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Abstract 

The optimal dispatch of the integrated energy system can improve the utilization rate of 
integrated energy, promote the development of new energy and the consumption of 
renewable energy. This paper starts with the research trend and popularity of integrated 
energy, and discusses the multi-energy model, multi-electric-thermal integrated energy, 
multi-energy model of wind power, photovoltaic units and solar collectors of 
thermoelectric multi-energy system based on electricity-to-gas technology to jointly 
meet the electricity load of the park. The advantages of time-sharing and grading 
utilization of microgrid thermal energy and comprehensive energy trading of urban 
stratified market structure. From the user side and the market side, energy production, 
consumption, storage and transmission can be greatly improved, and the rational 
distribution of energy can be optimized in a larger platform, renewable energy can be 
absorbed, and the development of new energy can be promoted. 
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1. Introduction 

With the increasing environmental problems caused by the burning of fossil fuels, the global 
economic development has begun to transform towards energy-saving, low-carbon and 
sustainable development. Document No. 9 of the Electric Power Reform proposes that 
deepening the reform of the power market is an urgent task, which is related to my country's 
energy security and overall social and economic development. Therefore, how to establish a 
multi-energy complementary, comprehensive and perfect power market is an urgent problem 
facing today. 

Multi-energy system coordination and multi-energy market coupling can maximize the use of 
multiple energy complements and substitutions to achieve flexible, efficient and 
environmentally friendly energy utilization. It can greatly improve the production, 
consumption, storage and transmission of energy, optimize the rational distribution of energy 
in a larger platform, absorb renewable energy, and promote the development of new energy. 
Especially with the emphasis on protecting the environment in today's world, it is very 
necessary to carry out research on the mutual compensation and substitution of multiple 
energy sources and the coupled transaction of multiple energy markets. 

At present, the overall design idea of my country's power market is "overall design, step-by-
step implementation, from simple to complex, and gradually to maturity". Some pilot cities have 
formulated relevant norms to achieve reasonable transactions in the power market, promote 
the deepening reform of the power market, and ensure the development of power transactions. 

With the release of the new electricity reform policy, many electricity markets will emerge 
further, and a large number of different types of electricity sales companies will emerge. In 
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order to establish a multi-energy complementary and comprehensive power market, it is 
necessary to break the old energy model in the past, so as to promote the establishment of the 
future power market and the production of new energy. Today, the reform of the electricity 
sales side is an important measure for the reform of the power market, but it is still in the 
exploratory stage. The reform of the electricity sales side should follow the complementary 
advantages of various energy sources, and use advanced technologies such as big data to build 
a complete power energy system to promote the availability of energy. continuous 
development. 

This paper analyzes the research trend and popularity of integrated energy from the research 
status of integrated energy, and discusses the PIES, multi-electric-thermal integrated energy 
microgrid of thermoelectric multi-energy system based on renewable energy power generation 
technology (Power-to-Gas, P2G). Time-sharing and grading utilization of thermal energy and 
comprehensive energy trading in urban stratified market structure. It matches the needs of the 
user side and the market side, improves the utilization rate of the generator set, increases the 
economic benefits, maximizes the utilization of energy, effectively reduces the pollution to the 
environment, and promotes the consumption of distributed energy. 

2. Research Status of Integrated Energy System 

The integrated energy system is based on the complementary characteristics of various forms 
of energy such as electric energy, solar energy, and tidal energy, as well as the gradient principle 
of energy utilization, to achieve multi-energy complementarity to the power system and 
improve energy utilization. 

2.1. Research status of foreign integrated energy system 

The construction of foreign power market has been more than 30 years. Traditional energy 
services originated in the United States in the 1970s, mainly for energy-saving renovation of 
projects that have been constructed. Based on distributed energy services, promote renewable 
energy sources such as cogeneration, photovoltaics, and biomass. Nowadays, with the 
emergence of new technologies such as the Internet, cloud computing and big data, the local 
microgrid technology combining new technologies and renewable energy has begun to emerge. 
Comprehensive energy plays an important supporting role in improving energy utilization and 
sustainable development strategies. 

As an island nation, the UK's electricity and gas networks are connected to mainland Europe 
only by small-capacity lines and gas pipelines. The UK pays attention to the integration of 
energy flows between systems. The UK Department of Energy and Climate Change and the UK's 
innovation agency have funded the development and application of a large number of regional 
integrated energy systems. The Energy Systems Catapult was established in Birmingham to 
support UK businesses developing and researching integrated energy systems. 

Germany focuses on the integration between energy systems and communication systems, 
including four aspects: smart power generation, smart grid, smart consumption and smart 
energy storage. This technology promotes enterprises and regions to participate in new 
communication system technologies and high-efficiency energy systems, and uses technologies 
such as big data, cloud computing and the Internet to regulate distributed energy and complex 
and diverse load terminals. 

The United States pays attention to the development of comprehensive energy theory and 
technology. The United States Department of Energy proposed an integrated energy system in 
2001 to increase the proportion of clean energy supply and utilization, improve the reliability 
and economy of the energy system, and focus on promoting distributed energy and combined 
heat and power. For the promotion and application of technology. 
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2.2. Domestic comprehensive energy status 

Today, as the consumption ratio of coal-based power generation in my country's electricity 
market gradually declines, and the country vigorously develops new energy sources, my 
country's traditional power plants will face the urgent challenge of adapting to low-carbon 
transformation. Due to the influence of factors such as China's energy distribution, geographical 
location and power system structure, the dispatch of integrated energy is particularly 
important. Integrated energy system dispatching and optimizing energy generation and 
utilization is the primary problem we need to solve. It is also a new market idea to study the 
main body of the new power market and promote the use of electricity, solar energy and other 
multi-energy sources on the user side to participate in the coordinated power market. 
Integrated energy is now mainly faced with the following three problems: first, the load in the 
power system is changing all the time, and the change of the mechanical power of the prime 
mover lags the change of the load, so the frequency fluctuation in the system is inevitable, At 
this time, it is necessary to adjust the active power sent by the generator in time to make 
corresponding frequency adjustments, so that the frequency of the power system tends to be 
in a balanced state. Second, how to establish a balance model between the power system 
network and load, so that multiple energy sources can coordinate with each other is a problem 
that needs to be solved. Third, due to the uncertainty of load changes, there are uncertain 
factors in each link such as electricity, gas, and heat. The above three reasons make scheduling 
a great challenge. 

With the emergence of new energy, the use of integrated energy has gradually become more 
important, and integrated energy production companies will replace traditional energy 
production companies. In the previous vertical energy market, the price of energy was notified 
by the supply company to the user side, which ignored it. autonomy on the user side. In addition 
to economic factors, the efficient use of energy by integrated energy also provides new ideas 
for the concept of sustainable development. 

At present, the domestic definition of comprehensive energy can be summarized from two 
aspects: one is the coordination and complementation of various energy sources such as heat, 
electricity, and gas, which run through all links such as generation, transmission, distribution, 
and consumption; The core is to fully consider the uncertainty on the user side and determine 
a reasonable and complete comprehensive energy service system. 

3. Current status of integrated energy system optimization on the market 
side 

As an energy commodity, electricity is produced, transformed, transmitted and consumed 
almost simultaneously. For traditional thermal power plants, the high initial infrastructure 
construction costs and the subsequent availability of considerable profits are worthy of 
attention by power generation companies. Today, fuel prices and environmental pollution have 
largely constrained the traditional thermal power generation industry, and the development of 
an integrated energy system is imminent. 

Comprehensive energy service is a new type of specialized energy service that provides users 
with complementary energy advantages. Clean energy such as tidal energy and wind energy, 
through distributed energy, intelligent microgrid, PIES of thermoelectric multi-energy system, 
etc., and adopting technologies such as big data, computer technology and cloud computing, to 
improve comprehensive energy utilization and reduce costs. energy services. As shown in 
Figure 1: 
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Figure 1 Structure of Integrated Energy Services 

3.1. PIES for Thermoelectric Multi-Energy Systems 

Constructed by wind, photovoltaic generators and solar collectors to meet the needs of the 
market and the load side. The PIES system coupled with multiple energy sources can realize the 
comprehensive utilization of energy and protect the environment, but due to the uncertainty of 
the load side and the uncertainty of which generator sets will cooperate with each other, relying 
solely on PIES is far from meeting the requirements. V2G is one of the effective methods to 
balance energy and determine the load side curve, so the organic combination of V2G and PIES 
is beneficial to promote the sustainable development of the system. 

Scholars at home and abroad have carried out research on V2G and demand response 
technology. Reference [1] introduces the technology and operational concepts of V2G; 
Reference [2] introduces the maximum time-saving charging strategy for microgrid electric 
vehicles in the V2G mode, and verifies that V2G can achieve a win-win situation for both the 
user side and the market side. On the basis of coupled thermoelectric PIES, using V2G for multi-
angle analysis and optimization scheduling can provide effective backup energy for new energy 
power generation, consume excess energy generated by new energy, and greatly improve the 
utilization rate of clean energy. Introducing this method can match the needs of the user side 
and the power generation side, improve the utilization rate of the generator set, and increase 
the economic benefits. 

3.2. Time-sharing and hierarchical utilization of thermal energy in multi-
electrical-thermal integrated energy microgrids 

Integrated energy smart microgrid is an effective way to realize comprehensive utilization of 
energy, cascade consumption and improve energy utilization. Considering the characteristics 
of thermal energy taste and the time period characteristics of energy consumption on the user 
side, a multi-dimensional network comprehensive energy market transaction with thermal 
energy classification and time-sharing optimization is established. For the user side, electric 
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energy is mainly used for small electrical equipment such as lighting and air conditioners. The 
load is low, and the quality requirements for thermal energy are relatively low; for industry, 
electrical energy is mainly used for the production of industrial products, and the load is high, 
and the quality requirements for thermal energy are high. In practice, the heat source 
temperature represents the taste of thermal energy, which can be divided into high, medium 
and low-quality thermal energy. The higher the temperature of the emitted thermal energy, the 
less conducive to the efficient use of energy and environmental protection requirements. At this 
time, it is necessary to implement a grading strategy from time periods and different users, so 
as to improve the cascade utilization of energy. Reference [3] introduces a typical integrated 
energy system model of production capacity base, system relationship and user-side three 
parties, and proposes a two-stage optimal dispatch strategy based on demand response and 
master-slave game methods to optimize the interests of the three parties in the region. 
Reference [4] introduced a master-slave game strategy composed of energy supply enterprises, 
distribution network and user side including scheduling and bidding multi-agent. 

The intelligent microgrid strategy pursues the most efficient distributed interaction strategy 
based on the time-sharing and grading of user microgrids and industrial microgrids, and 
realizes multi-agent collaborative optimization. It improves the benefit of the power plant, 
reduces the cost, maximizes the utilization of energy, and effectively reduces the pollution to 
the environment. In the context of new electricity reform, it provides ideas for efficient and 
clean utilization of energy. 

3.3.   Integrated energy trading with a tiered market structure in cities and 
towns 

Distributed energy has the characteristics of being flexible, efficient and clean, and it is an 
important way for the development of comprehensive energy today. Today's urban energy has 
the problems of low energy utilization and unbalanced supply and demand, so distributed 
energy must be transformed into a high-quality stage. Reference [5] introduced the production 
of hydrogen and methane from distributed electricity to improve the utilization of distributed 
energy. [6] introduced the construction of a hierarchical energy wholesale trading market in 
terms of energy Internet transactions. 

In the urban system, microgrids of photovoltaic, wind power and P2G equipment are usually 
built; on the user side, a distributed microgrid is formed. As a transitional link of the traditional 
market, the upper urban-level market conducts centralized transactions of distributed energy, 
connects with the traditional market upwards, balances the supply and demand deviation of 
the entire market, connects with local-level transactions downwards, and coordinates the 
energy supply deviation of the local-level market. . The local-level market in the lower city 
realizes nearby transactions, and chooses a variety of transaction modes according to the actual 
situation. 

In the urban market, the energy traded includes electricity and natural gas. The transaction 
subjects are microgrid operators, market managers and power supply companies. When the 
tiered market structure is not adopted, the electric energy operator will connect all or part of 
the electric energy to the grid in the form of subsidies at the guide price. If a layered market 
structure is adopted, it will provide a platform for distributed energy, provide operators with 
more revenue opportunities, and promote the consumption of distributed energy. 

4. Conclusion 

Based on the actual development of my country's energy market, this paper discusses the 
transformation between energy sources from three aspects: PIES of thermoelectric multi-
energy, time-sharing and grading utilization of heat energy in multi-electric-thermal integrated 
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energy microgrids, and comprehensive energy trading of urban stratified market structure. 
Technology has brought more energy co-production and consumption to the market. Help to 
promote the development of distributed market and improve energy efficiency. This paper 
summarizes the latest research results of my country's influence on the interaction of the multi-
energy market and the coordinated operation of the multi-energy market. From the user side 
and the market, the current situation of my country's comprehensive energy system 
optimization is analyzed. At present, the market competition of integrated energy services has 
initially formed. Power generation enterprises should seize the opportunity to establish a set 
of integrated energy services suitable for themselves, and transform from single energy 
production to user-side energy supply and energy services. 
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