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With the acceleration of urbanization, the volume of construction waste has increased 

rapidly, posing a challenge in effective utilization. Heat pump systems, known for their 

energy efficiency and environmental benefits, offer a promising solution by using 

construction waste as a low-temperature heat source. This not only mitigates the pollution 

caused by waste but also facilitates the efficient recycling and reuse of resources. While 

existing studies have mainly focused on performance evaluation of heat pump systems, 

research on using construction waste as a heat source is relatively sparse. Exploring this 

innovative heat source application could provide new directions for the development of 

heat pump technology. Despite achievements in performance evaluation and waste 

utilization, there are shortcomings such as a strong dependence on traditional heat sources, 

insufficient consideration of the unique properties of construction waste, and imperfect 

analysis methods for component exergy losses. This paper is divided into two main 

sections: the construction of a mathematical model for a heat pump system using 

construction waste as a low-temperature heat source, explaining the underlying principles; 

and a detailed analysis of the exergy losses in system components, proposing a method for 

performance evaluation. Through this research, the paper aims to provide new technical 

support for the recycling of construction waste, enhance the overall efficiency of heat pump 

systems, and advance the development of energy-saving and environmental technologies. 
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1. INTRODUCTION

As the process of urbanization accelerates, the quantity of 

construction waste has rapidly increased, making its effective 

utilization one of the urgent problems to be solved [1-4]. Heat 

pump systems, as efficient energy conversion devices, have 

the advantages of energy saving and environmental protection 

[5-11]. Using construction waste as a low-temperature heat 

source in heat pump systems not only reduces the pollution 

caused by solid waste but also achieves efficient resource 

recovery and utilization [12, 13]. Therefore, studying how to 

use construction waste as a low-temperature heat source in 

heat pump systems has significant practical significance and 

application prospects.  

In existing research, there is substantial study on the 

performance evaluation of heat pump systems, but relatively 

less on using construction waste as a low-temperature heat 

source [14, 15]. Exploring the application of this new type of 

heat source can provide new ideas and directions for the 

development of heat pump technology. Additionally, this 

research not only helps to improve the efficiency of heat pump 

systems but also promotes the development of resource 

utilization of construction waste, thereby achieving the dual 

goals of energy saving and emission reduction [16-18]. 

Therefore, in-depth study of heat pump systems utilizing 

construction waste as a low-temperature heat source is of great 

theoretical and practical significance. 

Although there have been certain achievements in the 

performance evaluation of heat pump systems and waste 

utilization, there are still some deficiencies [19-21]. For 

example, existing heat pump systems largely depend on 

traditional heat sources and do not fully consider the 

uniqueness of construction waste as a low-temperature heat 

source. At the same time, the exergy analysis methods for the 

components of heat pump systems are not yet perfect, making 

it difficult to comprehensively evaluate the overall 

performance of the systems [22-25]. Therefore, it is 

particularly necessary to further improve the mathematical 

models and exergy analysis methods of heat pump systems, 

and to optimize the performance evaluation of the components 

specifically. 

The research content of this paper mainly includes two parts. 

Firstly, construct a mathematical model of a heat pump system 

using construction waste as a low-temperature heat source, 

explaining its basic principles. Secondly, analyze in detail the 

exergy losses of the components in the heat pump system, and 

propose a method for performance evaluation. Through these 

studies, this paper aims to provide new technical support for 

the resource utilization of construction waste, enhance the 

overall efficiency of the heat pump system, and promote the 
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development of energy-saving and environmental protection 

technologies. 

 

 

2. MATHEMATICAL MODEL  

 

This paper adopts an improved heat pump system utilizing 

construction waste as a low-temperature heat source. The 

system uses a lithium bromide-water solution as the working 

fluid pair and includes five heat exchangers, a solvent pump, a 

solution pump, and components such as piping and valves 

connecting the devices. A schematic diagram of the system 

structure is shown in Figure 1. 

The choice of lithium bromide-water solution (LiBr-H2O) 

as the working fluid pair for the heat pump system using 

construction waste as a low-temperature heat source is 

primarily due to its excellent absorption characteristics. 

Lithium bromide can effectively absorb water vapor, allowing 

the system to operate at lower temperatures, which is suitable 

for utilizing construction waste as a low-temperature heat 

source. Furthermore, the lithium bromide-water solution has 

stable thermodynamic properties over a wide range of 

temperatures. Its absorption and desorption processes can be 

efficiently conducted at lower temperatures and pressures, 

adapting to the low-temperature heat source provided by the 

construction waste. 

The heat exchangers in the heat pump system specifically 

include evaporator, condenser, absorber, generator, and 

solution heat exchanger. Unlike traditional absorption heat 

pumps, the improved system uses construction waste as a low-

temperature heat source, driving the heat source into the 

evaporator and generator to achieve heat recovery. 

Specifically, the residual heat from the construction waste acts 

as the driving heat source and enters the heat pump system in 

two modes: series and parallel. In series mode, the residual 

heat passes through the evaporator and generator sequentially; 

in parallel mode, the residual heat is split into two streams, 

each entering the evaporator and generator, respectively. The 

low-temperature heat source of construction waste in the 

evaporator generates saturated water vapor by absorbing the 

heat from the waste, which, after entering the absorber, is 

absorbed by the concentrated solution, releasing a large 

amount of heat and raising the dilute solution temperature to 

the absorption temperature. Through the solution heat 

exchanger, this heat is recovered and used to provide usable 

high-temperature hot water, achieving efficient recovery and 

reuse of the residual heat from construction waste. This heat 

pump system, utilizing construction waste as a low-

temperature heat source, not only fully utilizes the residual 

heat of construction waste, reducing the waste's environmental 

impact, but also enhances the overall energy efficiency of the 

heat pump system and promotes the use of sustainable energy. 

 

 
 

Figure 1. Schematic diagram of the heat pump system utilizing construction waste as a low-temperature heat source 

 

To establish a steady-state concentrated model of the heat 

pump system utilizing construction waste as a low-

temperature heat source, which reflects the real operating 

conditions and simplifies the thermodynamic calculations, the 

following assumptions are made in this paper: 

(1) The outlet of the condenser is saturated water, the outlet 

of the evaporator is saturated vapor, and the outlet of the 

generator is superheated steam. Although the heat supply from 

construction waste may fluctuate, these state parameters are 

assumed to be constant for the sake of model simplification 

and computational feasibility. 

(2) The work of the working fluid circulation pump and the 

solution pump is ignored. This is because the pump work has 

a relatively small proportion in the overall system energy 

balance and can be considered negligible, thus simplifying 

calculations. 

(3) The enthalpy of the working fluid remains unchanged 

before and after throttling. This assumption helps simplify the 

thermodynamic calculations, although in practice, the 

enthalpy might change slightly. 

(4) The lithium bromide solution at the outlets of the 

generator and the absorber is saturated. This assumption aids 

in determining the concentration and temperature of the 

solution, facilitating thermodynamic calculations. 

(5) Frictional losses along the path and local resistances 

such as drag can be ignored, but to make the results more 

accurate, appropriate values of pressure loss can be taken. This 

means that specific pressure drops at various points are not 

detailed in the calculations, but a comprehensive value of 

pressure loss is introduced to improve the accuracy of the 

model. 

(6) The system does not exchange heat with the outside 

environment. This assumption simplifies the calculations of 

the system’s energy balance, although in actual applications, 

there may be minor heat exchanges with the external 

environment. 

(7) The system is in a steady flow state. Assuming that the 

system operates stably helps simplify calculations of dynamic 

changes, thus focusing on performance evaluation under 

steady-state conditions.  
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To accurately assess system performance, it is necessary to 

construct thermal load equations, temperature difference 

equations, pressure drop equations, and concentration 

difference equations for each device in the single-stage heat 

pump system.  

Firstly, thermal load equations describe the heat absorbed 

or released by each device during a specific period. Using the 

principle of energy conservation, the thermal loads of the 

evaporator, condenser, generator, and absorber can be 

calculated. In the evaporator, the heat provided by the low-

temperature heat source of construction waste causes the 

refrigerant to evaporate; in the condenser, the refrigerant 

releases heat and condenses into liquid; in the generator, the 

lithium bromide solution produces superheated steam by 

absorbing external heat; in the absorber, the solution absorbs 

the steam produced by the evaporator and releases heat. 

Through these calculations of thermal loads, the overall energy 

efficiency of the system can be determined. The thermal loads 

of the evaporator, generator, absorber, and condenser are 

denoted as Wr, Wh, Wx, and Wz respectively; the enthalpy 

values at various state points are denoted as g1~g8; the flow 

rates of residual heat source and cooling water are denoted as 

le and lz respectively; the inlet and outlet temperatures of 

cooling water are denoted as sz1 and sz2; the inlet and outlet 

temperatures of the residual heat source are denoted as se and 

se1; the flow rate of working fluid is denoted as F. The 

circulation factor is denoted as β, and the heat load equation 

for the evaporator is: 

 

( ) ( )123 eeoer sszlggFW −=−=
 

(1) 

 

The formula for calculating the heat load of the generator is:  

 

( )  ( )1571 1 eeoeh sszlgggFW −=−−+= 
 

(2) 

 

The formula for calculating the heat load of the absorber is:  

 

( ) 483 1 gggFWx  −−+=
 

(3) 

 

The formula for calculating the heat load of the condenser 

is:  

 

( ) ( )2121 zzozz sszlggFW −=−=
 

(4) 

 

Temperature difference equations are used to describe the 

differences in inlet and outlet temperatures of the devices, 

reflecting the heat exchange effects of the equipment. In the 

evaporator and condenser, the temperature difference reflects 

the state change of the refrigerant; in the generator and 

absorber, the temperature difference reflects the heating and 

absorption processes of the solution. By analyzing these 

temperature differences, the heat exchange performance of the 

equipment can be optimized. The difference between the 

condensation temperature s2 and the outlet temperature of the 

cooling water sz2 is denoted by Δs1, the difference between the 

residual heat source outlet temperature se1 in the generator and 

the outlet concentrated solution temperature s7 is denoted by 

Δs2, the difference between the residual heat source outlet 

temperature se1 and the evaporation temperature s3 in the 

evaporator is denoted by Δs3, the difference between the dilute 

solution inlet temperature s4 and the concentrated solution 

outlet temperature s8 in the solution heat exchanger is denoted 

by Δsra, and the difference in temperature between the inlet and 

outlet of the cooling water is denoted by Δsz. The constructed 

temperature difference equations are:  

 

122 sss z −=
 

(5) 

 

sss e −= 17  
(6) 

 

313 sss e −=
 

(7) 

 

rasss −= 48  
(8) 

 

zzz sss −= 21  
(9) 

 

Pressure drop equations describe the pressure loss of fluids 

flowing within the equipment, reflecting the flow resistance in 

the system. For each device, including the evaporator, 

condenser, generator, and absorber, the pressure difference 

between the inlet and outlet needs to be calculated. Analyzing 

the pressure drop helps optimize fluid flow and reduce energy 

loss in the system. Concentration difference equations 

describe the concentration changes of lithium bromide 

solution in the absorber and generator. In the generator, the 

solution is heated and its concentration increases; in the 

absorber, the solution absorbs water vapor, reducing its 

concentration. By analyzing the concentration changes of the 

solution, the solution circulation can be optimized, enhancing 

the efficiency of the absorption and generation processes. 

Assuming the pressures inside the generator, condenser, 

evaporator, and absorber are denoted by o1~o4, the flow 

resistance of refrigerant steam in the generator and condenser 

is denoted by Δoh, the flow resistance of refrigerant vapor in 

the evaporator and absorber is denoted by Δox, and the 

concentration difference between concentrated solution ςh and 

dilute solution ςx is denoted by Δς, then the equations are: 

 

21 oooh −=
 

(10) 

 

43 ooox −=
 

(11) 

 

xh  −=
 

(12) 

 

 

3. EXERGY ANALYSIS MODEL 

 

Figure 2 shows the simulation flow diagram of the heat 

pump system using construction waste as a low-temperature 

heat source. The constructed heat pump system primarily 

consists of five main heat exchange components: an 

evaporator, a generator, an absorber, a condenser, and a 

solution heat exchanger. Based on the exergy loss calculation 

methods for these components, they can be divided into two 

categories. The first category includes the evaporator, 

generator, and solution heat exchanger. In these components, 

the evaporator and generator engage in heat exchange by 

absorbing low-temperature thermal energy from construction 

waste, which does not generate significant exergy losses 

during the heat exchange process itself. Their exergy losses 

primarily stem from the energy losses occurring during the 

transport of fluids. The solution heat exchanger only involves 
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heat exchange between low-concentration and high-

concentration solutions, thus its exergy losses also mainly 

arise from losses during the transport process. The second 

category includes the condenser and absorber. The condenser 

discharges heat to the environment through cooling water, 

which is not utilized by the system, leading to energy losses. 

In the absorber, the heat water exchanges heat with the lithium 

bromide solution, and similarly, part of the heat is not 

effectively used, resulting in combined losses of heat flow and 

thermal energy. The basic steps for analyzing the exergy losses 

of each component and the system's exergy efficiency are as 

follows: 

(1) Calculation of exergy losses for the evaporator, 

generator, and solution heat exchanger. 

 

 
 

Figure 2. Simulation flow diagram of the heat pump system 

using construction waste as a low-temperature heat source 

 

For the exergy loss calculations of each component, the 

mass flow balance of the heat exchanger is the key. For the 

evaporator, generator, and solution heat exchanger, the exergy 

losses need to be assessed through the changes in mass flows. 

The evaporator and generator engage in heat exchange by 

absorbing low-temperature thermal energy from construction 

waste, which does not generate significant exergy losses 

during the heat exchange process itself, with losses mainly 

stemming from energy changes during the mass flow process. 

The exergy losses of the solution heat exchanger also primarily 

come from the internal heat exchange process between fluids. 

Specifically, establish the mass flow balance equations, 

calculate the exergy losses of these three parts by measuring 

the input exergy from the low-temperature heat source of the 

construction waste and the output exergy of the mass flows. 

The evaporator and generator utilize the low-temperature 

thermal energy from construction waste, and their exergy 

losses mainly stem from the energy changes in the mass flows. 

The exergy losses of the solution heat exchanger are also 

primarily derived from the internal heat exchange mass flow 

process. Assuming the value of the hot mass flow at the inlet 

of the heat exchanger is represented by Rg1, the value at the 

outlet by Rg2, the value of the cold mass flow at the inlet by 

Rz1, and the value at the outlet by Rz2, П represents the losses 

of the heat exchanger. For the heat exchanger, the following 

equation gives the mass flow exergy balance equation: 

 

++=+ 2211 zgzg RRRR
 

(13) 

 

(2) Exergy Loss Calculation for Condenser and Absorber 

For the exergy loss calculation of the condenser and 

absorber, the condenser discharges heat to the environment 

through cooling water, which is not utilized by the system, 

resulting in energy loss. In the absorber, the heating water 

exchanges heat with the lithium bromide solution, and part of 

the heat is not effectively used, generating combined losses of 

heat flow and thermal energy. Thus, it is only necessary to 

calculate the exergy loss discharged to the environment and 

the total exergy loss of the heat flow and thermal energy. 

Assuming the mass flow rate of the hot stream is represented 

by Hg, the specific enthalpy of the hot stream at the heat 

exchanger inlet is denoted by gg1, the specific enthalpy of the 

hot stream at the heat exchanger outlet is denoted by gg2, the 

specific entropy of the cold stream at the heat exchanger inlet 

is denoted by tg1, the specific entropy of the cold stream at the 

heat exchanger outlet is denoted by tg2, the mass flow rate of 

the cold stream is represented by Hz, the specific enthalpy of 

the cold stream at the heat exchanger inlet is denoted by gz1, 

the specific enthalpy of the cold stream at the heat exchanger 

outlet is denoted by gz2, the specific entropy of the cold stream 

at the heat exchanger inlet is denoted by tz1, and the specific 

entropy of the cold stream at the heat exchanger outlet is 

denoted by tz2. The exergy loss equation for the heat exchanger 

flows is:  

 

( )

( )

1 2 0 1 2

1 2 0 1 2

g g g g g g

z z z z z

H g g S t t

H g g S t t

  = − − − 

+ − − −  

 (14) 

 

(3) Overall System Exergy Efficiency Evaluation 

Through the mathematical expression of the system exergy 

balance, the exergy input, output, and loss of the entire heat 

pump system can be evaluated. Through this comprehensive 

evaluation, the system's exergy efficiency can be calculated, 

measuring the effectiveness of using construction waste as a 

low-temperature heat source. Assuming the total losses of the 

heat pump system are denoted by ΔR, the field losses of the 

generator are denoted by ΔRh, the losses of the condenser are 

denoted by ΔRz, the losses of the evaporator are denoted by 

ΔRr, the losses of the absorber are denoted by ΔRx, and the 

losses of the solution heat exchanger are denoted by ΔRg. The 

following equation provides the mathematical expression for 

the system's exergy balance:  

 

gxrzh RRRRRR  ++++=
 

(15) 

 

Assuming the efficiency of the heat pump system is denoted 

by λR, the heat load of the absorber is denoted by Wx, and the 

temperature of the high-temperature hot water at the absorber 

outlet is denoted by Sg. The following equation defines the 

efficiency of the heat pump:  
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In the heat pump system using construction waste as a low-

temperature heat source, the focus is on analyzing the exergy 

losses of each component through mass flow changes and 

evaluating the overall efficiency through the system's exergy 

balance. Through these steps, the sources of energy loss in the 

system can be identified, and the system design can be 

specifically optimized to achieve more efficient energy 

utilization goals. Figure 3 shows the flow diagram for the 

performance study of the heat pump system using construction 

waste as a low-temperature heat source. 

 

 
 

Figure 3. Flow diagram for performance study of heat pump 

system using construction waste as a low-temperature heat 

source 

 

 

4. EXPERIMENTAL RESULTS AND ANALYSIS 

 

By calculating and analyzing the exergy losses of each 

component in the heat pump system, the impact of each 

component on the overall energy efficiency of the system can 

be clearly seen. According to the results in Table 1, the 

condenser has the highest exergy loss at 32.5478, accounting 

for 61.23% of the total system exergy loss, making it the 

component with the largest loss. This is followed by the 

generator, with an exergy loss of 7.9562, which accounts for 

14.56% of the total loss. The exergy losses for the absorber 

and evaporator are 5.7895 and 3.8256 respectively, 

representing 10.9% and 7.21% of the total respectively. The 

solution exchanger has the smallest exergy loss at 3.2985, 

making up 6.23% of the total system loss. The total exergy loss 

for the entire system is 52.9874. These data indicate that the 

condenser is the main source of exergy loss within the heat 

pump system and should be the focus for performance 

optimization. From the experimental results, it is evident that 

the condenser and generator are the most critical components 

in the heat pump system, as their exergy losses account for the 

vast majority of the total system loss. The high percentage of 

loss in the condenser, at 61.23%, shows that the efficiency of 

heat transfer during the condensation process is one of the 

main factors affecting the overall performance of the system. 

Therefore, optimizing the design and operating conditions of 

the condenser can significantly improve the energy efficiency 

of the system. The generator's loss percentage at 14.56% also 

suggests the need for further research and improvement in its 

performance. 

 

Table 1. Exergy loss calculations for each component of the 

heat pump system 

 

Component 

Logarithmic Mean 

Temperature 

Difference 

Exergy 

Loss 

Exergy 

Loss Rate 

Evaporator 17.5 3.8256 7.21 

Generator 8.1 7.9562 14.56 

Condenser 13.6 32.5478 61.23 

Absorber 9.4 5.7895 10.9 

Solution 

Exchanger 
5.8 3.2985 6.23 

Entire System  52.9874 100 

 

 
 

Figure 4. Impact of waste heat water final temperature and 

cooling water final temperature on exergy efficiency of heat 

pump system 

 

According to the data in Figure 4, the final temperatures of 

waste heat water and cooling water significantly affect the 

exergy efficiency of the heat pump system. When the cooling 

water final temperature is 12°C, the exergy efficiency 

increases from 0.62 to 0.624 as the waste heat water final 

temperature rises from 54°C to 62°C. Similarly, with a cooling 

water final temperature of 14°C, the exergy efficiency 

increases from 0.612 to 0.616 as the waste heat water final 

temperature rises. For cooling water final temperatures of 

16°C and 18°C, the exergy efficiency increases from 0.604 to 

0.608 and from 0.596 to 0.6, respectively, with rising waste 

heat water temperatures. These data indicate that lower 

cooling water temperatures yield higher system exergy 

efficiency, and increasing the waste heat water temperature 

also helps improve the system’s exergy efficiency. The 

analysis concludes that lower cooling water temperatures 

result in higher system exergy efficiency, and as the waste heat 
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water temperature rises, the system’s exergy efficiency further 

improves. This suggests that reducing the final temperature of 

cooling water and increasing the final temperature of waste 

heat water can effectively enhance the overall efficiency of the 

system. 

 

 
 

Figure 5. Impact of waste heat water final temperature and 

cooling water final temperature on the coefficient of 

performance of the heat pump system 

 

According to the data in Figure 5, the waste heat water and 

cooling water final temperatures significantly impact the 

coefficient of performance of the heat pump system. When the 

cooling water final temperature is 12°C, the coefficient of 

performance increases from 0.484 to 0.488 as the waste heat 

water final temperature rises from 54°C to 62°C. Similarly, 

with a cooling water final temperature of 14°C, the coefficient 

of performance increases from 0.4825 to 0.4865 as the waste 

heat water temperature rises. For cooling water final 

temperatures of 16°C and 18°C, the coefficient of performance 

increases from 0.481 to 0.485 and from 0.4795 to 0.4835, 

respectively. These data show that as the waste heat water 

temperature increases, the system’s coefficient of performance 

gradually increases, and lower cooling water temperatures also 

help improve the system’s performance. The conclusion is that 

raising the waste heat water final temperature and lowering the 

cooling water final temperature can significantly enhance the 

system’s coefficient of performance. This finding suggests 

that optimizing the temperature parameters of waste heat water 

and cooling water is an effective strategy for enhancing system 

performance. 

 

 
(a) Heat load 

 
(b) Performance coefficient 

 

Figure 6. Dynamic response of heat pump system’s heat load 

and coefficient of performance when waste heat water inlet 

temperature increases by 10°C 

 

According to the data in Figure 6, when the waste heat water 

inlet temperature increases by 10°C, there is a significant 

dynamic response in the heat loads of the absorber and the 

combined condenser + generator, as well as in the coefficient 

of performance of the heat pump system. At time point 0, the 

heat load of the absorber remained at 140 and gradually 

decreased to 100 before the 300 time point, then gradually 

recovered back to 140. The total heat load of the condenser 

and generator remained at 280 at time point 0, then spiked to 

700 at the 100 time point, dropped to 350 at the 200 time point, 

and stabilized at 280 by the 300 time point. The coefficient of 

performance started at 0.48 at time point 0, dropped to 0.2 at 

the 100 time point, then gradually rose, reaching 0.45 by the 

200 time point, and eventually returned to 0.48 by the 300 time 

point. The analysis of the dynamic response of the heat pump 

system’s heat load and coefficient of performance when the 

waste heat water inlet temperature increases by 10°C 

concludes that temperature changes have a significant impact 

on system performance. In the initial stages of the temperature 

increase, the heat load of the absorber decreased, while the 

total heat load of the condenser and generator significantly 

increased, and the system’s coefficient of performance notably 

declined. This indicates that the efficiency of heat transfer in 

the system decreased initially, leading to a temporary 

performance drop. However, as time progressed, the system 

gradually adapted to the new temperature conditions, with heat 

load and coefficient of performance returning to initial levels, 

demonstrating the system’s good self-regulating capability. 

According to data from Figure 7(a), at time point 0, the 

temperature of the solution inside the generator and the 

temperature of the dilute solution at the outlet of the solution 

heat exchanger are both 15°C, with the waste heat water outlet 

temperature at 60°C. When the waste heat water inlet 

temperature increases by 10°C, the temperature of the solution 

inside the generator rapidly rises, reaching 102°C at the 100 

time point, then gradually declines and stabilizes at 98°C after 

the 200 time point. The temperature of the dilute solution at 

the outlet of the solution heat exchanger rises to 80°C at the 

100 time point, reaches 94°C at the 200 time point, and 

remains stable. The waste heat water outlet temperature drops 

sharply to 30°C at the 100 time point, then gradually recovers 

and stabilizes at 65°C by the 300 time point. These data 

indicate that during the initial phase of temperature changes, 
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the parameters fluctuated sharply, then gradually stabilized. 

The analysis of the dynamic response data for generator 

temperature and waste heat water temperature concludes that, 

initially, the system's parameters quickly adjusted to new 

temperature conditions, showing significant temperature 

fluctuations. The solution temperature inside the generator and 

the dilute solution temperature at the solution heat exchanger 

outlet initially rose sharply, then gradually stabilized, 

indicating the system has strong heat transfer and self-

regulating capabilities under the influence of rising 

temperatures. The waste heat water outlet temperature initially 

dropped sharply, then gradually rose and stabilized at a higher 

temperature, indicating effective use of waste heat in the initial 

phase, followed by the system reaching a new thermal 

equilibrium. 

 

 
(a) Generator temperature and waste heat water temperature 

 
(b) Absorber temperature and heating water temperature 

 
(c) Evaporator temperature and waste heat water temperature 

 
(d) Condenser temperature and cooling water temperature 

 

Figure 7. Dynamic response of the heat pump system at 

startup 

 

According to data from Figure 7(b), at time point 0, the 

temperature of the solution inside the absorber and the 

temperature of the concentrated solution at the outlet of the 

solution heat exchanger were both 15°C, with the produced hot 

water outlet temperature at 71°C. As the waste heat water inlet 

temperature increased by 10°C, the temperature of the solution 

inside the absorber quickly rose to 68°C at the 100 time point, 

reached 80°C at the 200 time point, and stabilized at 82°C by 

the 300 time point. The temperature of the concentrated 

solution at the outlet of the solution heat exchanger followed a 

similar trend, rising to 70°C at the 100 time point, reaching 

82°C at the 200 time point, and stabilizing at 84°C at the 300 

time point. The produced hot water outlet temperature dropped 

sharply to 41°C at the 100 time point, then quickly recovered, 

reaching 74°C at the 200 time point, and stabilized at 76°C by 

the 300 time point. These data show that during the initial 

phase of temperature changes, the parameters fluctuated 

sharply, then gradually stabilized. The analysis of the dynamic 

response data for absorber temperature and heating water 

temperature concludes that, initially, the system's parameters 

quickly adjusted to new temperature conditions, showing 

significant temperature fluctuations. The temperature of the 

solution inside the absorber and the concentrated solution 

temperature at the solution heat exchanger outlet initially rose 

sharply, then gradually stabilized, indicating the system has 

strong heat transfer and self-regulating capabilities under the 

influence of rising temperatures. The produced hot water 

outlet temperature initially dropped sharply, then gradually 

rose and stabilized at a higher temperature, indicating that the 

heat pump system effectively utilized temperature changes to 

enhance hot water output in the initial stage, followed by the 

system reaching a new thermal equilibrium. 

Based on data from Figure 7(c), at time point 0, both the 

inlet temperature of waste heat water in the evaporator and the 

temperature of the solution inside the evaporator were 15°C. 

As the waste heat water inlet temperature increased by 10°C, 

the waste heat water inlet temperature in the evaporator 

quickly rose to 55°C at the 100 time point, reached 64°C at the 

200 time point, and eventually stabilized at 66°C at the 300 

time point. The temperature trend of the solution inside the 

evaporator was similar to that of the waste heat water inlet 

temperature, rising to 55°C at the 100 time point, reaching 

67°C at the 200 time point, and stabilizing at 69°C at the 300 

time point. These data indicate that there was a sharp initial 

fluctuation in parameters, which then gradually stabilized. The 
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analysis of the dynamic response data for the evaporator 

temperature and waste heat water temperature concludes that 

initially, the system's parameters rapidly adjusted to new 

temperature conditions, showing significant temperature 

fluctuations. The waste heat water inlet temperature and the 

solution temperature inside the evaporator initially rose 

sharply, then gradually stabilized, indicating strong heat 

transfer and self-regulating capabilities under the effect of the 

temperature increase, showing that the heat pump system 

effectively enhanced heat transfer efficiency during the initial 

stages, after which the system reached a new thermal 

equilibrium. 

According to data from Figure 7(d), at time point 0, both the 

solution temperature inside the condenser and the cooling 

water outlet temperature were 15°C. As the system began 

operation, the solution temperature inside the condenser rose 

to 20°C at the 100 time point and remained stable thereafter. 

The trend in the cooling water outlet temperature was similar 

to that of the solution temperature inside the condenser, rising 

to 17°C at the 100 time point and remaining stable thereafter. 

These data suggest that after an initial rapid adjustment, the 

temperatures of the condenser and cooling water stabilized, 

with only a small range of change. The analysis of the dynamic 

response data for the condenser temperature and cooling water 

temperature concludes that initially, the temperatures of the 

condenser and cooling water quickly adjusted and stabilized 

shortly thereafter, indicating good heat transfer and stability 

performance under the effect of temperature increases. The 

small range of change in the solution temperature inside the 

condenser and the cooling water outlet temperature indicates 

significant temperature regulation by the condenser in the 

system, effectively maintaining stable operation. 

 

 

5. CONCLUSION 

 

The research content of this paper has two parts. First, a 

mathematical model of a heat pump system using construction 

waste as a low-temperature heat source was constructed, and 

its basic principles were detailed. Second, the exergy losses of 

the components within the heat pump system were analyzed in 

depth, and a method for evaluating system performance was 

proposed. In the experimental part, the exergy losses of the 

heat pump system components were calculated, the effects of 

the final temperatures of waste heat water and cooling water 

on the system's exergy efficiency and coefficient of 

performance were studied, and the dynamic responses of the 

heat pump system's heat load and coefficient of performance 

to a 10°C increase in waste heat water inlet temperature, as 

well as the dynamic responses at system startup, were 

analyzed. The experimental data show that initially, the 

system's parameters quickly adjusted to new temperature 

conditions, showing significant temperature fluctuations, then 

gradually stabilized. The absorber, evaporator, and condenser 

each significantly rose initially, then gradually stabilized, 

demonstrating strong heat transfer and self-regulating 

capabilities under the influence of temperature increases. The 

small range of change in the condenser solution temperature 

and cooling water outlet temperature shows that the system 

maintains good stability. The results also reveal the significant 

impact of the final temperatures of waste heat water and 

cooling water on the system's exergy efficiency and coefficient 

of performance, with notable enhancements in the system's 

heat load and coefficient of performance when the waste heat 

water inlet temperature increases by 10°C. 

This paper, through the construction of a mathematical 

model and detailed experimental analysis, revealed the 

dynamic characteristics of a heat pump system using 

construction waste as a low-temperature heat source, 

providing a scientific basis for optimizing system design and 

operation. The results not only enriched the theoretical 

foundation of heat pump systems but also offered important 

practical implications, particularly in the use of construction 

waste resources for low-temperature heat sourcing, with 

significant environmental and economic benefits. 

Despite revealing dynamic characteristics and performance, 

this research has limitations. The experimental data were 

primarily gathered under specific conditions; future research 

could consider the impact of more variables and operational 

conditions to more comprehensively evaluate system 

performance. Further studies could also explore long-term 

operational stability and economic assessments of the system, 

and incorporate intelligent control technologies to optimize the 

operational efficiency of heat pump systems, achieving more 

effective utilization of construction waste resources. 
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