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ABSTRACT 

In this paper, the distributed energy resource (DER) 

in Kitakyushu eco-campus has been introduced, 

which has been running for ten years. The operation 
situation of this energy system in 2010 has been 

analyzed. Firstly, the operational mode of current 

DER is concluded in the different seasons, including 

the operating time and load. Secondly, the gas 

consumption, the electricity generation and the heat 

recovery for the cogeneration system (fuel cell and 

gas engine) are surveyed. Thirdly, the performance of 

distributed energy resource is evaluated from the 

generating efficiency, heat recovery efficiency, waste 

heat utilization of various facilities, heating and 

cooling, etc. 

INTRODUCTION 

With the rapid development of economy and the 
growth of living standard, the energy demand is 

increasing continuously. In recent years, the shortage 

of energy supply and the global warming have been 

raised, as the urgent subjects in the 21st century.  

Based on this background, the distributed energy 
resources have been developed gradually in the 

buildings with the different functions all over Japan, 

Distributed energy resource is the utilization of an 

on-site energy resource to provide electricity and 

other energy to one or more buildings or facilities. 

Compared with the traditional central energy supply, 

distributed energy source can utilize a wide range of 

power generators including cogeneration system, 

photovoltaic system, wind turbine, etc. It has many 

benefits, such as compact size, higher efficiency, 

lower transmission losses and lower emissions. In 

addition, with the great earthquake disaster of this 
year in Japan, the stabilization of the energy system 

has been further recognized. The distributed energy 

resource is concerned increasingly with the 

advantage of disaster prevention. 

The DER with PV system and cogeneration system  

were installed in Kitakyushu eco-campus to supply 
the electricity and the insufficient electricity is 

provided by the commercial power. The waste heat 

from the fuel cell and gas engine was utilized to 

supply the heating, cooling and hot water. In this 

study, the current performance of DER system is 

discussed based on the result of calculation. 

 

RESEARCH OBJECT 

Specifications of DER 

The specifications of DER in Kitakyushu eco-

campus are shown in Table 1. The capacity of Gas 

engine is 160kW with a nominal generating 

efficiency of 28.7% and a heat recovery efficiency of 

47.7% for one circuit with high temperature of 90℃. 

The capacity of fuel cell capacity is 200kW with a 

nominal generating efficiency of 40% and a heat 

recovery efficiency of 20% for two circuits, one at a 

high temperature of 90 ℃  and another at a low 

temperature of 50℃. For the heat recovery method, 

the water circuits in the gas engine and fuel cell can  

utilize the waste heat of the steam at approximately 

550℃ produced in the process of power generation . 

Operational control of DER 

The operational control of DER is surveyed, as 

shown in the Table 2. According to the season, the 

different operating time and load of the facilities is 

determined. We divide the 2010 into the winter 

Table 1 Specifications of DER  

 
Table 2 Operational control of DER 
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(Jan.1 ~ Apr.16 and Nov.16 ~ Dec.31), the middle 

period (Apr.17 ~ May 23 and Oct.30 ~ Nov.15) and 

the summer (May.24 ~ Oct.29) to introduce the 

operational situation. Gas engine is running from 

am8:00 to pm22:00 on the weekday and Saturday in 

summer and winter. During the middle period, the 

gas engine is shut down. The fuel cell is running all 

year round at 200kW in summer, 125kW in middle 

period and winter. The two heat recovery chillers 

(RH-1, RH-2) and one gas absorption chiller (RH-3) 

are stopped in middle period. With the growth of heat 
demand, the operating mode of the three chillers is 

determined in summer and winter, as shown in Table 

2. The boiler is started when the temperature of hot 

water in the tank is below 60℃. According to the 

operational control of the facilities, the structures of 

energy supply with the different seasons are 

demonstrated in Figure 1, Figure 2 and Figure 3.  

 

 

 

 

OPERATION SITUATION 

Energy consumption 

The monthly gas consumption in 2010 is shown in 

Figure 4. The total gas consumptions of Jul., Aug. 

and Jan. are in the top three due to the large heat 

demand in the midsummer and midwinter. Seen from 

the gas consumptions of facilities, the values of gas 

engine per month have changed little except of the 

middle period. Running at the full capacity in 

summer, the values of fuel cell are larger than those 

in middle period and winter. Furthermore, according 

to the gas consumption, it can be found that the gas 

absorption chiller (RH-3) is rarely running in middle 

period and winter. With the great growth of cooling 
load in summer, the three chillers are operating 

together  generally.  

Electricity supply 

The total electricity is provided by four parts 

including fuel cell, gas engine, PV system and 
commercial power. The monthly electricity supply in 

2010 is shown in Figure 5. The commercial 

electricity, contributes 66.5% of the total electricity 

supply with 4534584kwh. The on-site energy system 

including the fuel cell, gas engine and PV system 

provides 2283314kwh electricity for the consumer, 

accounting for 33.5%. Among them, the fuel cell has 

the largest proportion, holding 16.9% of electricity 

supply with 1153150kwh. 

Generating efficiency 

Generating efficiency is an important evaluation 

criterion for the cogeneration system. The frequency 

 
Figure 5 Monthly electricity supply in 2010 

 
Figure 1 Energy supply in summer  

 

 
Figure 2 Energy supply in middle period 

 

 
Figure 3 Energy supply in winter 

 
Figure 4 Monthly gas consumption in 2010 
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of generating efficiency for fuel cell and gas engine 

has been shown in the Figure 6. It can be seen that 

most of generating efficiency for gas engine ranges 

from 20% to 30%, about 3552 hours. Compared with 

gas engine, the generating efficiency for fuel cell is 

higher with most of the values ranging from 25% to 

35%, about 8608 hours.  

Heat recovery efficiency 

Heat recovery is a fundamental reason for the 

application of the cogeneration system with the low 

generating efficiency. Heat recovery efficiency is the 

ratio of the heat recovered to the total amount of 

primary energy. Figure 7 is heat recovery efficiency 

for the cogeneration system. The heat recovery 

efficiency for the fuel cell focus on the range from 

5% to 10%, about 7672 hours which is accounting 

for 88% of the total running time. Compared with the 
nominal heat recovery efficiency, the fuel cell has the 

lower actual heat recovery efficiency. The reason is 

that the fuel cell is not running at the full capacity in 

winter and middle period to increase the durability of 

components that have exceeded the service life. Ina 

addition, the gas engine is still kept above the high 

efficiency of 30%. 

 

Waste heat utilization 

Figure 8 shows the waste heat utilization for the 

various facilities. The order of waste heat utilization 

is as follows, heat exchanger for heating, RH-1, RH-

2, hot water tank. The waste heat utilization of hot 

water tank remains relative steady. As a whole, the 

waste heat utilization of summer is higher than that 

of winter for the reason that the capacity of fuel cell 

is increased to 200kW in summer so that the waste 

heat become large. In winter, the waste heat is used  

 

by the heat exchanger for heating and hot water tank 

mainly. In summer, RH-1 and RH-2 absorb most of 
the waste heat utilization to make the cooling water. 

Supply of heating and cooling by DER 

The supply of heating and cooling by DER is from 

four parts including the heating exchanger for heating, 

two heat recovery chillers (RH-1, RH-2) and one gas 

absorption chiller (RH-3). Figure 9 shows the supply 
of cooling and heating for the various facilities. 

Overall, the supply of heating and cooling is 

changing with the variation of the average monthly 

temperature. The supply of cooling in summer is 

higher than the supply of heating in winter. From the 

supply facilities, the cooling and heating is from the 

RH-1,RH-2 mainly. RH-3 is determined to work 

under the condition that the supply of RH-1, RH-2 is 

not enough. In 2010, RH-1, RH-2 can satisfy the 

demand of heating and cooling in most of time so 

that RH-3 is not running often. Further, the capacity 
of RH-2 has 3 times as RH-1. However, the supply of 

RH-2 is less than 3 times supply of RH-1. It can be 

inferred that the operating of RH-1 is a priority when 

the demand of heating and cooling is low. 

 

Regression analysis 

The regression analysis is used for probing into the 

relation between the average daily temperature and 

the daily supply of heating and cooling, not including 
the holiday and weekend. The good regressions are 

obtained as the coefficient of determination over the 

0.75 as shown in Figure 10 and Figure 11. The 

regression equation can be used to forecast the 

thermal load according to the daily temperature.  

 
Figure 9 Supply of heating and cooling by DER 

 

 
Figure 8 Monthly waste heat utilization 

 
Figure 6 Generating efficiency 

 
Figure 7 Heat recovery efficiency 
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Energy-saving 

As the important indicator of the distributed energy 

resource, the energy saving ratio is calculated to 

compare with the conventional system. In the 

conventional system, all the electricity is from the 

commercial power. Furthermore, the gas boiler and 
gas absorption chiller are used to supply the heating 

and cooling to the campus. The energy saving ratio 

can be defined as 

(1)
con der

total total

con

total

P P
R

P




 

Where con

totalP is the primary energy consumption of 

conventional system. der

totalP is the primary energy 

consumption of DER. 

The primary energy consumption is calculated by the 

conversion coefficient supplied by the local 

electricity company, listed in Table 3. The monthly 

energy saving ratio is shown in Figure 12. Compared 

with the summer and winter, the value of middle 

period is relative low due to the shutdown of gas 

engine. The annual energy saving ratio is obtained as 

5.7%. 

Table 3 Conversion coefficient for energy 

Energy Calorific value 

Electricity 9.97MJ/kwh 

Town Gas 46.0655MJ/m3 

 

CONCLUSION 

In this paper, the operation situation of the DER 

system in Kitakyushu eco-campus in 2010 has been 

analyzed, according to the performance parameters 

for the various facilities. In addition, by calculating 

the energy-saving ratio, the energy saving of the 
current DER is proved. However, the performance 

parameters of the facilities vary with the change of 

the operating load and service time. How to keep and 

improve the energy-saving ratio of the current system 

is still a problem. Therefore, in future, the 

optimization of operating mode in different seasons 

even in the different years will be done with these 

actual performance parameters. 
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Figure 12 Monthly energy saving ratio 

 
Figure 10 Relation between average daily 

temperature and daily heating supply in winter 

 
Figure 11 Relation between average daily 

temperature and daily cooling supply in summer 
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