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Evaluation of the Sub-regional Power Interchange Potential

by Distributed Power Supply in the Kinki Civilian Sector
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Synopsis:

Objective. In recent years, increasing attention has been paid to the supply of electricity by distributed power
and a power interchange operation. The installed capacity of renewable energy systems, which utilize non-
exhaustible energy resources, tends to increase with distributed generation. However, the stability of the
supply-demand balance has become an issue because the amount of power generated by renewable energy and
the power demand vary by location and time. When introducing mass renewable energy systems, it is
necessary to stabilize the supply-demand balance to reduce variations in the power interchange. This study
evaluated the contribution of power supplied from renewable energy systems, leveraging the power interchange
to reduce dependence on the system power supply in the Kinki region of Japan. The power demand from the
residential and business sectors and the power generated by renewable energy were estimated using economic
statistics, social statistics, and weather observations from the 500 m geographic information system (GIS) grid.
Results and Discussion. The supply-demand in the residential sector using photovoltaics and the power
demand is positive during daytime in May and August; however, the balance remains negative all day in
January. In addition, the maximum difference of the power supply-demand balance was about 9.0 GWh between
January and May at 5:00 p.m. This maximum difference is due to an increase in power demand for air
conditioning in January and August, and an increase in power generated by photovoltaics in May and August.
The power supply-demand balance during the day in the civilian sector (residential and business sectors) was
calculated using photovoltaics, wind power generation and power demand. There is great potential for wind
power installation in mountainous parts of the country, such as the northern and southern portions of the Kinki
region, because the population density is low. Thus, the power supply-demand balance during the day in
mountainous areas is positive in May. On the other hand, the power supply-demand balance during the day is
largely negative in the central urban areas because of the significant power demand from the large population
and the difficulty of installing wind power systems in these areas. Therefore, it is difficult to supply energy to
the city center only by power generated from photovoltaics and wind power, and, therefore, there is a need for
a power interchange from areas on the periphery of the city center. When using a power interchange
operation in the inner grid square, the power usage of the distributed power in May was about 1.28 times
greater at 1:00 p.m. than when not using a power interchange operation. In addition, the power usage increased
to around 1.59 times greater when using the power interchange with other grid square. This increase is due to
priority given to the power interchange inside the grid square, and it does not consider the transmission loss in

the grid square. The utilization rate of the distributed power without using any power interchange, using the
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inner-grid power interchange, and using both inner-grid and inter-grid power interchanges, are 71.5%, 85.4%
and 100%, respectively, on an average May day. Thus, through the power interchange it is possible to reduce
the excess power from renewable energy systems that is wastefully discharged.

Conclusions. In this study, it was revealed that it affords to supply power via photovoltaics and wind power to
the residential sector as surplus power generated during the daytime in a non-winter month, although supply
from the system power supply at nighttime and in the early morning is required. In May, it is possible to
improve the system power supply replacement rate by a power interchange within the same grid square from
the residential sector to the commercial sector, as the power demand from the commercial sector increases
during the day. It is possible to increase the electricity supplied from distributed power by power interchange
operation; however, transmission loss will vary based on the final destination of the power interchange.
Therefore, it is necessary to properly match the power receiving side and the power transmission side by
taking into account the distance and the supply-demand balance that varies with changing weather conditions.
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