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Abstract
This study is based on the optimization and simulation modeling of the proposed integrated renewable energy
system in rural areas in Japan. The model we have designed provides an optimal system configuration
considering hour-by-hour data for energy availability and demands. The model leads a minimum cost design for
the energy system as well as the capacities of each energy conversion facility. This tells us how to configure the
energy system to meet the specific set of demand and what such a system will cost. The energy system consists
of renewable resources and backup power stations in order to supply electricity and heat into the industrial,
commercial and residential end users. In this study, the electricity market is consisted of the wind electricity,
photovoltaic (PV), and backup generators (which is equivalent to un-served load in the model), and the heat
market is configured by biomass co-generation, geothermal heat pump (GHP), petroleum, and gas. The result of
our analysis clearly shows the following :
1. About 72 percent reduction in carbon dioxide (CO2) emission can be obtained fairly inexpensively with the
integrated renewable energy system.
2. Combining the wind electricity with GHP, we can configure the optimal renewable energy system to meet the
changes in demand.
3. The PV has a possibility to reduce the need for peak fossil generation since the sun mostly shines during peak

demand hours, but the contribution of the PV is relatively small in the integrated renewable energy system.
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Abbreviations
Dmd = Demand
Mkt = Market

Rsc = Resource
Elect = Electricity
PV = Photovoltaic
Bio = Biomass
Geo = Geothermal
Pet = Petroleum
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Life scc AOC Efficien Fuel
Type (years) ($/kW) (cents/k cy cost
Wh) (%) (cents/k
Wh)
Electric
ity
PV 20 5,000° 0.88° 100 0
Wind 20 2,000° 2.06° 100 0
Bioma 20 9,330°" 1.63° 25° 0
SSs
Grid - 0 0 100 18
Heat
GHP 20 2,250° 0.026° 4(COP)° 0*
Petrol 10 125¢ 0.001¢ g5 44
ecum
Gas 10 92¢ 0.001¢ 80¢ 124

SCC : specific capital cost.

AOC : ancillary operating cost.

*cost of geothermal energy.

*Based on Assumptions to the Annual Energy Outlook 2002 (2001)*.
"Based on Kuzumaki town, Iwate prefecture (2001)” .

‘Based on Takasugi et al. (2000)*.

4Based on The Institute of Energy Economics, Japan (2001)*.
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