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Abstract Under the background of increasing energy demand, integrated 
energy system is an important way to promote the development of clean 
energy, support the efficient use of energy and energy saving and emission 
reduction. This paper firstly establishes a comprehensive energy system 
evaluation index model composed of three sub-models of economy, 
environment and energy. On the basis of this model, a comprehensive 
energy multi-objective optimization mathematical model with the lowest 
total cost, excellent environmental benefits and high comprehensive energy 
utilization efficiency is established, and the energy supply and demand 
allocation optimization method based on improved genetic algorithm is 
adopted for solution. The simulation proves the effectiveness of the 
proposed optimization model. 

1 Introduction  
With the increasing depletion of traditional energy sources and the growing prominence 

of environmental pollution, the efficient use of renewable energy has become the key to 
solving the energy crisis in today's society [1, 2]. However, optimizing the use of a single 
energy source is not only inefficient but also costly, so establishing a comprehensive and 
complementary energy system and giving full play to the complementary advantages of 
multiple energy sources is a strategic move to ensure energy security and national security 
[3-5]. 

The modeling and analysis, operation and scheduling optimization, and comprehensive 
evaluation of integrated energy have become hot spots for scholars at home and abroad. 
Zheng et al [6] studied a large-scale integrated energy system composed of distributed 
district heating and cooling units and wind turbines, and proposed a multi-target group 
search optimization method to optimize the system's power scheduling. An approximate 
solution algorithm for the real-time scheduling optimization problem is proposed for an 
integrated energy system equipped with intermittent renewable energy sources in literature 
[7]. Hao Ran et al [8] established a two-tier optimization model for integrated energy  
system to reduce cost and improve energy efficiency, and applied a fuzzy integrated  
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decision method to choose the best one. 
This paper first establishes a comprehensive energy system evaluation index model, and 

on the basis of this model, solves the comprehensive energy optimization model from the 
perspectives of economy, environmental index and comprehensive energy utilization rate. 

2 Introduction to the complementary coordination program for 
integrated energy systems 
The evaluation index of comprehensive energy system is an important basis for system 
planning and design and optimization of regulation and control, and a reasonable evaluation 
index structure is conducive to the planning and operation of comprehensive energy system. 

The comprehensive energy system evaluation index used in this paper consists of three 
sub-models: economy, environment and energy. Through the settings of the three sub-
models, the hierarchical combination forms a reasonable criterion for the planning and 
regulation of the comprehensive energy system. 

3 Multi-objective optimization model for energy supply and 
demand allocation 
The mathematical model for multi-objective optimization of energy supply and demand 
allocation takes economic benefits, environmental benefits, etc. as optimization objectives, 
the supply of different grades of energy from each energy facility as optimization variables, 
and the balance between supply and demand as constraints. 

3.1 Model multi-objective functions 

Economic objectives are the focus of attention during the planning phase of an integrated 
energy system, and an acceptable economic input is necessary to support the feasibility 
planning of an integrated energy system. The economic efficiency objective function can be 
expressed as: 

min𝑓𝑓𝑓𝑓1(𝑥𝑥𝑥𝑥) = min [∑ (𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖 + 𝐶𝐶𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑖𝑖𝑖𝑖 + 𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓,𝑖𝑖𝑖𝑖)𝑀𝑀𝑀𝑀
𝑖𝑖𝑖𝑖=1 ]             (1) 

𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖 = 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖 ∙
𝑅𝑅𝑅𝑅(1+𝑅𝑅𝑅𝑅)𝑙𝑙𝑙𝑙

(1+𝑅𝑅𝑅𝑅)𝑙𝑙𝑙𝑙−1
= 𝑈𝑈𝑈𝑈𝑖𝑖𝑖𝑖𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 ∙

𝑅𝑅𝑅𝑅(1+𝑅𝑅𝑅𝑅)𝑙𝑙𝑙𝑙

(1+𝑅𝑅𝑅𝑅)𝑙𝑙𝑙𝑙−1
                   (2) 

𝐶𝐶𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑖𝑖𝑖𝑖 = 𝜖𝜖𝜖𝜖𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖                          (3) 

𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓,𝑖𝑖𝑖𝑖 = ∑ (𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗𝜎𝜎𝜎𝜎𝑗𝑗𝑗𝑗) ∙ ∑ (𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖,𝑘𝑘𝑘𝑘𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖,𝑘𝑘𝑘𝑘𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖)𝑇𝑇𝑇𝑇
𝑘𝑘𝑘𝑘=1

𝑁𝑁𝑁𝑁
𝑗𝑗𝑗𝑗=1                    (4) 

where 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖 ,𝐶𝐶𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑖𝑖𝑖𝑖 ,𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓,𝑖𝑖𝑖𝑖denote the initial investment cost, operation and maintenance cost, 
and fuel cost of energy equipment of class 𝑖𝑖𝑖𝑖. 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖 is the initial investment cost, 𝑅𝑅𝑅𝑅 is the 
discount rate, 𝑙𝑙𝑙𝑙 is the life cycle, 𝑈𝑈𝑈𝑈 is the unit price of thermal output, 𝑃𝑃𝑃𝑃 is the rated load, 
𝜖𝜖𝜖𝜖 is the operation and maintenance investment factor, 𝐵𝐵𝐵𝐵 is the amount of fuel consumed, 
𝜎𝜎𝜎𝜎 is the purchased cost, 𝜀𝜀𝜀𝜀 is the average load factor and 𝑡𝑡𝑡𝑡 is the total run time. 

This paper treats the environmental benefits as an objective function independent of the 
economic benefits. 
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decision method to choose the best one. 
This paper first establishes a comprehensive energy system evaluation index model, and 

on the basis of this model, solves the comprehensive energy optimization model from the 
perspectives of economy, environmental index and comprehensive energy utilization rate. 

2 Introduction to the complementary coordination program for 
integrated energy systems 
The evaluation index of comprehensive energy system is an important basis for system 
planning and design and optimization of regulation and control, and a reasonable evaluation 
index structure is conducive to the planning and operation of comprehensive energy system. 

The comprehensive energy system evaluation index used in this paper consists of three 
sub-models: economy, environment and energy. Through the settings of the three sub-
models, the hierarchical combination forms a reasonable criterion for the planning and 
regulation of the comprehensive energy system. 

3 Multi-objective optimization model for energy supply and 
demand allocation 
The mathematical model for multi-objective optimization of energy supply and demand 
allocation takes economic benefits, environmental benefits, etc. as optimization objectives, 
the supply of different grades of energy from each energy facility as optimization variables, 
and the balance between supply and demand as constraints. 

3.1 Model multi-objective functions 

Economic objectives are the focus of attention during the planning phase of an integrated 
energy system, and an acceptable economic input is necessary to support the feasibility 
planning of an integrated energy system. The economic efficiency objective function can be 
expressed as: 

min𝑓𝑓𝑓𝑓1(𝑥𝑥𝑥𝑥) = min [∑ (𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖 + 𝐶𝐶𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑖𝑖𝑖𝑖 + 𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓,𝑖𝑖𝑖𝑖)𝑀𝑀𝑀𝑀
𝑖𝑖𝑖𝑖=1 ]             (1) 

𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖 = 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖 ∙
𝑅𝑅𝑅𝑅(1+𝑅𝑅𝑅𝑅)𝑙𝑙𝑙𝑙

(1+𝑅𝑅𝑅𝑅)𝑙𝑙𝑙𝑙−1
= 𝑈𝑈𝑈𝑈𝑖𝑖𝑖𝑖𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 ∙

𝑅𝑅𝑅𝑅(1+𝑅𝑅𝑅𝑅)𝑙𝑙𝑙𝑙

(1+𝑅𝑅𝑅𝑅)𝑙𝑙𝑙𝑙−1
                   (2) 

𝐶𝐶𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑖𝑖𝑖𝑖 = 𝜖𝜖𝜖𝜖𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖                          (3) 

𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓,𝑖𝑖𝑖𝑖 = ∑ (𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗𝜎𝜎𝜎𝜎𝑗𝑗𝑗𝑗) ∙ ∑ (𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖,𝑘𝑘𝑘𝑘𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖,𝑘𝑘𝑘𝑘𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖)𝑇𝑇𝑇𝑇
𝑘𝑘𝑘𝑘=1

𝑁𝑁𝑁𝑁
𝑗𝑗𝑗𝑗=1                    (4) 

where 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖 ,𝐶𝐶𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑖𝑖𝑖𝑖 ,𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓,𝑖𝑖𝑖𝑖denote the initial investment cost, operation and maintenance cost, 
and fuel cost of energy equipment of class 𝑖𝑖𝑖𝑖. 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖 is the initial investment cost, 𝑅𝑅𝑅𝑅 is the 
discount rate, 𝑙𝑙𝑙𝑙 is the life cycle, 𝑈𝑈𝑈𝑈 is the unit price of thermal output, 𝑃𝑃𝑃𝑃 is the rated load, 
𝜖𝜖𝜖𝜖 is the operation and maintenance investment factor, 𝐵𝐵𝐵𝐵 is the amount of fuel consumed, 
𝜎𝜎𝜎𝜎 is the purchased cost, 𝜀𝜀𝜀𝜀 is the average load factor and 𝑡𝑡𝑡𝑡 is the total run time. 

This paper treats the environmental benefits as an objective function independent of the 
economic benefits. 

min𝑓𝑓𝑓𝑓2(𝑥𝑥𝑥𝑥) = min [∑ ∑ (𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗 ∙ 𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 ∙ 𝛿𝛿𝛿𝛿𝑗𝑗𝑗𝑗)𝑁𝑁𝑁𝑁
𝑗𝑗𝑗𝑗=1

𝑀𝑀𝑀𝑀
𝑖𝑖𝑖𝑖=1 ]                   (5) 

Q𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 = ∑ (𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖,𝑘𝑘𝑘𝑘𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖,𝑘𝑘𝑘𝑘𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖)𝑇𝑇𝑇𝑇
𝑘𝑘𝑘𝑘=1                             (6) 

where 𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗 is the 𝑗𝑗𝑗𝑗 pollutant emissions per unit load of the equipment of the class 𝑖𝑖𝑖𝑖 
energy unit, Q𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖  is the total annual load of the class 𝑖𝑖𝑖𝑖  energy unit, and 𝛿𝛿𝛿𝛿𝑗𝑗𝑗𝑗  is the 
equivalent emission factor of the class 𝑗𝑗𝑗𝑗 pollutant. 

3.2 Model constraints 

In order to make the optimization results meet the many constraints in the actual planning, 
the range of the optimization variables themselves and the constraint relationship between 
multiple variables should be considered. 

(1) Heat load supply-demand balance constraint  
There are two main categories of demand for steam 𝑄𝑄𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠.𝑑𝑑𝑑𝑑𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑑𝑑𝑑𝑑  and demand for hot 

water 𝑄𝑄𝑄𝑄𝑤𝑤𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠.𝑑𝑑𝑑𝑑𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑑𝑑𝑑𝑑. 

∑ 𝑄𝑄𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠.𝑖𝑖𝑖𝑖 =𝑀𝑀𝑀𝑀
𝑖𝑖𝑖𝑖=1 𝑄𝑄𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠.𝑑𝑑𝑑𝑑𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑑𝑑𝑑𝑑                          (7) 

∑ 𝑄𝑄𝑄𝑄𝑤𝑤𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠.𝑖𝑖𝑖𝑖 =𝑀𝑀𝑀𝑀
𝑖𝑖𝑖𝑖=1 𝑄𝑄𝑄𝑄𝑤𝑤𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠.𝑑𝑑𝑑𝑑𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑑𝑑𝑑𝑑                          (8) 

(2) Cold load supply-demand balance constraint 

∑ 𝑄𝑄𝑄𝑄𝑐𝑐𝑐𝑐.𝑖𝑖𝑖𝑖 =𝑀𝑀𝑀𝑀
𝑖𝑖𝑖𝑖=1 𝑄𝑄𝑄𝑄𝑐𝑐𝑐𝑐.𝑑𝑑𝑑𝑑𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑑𝑑𝑑𝑑                                (9) 

(3) Equipment capacity constraint 
Constraints on the upper and lower limits of heating and cooling capacity of various 

energy unit equipment: 

𝑃𝑃𝑃𝑃ℎ.𝑖𝑖𝑖𝑖
𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓 ≤ 𝑃𝑃𝑃𝑃ℎ.𝑖𝑖𝑖𝑖 ≤ 𝑃𝑃𝑃𝑃ℎ.𝑖𝑖𝑖𝑖

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚                             (10) 

 𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐.𝑖𝑖𝑖𝑖
𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓 ≤ 𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐.𝑖𝑖𝑖𝑖 ≤ 𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐.𝑖𝑖𝑖𝑖

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚                             (11) 

3.3 Model solving based on improved genetic algorithms 

This paper improves the basic genetic algorithm for better application in the solution of 
energy supply and demand configuration optimization problems. 

(1) Adaptation function correction based on simulated annealing  

𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡(𝑥𝑥𝑥𝑥)𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠 = exp [− 1
𝑘𝑘𝑘𝑘𝑡𝑡𝑡𝑡∙𝑇𝑇𝑇𝑇0∙𝑓𝑓𝑓𝑓(𝑚𝑚𝑚𝑚)

]                       (12) 

where 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡(𝑥𝑥𝑥𝑥)𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠  is the adaptation function, 𝑘𝑘𝑘𝑘  is the simulated annealing function 
coefficient, 𝑡𝑡𝑡𝑡 is the evolutionary algebra of the genetic algorithm, 𝑇𝑇𝑇𝑇0 is the simulated 
annealing initial temperature, and 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥) is the objective function value. 

(2) Adaptive cross probability and variation probability  
The adaptive crossover probability and the probability of variation are expressed as 

follows. 

𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐.𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠 = �
𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐1 − (𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐1 − 𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐2) 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐−𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎𝑚𝑚𝑚𝑚−𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
,

𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐1,                             𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐 ≤ 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎𝑎𝑎         

𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐 ≥ 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎𝑎𝑎         (13) 
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𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠.𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠 = �
𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠1 − (𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠1 − 𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠2) 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚−𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎𝑚𝑚𝑚𝑚−𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
,

𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠1,                             𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠 ≤ 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎𝑎𝑎         

𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠 ≥ 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎𝑎𝑎       (14) 

4 Simulation 
In this paper, the integrated energy system planning research and analysis is carried out for 
a medical port town. Set the simulated annealing-based adaptation function coefficients in 
the adaptation function correction as follows. 

k = �
1, 𝑖𝑖𝑖𝑖 ≤ 𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎𝑚𝑚𝑚𝑚

2

0.99𝑖𝑖𝑖𝑖 , 𝑖𝑖𝑖𝑖 > 𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎𝑚𝑚𝑚𝑚
2

                              (15) 

Assuming that the population size 𝑀𝑀𝑀𝑀 is 100, the maximum number of iterations 𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚 
is 500, and the upper and lower bounds of the adaptive crossover and variation probabilities 
are Pc1 = 0.9, Pc2 = 0.6, Pm1 = 0.1, Pm2 = 0.001. 

The energy structure evaluation indicators described in Chapter 2 are used to analyse 
the utilization rate of recycled energy for the corresponding scenario of the Pareto solution 
set and the results are shown in Figure 1. 

 
Fig. 1. Recycling energy utilization rate of Pareto solution optimization of energy supply and demand 
allocation. 

5 Conclusion 

In this paper, the comprehensive energy system evaluation index model including economic, 
environmental and energy structure elements is studied. The economic index based on the 
comprehensive cost method is used to evaluate the economic benefit optimization degree 
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𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠.𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠 = �
𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠1 − (𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠1 − 𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠2) 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚−𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎𝑚𝑚𝑚𝑚−𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
,
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Fig. 1. Recycling energy utilization rate of Pareto solution optimization of energy supply and demand 
allocation. 

5 Conclusion 

In this paper, the comprehensive energy system evaluation index model including economic, 
environmental and energy structure elements is studied. The economic index based on the 
comprehensive cost method is used to evaluate the economic benefit optimization degree 

under the condition of multi energy allocation. The simulation results show that the Pareto 
solution set of energy supply and demand allocation optimization oriented to economic and 
environmental objectives is obtained. At the same time, the energy structure evaluation 
index is used to analyze and understand the recycling energy utilization rate of the set 
scheme. The results show that, in general, the utilization rate of recycling energy is more 
than 45%. 
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