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ABSTRACT—A methodology was developed to design the number and capacity for 
each piece of equipment (e.g., gas engines, batteries, thermal storage tanks) in a microgrid 
that has a combined heat and power (CHP) system. In this design methodology, annual 
cost including the annual operation cost and the annual initial cost is minimized. Based 
on calculations using this design methodology, it is found that scale economy increases 
the needed capacity of the gas engines. And a backup contract with the utility decreases 
the needed capacity of the largest gas engine and evens out the capacities of the gas 
engines. The thermal storage tank for space cooling and space heating is selected to 
minimize the use of auxiliary equipment such as a gas absorption chiller. 
 
Key Words: Microgrid, Mixed Integer Non Linear Programming (MINLP), Optimal 
Capacity Sizing, Gas Engine, Battery 

1.  INTRODUCTION 
With the advance of small distributed-generation (DG) technology and the ongoing 

deregulation of the electricity market, the microgrid concept is expected to be widely implemented 
in the coming years[1]. The concept of a microgrid involves interconnection of both small DG and 
loads through a local grid.  These microgrid systems can be connected to the main power network 
or operated autonomously in an islanded mode when the main power network is seriously 
disrupted. 

The Japanese government has set targets for increasing the contribution from renewable 
energy sources, such as wind power and photovoltaic (PV) generation. The fluctuating power of 
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