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In this study Virtual-micro grid has been proposed to investigate CO2 emission, running cost and energy supply ratio. 

This system assumes that electric power is virtually made to supply each other by buying or selling from system power. It 

assumed that the system power and commercial line are used instead of a battery and self-employed line. The virtual-micro 

grid is intended for stand-alone resistance, and research influence of CO2 emissions and running cost changing of

combination of CGS and photovoltaics(PV). It also makes CO2 emissions and running cost to decrease. The residence built 

CGS and PV are able to supply electricity in the grid. Furthermore, as power generation ratio of CGS increasing, CO2

emissions and running cost is to reduce in the change of total efficiency of CGS. 
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Table 2 Specifications of CGS system 

Output of Power generation [kW]

Electricity efficiency [%]

Fuel

Heat output [kW]

Heat recovery efficiency [%]

Total efficiency [%]

City gas 13A

1.0

3.25

65

20

85

Output of Power generation [kW]

Electricity efficiency [%]

Fuel

Heat output [kW]

Heat recovery efficiency [%]

Total efficiency [%]

City gas 13A

1.0

3.25

65

20

85

Table 1 Specifications of residence type 
Type

A

C

B

electric power supplyheat supply

CGS+Gas boiler

Gas boiler

System electric

System electric

PV +System electricCGS+Gas boiler
(PV: Photovoltaic generation)

Type

A

C

B

electric power supplyheat supply

CGS+Gas boiler

Gas boiler

System electric

System electric

PV +System electricCGS+Gas boiler
(PV: Photovoltaic generation)

CGSCGS

Fig.1 Schematic diagram of micro grid 

CGS MCGS M

Fig.2 Schematic diagram of virtual-micro grid 
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Fig.3 Operation condition of CGS and PV 

Table 3 Specifications of PV system 
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Fig.4The season of electric demand and heat demand 
Table 4 Energy charges of the electric power 

24.651kWh300kWh
23.321kWh120 300kWh
18.131kWh15 120kWh
306.60One customer 15kWh

Energy charge 
[yen]

unitElectricity consumption 
per month

24.651kWh300kWh
23.321kWh120 300kWh
18.131kWh15 120kWh
306.60One customer 15kWh

Energy charge 
[yen]

unitElectricity consumption 
per month
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Table6 Energy charges of the city gasoncogeneration
system

73.613980.050m3

127.211210.020 50m3

151.48724.500 20m3Winter
(Dec. Mar.)

65.212450.020m3

B

151.48724.500 20m3
ASummer

(Apr. Nov.)

Energy
charge
[yen/m3]

Customer
charge

[yen/month]

Gas consumption
per month

Typeduring the
applicable
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Table5 Energy charges of theCityGas

110.566470.00500m3

117.243130.0200 500m3

126.011376.0050 200m3
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129.331210.0020 50m3

B

153.60724.500 20m3
A

Energy charge
[yen/m3]

Customer charge
[yen/month]

Gas consumption
per year

Type

110.566470.00500m3

117.243130.0200 500m3

126.011376.0050 200m3

C

129.331210.0020 50m3

B

153.60724.500 20m3
A

Energy charge
[yen/m3]

Customer charge
[yen/month]

Gas consumption
per year

Type

Thermal power All plant

R
at
io
of
C
O
2
em
is
si
on
[%

]

Thermal power All plantThermal power All plantThermal powerThermal power All plantAll plant

R
at
io
of
C
O
2
em
is
si
on
[%

]

Fig.5Ratio of CO2emissionwithout virtual-micro grid
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Fig.6 Effect of season onCO2 emissionandRunning cost
reduction ratiow/o virtual-microgrid

energy production surplus power
Winter Summer

Middle=
39%

Summer
=29%

winter
=21%

Middle

el
ec
tri
c
po
w
er
[k
W
h/
da
y]

10

5

15

0

energy production surplus powerenergy production surplus powerenergy productionenergy production surplus powersurplus power
Winter Summer

Middle=
39%

Summer
=29%

winter
=21%

Middle

el
ec
tri
c
po
w
er
[k
W
h/
da
y]

10

5

15

0
Winter Summer

Middle=
39%

Summer
=29%

winter
=21%

Middle

el
ec
tri
c
po
w
er
[k
W
h/
da
y]

10

5

15

0

Middle=
39%

Summer
=29%

winter
=21%

Middle

el
ec
tri
c
po
w
er
[k
W
h/
da
y]

10

5

15

0

Fig.7 Energyproductionandsurplus power of CGS
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Fig.8 Power demand and energy production of PV 
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Fig.9 Effect of season onCO2 emission and Running cost 
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Fig.10 Energy supply ratio without and with virtual-micro grid 
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Fig.11 Effect of CO2 emission and running cost by power  
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Fig.12 Availability ratio of CGS 
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