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Abstract: China is a large agricultural country with a huge amount of biomass energy. 

However, due to the current energy structure, most of the biomass energy in China has not 

been fully utilized, which not only wastes energy, but also pollutes the environment. The 

CCHP system is a new type of distributed energy system, so the characteristics of biomass 

energy are suitable for the energy consumption mode of CCHP system; In this paper, the 

FCF method(FCFM) is proposed to study and analyze the architecture and energy 

efficiency(EE) of distributed biomass CCHP system. The working principle of distributed 

CCHP system and distributed biomass CCHP system are discussed; A FCF optimization 

objective function model is proposed, and the energy structure and characteristics of 

biomass cogeneration system are analyzed. A typical rural community is selected as the 

research object. According to the load data table of the object system, the utilization 

changes of cooling, heating and electricity loads of the object in a year are analyzed. 

Biomass cogeneration system converts biomass energy as efficiently as possible through 

biomass gasification. The whole process realizes the stepped utilization of energy, which 

has better environmental benefits than conventional cogeneration system. 

1. Introduction 

At present, most of the prime movers of CCHP systems in China are driven by the consumption 

of fossil energy. Biomass energy is used to replace coal, natural gas and other fuels, and the 

establishment of biomass CCHP system has alleviated the shortage of fossil energy on the one hand, 

eliminated the pollution of biomass waste to the environment on the other hand, increased the 

energy utilization rate of the region, and achieved regional self-sufficiency in energy, So as to form 

a complete regional energy circular economy operation mode, which has significant economic, 

environmental and social benefits. Therefore, based on the FCFM, this paper studies and analyzes 

the architecture and EE of distributed biomass CCHP system. 

Many scholars at home and abroad have analyzed the architecture and EE of distributed biomass 
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cogeneration system based on FCFM. Parihar a et al. Discussed a method to determine the optimal 

size of distributed generation system based on battery integrated biomass gasifier. Generally, the 

scale of biomass gasifier system takes into account the peak demand. Due to the partial load 

operation during the low demand period, the operation efficiency is reduced. The operation 

strategies of two gasifiers are discussed, and the energy cost is compared. Through a structured 

household survey of a small village without electricity, a real load curve is generated to illustrate the 

proposed method. For a given load curve, the power cost of the battery integrated gasifier engine 

system under intermittent operation mode is the lowest [1]. 

In this paper, the structure and composition of distributed biomass cogeneration system and 

FCFM are introduced as a whole, and the biomass gasification module is mainly analyzed, 

including biomass gasification equipment and biomass gasification process principle; Based on the 

analysis of the composition and working principle of the distributed CCHP system, this paper 

makes a multi-objective optimization and EE analysis of the distributed biomass CCHP system with 

the objectives of thermal efficiency, economy and environmental benefits. From the perspective of 

the development situation of energy utilization, or from the perspective of technology, biomass 

energy is used as the primary energy of the CCHP system, It is theoretically feasible to establish a 

distributed biomass energy cogeneration system [2-3]. 

2. Distributed Biomass Combined Cooling, Heating and Power System based on FCFM 

2.1. Theoretical basis and Model Construction of FCFM 

FCF is to consider the future cash flow of the company as a whole from all investors, including 

shareholders and creditors. The ideas of the two methods are the same, but they choose different 

routes [4]. Two principles must be strictly followed: the cash flow principle and the time value of 

money. It can be understood that regardless of the form of the asset, its final value is determined by 

the present value of the expected cash flow generated. The main basic points of FCFM are divided 

into two aspects. First, to a certain extent, the fluctuation of cash flow will cause a series of changes 

in enterprise value, which is impossible to realize profits; Secondly, only by fully and reasonably 

considering the factors of the time value of money, can the model become more complete [5-6]. 

2.1.1. Model of FCFM 

Among all the methods for enterprise valuation at present, DCF method can be used as the basis 

of all valuation methods, which is the most widely used method, which means that DCF method is 

relatively more sound in theory and practice. DCF method can be simply understood as: the total of 

cash flow converted into present value in a certain period of time in the future is the value of the 

enterprise. 

The priority problem to be solved is the quantity and time distribution of enterprise cash flow. 

The first dividend discount model can be understood as discounting the dividends distributed to 

shareholders every year at a discount rate to obtain the stock value; When carrying out practical 

operation, we should make full use of all information, data and enterprise resources related to the 

target case enterprise as much as possible. We should not predict arbitrarily due to the subjective 

assumptions and choices of the appraisers. We should truthfully reflect the data that causes changes 

in cash flow in the predicted cash flow and its future growth. Based on this, we can make our 

operation meaningful and authentic, In order to truly evaluate the actual situation of the enterprise 

and make reasonable enterprise management decisions [7]. 
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2.1.2. Steps of FCFM 

When choosing the FCFM to operate, we should follow the following three steps: the net FCF in 

the forecast period; Determination of discount rate; The discounted value of the forecast period and 

the perpetuity period. When deciding to use FCF to evaluate the value of an enterprise, we should 

first calculate the relevant financial indicators and data of the enterprise in recent years based on 

historical financial data, analyze the basic financial situation through the historical information of 

the company, and at the same time, combine the background of the times, industry conditions and 

leaders＇ planning for the future of the company. The process of FCF calculation is divided into 

each small project to estimate separately. At the same time, combined with the historical data in 

recent years as the basic information, we can objectively, scientifically and reasonably predict the 

future cash flow of the enterprise. 

2.2. Problems Existing in Distributed Biomass CCHP System 

Cogeneration system has been widely used in China. Through the development of recent years, 

the relevant technology has also been relatively mature. However, due to various reasons, there are 

still many problems in further promoting cogeneration technology in China, mainly focusing on 

industrial technology, application, policy and other aspects. 

The development of the system itself is not perfect, there is a lack of new technology and process 

to improve the performance of the system power generation equipment, and the integration 

technology and experience of the system are relatively insufficient, which affects the overall 

architecture optimization design of the system; 

There is a lag between the energy supply and demand of the cogeneration system, and the control 

system cannot adjust the system in time with the load, resulting in the unit often operating under 

low load, affecting the overall EE characteristics of the system [8-9]. At present, most of the 

evaluation indicators used in the cogeneration system directly borrow the traditional indicators, but 

the traditional performance evaluation indicators ignore the essential differences between the 

cogeneration system and the traditional unit yield system, and ignore the unequal value of cold, heat 

and electricity in grade. 

The combined heat, power and cooling system is facing small scattered users. This type of user 

load changes greatly in different seasons and periods. However, at present, there are few studies on 

the EE characteristics of the system under variable load, and most of them are discussed and studied 

under fixed load. It is necessary to analyze the influence of relevant factors on cogeneration system 

in detail and clarify the mechanism of variable load characteristics of cogeneration system [10]. 

The capacity of the distributed CCHP system is relatively small, and the control mode is 

relatively simple. The system is not easy to resist the impact of other external factors. Grid 

connected operation is the most ideal way. However, due to the imperfect development of the 

cogeneration system, it is difficult to connect the cogeneration system to the grid. These have 

become factors that hinder the promotion and development of the cogeneration system [11-12]. 

2.3. Architecture Mode of Distributed Biomass based CCHP System based on FCF 

2.3.1. Working Principle of Distributed CCHP System 

The overall composition of the distributed cogeneration system is shown in Figure 1. According 

to the energy output of the distributed cogeneration system, the traditional cogeneration system is 
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divided into three subsystems: power system, heating system and cooling system. First, the heat 

generated by fuel combustion is converted into electric energy by the power system. The waste heat 

of the power system is recovered by the waste heat of the heating system and supplied to the system. 

Finally, the low-grade heat energy is further absorbed and utilized by the refrigeration system and 

supplied to the system cooling capacity [13]. 

 

Figure 1. Energy supply process of CCHP system 

2.3.2. Distributed Biomass CCHP System 

According to the utilization type of fuel, distributed CCHP system can be divided into the 

following two types: using conventional fossil fuel technology: the main fuel types are fossil energy 

such as oil and natural gas. This type of cogeneration system mainly uses reciprocating internal 

combustion engine or industrial gas turbine as the power unit, and has basically realized 

commercialization; Using renewable energy technology: the main energy is solar energy, wind 

energy, biomass energy, hydropower and other renewable energy [14-15]. The main equipment is 

photovoltaic cells, wind turbines and small power plants using biomass as fuel. 

Figure 2 shows the structural diagram of a typical biomass gas distributed energy supply system. 

The system can be roughly divided into five parts: biomass gasification system, power generation 

equipment, waste heat recovery system, refrigeration part and the control module of the system. The 

overall thermal energy utilization of the system is shown in Table 1 [16]. 

 

Figure 2. Schematic diagram of distributed biomass CCHP system 
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Table 1. System heat energy utilization 

Biomass energy utilization 

temperature / ℃ 

Heat energy utilization 

equipment 
Purpose 

Greater than 800 Generator Set Power supply 

About 400 
Lithium bromide cold and 

warm water unit 
Heating or cooling 

Less than 200 
Secondary waste heat 

absorption device 
Domestic hot water 

China is rich in biomass resources, but the distribution is relatively scattered, which is not easy 

to collect and use, which is consistent with the characteristics of decentralized energy supply of 

distributed energy supply system. The integration of biomass energy and distributed combined 

cooling, heating and power generation system can realize the complementary advantages of the two, 

and has a good development potential. In recent years, new biomass utilization technologies have 

been continuously developed and applied. At the same time, China is constantly improving relevant 

preferential policies, which will promote the commercialization of biomass energy. In the long run, 

distributed biomass energy technology has better comprehensive social benefits [17-18]. 

3. FCF Optimization Objective Function Model 

Cogeneration system is different from the previous unit production system. It is a complex 

energy output system that outputs cold, heat and electricity at the same time. Therefore, the 

evaluation of the system is more complex than the separate production system. It is unscientific to 

directly use the single system index commonly used in the previous unit production system to 

evaluate the cogeneration system. In this paper, a comprehensive evaluation index is adopted to 

evaluate the cogeneration system. The comprehensive evaluation includes three aspects: efficiency, 

economy and environmental benefits. The corresponding evaluation indexes are as follows: 

(1) Utilization rate of biomass energy 

The biomass energy utilization rate of the system is the fuel utilization efficiency of the system, 

which is the ratio of the total energy output of the system to the total energy input of the system 

fuel: 
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In formula (1), GP is the primary energy consumption (kw) of the cogeneration system, u is the 

system power generation (kw), GK is the heating capacity (kw) of the CCHP system, and GC is the 

cooling capacity (kw) provided by the lithium bromide refrigerator. 

(2) Carbon dioxide emission reduction rate 

The CO2 emission reduction rate is an evaluation method involving the environmental benefits 

of the system. According to the energy conservation and the existing empirical formula in the 

literature, the CO2 emission reduction rate of CCHP compared with the split generation system can 

be obtained: 
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In formula (2): is the share of power generation in fuel heating; Is the fuel utilization coefficient, 
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that is, the primary energy utilization rate; Is the emission factor of conventional power generation 

(the emission rate of CO2 per 1kwh of electricity (kg/kw · h)), and is the fuel emission factor (the 

emission rate of CO2 per 1kwh of fuel heat (kg/kw · h)); γ It is defined as the ratio of the 

performance coefficient Copa of the absorption refrigeration unit to the performance coefficient 

COPC of the compression refrigeration unit. 

(3) System economy index 

The annual total cost is an evaluation of the power generation economy of the system. The 

equipment capacity of the system mainly determines the initial investment of the system, and the 

operation mode of the system mainly affects the operation cost of the system, including power 

purchase cost and fuel cost. This paper mainly considers the operation cost. The economic 

indicators of CCHP system are: 

e
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Wherein, UE is the power generated by the generator; GC is the cooling capacity supplied by the 

absorption refrigerator; Copab is the efficiency of absorption refrigerator; Is the waste heat 

utilization rate of cogeneration system; PF and PE are the local biomass gas and electricity prices 

respectively.: The economic index of the system is related to the waste heat utilization rate and 

power generation efficiency of the system. When the value of the above formula is greater than zero, 

the cost of the combined supply system is less than that of the sub supply system. When the value is 

less than zero, the cost of the combined supply system is greater than that of the sub supply system. 

4. Optimization and EE Analysis of Distributed Biomass Cogeneration System based on 

FCFM 

4.1. Annual Load Characteristics of the System 

For an energy system, the load condition of the system is the basis for the configuration design 

and optimization of the system. This paper selects a domestic residential community as the research 

object. Figure 3 shows the annual load statistical data of the residential community.  

 

Figure 3. Annual load data statistics of a residential community 
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Through the analysis of the literature data, the load condition of the system is obtained. It can be 

seen from the figure that the annual power load of the system fluctuates slightly month by month; 

the refrigeration load of the system changes greatly. The utilization of the system cooling capacity is 

very small in January to March and November to December, and the cooling capacity of the system 

is relatively large in 4 to 10 parts, reaching the peak of cooling capacity in July to August; Similarly, 

the heat utilization of the system also changes greatly with the seasonal period. It can be seen from 

the figure that the heating peak period of the system is from January to March and from November 

to December, and the heat consumption of the system is small from April to October. 

4.2. Typical Daily Load Characteristics 

The typical daily load conditions in summer, winter and transition seasons are selected in this 

paper, as shown in Table 2.  

Table 2. Typical daily load of a rural community in each season 

 Electric load /kw Heat load /kw Cooling load /kw 

Period 
Maximum 

value 

Minimum 

value 

Maximum 

value 

Minimum 

value 

Maximum 

value 

Minimum 

value 

Typical 

summer 

day 

4587.31 1942.84 190.62 28.59 11485.88 2484.15 

Typical 

day of 

transition 

season 

4486.45 1882.79 388.89 47.43 1882.79 1548.01 

Typical 

day in 

winter 

3586.66 1602.79 889.64 126.89 5189.09 801.99 

Combined with the above data table, the cooling, heating and power load characteristics of the 

rural community are analyzed as follows: the power load of the system is basically the same in the 

three typical diurnal variation trends, which can be roughly divided into two periods, gradually 

increasing from 8 a.m. to 21 p.m., reaching the peak of power consumption of the system, during 

which the power load is roughly between 3000~4000kw; The other stage is from 24 o＇clock at 

night to 7 o＇clock in the morning the next day. The electrical load is relatively low, basically about 

1400kW, which is basically half of the peak period in the daytime. The change trend of the cooling 

load of the system is similar to that of the electric load, but the cooling load is greatly affected by 

the season. The cooling load of the system is the largest in summer. With the increase of 

temperature, the cooling load of the system gradually increases. The peak period of the cooling load 

of the system is from 11 a.m. to 21 p.m. The typical daily variation of the heat load of the system is 

not very large, and the demand is smaller than the electric load and cooling load. Due to the low 

ambient temperature in winter, the heat demand increases significantly, and the peak period of the 

heat load is about 19:00 to 22:00 in the evening. 

5. Conclusion 

The biomass CCHP system architecture given in this paper is based on the existing models. Due 
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to the limitations of conditions, the scheme design of the system in this paper is limited to 

theoretical analysis and lacks more rigorous experimental data verification; The multi-objective 

function optimization model established in this paper ignores many actual factors that affect the 

operation of the cogeneration system. Although the simplification of these parameters has little 

effect on the optimization of system operation, these simplified factors should be taken into account 

in the simulation of CCHP system or the actual operation of the system; CCHP system is a complex 

energy multi output system, and there are many factors that affect the system characteristics. The 

analysis of the system is a complex process. This paper only discusses the architecture and EE 

characteristics of the CCHP system from a shallow level. 
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