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Abstract

This paper describes the present performance and future of residential cogeneration systems (CGSs) in order to

save energy and to reduce carbon dioxide in cold regions. First, as a result of numerical analyses of fuel cell CGSs on

power and domestic hot water supply, primary energy consumptions and carbon dioxide emissions of all target

houses in Sapporo were reduced. Especially high reduction effects of the latest polymer electrolyte fuel cell (PEFC)

and the solid oxide fuel cell (SOFC) were shown. Second, we analyzed the relationships of power generation

efficiency of the utility power and fuel cell and the primary energy reduction rate. As a result, the reduction rates of

the standard PEFC, the latest PEFC and SOFC were approximately 17%, 21% and 32%, respectively. Finally, we

analyzed fuel cell CGSs for power, domestic hot water and space heating. The rate of operation from October to April

increased compared with the CGSs without space heating. Especially large reduction effect was seen in the house to

which demand of domestic hot water had limited the operation of fuel cell. In the house with high effect of

introduction, the amount of the annual primary energy reduction reached 30 GJ.
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Fig. 1 Load factor and net electrical efficiency of fuel cell.
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Table 1
Outline of target households
Detached house
Category of house Super-msulated Standar
Name B C D L E
Lights and appliances (GJ) | 142 | 13.5 | 122] 16.1 113
Domestic hot water (GJ) 319 12.5F 64| 17.0 8.7
Space heating (GJ) 36.6| 43.4| 444 323 523
Ratio of heat to power (-) 48| 41| 421 3.1 5.4

® Lights and appliances B Domestic hot water & Space heating

Energy demand (GJ)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig.2 Monthly energy demand of House C.
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Table 2
Conditions of numerical analyses
Fuel cell
Rated power 750 W (AC)
Minimum power 250 W (AC)
Heat storage tank
Tank capacity 200 L
Water supply temperature 60 °C
Heat loss rate 1.0%/h
Utility power
Net electrical efficiency 36.62%
Boiler
Latent heat recovery 92.3%
Standard 75.0%
Heat pump
SCOP (domestic hot water) 1.9
SCOP (space heating) 3.0
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