
is necessary to add new interdisciplinary content to the existing curriculum of electrical
engineering, improve the knowledge required for the construction of the Energy Internet
and further enhance the interdisciplinarity.

Many interdisciplinary contents need to be supplemented to the original teaching con-
tent of electrical engineering, but the total amount of teaching hours should be controlled.
Therefore, the original teaching content of electrical engineering needs to be appropriately
simplified (mainly involving the contents in electrical engineering field which are not
related to the construction of the Energy Internet), so as to provide enough class hours for
the opening of new courses.

In addition, the talents needed for Energy Internet construction are applied engineer-
ing talents [90]. At the present stage, the construction of the Energy Internet is still in its
infancy [91], and the technology is facing constant innovation. Therefore, higher require-
ments are put forward for the recruited talents’ innovative ability and practical ability. In
order to cultivate talents with good innovative ability and practical ability, courses related
to design and exploration should be strengthened in the process of teaching reform, and
the amount of class hours and assessment standards of these course should be increased
appropriately, so as to ensure that students have creative thinking and practical ability
to solve problems. The contents shown in Figure 10 reflect our thoughts and ideas on
teaching reform.

Sustainability 2022, 14, x FOR PEER REVIEW 18 of 31 
 

interdisciplinary nature, and the technical fields involve electrical engineering, communi-
cation engineering, artificial intelligence, computer science, Internet of Things engineering 
and other disciplines [89]. Although there is a certain degree of interdisciplinary compo-
nent in the current course system of electrical engineering, and the content of the main 
required courses can basically serve the construction of the Energy Internet, there is still a 
gap compared with the need to build the Energy Internet. (For example, the current teach-
ing content of electrical engineering basically does not involve the relevant knowledge of 
artificial intelligence, and artificial intelligence technology is a necessary technology for 
the construction of the Energy Internet). Therefore, in the process of teaching reform, it is 
necessary to add new interdisciplinary content to the existing curriculum of electrical en-
gineering, improve the knowledge required for the construction of the Energy Internet 
and further enhance the interdisciplinarity.  

Many interdisciplinary contents need to be supplemented to the original teaching 
content of electrical engineering, but the total amount of teaching hours should be con-
trolled. Therefore, the original teaching content of electrical engineering needs to be ap-
propriately simplified (mainly involving the contents in electrical engineering field which 
are not related to the construction of the Energy Internet), so as to provide enough class 
hours for the opening of new courses.  

In addition, the talents needed for Energy Internet construction are applied engineer-
ing talents [90]. At the present stage, the construction of the Energy Internet is still in its 
infancy [91], and the technology is facing constant innovation. Therefore, higher require-
ments are put forward for the recruited talents’ innovative ability and practical ability. In 
order to cultivate talents with good innovative ability and practical ability, courses related 
to design and exploration should be strengthened in the process of teaching reform, and 
the amount of class hours and assessment standards of these course should be increased 
appropriately, so as to ensure that students have creative thinking and practical ability to 
solve problems. The contents shown in Figure 10 reflect our thoughts and ideas on teach-
ing reform. 

 
Figure 10. Thoughts and ideas of teaching reform. Figure 10. Thoughts and ideas of teaching reform.

4.2. Concrete Measures of the Teaching Reform
4.2.1. Energy Internet Major (Direction) Training Program

We investigated the training programs of electrical engineering-related majors in
several schools at the present stage, combined with the training programs of Energy
Internet engineering (direction) investigated above and the construction concepts and
technical requirements of the Energy Internet, and put forward opinions and suggestions
on establishing the training programs for the Energy Internet.

The training goal of the traditional electrical engineering discipline is to output talents
who can master the operation principle of the power system and power equipment for
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the power grid and enterprises. However, it does not put forward excessive requirements
for information technology, artificial intelligence technology and related knowledge of
other energy sources except electric energy. Therefore, the training objectives of the Energy
Internet engineering major, which will be vigorously built in the future, can be defined as
follows: Cultivate comprehensive talents who can fully understand the basic operation and
interconversion principles of electrical energy and other energy systems such as heat and
wind [92]; understand the new energy concept with the purpose of green and environment
protection [93]; master the basic knowledge of computer and artificial intelligence [94];
have the knowledge and skills to deeply integrate information technology into energy
industry; fully understand the world’s cutting-edge technologies and industrial technical
standards in energy, information and the Internet of Things; and have high innovative
ability and practical ability. The objectives can adapt to the actual needs of the long-term
construction of the global Energy Internet in the future.

In addition to power grid construction, the most important part of Energy Internet
construction is the application of information technology [74], with the need to achieve a
high degree of integration of information technology into the energy system. Therefore,
the key content of the training program should train students’ professional ability not
only in the field of electrical engineering, but also in the field of information engineering.
However, the Energy Internet involves a wide range of knowledge, so students need to have
a basic understanding of the related knowledge in artificial intelligence and the Internet
of Things [95] and know which aspects could be combined with power technology and
information technology.

To summarize, the core idea of the reform of the training program for students ma-
joring in Energy Internet is to firmly master the core technology of building the Energy
Internet [96]. At the same time, they should be familiar with all kinds of related technolo-
gies, establish correct energy concepts under the background of the new era, have enough
innovation ability, and be able to solve practical problems with practical multidisciplinary
ability and meet the actual application needs of Energy Internet construction.

4.2.2. Course System of Energy Internet Major (Direction)

One of the pillars of teaching reform is the adjustment of the contents of the cur-
riculum [97]. In order to meet the requirements of strong cross-disciplinarity, the reform
direction of the curriculum system must introduce new content on the basis of the original
curriculum system of the electrical engineering major, so as to ensure the students’ compre-
hensive knowledge learning in order to cope with the needs of building the Energy Internet
in all aspects.

According to the curriculum system of the electrical engineering and automation
major in most colleges and universities at present, the current teaching content is mainly
courses in electrical engineering theory, taking electricity and electronics content as the
core, supplemented by a few courses in computer programming, communication theory
and electronic and electrical design. Table 3 shows the curriculum system setting of the
electrical engineering discipline before the teaching reform.

Considering the technical needs of Energy Internet construction, the missing contents
of the curriculum system of electrical engineering mainly include courses in computer net-
work and technology, theoretical knowledge of the Energy Internet, other basic knowledge
of energy, modern information technology and artificial intelligence. In order to build the
Energy Internet engineering major, the curriculum system reform can set the curriculum
content into the following categories (basic courses such as higher mathematics, university
physics, ideological education and engineering drawing are no longer considered, and
only basic courses and core courses of the major are considered): electrical engineering,
information technology and control theory, energy management and energy conversion,
and practice and design.
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Table 3. The curriculum system before the reform.

Course Categories Curriculum Name

Electricity courses

• Electromechanics
• High-voltage technology
• Power system relay protection
• Engineering electromagnetism

• Power plant engineering
• Power system automation
• Overvoltage and protection
• Electromotor control technology

Electronics courses
• Circuitous philosophy
• Analog electronics technique
• Digital electronic technique

• Electric power system analysis
• Power electronics
• Programmable Logic Controller Theory

Related subject course
• Computer programming fundamentals
• Signals and systems

• Information theory and power systems
• Automatic control theory

Practical and design courses
• Short-circuit calculation and design of

power system
• Power electronic simulation design

• Embedded system practice
• Single chip application design
• Integrated practice of electronic technology

Electrical engineering courses are mainly oriented to the electric energy problems and
power grid construction in the construction of the Energy Internet, which basically covers
the main teaching contents of electrical engineering at the current stage, and can also be
recognized as the backbone and core courses of the Energy Internet major.

Combined with the existing training programs of the Energy Internet engineering
major or direction, and the actual demand of technologies of the Energy Internet from
the field of electrical engineering, the course contents include: circuit principle, analog
electronic technology, digital electronic technology, electrical machinery, power electronic
technology, power system analysis, high-voltage technology, power system relay protection,
power plant engineering, power system automation, overvoltage and protection, etc.

Information technology and control theory courses are mainly designed to train
students to learn programming technology, communication technology, Internet of Things
technology and blockchain technology, as well as emerging big data, artificial intelligence
and other cutting-edge technologies [98]. Mastering the above technologies aims to achieve
a high degree of integration of energy system and information technology [99], to achieve
the informatization in the process of Energy Internet construction, and to finally realize the
purpose of automatic control, scheduling optimization, information interaction, reasonable
distribution, operation efficiency improvement and profit increase [100]. This part is the
most critical and core courses except the electrical engineering courses. The reason is that
the high degree of information and control automation of energy system is the development
trend of the current stage in the field of energy, and it is also the specific embodiment of
the forefront development of energy system technology, and it is also the most core and
essential requirement of the construction of Energy Internet. Therefore, the course content
design needs to include a series of cutting-edge courses in various fields and disciplines
related to information technology, such as artificial intelligence and application, automatic
control theory, big data analysis and processing, etc. The specific components of the
courses include fundamentals of computer programming, signals and systems, computer
networks and technologies, principles of automatic control, digital signal processing, data
structure, information theory and power system, big data analysis and processing, artificial
intelligence and its application, etc.

The Energy Internet is a new energy system covering electric energy and a variety
of renewable energy types. The courses of energy management and energy conversion
should mainly expand students’ knowledge system from electric energy to other forms
of energy. This can train students to master the theoretical principles and technical basis
of the storage and conversion (with the electric energy) of all kinds of energy. Compared
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with the traditional power grid and the smart grid, the operation mode of the Energy
Internet is a major revolution of the infrastructure and operation control of energy systems.
The study of comprehensive energy courses can help students have a relatively compre-
hensive understanding of the Energy Internet, master the development trend of Energy
Internet construction and master the cutting-edge knowledge direction required by the
construction of the Energy Internet. The specific courses include an introduction to Energy
Internet, thermodynamics and heat transfer fundamentals, renewable energy and future
power technology, energy storage technology in smart grid, new energy generation and
grid connection, energy transformation principle and technology, operation planning and
scheduling of Energy Internet, etc.

The construction of the Energy Internet has high requirements for the talents’ innova-
tion ability and practical ability [101]. The courses of practice and design aim at cultivating
students’ creative thinking and examining their ability to transform basic theoretical knowl-
edge into practical application [102]. In the training and education model of students in
many countries (such as China), experiment and design have always been less valued,
and the ability of experiment and design is also the weakness of most students, leading to
students’ high dependence on training from employers. Therefore, in order to train talents
with a comprehensive ability to carry out Energy Internet construction, the course content
of practice and design courses should be improved in the process of teaching reform, and
the investigation should be appropriately strengthened. Based on the actual needs of build-
ing the Energy Internet in the future [103], and combined with the investigated existing
training programs of Energy Internet engineering, the courses on practice and design can
include short-circuit calculation design of power systems, power electronic simulation
design, smart grid modeling and simulation, integrated practice of electronic technology,
embedded system practice, SCM application design, multi-energy system modeling and
analysis, etc. Table 4 reflects the expected setting of the curriculum system after the reform.

Table 4. The curriculum system after the reform.

Course Categories Curriculum Name

Electrical engineering courses

• Circuitous philosophy
• Analog electronics technique
• Digital electronic technique
• Electromechanics
• Power electronics
• Electric power system analysis

• High-voltage technology
• Power system relay protection
• Power plant engineering
• Power system automation
• Overvoltage and protection

Information Technology and control
theory courses

• Computer programming fundamentals
• Signals and systems
• Computer networks and technology
• Automatic control theory
• Digital signal processing

• Data structure
• Information theory and power systems
• Big data analysis and processing
• Artificial intelligence and its applications

Energy management and energy
conversion courses

• Introduction to the Energy Internet
• Fundamentals of thermodynamics and

heat transfer
• Renewable energy and future electricity

technologies
• Energy storage in smart grid

• New energy generation and grid connection
• Energy conversion principle and technology
• Energy Internet operation planning

and scheduling

Practical and design courses

• Short-circuit calculation and design of
power systems

• Power electronic simulation design
• Integrated practice of

electronic technology
• Smart grid modeling and simulation

• Embedded system practice
• Single chip application design
• Multi-energy system modeling and analysis
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After the teaching reform, a large number of courses in energy management, energy
conversion and renewable energy would be added to the curriculum system, such as
Introduction to the Energy Internet, New Energy Generation and Grid Connection. The
knowledge content of these courses is important professional knowledge needed for the
construction of the Energy Internet in the new era, which is not available in the original
curriculum system of electrical engineering. Then, in terms of practice and design courses,
there are also new courses such as multi-energy system modeling and analysis, smart grid
modeling and simulation. These simulation courses are also designed to develop students’
practical ability in the new energy field era. In addition, the new curriculum system
also removed some of the original electricity and electronics courses, such as engineering
electromagnetic, Programmable Logic Controller Theory and so on. The reason is that the
teaching content of these courses is not helpful enough for the construction of the future
Energy Internet. Removing these courses can allocate their class hours to a large number of
new courses and reduce the pressure of students’ courses as much as possible.

4.2.3. Teaching Model and Examination Form

The reform of the teaching mode is an important part of the teaching reform. At
present, the teaching mode of the electrical engineering major is mainly theoretical teaching
supplemented by experimental courses. We investigated the teaching situation of special-
ized courses of the electrical engineering and automation major in many universities in
China, such as power system analysis, electrical machinery and other courses. The class
hours of theoretical courses and experimental courses are basically maintained at the level
of five-to-one or four-to-one. Attaching too much importance to theoretical courses while
neglecting experimental courses would lead to a serious shortage of students’ practical
operation ability and ability to transform theory into practice. Energy Internet construction
has especially high requirements for talents’ practical ability, and students need to have
sufficient practice in the process of learning in school so that they can solve various prob-
lems that may occur in the construction of the Energy Internet. The key point of the reform
is to balance the class hour allocation between theory courses and practice courses. It is
reasonable to adjust the class hour ratio of theoretical courses and experimental courses
to three-to-one or two-to-one. In addition, a situation existing in many colleges and uni-
versities is that theoretical teaching is carried out first, and the experimental courses are
concentrated at the end of the semester after the theoretical courses are finished; there
is also another case where the experimental course is taught as a separate course and is
given in a different semester from the theory course. This situation has a certain degree
of irrationality. The reason is that the experiment is built on the basis of theory and is the
practical verification of theoretical learning. Not carrying out experimental courses in time
will not be conducive to guarantee the learning quality. Theory and practice are especially
important for Internet engineering majors aiming at Energy Internet construction. In the
process of reform, we should pay attention to the teaching of experimental courses in time
after the teaching of theory, so as to deepen students’ understanding of theory.

As for the assessment methods of theoretical courses and experimental courses, they
mainly include daily evaluation, final examination and the writing of experimental re-
ports. Most schools in China attach great importance to experimental reports and final
examinations and have strict standards, which play a key role in ensuring the learning
quality of theoretical and experimental courses for students. The part that needs to be
strengthened in the reform process is mainly the daily evaluation part. Taking Chinese
universities as an example, at present, most schools set the daily evaluation as high as
30 percent of the score, or as high as 40 percent at some schools. The proportion of daily
assessment is relatively high, but the strength of daily assessment is often weak. At present,
the assessment methods mainly include class attendance, homework submission and so
on. If the intensity of daily evaluation is too low, it is easy to cause students to despise
the quality of learning, but they can easily pass the overall assessment of the course. One
of the effective measures to enhance the intensity of the daily evaluation is to modify
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the examination form to carry out in-class quizzes. This measure can not only effectively
urge students to improve the learning efficiency and quality of each class, but also enable
teachers to gather feedback on the teaching situation of each class.

One of the core and key contents of the teaching reform is to strengthen the teaching
of practice and design. In order to strengthen the teaching of practice and design, both the
contents and types of courses and the proportion of credits should be increased; in addition,
the ways to better carry out the teaching of practice and design also need to be considered.
At present, the teaching content of practice and design of electrical engineering major in
colleges and universities mainly includes two types: one is engineering practice, and the
other is curriculum design. The main teaching mode of engineering practice is to assign
students to enterprises for internships, and then use internship reports as the assessment
contents. The main teaching mode of curriculum design is to give students assigned design
topics, let students design freely and then collect students’ work for grading. As for the
existing teaching model of engineering practice, it should be noted that only relying on
the internship report cannot fully reflect the actual learning situation of students in the
internship. Therefore, the assessment mode of engineering practice needs to be adjusted. In
order to ensure students’ learning quality in the internship, the actual operation inspection
of the internship content can be added before the end of each enterprise internship, which
constitutes the assessment contents together with the internship report. The development
of practical operation inspection can effectively urge students to operate in the process of
practice, so that students’ operational ability in practice is guaranteed. As for the existing
teaching mode of curriculum design, the main problem is that the quality of students’
design works cannot be guaranteed. The main reason for this phenomenon is that students
often lack knowledge in a certain part of the design process, resulting in poor quality of
the whole work. In the reform, in order to solve this problem, some of the curriculum
design tasks with higher overall difficulty can be adjusted from individual tasks to group
tasks. The advantage of this measure is that it can give full play to the technical advantages
of each member of the team, and they can choose their own areas of specialization and
cooperation to jointly complete a work of excellent quality. In addition to ensuring the
quality of works and effectively exercising students’ independent thinking and creative
ability, this method can also exercise students’ teamwork ability, which is also a key ability
in the future work. The construction of the Energy Internet requires the collaboration of
people skilled in various technologies [104].

4.2.4. Faculty and Teaching Resources

Based on the reform of the curriculum system described above, the teaching content
covers electrical engineering, new energy, physics, materials, computer, communication
engineering, Internet of Things engineering and other fields. It is impossible to complete
the planned teaching task only by relying on the teachers of electrical engineering at the
present stage. In the early stage of Energy Internet engineering major construction, the
solutions to this problem are as follows. Teaching is based on students majoring in electrical
engineering. With the teachers at the college of electrical engineering as the main teaching
force, the relevant teachers from the college of computer science, the college of physics and
other schools are recruited to teach some new interdisciplinary courses in addition to the
traditional basic courses of electrical engineering. These courses include program design,
signal and system, new energy power generation and grid connection, artificial intelligence
and its application, etc.

As for the change in teaching resources of the electrical engineering major, since the
most critical goal of the reform is to strengthen students’ practical ability and innovation
ability, colleges and universities need to provide students with enough experimental
equipment and practical operation space. The aim is to ensure that each student is able
to perform experiments independently, avoiding group experiments due to the limited
amount of equipment. Thus, it is essential to provide enough space for practical operation
and ensure that each student can have sufficient practice with independent experiments.
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5. Value and Significance of Teaching Reform and the Future Work
5.1. Value and Significance of Teaching Reform

The construction of the Energy Internet conforms to the background of the era. It is
an important strategic policy in the field of global energy and an inevitable trend in the
revolution of the global energy system. At present, colleges and universities all over the
world lack the education for professional talents for Energy Internet construction. The
construction of the Energy Internet engineering major is an important task in the current
era. The discipline of electrical engineering has many advantages, such as early start, long
development time, a large number of students, well-qualified teachers and a complete
education system [105]. Among the major engineering disciplines at the present stage,
the electrical engineering discipline is the most closely related to the Energy Internet, as
the construction of the power grid and the integration of the power grid and information
technology are central links in the construction of the Energy Internet. Based on the
electrical engineering discipline, the teaching reform aimed at building the Energy Internet
engineering major can effectively avoid the subversive change in the education system and
prepare to implement the Energy Internet engineering major at the fastest speed [106]. This
is of great significance for enhancing professional diversity in higher education [107]. In
addition, the construction, operation and maintenance of the power grid is currently the
first choice for electrical engineering graduates. We investigated the employment intentions
of all the students (41 in total) of the Experimental Class of Electrical Engineering and
Automation at Guangxi University, China, as shown in Figure 11.
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When the construction of the Energy Internet develops vigorously, the power grid will
be incorporated into the framework of the Energy Internet, and the specialized technological
talents in the energy industry will tend to be diversified. If a large number of electrical
engineering students only master the existing technical and theoretical knowledge in the
field of electrical engineering, it will not be enough to support the construction of the future
Energy Internet, and they will lack sufficient competitiveness to enter the field of energy
employment. Therefore, promoting education reform and actively building the Energy
Internet engineering major is also an important measure to improve the competitiveness
of students in future employment [108]. In addition, many countries around the world
(such as China, the U.K., etc.) have taken the construction of the Energy Internet as the
primary goal of the energy field construction, and the revolutionary trend in the energy
field is unstoppable. One of the important features of the Energy Internet is the integration
of electricity and other forms of renewable energy into the energy system. At present,
the teaching content of electrical engineering is limited, and the technology of renewable
energy and integrated energy system is not involved. If the teaching reform is not carried
out in time and the status quo is maintained, the technical level and knowledge reserve
of talents in the field of energy will be seriously affected, and they will not be competent
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for future Energy Internet construction work. The lack of high-level talents will seriously
hinder the construction process of the Energy Internet and adversely affect a country’s
strategic deployment in the energy field. Delays in building the Energy Internet will
gradually disconnect a country from the global energy system and cutting-edge energy
technologies, with a series of adverse consequences. Therefore, the state must attach great
importance to the cultivation of talents, and the teaching reform has a profound impact on
the development of the energy field.

At present, the construction of the Energy Internet is still in the initial stage, and the
concept and technology are still in the stage of exploration and improvement. Through the
teaching reform of electrical engineering, relying on a large number of students majoring
in electrical engineering, a large number of applied professionals who can be engaged in
the construction of the Energy Internet can be quickly trained. This is of great significance
for responding to a country’s strategic needs in the energy field and promoting a green and
low-carbon revolution in the global energy system. In a word, this teaching reform has an
important impact on education, employment, social economic construction, strategic needs
in the field of energy and the construction of a global new energy system.

5.2. Work to Be Done in the Future

The idea acquisition and measure proposal of teaching reform is only a part of the
successful reform. The implementation of reform measures is still an important and
arduous task. At the same time, revolutions in the energy field will continue over time, and
innovations in the technology related to energy systems are inevitable. Accordingly, the
knowledge reserve of technical personnel engaged in related work in the field of energy
should also be updated with the development of the times. Therefore, the teaching reform
of colleges and universities is a task that needs to be carried out for a long time.

Based on the teaching reform ideas and measures obtained from the experience of
various teaching units at the present stage, the reform should be carried out as soon as
possible to optimize the talent training mode and export talents with sufficient knowledge
reserves and mastery of cutting-edge technology for the development of the energy field as
soon as possible. At the same time, the educational auxiliary units of the energy discipline
should pay enough attention to the emerging technologies, development concepts and
guiding policies in the energy field, and formulate the next step of teaching reform measures
according to the constantly updated technical system in the energy field, so as to cultivate
technical talents whose knowledge reserve can keep up with the pace of the times.

6. Conclusions

Given the requirements of the new era and the commencement of the information
age, the traditional development and operation mode of electric power and the power
grid no longer meet the needs of the modern age. Intelligent energy systems represented
by the Energy Internet will usher in a major revolution in the energy field and will rely
on a high degree of information and intelligent technology means, incorporate a variety
of renewable energy other than electric energy into the energy system, and fully imple-
ment green environmental protection in the energy field, comprehensively replacing the
traditional power grid. Today, the construction of the Energy Internet has been mobi-
lized, and more than 140 countries around the world have introduced relevant policies
to facilitate its development. Among them, China’s Energy Internet construction work
has become an important global demonstration. The UHV line under construction has a
length of 35,000 km, with a power transformation capacity, including conversion capacity,
of 360 million kVA, and an annual power transmission capacity of more than 400 billion
KWH. At the same time, the construction of the Energy Internet has played an important
role in atmospheric and environmental governance. In the future, the construction of the
Energy Internet needs to be further promoted. Therefore, technology research and talent
training for the construction of the Energy Internet are important guarantees to promote
the comprehensive development of the energy field in the new era.
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With the continuous development of the era, changes in various fields are also un-
derway, and higher education is the root of the cultivation of high-level talents. In order
to ensure that each field of social construction can consistently cultivate sufficient high-
level talents in the ever-changing environment, the teaching reform of higher education
is inevitable, setting high requirements for the development and construction of higher
education. The importance is not only reflected in the teaching reform of related majors in
the energy field, but also the teaching reform of related majors in other fields. Therefore, in
order to ensure the quality of higher education and keep up with the pace of social devel-
opment and construction, how to carry out teaching reform, how to control the direction
of teaching reform and how to ensure the quality of teaching reform will be important
long-term topics for universities to tackle.
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