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Abstract. Different energy systems were developed on the basis of the major equipment of 
distributed energy systems (DES). According to the demand of loads, energy prices, and technical 
and financial information about optional technologies, using non-linear programming, an 
optimization model for DES was established. The optimum configuration, optimal operation scheme 
and evaluation criteria matrix were the results of the model. The information entropy was used to 
determine the weight distribution, then the multi-criteria comprehensive evaluation method was 
introduced. The results demonstrate that photovoltaic system is optimal scheme due to its lower cost, 
energy conservation and environmental protection. 

Introduction 

Using natural gas, renewable energy in multi-energies hybrid power systems is of great 
importance. The combination of Distributed Energy Systems (DES) and the centralized power 
generation system has also become an important future direction of power and energy industry [1]. 

DES contains a lot of equipment which can satisfy different kinds of cooling, heating and power 
loads simultaneously [2,3]; as a consequence, same kind of loads can be satisfied by different kinds of 
energy supplies [4]. Thus it is difficult to determine the capacity and operating mode of the equipment 
in an optimal way. Previous research almost focused on operational strategies developed in fixed 
mode, then studied characteristics of systems or determined the kind and the capacity of devices 
according to device parameters and energy demand [2,5]. 

An important factor influencing the development of the DES is an effective system evaluation 
method. In the previous studies, the evaluation was Primary Energy Ratio [6]. However, the only one 
index cannot be a reasonably accurate assessment of DES [7]. Obviously, different evaluation 
methods will yield different results of the evaluation, and it is difficult to determine which method is 
more accurate. 

This paper establishes a nonlinear programming model which can optimize system configuration 
and operation of the program simultaneously. Considering system investment costs, annual operating 
costs, primary energy consumption, primary energy ratio, the annual emissions of CO2 and NOx and 
other performance criteria, that is to build the evaluation criteria system from the economic, energy 
and environmental aspects. According to the degree of difference between criteria, the objective 
weight of each criterion is determined by entropy principle.  

Energy system 
The most widely used DES are the internal combustion engine (gas turbine) cogeneration systems, 

photovoltaic systems, fuel cell systems, etc [8-10]. This paper mainly focuses on the five systems: the 
four mentioned before and the traditional system. These five systems are shown in Table 1. 
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