ISSN 1975-8359(Print) / ISSN 2287-4364(Online)
The Transactions of the Korean Institute of Electrical Engineers Vol. 63, No. 2, pp. 205~210, 2014
http://dx.doi.org/10.5370/KIEE.2014.63.2.205

OILX| MRS 0| njo|22 Ja|=e
HMRH U MT X4 M

Optimal Operation Scheme and Reliability Index Improvement of Micro Grid
Using Energy Storage Systems

At 3
(Kyu-Ho Kim)

Abstract - The micro grid considered in this paper consists of a diesel generator, a photovoltaic array, a wind turbine,
a fuel cell, and a energy storage system. This paper explains and simulates the micro grid components in terms of
accuracy and efficiency of having a system model based on the costs of fuel as well as operation and maintenance. For
operational efficiency, the objective function in a diesel generator consists of the fuel cost function similar to the cost
functions used for the conventional fossil-fuel generating plants. The wind turbine generator is modeled by the
characteristics of variable output. The optimization is aimed at minimizing the cost function of the system while
constraining it to meet the customer demand and safety of micro grid. The operating cost in fuel-cell system includes
the fuel costs and the efficiency for fuel to generate electric power. To develop the overall system model gives a
possibility to minimize of the total cost of micro grid. The application of optimal operation can save the interruption
costs as well as the operating costs, and improve reliability index in micro grid.

Key Words : Optimal operation, Micro grid, Wind turbine, Photovoltaic, Diesel engine, Fuel cell, ESS, Interruption costs,
Reliability index
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Table 1 Coefficients of Fuel Cell and PV.

Bus %,epné natural | CPvio/an '[DIEW]] TlTvs]X Eff[%]

611 | F_Cell 0.05 0 100 90

634 PV 0.02 0 150 100

646 PV 0.02 0 100 100

652 | F_Cell 0.07 0 100 85
£ 2 C|d g ZHUMT|9 &I AF

Table 2 Coefficients of Diesel and Wind Generator.

Gen. Pmin Pmax
mee | 2 | b | < | W | W) | Gom

671 | Diesel | 0.2731 | 0.1453 | 0.0042 30 800
675 | Wind | 0.1333 | 0.0233 | 0.0024 0 300 0.022
692 | Wind | 0.1333 | 0.0233 | 0.0024 0 300 0.022

Bus

x 3 Raix|del UFHE, I8 § HEAZ

Table 3 Failure, Repair Rate and Interruption Duration at

Load Buses.
Failure Rate Repair Rate Interruption
Bus | Customer [f/year] [h] Timelh/year]
611 2 0.083 7.40 0.6142
634 40 0.070 7.90 0.5530
645 5 0.083 7.40 0.6142
646 9 0.083 7.40 0.6142
652 5 0.080 7.51 0.6008
671 50 0.060 6.59 0.3954
675 5 0.083 7.24 0.6009
692 80 0.070 7.90 0.5530
E 47 E 1% X 29 AEFFded g wdr]) Aot
£ 39 NHE Yo} delEE o §ato] vhojam el
A4g AFe A%E ek Case 19} o] vhola
2 ag oA HAYFFHezREYH HAES FFEA g
dEgazZYY Ade FFWLS Wi AGTeu ol
$1,255,443.6 ©]3tk. 18} Case 29 Zo] t]@A7],
E:3 4 Al ZefolMd ZAnt
Table 4 Simulation Results
Case 1 Case 2 Case 3
Total
operatin
costs of the 1,255,443.6 440,300.0 392,651.8
micro grid [$]
Operatin
costs of the - 14991 1,351.0
Micro grid[$]
Buying
power costs
from network 1,255,443.6 438,800.9 373,480.7
Interruption
costs [$] 2,980.09 1,218.75 1,218.75
SAIFI 0.069097 0.027767 0.027767
SAIDI 0.520234 0.196158 0.196158
ASAI 0.999941 0.999978 0.999978
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