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In order to solve the problem of energy consumption, improve the efficiency of en-
ergy utilization and develop new energy, the total energy consumption and fluctua-
tion of thermal integrated energy were analyzed. Four suggestions are put forward 
for the integrated power system of flexible thermal power plant, namely, electric 
heat storage system, electric heat pump heat storage system, g, heating system and 
high pressure heating system via steam turbine, which can improve the air energy 
consumption capacity of the system and reduce the total coal consumption of the 
system. Among them, in the case of small air conditioning units or small air con-
ditioning units do not use electric heating furnace and electric heat pump furnace. 
Heat storage technology of thermal power unit is not suitable for daily exhaust. 
In contrast, the high pressure/IP bypass heating process of steam turbine is more 
flexible and less restrictive, which is the best method for comparison. Compared 
with other schemes discussed by the author, this scheme has the highest flexibility 
and the least restrictions, and is the best one among the four. 
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Introduction

 With the progress of society, a series of environmental pollution and ecological 
deterioration problems caused by unreasonable energy utilization have become increasingly 
prominent, restricting the development of the national economy [1, 2]. Therefore, reducing the 
dependence of human society on fossil energy, vigorously developing new energy, breaking 
through the traditional energy system, and improving the efficiency of new energy utilization 
have become the key measures to alleviate the contradiction between the total growth of energy 
demand and the shortage of energy resources, energy utilization and environmental protection 
[3]. However, in modern social life and production, in view of various forms of energy con-
sumption with different characteristics and qualities, such as cold, hot and electricity, generally, 
the energy supply mode of separate production, separate transmission and separate use is ad-
opted to meet various energy demands of users. In the mode of independent design and separate 
operation of multi-power system, there are lack of co-ordination among the system, low power 
conversion rate and high utilization rate. At the same time, with the continuous development 
of wind power installation capacity in the system, wind access power capacity has become a 
bottleneck restricting the development of new technologies, and new types are urgently needed, 
g. A thermal power plant combined with an electric power supply system as the basis provides 

* Corresponding author, e-mail: wanghui841013@163.com



Wang, H., et al.: Analysis on Overall Energy Efficiency and Flexibility of ... 
976	 THERMAL SCIENCE: Year 2023, Vol. 27, No. 2A, pp. 975-981

integrated planning and operation for the use of clean energy in traditional and diverse energy 
systems. First, the planning, construction and optimal operation of a community energy system 
will be achieved through the use of electricity, water, heat, energy storage and other fully or-
ganic materials. Secondly, enhance the flexibility, safety, economic and self-healing ability of 
different energy sources to achieve the overall optimization of energy and co-ordination of re-
lated systems, and finally, establishing a unified thermal power flow system with power supply 
as the core, realizing the coordination and execution of the various power and thermal power 
systems, and realizing the integration of power flow and data flow [4]. 

 However, in the traditional combined dispatching of heat and power, the power and 
heat loads are balanced at all times, which limits the peak shaving capacity of the system, lead-
ing to a high incidence of wind abandonment, for the thermal system itself, both the network 
side and the demand side have great storage potential, the detailed modelling of thermal inertia 
on the network side and load side of the thermal system makes the electric and thermal energy 
systems more flexible and co-ordinated, this is essential to improve energy efficiency, promote 
the use of renewable energy sources and reduce the pressure of energy conflicts and environ-
mental issues [5].

The power generated by these three plants is sent to power users through the grid to 
meet their electrical load. In a heating system, there are two types of heat sources: hot furnaces 
and combined power plants, which provide heat to users in different areas. In fig. 1, Pwp, Ptpp, 
and Pchp are, respectively wind farm, thermal power plant and thermal power plant, while Qchp 
and Qccb are thermal power plant and thermal power plant [6].

Figure 1. Schematic diagram of the infrastructure of the electric  
thermal integrated energy system

 In the context of the coming era of ubiquitous power IoT, theoretical research on 
cogeneration system will lay an important foundation for further integration of clean energy in 
the future. Electric energy and thermal energy are two important energy demands in daily life. 
With the deepening of the coupling degree between electric and thermal energy networks and 
the maturity of the inter conversion technology of electric and thermal integrated energy sys-
tems, the interactive impact between electric and thermal integrated energy systems is increas-
ingly prominent, at the same time, complementary technologies between electric and thermal 
integrated energy systems directly provide opportunities for improving energy utilization effi-
ciency, renewable energy penetration, system regulation flexibility and rational energy use [7]. 
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Analysis of electric thermal integrated energy  
system and flexibility transformation

Flexibility transformation scheme model of 
electric thermal integrated energy system 

 In view of the difficulty in consuming renewable energy in the cogeneration system, 
the author proposes a variety of flexibility transformation schemes. The author will discuss 
four typical schemes: electric heating and heat storage scheme, electric heating pump heating 
scheme, thermal power unit heat storage scheme, and steam extraction and heat supply scheme 
for high/medium pressure bypass of steam turbine [8]. 

Coal consumption of raw power thermal integrated energy system 

 Figures 2(a)-2(c) show the change curves of user power load, heat load and maxi-
mum wind power generation capacity on typical days in the calculation example adopted by 
the author. 

The maximum total capacity of thermal power plant is 3000 MW, the minimum total 
capacity is 1500 MW, and the upper limit of the height is 5 MW per minute. The total maximum 
output power of the power plant is 6000 MW, the minimum output power is 3000 MW, and the 
upper limit of the surge is 10 MW pe minute, and the upper limit of the surge is 10 MW per 
minute. The upper limit of the altitude is 10 MW pe minute. The heat release rate of the heat 
load accounts for 60% of the heat load, and the heat load accounts for 40% of the rest of the 
heat load.

Figure 2. Daily variation curve of; 
(a) user electric load, (b) user heat 
load, and (c) maximum generation 
capacity of wind power (basic 
data) user’s power/heat load and 
maximum wind power generation 
capacity
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 The basic calculation results are shown in fig. 3. Figure 3 shows the total daily energy 
consumption of the system by changing the ratio of the heating energy to the heat load without 
changing the heating and heating power. The abscissa wind power generation range is the max-
imum wind power generation set in the calculation. It can be seen from the diagram that with 
the increase of wind power supply, the total energy consumption of the system decreased, but 
the cost decreased. In the case of less energy, increasing the equilibrium heat output of the blast 
furnace gas will help reduce the total coal consumption of the system. At the same time, the 
application of cogeneration technology has improved the local power consumption of the unit, 

thus improving the overall performance of the 
system. However, when there are many wind 
power plants, increasing the equivalent thermal 
power of thermal load of thermal power plants 
will increase the total coal consumption of the 
system [9]. At the same time, cogeneration 
system restricts the wind power consumption 
of the system and impedes the development of 
the whole energy consumption of the system. 
Therefore, although the cogeneration technolo-
gy improves the energy-saving efficiency of the 
unit, in the context of larger power system re-
form, although the technology can improve the 
overall performance of the system depending 
on the power and demand of the system.

Analysis on coal consumption of electric thermal  
integrated energy system after transformation

Electric heating and heat storage 

Electric heating, heat storage and heating make up 5% of household heating, thermal 
energy sources account for 55% of heat, and furnace temperature accounts for 40%. Calculation 
results of electric heat storage process are shown in fig. 4. Under different maximum power 
generation capacities of wind power, the total daily coal consumption and air rejection rate of 
the system with and without electric heating and heat storage scheme are compared. 

It can be seen from fig. 4 that in this 
example, when the wind power consumption 
capacity exceeds 0.9, the heat pump system is 
used to reduce the total coal consumption of 
the system. When the wind power consump-
tion ratio is less than 0.9%, the total energy 
consumption of the system will be increased 
by using the thermal power storage technique. 
This is because when the air supply is low, the 
air is provided for a short period of time and 
the air volume is very low per day, the heat-
er only uses waste air to generate electricity to 
heat and store heat, which is not enough to meet 
the heat requirements of the users. Meanwhile, 
thermal power or thermoelectric power must be 

Figure 3. Calculation results before  
flexibility modification

Figure 4. Calculation results of electric  
heating and thermal storage scheme
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used for heating, which will lead to the increase of the total coal consumption of the system. 
Therefore, the flexibility of unit is limited when electric heating and heat storage technique is 
adopted, and it is difficult to play a role when the wind power installation scale is small or the 
waste air volume is small. 

Heating by electric pump 

The thermoelectric unit heating accounts 
for 55%, and the coal-fired boiler heating ac-
counts for 40%. The calculation results are 
shown in fig. 5. Under different wind power re-
source ratios, the total daily coal consumption 
and air rejection rate of the system with and 
without electric heat pump heating scheme are 
compared. 

It can be seen from fig. 5 that in this ex-
ample, when the wind power consumption ca-
pacity is more than 0.7, the electric heat pump 
heat pump is adopted to reduce the total coal 
consumption of the system. However, when the 
wind power consumption ratio is less than 0.7, 
the total energy consumption of the system will be increased by using electric heat pump heat-
ing system. This is because the heating capacity of the thermal power plant needs to meet the 
user’s thermal load at all times, and the increased thermal power is the most feasible. When the 
waste air volume is large, the heat exchanger can increase the energy consumption of the air. 
In this calculation example, as the cost of the thermoelectric unit supplying 1 W heat is 0.19 W 
less electricity, but the cost of the electric heat pump supplying 1 W heat is 0.33 W electricity 
consumption, the application of electric heat pump heating scheme is not as economical as us-
ing thermoelectric units to supply heat. 

Thermal power unit heat storage 

The heat supply of thermal power units accounts for 60% of the household heat load, 
and coal-fired boilers account for 40%. The calculation results of thermal storage scheme of 
thermal power unit are shown in fig. 6. Under the conditions of different maximum power 
generation capacities of wind power, the total 
daily coal consumption and air rejection rate of 
the system with and without thermal power unit 
thermal storage scheme are compared. 

It can be seen from fig. 6 that in this ex-
ample, when the heating energy consumption 
ratio is less than 1.8. However, when the heat-
ing energy ratio is more than 1.8, the effect of 
thermal power unit heat storage process will be 
gradually decreased. This is because the use of 
electric heating steam heaters to maximize the 
energy consumption of air is based on the ob-
served amount of air discharged at some point, 
while no air is discharged at any given time. If 

Figure 5. Calculation results of electric  
heat pump heating scheme

Figure 6. Calculation results of thermal storage 
scheme of thermal power unit
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there are too many wind power sources or heats left over by day, and the grid is in the state of 
most runaway air, the heat exchanger storage system is difficult to play a role [10].

The high pressure/IP bypass steam extraction heating of turbine 

 The high/medium pressure bypass steam extraction of steam turbine is used for heat 
supply, and the maximum regulating capacity is set as 200 MW, the heat supply of thermal pow-
er units takes up 60% of the household heat load, and that of coal-fired boilers takes up 40%. 
As shown in fig. 7. Under different maximum power generation capacities of wind power, the 

total daily coal consumption and air rejection 
rate of the system when the high pressure/IP by-
pass steam extraction heating scheme of steam 
turbine is applied and not applied are compared. 

Whether the energy consumption ratio is 
high or low, the adoption of steam extraction 
heating technique for high and middle pressure 
cross-section of turbine can increase energy 
consumption and reduce the total daily energy 
consumption of the system. When the system 
does not discard air, the unit can operate in the 
original mode. In general, compared with other 
schemes discussed by the author, this scheme has 
the highest flexibility and the least restrictions, 
and is the best scheme among the four [11, 12]. 

Conclusion 

 The combined power and thermal power of wind turbine, thermal power plant and 
thermal power plant are studied in this paper. The influence of combined heat and power gener-
ation technology on the overall performance of the system is analyzed based on the total energy 
consumption of some electric and thermal units. The characteristics of four transient modes 
of heat storage system, electric heat pump system and cogeneration system are discussed. 
The principle and applicability of thermal power unit heat storage and steam turbine high  
pressure/IP bypass heat extraction are analyzed to provide reference for further research. At 
present, the high proportion of cogeneration units limits the overall performance of the system 
under the heat-determined power mode. The high pressure/IP bypass heat extraction process 
of steam turbine has few application restrictions and can improve the control ability of thermal 
power equipment. It is an ideal transformer.
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