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Abstract. The waste heat utilization rate of the waste heat utilization system of large-scale 
comprehensive hospital is analyzed, and the maximum recovery work of waste heat is obtained On 
the basis of the above analysis, according to the actual situation of large comprehensive hospital waste 
heat utilization system to simulate and analyze the process, and then establishes a calculation model 
of system optimization, the thermoeconomic optimization angle system, with the rate of the 
utilization of waste heat waste heat utilization system comparative analysis. The limiting condition of 
waste heat utilization system is put forward. The waste heat utilization rate analysis method for the 
optimization of the whole system by the heat, large comprehensive hospital waste heat utilization 
system is analyzed to establish optimization model of waste heat utilization system of large 
comprehensive hospital, the optimal solution, when the temperature, the maximum heat recovery, 
heat recovery rate was 77.7%. 

Introduction 
With the improvement of living standards, energy consumption of large-scale comprehensive 

hospitals and other public buildings in large public buildings as grow with each passing day, the 
hospital of people's life, in the future the energy consumption will be faced with a severe situation not 
only increase. However, the energy is an indispensable element of hospital development, strengthens 
the energy management of the hospital, not only is the implementation of Scientific Outlook on 
Development, creating a green hospital, inevitable choice to alleviate the pressure on resources and 
the environment, but also the important measure to reduce operating costs and achieve the sustainable 
development of the hospital. For the energy saving and waste heat utilization of hospitals, many 
aspects can be involved, of which there is no in-depth study on the waste heat utilization of large-scale 
comprehensive hospitals. Therefore, this paper makes investigation and research. 

The significance of this study is to establish the system of waste heat recovery, waste heat recovery 
using more reasonable rate analysis based on the large comprehensive hospital waste heat utilization 
system optimization, after optimization, the rate of utilization of waste heat to achieve better, and the 
best heat utilization scheme. For large buildings, especially in system design and practical use of 
waste heat utilization on the hospital to provide new ideas, put forward the direction and make use of 
waste heat to be further expanded, ultimately achieve energy saving goal. 

Observation and analysis shows that each can provide the location of waste heat resources can be 
recycled waste heat, this article will be able to provide and use the location of waste heat is called 
waste heat utilization point. Through the actual investigation of the hospital, it is found that every 
hospital has more than 5 waste heat utilization points. According to the analysis results, the waste heat 
utilization system is established. Finally, an optimization mathematical model is established to obtain 
the optimal solution of the maximum waste heat utilization. 

Waste heat recovery rate analysis of a hospital waste heat recovery system 
For the research methods of waste heat recovery rate, after consulting a large number of documents, 

no reliable evaluation methods have been found. In this paper, it is suitable for the first law of 
thermodynamics to solve the waste heat recovery rate and analyze it because the condition parameter 
is temperature. First of all, the heat recovery efficiency and the waste heat recovery loss of each heat 
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recovery unit are calculated. On this basis, the total residual heat of each heat recovery unit can be 
obtained. 

The waste heat recovery rate is calculated for each part of the thermodynamic system, and the 
waste heat recovery loss or the waste heat recovery efficiency of each part is calculated 

 
Tab1 Heat recovery unit 1 parameters 

The recovery efficiency of the waste heat and the waste heat recovery loss of the heat recovery 
device 1-1 are as follows: 

Waste heat recovery efficiency: 37 24 13 76%
37 20 17
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Waste heat recovery loss: 1 1 76% 24%e eξ η= − = − =  
Tab2 Heat recovery unit 2parameters 

The recovery efficiency of the waste heat and the waste heat recovery loss of the heat recovery 
device 1-2are as follows: 

Waste heat recovery efficiency: 37 24 13 76%
37 20 17
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Waste heat recovery loss: 1 1 76% 24%e eξ η= − = − =  
Tab3 Heat recovery unit 3parameters 

The recovery efficiency of the waste heat and the waste heat recovery loss of the heat recovery 
device3-2 are as follows: 

Waste heat recovery efficiency: 170 40 130 97%
170 37 133
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Waste heat recovery loss: 1 1 97% 3%e eξ η= − = − =  
A total of three sets of heat exchanger, the heat recovery and the recovery of the same location, 

the recovery of the same degree, so the heat exchanger is defined as heat exchanger 1 (including heat 
recovery heat exchanger 1-1, 1-2), 2 (including the heat recovery heat exchanger 2-1 2-2, the heat 
recovery, heat recovery, heat recovery 2-3) 3 (including heat exchanger, heat exchanger, 3-1 3-2 heat 
exchanger 3-3), the total amount of waste heat for: 

Type 

Thermal 
fluid 
flow 
(t/h) 

Thermal 
fluid 

parameter 
(°C) 

Cold 
Fluid 
flow 
(t/h) 

Cold 
fluid 

parameter 
(°C) 

Heat 
area 
m2 

Transfer 
coefficient
W/(m2°C) 

Recovery 
Efficiency 
（%） 

Recovery 
Loss 
（%） 

Water
Water 

4 37-24 5 20-30 8 2000 76 24 4 37-24 20 20-30 16 2000 

Type 

Thermal 
fluid 
flow 
(t/h) 

Thermal 
fluid 

parameter 
(°C) 

Cold 
Fluid 
flow 
(t/h) 

Cold 
fluid 

parameter 
(°C) 

Heat 
area 
m2 

Transfer 
coefficient
W/(m2°C) 

Recovery 
Efficiency 
（%） 

Recovery 
Loss 
（%） 

Water
Water 

3 45-36 4 30-37 4 2000 
60 40 4 45-36 5 30-37 5 2000 

13 45-36 20 30-37 17 2000 

Type 

Thermal 
fluid 
flow 
(t/h) 

Thermal 
fluid 

parameter 
(°C) 

Cold 
Fluid 
flow 
(t/h) 

Cold 
fluid 

parameter 
(°C) 

Heat 
area 
m2 

Transfer 
coefficient
W/(m2°C) 

Recovery 
Efficiency 
（%） 

Recovery 
Loss 
（%） 

Water
Water 

0.8 170-40 5 37-58 3 2000 
97 3 4 45-36 5 30-37 5 2000 

13 45-36 20 30-37 17 2000 
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(37 24) 1000 4.18 20 302
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By adding the residual heat of the three total heat recovery units, the maximum recovery work of 
the waste heat is obtained 

1 2 3 1265Q Q Q Q kw= + + =  
The waste heat recovery loss of each heat recovery unit is calculated as follows: 
Heat recovery unit 1： 1 302 24% 72.48e kw= × =  
The total heat recovery loss of the three total heat recovery units is added to the total heat 

recovery loss: 
1 2 32 3 3 463.62e e e e kw= × + × + × =  

1 2 3( 2 3 3) 36.66%zong
e e e

Q
ξ

× + × + ×
= =  

The waste heat recovery system in this hospital is used as: 
63.34%zongη =  

Because some of the waste heat recovery in this process is relatively simple, and the system 
research is not integrated, it is necessary to optimize the system design. 

Analysis and optimization method of waste heat utilization system in large scale general 
hospital 

In this paper, the following 2 steps are used to analyze the characteristics of the waste heat utili
zation system in a large comprehensive hospital: 

1) Based on energy conservation, mass continuity and pressure balance equations, all unknown 
thermodynamic parameters of the whole system are calculated according to the design requirements 
and known design variables. 

2) Large scale comprehensive hospital waste heat utilization system is mainly composed of boil
er, heat recovery unit 1, heat recovery unit 2, heat recovery device 3, four components, so the system 
components design is also composed of four parts. 

Design of heat recovery unit: the design of heat recovery unit is more complicated, but the relat
ed literature can be simplified by using some approximate simple treatment methods. 

1. range of design variables.               
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1) To ensure that the temperature of the boiler is 108°C, the temperature of domestic sewage is 
below 40°C, the temperature of domestic water is 65°C, the temperature of domestic cold water is 
20°C, and the temperature of softened water is 20°C. 

2）Optimization calculation method selection and program block diagram. 
Since the established objective function and most of the constraint functions are nonlinear 

functions of design variables, the optimal design of the waste heat utilization system in large-scale 
comprehensive hospitals is a nonlinear programming problem. 

In addition, there is no direct analytic expression between the objective function and the design 
variables. It is very difficult to obtain the partial derivatives of the objective function, so the complex 
method can be chosen to solve the problem. The optimized design block diagram of the waste heat 
recovery system is shown in the figure. By optimizing the model, MATLAB software is used to obtain 
the temperature t1=22°C，t2=33°C，t3=42°C，t4=180°C，The maximum recovery rate of waste heat 
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is obtained, and the recovery rate of waste heat is 77.7%. 

Conclusion 
In this paper, as a preliminary exploration of large comprehensive hospital waste heat utilization, 

primarily for domestic energy and waste heat utilization and to do a simple understanding of energy 
transformation in public buildings, a large number of documents, find the existing problems and the 
solving method and related problems. Although different methods of domestic researchers on the use 
of waste heat of the public buildings have carried out a lot of work, but whether starting from the 
development of the industry or the perspective of technological progress, the use of large public 
buildings for comprehensive waste heat rate is not high, China's large-scale comprehensive hospital 
waste heat utilization system of field remains to be further studied. Compared with the international 
advanced level, there are still some backward, especially in a variety of theories that are active today, 
mathematical calculation technology into large comprehensive hospital waste heat utilization system 
method is not universal. There are few large-scale public buildings which form the waste heat 
utilization system. Therefore, all the researchers who are engaged in the hospital waste heat utilization 
system still need to make great efforts and exploration. The significance of this study is to use a large 
comprehensive hospital more reasonable utilization of residual heat and system, and then the large 
comprehensive hospital waste heat utilization system to optimize the analysis, make better use of 
waste heat utilization system after optimization of heat energy, which is more than the actual hospital 
heat utilization system provides new ideas of design, and have a certain theoretical guidance, make 
use of waste heat is more reasonable. 
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