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Abstract: Under the background of the great change of national energy structure, 

power cleaning has become an irreversible trend, and the mode of urban heat supply 

is undergoing revolutionary changes from production side to user side. At present, the 

development of heat pump is fast. Under the trend of clean power, the application of 

inverse Carnot heat pump is a two-way choice. This paper introduces the working 

principle of heat pump and its application in thermal power plant, which can be used 

as a reference for power generation enterprises. 
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1. Introduction to heat pump 

1.1 Classification of heat pumps 

There is huge low-grade heat energy in nature, such as surface water, groundwater, 
soil and atmosphere. The energy consumption industry emits all kinds of low-grade 
waste heat close to the ambient temperature. However, due to its low temperature, it 
can not be directly and effectively used as an energy substitute for coal. Heat pump 
[1-3] is a device that converts medium and low temperature heat energy into medium 
and high temperature heat energy. It is characterized by consuming part of energy 
(mechanical energy, electric energy or high temperature heat energy) as power to 
make heat energy from low-grade "pump" to high-grade and produce a large amount 
of medium and high temperature heat energy. The heat pump that uses a small 
amount of high-grade energy to produce a large amount of medium and high-
temperature heat energy is the first type of heat pump, and the heat pump that uses 
a large amount of medium and low-temperature heat energy to produce a small 
amount of high-temperature heat energy is the second type of heat pump. 
According to the driving energy, it is divided into electric heat pump, gas heat pump, 
fuel oil heat pump, steam driven heat pump, hot water driven heat pump and solar 
heat pump; According to the low-temperature heat source of heat pump, it is divided 
into air source heat pump, water source heat pump, ground source heat pump, etc; 
According to the working principle of heat pump, it is divided into vapor compression 
heat pump, gas compression heat pump, absorption heat pump, adsorption heat pump, 
jet heat pump, thermoelectric heat pump and chemical heat pump. The index to 
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measure the heating efficiency of the heat pump is the heating coefficient of the heat 
pump, which is the ratio of the heat produced by the heat pump to the energy 
consumed by the heat pump. 

1.2 Low temperature heat source of heat pump 

The common low-temperature heat sources of heat pumps include air,, industrial and 
domestic waste heat, soil, solar energy, geothermal energy, groundwater, river water, 
lake water, sea water, etc. The higher the temperature of the low-temperature heat 
source, the higher the heating temperature of the heat pump; When the heating 
temperature is constant, the higher the temperature of the low-temperature heat 
source, the higher the heating coefficient of the heat pump. The cleaner and less 
corrosive the low-temperature heat source medium is, the lower the material 
requirements for the heat exchanger on the low-temperature side of the heat pump. 

1.3 Current development of heat pump 

In thermal power plant projects, heat pump can be applied to urban district heating, 
heating of surrounding residents, heating of production auxiliary buildings in the power 
plant, heating of production buildings outside the plant, heating of surrounding 
commercial buildings, central air conditioning system, etc. At present, the transcritical 
carbon dioxide air source heat pump cooling and heating system has been applied. As 
a natural working medium, the global warming potential of carbon dioxide is only one 
thousandth of that of conventional synthetic refrigerant, and the use cost is about 20% 
lower than that of conventional air source heat pump; Compared with traditional 
central air conditioning, using supercritical carbon dioxide heat pump in a building with 
an area of 10000 ㎡ is expected to save about 10% of the operating cost. The heat 

pump technology is localized for the first time in the field of radioactive waste liquid 
treatment. It will be used for the evaporation and concentration of low-level waste 
liquid to maximize the volume reduction and minimize the waste. Compared with the 
traditional evaporation process, its energy-saving effect is more than 90%. 

 

2. Working principle of heat pump 

2.1 Air source heat pump 

Air source heat pump is one of the most advanced hot water equipment with the 
highest energy efficiency ratio in the world. Under different working conditions, the 
heat pump absorbs 2 ~ 6kW free heat from the low-temperature heat source for every 
1kW of electric energy consumed by the heat pump, and the energy-saving effect is 
very remarkable. According to the principle of reverse Carnot cycle, it is driven by 
electric energy, effectively absorbs the low-grade heat energy that cannot be used in 
the natural low-temperature heat source through heat transfer working medium, and 
promotes the absorbed heat energy to the available high-grade heat energy and 
releases it into water. An endothermic medium refrigerant is built in the air source 
heat pump water heater. Its temperature in the liquid state is lower than minus 20 ℃, 
and there is generally a temperature difference with the external natural temperature. 
Therefore, the refrigerant can absorb the external natural temperature, generate 
pressure in the evaporator and evaporate and vaporize, and convert the refrigerant 
from the vapor state to the liquid state through the circulation of the heat pump, The 
heat carried by it is released to the water storage in the water tank of the heat pump 
water heater unit. The working process of air source heat pump includes the following 
four steps: low temperature and low pressure liquid refrigerant is throttled and 
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depressurized through expansion valve; After depressurization, the refrigerant then 
enters the exchanger for evaporation, so as to absorb a large amount of heat in the 
air and turn the refrigerant into gaseous state; The gaseous refrigerant enters the 
compressor and is compressed into high temperature and high pressure refrigerant; 
After the compressed high-temperature and high-pressure gaseous refrigerant enters 
the heat exchanger, the heat contained in it is released to heat the cold water in the 
condenser. The cold water is heated to 55 ℃ (up to 65 ℃) by the high-temperature 
and high-pressure refrigerant and enters the insulation water tank. At this time, the 
refrigerant also changes from gaseous to liquid. 

2.2 Vapor compression heat pump 

Vapor compression heat pump consists of compressor (including driving device, such 
as motor, internal combustion engine, etc.), condenser, throttling and expansion parts, 
evaporator and other basic parts to form a closed loop, in which the circulating working 
medium is filled, and the working medium is driven by the compressor to circulate. 
The working medium of the heat pump has a liquid-gas phase change in the 
evaporator and absorbs heat energy from the low-temperature heat source; The 
compressor changes from low temperature and low pressure to high temperature and 
high pressure, and absorbs the driving energy of the compressor; The gas-liquid phase 
change and heat release occur in the condenser to supply the energy obtained in the 
process of evaporation and compression to the user; The working fluid of high-
pressure heat pump generates low-temperature and low-pressure liquid after passing 
through the throttling expansion part to start the next cycle. The heating coefficient 
of vapor compression heat pump is high; The heat pump has a variety of working 
fluids, which can meet the needs of heat users for different heating temperatures; 
The unit can be large, medium, small and micro, and is the most widely used. 

2.3 Absorption heat pump 

The absorption heat pump is driven by heat energy, generator, absorber, solution 
pump and solution valve. It plays the function of compressor in steam compression 
heat pump, and forms a closed system with condenser, throttling and expansion parts, 
evaporator and other parts. It is filled with working medium pair (circulating working 
medium and absorbent) solution, and the boiling point difference between absorbent 
and circulating working medium is very large, And the absorbent has a strong 
absorption effect on the circulating working medium. The working medium solution in 
the generator is heated by fuel combustion or other high-temperature heat energy to 
produce circulating working medium vapor with high temperature and pressure, which 
enters the condenser and releases heat in the condenser to become liquid, and then 
enters the evaporator after depressurization and cooling by throttling and expansion 
parts. The low-temperature heat source heat energy is absorbed in the evaporator 
and becomes low-temperature and low-pressure vapor, which is finally absorbed by 
the absorber (release absorption heat at the same time). At the same time, the mass 
and heat exchange between the dilute solution and concentrated solution in the 
absorber and generator is also carried out continuously through the solution pump 
and solution valve to maintain the stability of solution concentration and liquid level 
and make the system operate continuously. 
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3. Application of heat pump in power plant 

Cogeneration is to convert the chemical energy of fuel into high-grade heat energy for 
power generation. At the same time, the low-grade heat energy after some work has 
been done in the heating steam turbine is used for external heating, which improves 
the heat utilization rate, improves the economy of the power plant and saves energy. 
From the perspective of energy cascade utilization, the thermal power plant still has a 
large degree of energy waste, such as flue gas waste heat, low-temperature waste 
heat of circulating water, heat of exhaust steam in air cooling island, etc. according to 
the survey, more than 30% of the heat in the power plant is taken away by the 
circulating water of condenser. Taking 300MW cogeneration unit as an example, the 
circulating water flow is about 28000 m³/h. The drainage temperature is usually 15 ℃ 
higher than the ambient temperature. According to the unit operation time of 5000 
h/a, the heat loss is about 8900 GJ/a. This part of heat has the characteristics of "huge 
total amount, high concentration and low grade". If this part of heat can be used for 
heating, it is equivalent to without increasing the power plant capacity and local 
pollutant emission, It expands the heating capacity of the heat source, improves the 
comprehensive energy utilization efficiency of the power plant, and reduces the heat 
discharged to the environment, which has very significant economic, social and 
environmental benefits. 

3.1 Heating systemt 

Lithium bromide absorption heat pump is generally used in power plants. Generally, 
the circulating water[4-5] return water of the unit is used as the low-temperature heat 
source, the main circulating water return pipe is transformed, and a pipeline is 
connected to the heat pump unit. The circulating water recovered by the heat pump 
unit is sent to the outlet pipeline of the cooling water tower and enters the condenser 
for heat exchange, that is, the 25 ℃ circulating water from the condenser is absorbed 
by the absorption heat pump and becomes 20 ℃ circulating water into the cooling 
tower. The return water main pipe of the heat supply network is connected with a 
pipeline to the heat pump room, and relevant valves are set to introduce the circulating 
water return of the heat supply network into the heat pump room. The primary heating 
system is added to the original heating system. The 55 ℃ return water of the heat 
supply network is heated to 75 ℃ by the absorption heat pump, and then enters the 
basic heater and peak heater of the heat supply network in turn, The required 
temperature is supplied to heat users by heating and steam extraction respectively. 
High quality steam is used as the driving steam of the heat pump unit. The condensate 
formed after heat exchange of the steam in the heat pump generator is transmitted 
to the drain tank and sent back to the condensate system through the drain pump of 
the heat network. 

3.2 Driving steam parameters 

Driving steam parameters have a great impact on the performance of heat pump. As 
shown in Table 1, the driving steam parameters of different plants are different. When 
the driving steam pressure increases, the heat exchange in the generator increases 
and the concentration of lithium bromide solution increases. Similarly, the solution 
concentration in the absorber also increases, the solution absorption capacity 
increases, and the refrigeration capacity increases. In the project, the steam extraction 
position driven by the heat pump is unreasonable, resulting in the pressure lower than 
the heating and extraction pressure of the steam turbine, and the refrigeration 
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capacity of the heat pump system is artificially reduced by nearly, which seriously 
affects the energy-saving income of the project. Table 1 shows the driving steam 
parameters of different units. Fig. 1 is a curve showing the influence of the driving 
steam pressure of the heat pump on the refrigerating capacity of the heat pump[6] . 

 

Table 1 shows the driving steam parameters of different units 

Name 
Driving steam parameters 

pressure temperature 

1 0.5MPa 260℃ 

2 0.98MPa 355℃ 

3 0.45MPa 250℃ 

4 0.4MPa 242℃ 

5 0.3MPa / 

6 0.4MPa / 

 

 

Figure 1. Influence of driving steam pressure on refrigerating capacity 

 
3.3 Temperature and pressure reduction 

The driving steam has two states, superheated steam and saturated steam. The heat 
transfer coefficient of superheated steam is different from that of saturated steam, 
and phase change occurs in the heat exchange process. Under the design working 
condition, the saturated steam releases the latent heat of vaporization and becomes 
saturated water, while the phase change process of superheated steam first becomes 
saturated steam and then becomes wet steam, and finally becomes saturated water 
if the heat exchange conditions permit. Therefore, the parameters of driving steam 
cannot be determined by simply comparing the amount of heat released. Superheated 
steam has great superheat. When the superheat of steam increases, the larger the 
heat transfer area for sensible heat transfer, the worse the overall heat transfer effect. 
Poor heat exchange effect will lead to the decrease of solution concentration, solution 
absorption capacity and refrigeration capacity in the generator. It may be that the 
installation position of the temperature measuring point behind the desuperheater is 
unreasonable, resulting in the low control of desuperheating water volume, resulting 
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in the high superheat of steam entering the heat pump, which will reduce the cooling 
capacity of the heat pump. 

 

 

Figure 2. Effect of superheat of driving steam on refrigerating capacity 

 

Therefore, a desuperheater shall be set on the driving steam pipeline to desuperheate 
the raw steam into saturated steam under the same pressure, and the desuperheated 
saturated steam will enter the generator of the heat pump for work. Paper [7] 
introduces that without considering the performance change of absorption heat pump 
itself,The superheated steam is directly used as the driving heat source,and its heat 
transfer coefficient is 3.59 × 104; The desuperheated steam, that is, the saturated 
steam under the same pressure, as the driving heat source, has a heat transfer 
coefficient of 7.53 × 104. As a result, if superheated steam is used as the driving heat 
source, the equipment area required for heat exchange is larger and the equipment 
investment is larger. In other words, the greater the superheat of steam, the larger 
the heat exchange area, and the worse the overall heat exchange effect, so as to 
reduce the heating capacity. 

 

4. Conclusion 

When the unit operates under rated conditions, the cycle efficiency of the thermal 
system with heat pump is higher than that without heat pump. From the perspective 
of thermal energy utilization rate, due to the effective utilization of waste heat of 
circulating water, the thermal energy utilization rate is improved, the circulating water 
loss caused by evaporation of cooling tower is reduced, and the heating area can be 
increased on the basis of existing heating; According to the increased heating capacity, 
the amount of coal can be saved and has good economic benefits. 
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