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Optimal Operation Scheme of MicroGrid System
based on Renewable Energy Resources
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(Sang-Bong Rhee - Kyu-Ho Kim - Sang-Geun Lee)

Abstract - This paper presents an optimal operation of microgrid systems and considering a tie-lines capacities that
concerned each grid. The microgrid system consists of a wind turbine, a diesel generator, and a fuel cell. An one day
load profile and wind resource for wind turbine generator were used for the study. For the grid interconnection, tie-line
capacities were applied as constraints. The capacity constraints of tie-lines in production cost analysis are very important issues in
the operation and planning of microgrid. In optimization, the Harmony Search (HS) algorithm is used for solving the problem
of microgrid system operation which a various generation resources are available to meet the customer load demand with
minimum operating cost. The application of HS algorithm to optimal operation of microgrid proves its effectiveness to
determine optimally the generating resources without any differences of load mismatch.

Key Words : Distribution system, Harmony search algorithm, Micro grid system, Optimization, Operational cost,
Renewable energy sources
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Step 1

- Initialize the problem and parameters
; Number of variable (N)
; Harrmony memory size (HMS)
; Harmony memory considering rate (HMCR)
; Pitch adjusting rate (PAR)
; Termination criterion (NI)

Step 2
- Initialize the harmony memory (HM)
; Set ‘x "with random number
; Calculate initial harmony f(x)
; Sort by value of objective function f(x)

Step 3
- Improvise a new harmony from HM
; Memory consideration
; Pitch adjustment
; Rondom function

the new harmony better
than the harmony stored
in HM?

Update HM

Stopping
criterion satisfied ?

3% 1 HS ¢12[F &M
Fig. 1 Flowchart of HS Algorithm

3. olojlazaglE ¥ AAazE=

2
_,L
rlr
w
)
g
&
é
kﬂ
2
91—’4
&
rO
=
oo
ol
r
rle
N
3
T g P

o
2
rr
N
N
T
=3
A,

L

2,

[t o

ofo

ol

2 oo T

oo =

o off 4y 4o
il
y b
i)

o ot J
_0|L
1
o
_0|L
2

Ho
2
=
oo
o
(A
ox
QL

o i -
]

ol
&

2

ot off rfu
o2
ol
oftl
)
iE Lo
Oﬁ/ OE
=2

R < I =)
b
N
py
)
&
=
©

od T
B
2
o
o
T
>
ok
o
o

ol

)
o

O O
o M
2

i

1468

A dglEZ M2H <t

A2 a¥EE m, n, [ N EAYeR FAHY Ax
Pdl, Pd2, Pd3¢l *3& ®¥eta okn Apgeta 7

A=k AR 48 IEE A
W thest go
Az @As 7
controllerel €3] ¢Axtw a1 A o] H ),

ZPSi:PdsiPsuiPst (1)
ZPTlipdliPlu—i_Psl (2)
i
ZPUz:PduiPsuiPlu (3)
0 §P<u§ 5 umax ’O éPI,ugf)Luunx? 0 éPsL* s tmax
A7NNAM, P, P, P, su ts, tu AG7ke] AHA
ﬁo\—%];, PS uwmax ? PSf max ? Ptumax’ E‘ 7—|]— ‘j—itej'o/] ?:51—74]@%—
g ot}
B. CI& A7
] A2 7] (Diesel Genrator : DIiG) & 7|9 3Adx
PN g v ol s vEFFE wAY T & Yoy
21 (4)¢F ZTH38I
T
Chigi = EI (@, Ppigi +bPpigite) (4)
=
N: DiG &7 4
Py b UALAEE kW]
Cpic + HAEZ 7] L8] & [$/kWh]
ay b, ¢ 0 EAZIY M EAF (G,....., N)
WA o2 HGATF a, b, £ DIG 9 5l 93
AEm B =foA AlEE dHolHE ¥ 13 2o{7-9]
E:3 1 DMUMo H A
Table 1 Cost coefficient of DIG
a b C P(max)[kW] P(min)[kW]
DiG #1 0.0074 0.2333 | 04333 5.0 0.5
DiG #2 0.0042 0.1453 | 02731 3.0 0.3
DiG #3 0.0092 0.5142 | 0.8467 8.0 0.7
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Pyy= av” +bu ci T (5-1)
Pyrn v, <v<v,
0 V., <V
0 v <v,
Pyr=|a?+bvtec v;<v<y (5-2)
Pyrn v >,

o171 A,
v, V50,0, © wind, cut-in, cut-out, rated speed [m/sec]

Py P 24, 4459 [kW]

¥oERolA weld FEuAsle 2ee s 1
Y 200 A% g A A AT UN FEOlEE
olgsga FHWA Y SHe % 29 2k

Variable Output Region : 2.5 <V<14.5 [m/sec]

Rated Power Output Region : V > 14.5 [m/sec] Cutin Spees Region : V < 2.5[m/sec]

Local 'S’

20 |5 Local T

Wind Speed [m/s]

20 - ) Local 'U’

1
00:00 12:00 24:00

Time

d% 2 Ozl E500IH (sHF, 24A12H S, T, U)
Fig. 2 Grid Wind Speed Data (1day, 24Hr, S, T, U)
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Table 2 Wind Turbine Data
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Table 3 Fuel Cell Data

C oural P(max)[kW] P(min)[kwW] Nre
FC #1 0.03 15 0.0 90
FC #2 0.03 15 0.0 90
FC #3 0.04 2.5 0.0 85

M/O* : 0.02[$/kW], FC #1,2,3

a b c P(rated)[kW] | P(Min)kW] | Cyrtar0)
WT #1 | 0.0074 | 0.2333 | 04333 100 0.5 0.022
WT #2 | 0.0042 | 01453 | 0.2731 5.0 03 0.032
WT #3 | 0.0058 | 01233 | 05134 10.0 0.5 0.048

*Cyr(ar o) - Maintenance and Operating Cost [$/kW]

V.; : 2.5[m/sec], V.,, U, : 14.5[m/sec],
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{5(1) =1; if xis feasible
(z)

> 1; otherwise
x): objective function
p(x): constraint function
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Fig. 3 Grid Load Data (1day, 24Hr, S, T, U)
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Total Cost [$/Hr]

.

10

00:00

06:00

12:00

Time

38 4 ™A O=lE 28 H|E
Fig. 4 Total Operating Cost of Grids

® 4 gtz 22440 3 H]2(@12:00)
Table 4 Power Output and Cost(@ 12:00)

18:00

24:00

Local Grid S T u
2Fx=HA £z 17.2[m/s] £z 10.9[m/s] E£2:14.01[m/s]
E L 2512k 164 2518 23518 1 113
Diesel Gen#1 0.52 - -

Diesel Gen#2 - 3.0 -

Diesel Gen#3 - 212

Fuel Cell#1 2.30 - -

Fuel Cell#2 - 15 -

Fuel Cell#3 - 3.23

Wind Turb#1 9.99

Wind Turb#2 - 3.25

Wind Turb#3 - 9.99

yMp, 12.81 7.75 15.34

25 E=

ol0{7 =4 - 3.59 -0.45 +4.04

Cost [$] 3.245 7.218 5.32
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