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[Abstract]

Key Words: Renewable energy, Small hydropower, Energy exchange, Demand response,
Optimization, Distributed power grid, Empowerment of the residents

In order to introduce large quantity of renewable energy effectively, we must develop
an energy system that disperse energy sources fill a community demands by coordination
of energy demand-supply. To develop such decentralized, coordinated type energy
system, it is absolutely necessary to design an individual autonomous decentralized unit
at lowest level (“cell”) and collaborative “cell cluster”.

With this view in mind, firstly we formulate renewable energy development scenarios
and energy demand models based on field survey results. Then, we identify a minimum
size of “cell” consisting of more than 30 buildings and areas where self-sufficient energy
system could be planned targeting efficient local renewable energy resources use.
Furthermore, we clarify that Demand Response (DR) is an effective approach to stabilize
power system and to optimize system reserve capacity.

Secondly, this study clarifies that demand-supply of “cell” with shorter transportation
for heat and that of “cell cluster” for electricity are feasible as a decentralized energy
system, based on the decision using an economic indicator optimization. Subsequently,
using simulation analysis and utilizing AC-DC converting equipment, this study
demonstrates that power exchange between different power qualities through AC
interconnection is possible. Continuously, we develop a mechanism of autonomous
control and stability supply index control using frequency information of electricity. In
addition, basic functions and architecture of power electronics equipment that needs
power exchange among “cell cluster” are identified to design micro power grid and
power interconnection.

Finally, social requirements of “cell” and “cell cluster” are examined, based on
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engineering requirements such as energy related facilities operation and management,
mediation conditions of energy trading. As a result, we suggest that autonomous
initiatives at rural community level are most appropriate to manage decentralized local
energy business and a few local governmental supports are useful to cover the limitations
of the small-scale initiatives. Moreover, an impact on the local economy by switching
scenario from fossil fuel to renewable fuel consumptions is considered to be significant
because it is estimated that the resulted profit of a scenario of consuming local renewable
fuel to the community can be 3 to 4 times greater than that of consuming fossil fuel.

With the results of this study, it is considered to be possible to design a Decentralized
Energy Demand-Supply System at community level in the areas where local energy
demand can be met by locally generated renewable energy
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