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(An Application of Optimization method for Efficient Operation of Micro Grid)
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Abstract

This paper presents an application of optimization method for efficient operation in micro grid. 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 1s modeled by the characteristics of variable output. The cost function of fuel cell plant

considers the efficiency of fuel cell. Particle swarm optimization(PSO) and sequential quadratic

programming(SQP) are used for solving the problem

of microgrid system operation. Also, from the

results this paper presents the way to attend power markets which can buy and sell power from upper

lever grids by connecting a various generation resources to micro grid.

Key Words : Efficient Operation, Micro Grid, Particle Swarm Optimization(PSO),
Sequential Quadratic Programming(SQP), Operational Cost, Renewable Energy Sources

M o=

* F(

WAAA D FYRAWGR A7) o} g

* Main(Corresponding) author : Associate Professor,

Tel :
E-mail :
A 2} :

L1414} -
AR

P
HTe

@

Dept of Electrical Engineering, Hankyong
National Univiversity

031-670-5324, Fax : 031-670-5329
kyuho@hknu.ac.kr

20123 10¥ 14¢

2012 10¥ 169, 234411 20124 119
1201249 11€¥€ 19¢

15¢

Mehopoulosl_ 24y
SES|o]E o] 83t U}O]ﬂi
‘jr—ar

xdo_q 2 ey

71%4 o

ot [6] Oﬂ M=

Journal of KIIEE, Vol. 26, No. 12, December 2012
Copyright (© 2012 KIIEE All right's reserved



Search Algorithm(HSA)<} Particle Swarm Optimi-
zation (PSO)S ©]-&3te] UESL|AS] ol 3t
itk ey olggk HAsPIHE dare]se
A 194 HAsE HAE 7S =ou
2 7159 ARA] ST B @At
A Urh= @xdo] AAIELL QT
=S 193 A7 suRl PSO%t 71E
o] AP A1 FA7I ] 3kl Sequential Quadratic
Programming(SQP) & ©]-8-3to] H|alsal wlo]aw
sYro] g&4Q oo gk WURkS AASHAT
T3 39 vlo]am =9 A9AS RN 1Y
TYH s skl dHAP olstr] 91g
ks Alksiaitt

e

o

—

N
CDiG:Z(ai+biPDiGi+ciP12)iGii) oy

i=1
N D¢ ¥ &
Ppe - OA HHEE kW]
O+ H1A 7] 2 v]-8{$/kWh]
a; by ¢ 2 7O HIBAT (i)...., V)

=9 T]elA e B FHE Tl o8 1 <
o] ZAHM dntH o f= BH7]E ARERIT) o
714 Bl 7] oF dgdA) )] A, sk e

ZW - A7) AN ek =] A2678 A123, 20124 129

o
=
fo

o G&e 7] el A FEHOJEE o]
2 ()l ofsf Td7]e] A7 A

M
Cyr= EC(M/OMP WTi 2)
Py =0 v <v,
a;+bu+ep® vy, <v<w,
Pyrgi U, S U<,
Vg SV
o] 7|4

© wind, cut-in, cut-out, rated speed
[m/sec]

Py, 7] AAZEKW]

V3 Vi 300V,

ARAA WA7]0] LGH]G-L AL thito] AR
%) Hlgoln] oile] AR} AEom Wk
99 BRS TP WSS A

2 728 {$/kWh]

=
Npe - mmy AEAA] 7] &8 [%)

BAYGE A @k ol 74 AU v g3
o MEAIZYE FYsh: TYALNE ¢, 0
Fom L 5 gk

Total Cost Func.= Cpg+ Cyp+ Cpot Cp,, 4)



selaz el B84 £9¢ A% A4 38

AN Gy, T} o] HF S Glom, K&
AT G AolsL, P, = HEALRTE T

s,Buy
Qshs AFolrt,

CB‘U’I/ KPS Buy» (5)
2.3 Mx=A

Aok 4 (6)~@)% ek 4 gtk

=B ot B
Flz,,P)= 0 (6)
714 pE BA koA ol 4 = e
ot}
AEFF B4
N M
Z‘PDIIGi—’—ZPI"ﬁT% (7)

=Prath

loss

K
+ leFGi +Ps,Buy

71N WAANEG I FYAYS] G mholaR
2] AAsale) ale] g3 Lojok itk

= Pk = Pk:max (8)

A7 P, Pins Pomax = P2 B4 k] H71E

2w} Apalaka]ole,
3. A=

3.1 Particle Swarm Optimization

Particle Swarm Optimization(PSO)2] 7]¥ 7j\d-&
AjEo] FEE Ao thue= ddo] wlg- AA gAst
] ek o] QoA LE oFelr] A 5ol e

(52

d) vk o]2j&k Al S Feje] 91X 8 .
= gdshs aw R 71% 7H%§°1 el
tH4,738]. PSO+=

A3t P“ﬂ‘:}~ xmw a f\]*“:*]o] %Zﬂ daelE
A

ﬂzﬂr" ‘jr#‘;} 7k IAFEL 3l BN s F
3E0] A E 71sta o AE7HA9 A 5 H
A9] dl(fitness) & 74 AL Ql%tﬂ o= phestBfal -
Btk T ofbe] ‘HAde s dsie] el Al
A AAE0] FHA A Q= 4**4 3l o] ol
A 7V FHde] dlelal o] & ghestRal ) PSOS]
N2 2 @Al A 24 2+e] YRS 159 phest ©F
gbest% iﬂ:;}oq(pbestﬂ‘ gbests’q WElSH 159 23
o= £E5 vtk Aot PSO2] At B2 o
o3 2o

AxF 1 d 29 8 FdolA f1ReF £aE W
oAl 7131 dabe el RS etk (E

2 L 4] st 4 ¥
watth v ARl ATt phest HUTh
bl pbestoﬂ ?i_ZH%/}% shdsi),

3
V)

~

®

E
El
_?L

5
1:1

®
g

kY

N

3

o L
S

Vol

~

fz

7

53 A

o vt gbestoﬂ ?ﬂxﬂ s dERith

2 dAEe] Sust A theo] Aol
At 7t ke el 917
z,, SEWE o, phestS} ghestS ©]-8-3A
A (@9} ol 47} 24 Bk w3 7} 9
Ae) ALl e @A) 1719} -
A8 %22 ol g A (1007 2o] ol

SR}

ff_

v = wry; +cl*mnd()*(pbest*xi) 9
+cy*rand()* (gbest — ;)

T =zt (10)

Journal of KIIEF, Vol. 26, No. 12, December 2012



1A wiz BASHEOLIL, ¢, o1 THEA I

3.2 =XIE2XHAHEHE

222 A EHH (Sequential  Quadratic Program-—
ming : SQP) v W] WHE ANE Al BE Aok
< Wk Adrbs g oAb WHo R Es)
= By A9 o)tk 7EAQl dargls 7+
< gaEA o] EARE BEE AREsk QPet
line search 2] ol 7FA] &4 Wlyo] z3he gl
7]9eltHal SQP= A4 7Fsdh =7131E
1A o] AR ES FAdskal o] St
FHE o]&3l QP A ToEMN A Weks AF
S} SQPoll A 'R B step size= o9l 7AW
e A ARgetEE R4S AlokA o] Edl
upe} thFshAl AR ¢ Uk i ATl A] AR
WS- line search (monotone, nonmonotone line
search) 2 Armijo type arc search= AF&-3}3ic} 7|
AhEl ' RS B E AT o R
Zshy BE AeRAS vtk

Az} 1 27)3Kinitialize)

1) ¥ 2, SR d,, step size t,7F A&7

A 271 A9 AArFsd g 2708
= ek

Az} 2 - HA & ©4(search)

= step sizeS AA3ICY
Az} 3 A Hupdate)
i) slAIQE alE o) E,
1) 2., = zpt+tyd,+t,2d, 714 ¢, HA step

size, 4, = WA A B, 4, 0, F A <

ZW - A7) AN ek =] A2678 A123, 20124 129

o
=
fo

oJA= QP =A1¢] &
i) AeFAS I Al £Ale] 34

n, t

min Hzck’jvfj(zkﬂ)+§k+2)\kijgj(ka) (1n
=1 =1

t

+ Db V()P
j=1

J

o174 Crjo Sk Hijo )‘k‘j% QP A B Aok 2
dE K-T sFolvh v, vy, Vi, E 242
T, T2 Aok B S Aok #
ny bt A2 FARE A Aok B E
78] Froltt 2 1DEFY AFxAS vk
g EgA 5T HA HE slE gAEkd 2

e 9 4+ vk

o i

N
f
2

L]

R

et
> g
0_0‘_1

3

1>
2
BN

N

ol
MR d

o

A

],

—_)

d o

L

4. A1
QTN vho|z 1E =] glofd A
sol Tl W], B @] 2 AR

7] o= ARgste]l B8l e SR Weke Al

tE o

filo
4
> 2 of

12 IEEE 13-buses systeme]|™ IEEE®] 4]
AAE S 98l Alwd TFAlsol|th o] A
Lol Yepd b8 Aol A & 2483k

. o7]ell A o] Fapx| el A A =] 7t A4
a1 7FA ko] AlEElo]l S ekith 1El 2
19 35 2 B’ dlojgoltH10,11]. & 1<
oA ARESkE ZF e gigk vl A
T2 UERIRIHE 3 2% Fol%] HlolH & o] &3}
nfo]l AR TP E0] HAEP HFY AyE Yeh
Atk HALY del= UaYa=25e A4y 9]
o] $1,2564436% A -FH|-&o|Art. 12t o
A ), T8 Ay, dsdA $dr] 5 olE
sto] mlo]lA R IR EE 2F5IAS W rlolART
CE Yol vl $84,127.10] 3 HIEY AR
B d9S st 182 $205,11887F o] A
TGRE-2 $1,206443 6014 $289,245.9%= FHAH S
th A AAeUAE wlolam T =] X5k

-
b

o rr 8 O o =
2
%0
o

@



aish Alzel A8
SQpe] AwE HlagowH PSOPJ A7} 5
< gsigieh. el AR glolx

ARl Tiale] 208 w9l v

PSO Wt} o Wtk A2 & 4 vk §F st

Y 2a 5349 AlSol EH’??M FAAE =N E A

47805} B

a#H3 A

Aol FHelshe 2
EEAZ o Aot} o]& %“}O% PSO ®.th= SQP7F

[e)

0% Aalet Aoz Algdt) vlo]aw Jges %

.

|

714 Brks BAAzke] A7 deli SQPSE e
M3l Ageh7] whzelch

substation

650
646 645 632 633 63d
[ = » m—{m
611 [ 671 602 [ e -]
- » = m
652 M 60
38 1. IEEE 13-bus system

Fig. 1. IEEE 13-bus system

1.1
10 I_Lcad

ool ul

20

=1 |
T T
5

Load Factor

I
R
\ lﬁ&l ‘V'l i

T
00:00 04:48 09:36 14:24 19:12 24:00
Time [hh:mml

a8 2. 5tF S0t E51} FofuE
Fig. 2. Wind speed and load pattern for a day

@

T
o

el B wasle] AE o] Wt thate] £
stolof Sl FAATle] ol Aei o4 Ha

i

[shu] paadg pum

E 1. &H7| HISAHs
Table 1. Coefficients of Generators

Bus| Gen. Poin | Poax | Eff
no. | Type a b c (kW) | (kW) (%)
671 D 1 |0.2731]0.1453 | 0.0042| O 800 | 0
646| D 2 |0.4333 ] 0.2333 | 0.0074| O 400 | O
634 F 1 0 0.05 0 0 150 | 90
611| F 2 0 0.05 0 0 100 | 90
652 F 3 0 0.07 0 0 100 | &
692 W 1 0 0.022 0 0 300 | O
675 W 2 0 0.032 0 0 300 | O
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Table 2. Simulation Results

Pre-operation | Post-operation with the
with the renewable energy
renewable

PSO SQP
energy
Total operating
costs of the micro| 1,255443.6 289,245.9 291,301.3
grid($)
Operating costs of
. ) - 84,127.1 849237
the Micro grid($)
Buying power
costs from 1,255,443.6 205,1188 206,427.6
network($)
CPU Time(sec.) 139 25
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