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Linear Programming based Optimal Scheduling for Grid—connected Microgrid

a2 A
(Jae—-Sae Park)

Abstract - Recently, interests on microgrids have been growing as clean power systems. Microgrids include small scaled distributed
generation such as wind and solar power as well as diesel generators as main power sources. To operate a microgrid effectively,
optimal scheduling for the microgrid is important. Especially, in the grid—-connected mode, power trades between the microgrid and the
power grid should be considered in optimal scheduling. In this paper, mathematic models for optimal operation of a microgrid were
established based on the linear programming. In particular, the shiftable load was considered in the models to optimize it in microgrid
operation. To show feasibility of the proposed models, they were applied to optimal microgrid operation and the results were discussed.

Key Words

k)

)

1

ftl

W

)

(11

k=

ot

ne

=

2

)

b

ol Mg o

ot T K3

fo = N

M

?i ot 2

o

o = &

&g
=2

Ly

e X

oL o
1H Ho
rir
2
)
X
oft
o
it

z2agl=e] £8& fsiA HH sl 7k
o] £&o] 27¥Y. 53], velAz e
A, vlolAR =] 2
& 5 ANz o} T gl

=) sk @il
ARAZZAE o1&

B\
Ir rﬁ
=2
=
fr
e,
>
b2 o

Rl Mo & 2 offf oo [
i A
e

ol W waHe Here 3
292 A4S AU, oW BH HAPEAE
8490 FW wrkis AelHQ wHAA Piol olFelx]
R1ek [7-91.

8 A% ool e
gl #BE AT ol FoiAm

A4,

Az vholazadce @
ol vholaz et &
ATH10-12]. °]&

qgga 2

+ A48 9 Adgetn Ar)get ws
E-mail : js8700@incheon.ac.kr
Hadal o 2011d 5€ 26Y
F<hs 1 2011 6¥ 28¢

[S)int

_‘.')‘_('4

1622

Microgrid, Grid-connected mode, Optimal operation, Linear programming

wahel ARAZ O OE A9 AHEA ohd AR
$8olA A% ooldE slwe] vlolazaeEe] §
gol e AZe WS AN Holth et vhelam
PE do A9, A L Fae] 2fAt BAT B
o AAse] od $gAHo]l EIHo|tHI3) ¥ wRol
At ded 2% dolanaes Er £48 Ane 4
$2 BAE $4sl gosng g,

vlolaz e s £ AMHE SsAE vhelaz
=g wigoR RaYsa oo U AMNE TahE A
of Aol TASAT we ATHs} 2o] wholan e
g 4949 #AR 2Astete] oo UF L8 mud
S Am Audom wo| ol §H: W, 53, H%
8 BRAAE AFAAN} ARAE BYT # vk

&
HA s faAM vlolazag=e] AHFsdA 2 A9
Abel A ARG AFs}ste] Ry sta My A el o)
A AHAE =Est=s Ik 53], EH0l M 4]
HEHE AR dde A d3¢ 73ARE EdE A
Ad Vb d FE @ due VS A &
£ A, AA A AL 2dE MAEA S

R ERAE A4 A9 29 AYEE 1%
A gon ol g@Th 53, LenHdAE AT
A9, £8ul 8ol 54 ol AUl WHsE o] £45W
oA mHAelmE 0% AAH W welsh 2 AA
wago A Aotedel nAH Fo] Auwe ol anA
@k AAE welanaYEe HAeEe A AFsw
Feld mdel 48754 PESI S5t HAE vl
azaeed Hgstel 1 $EANE LA B}



2. HEHAHE nlojlzz2aglE 2 28

SY 1e AuAe vpelazae=Ee] S melEvh
o] AR I EE AR AAAY HY Ee 1Egg d4d
Sol wabslo] glov), AHAGEA W PIHER THE &
TR AEA 2ol [15]. 218 1ol4 DGE Distributed
Generation, DS+ Distributed Storage, PCC+ Point of
Common Connection, CHP-DG+ Combined Heat and
Power Distributed Generation®| °FA}E 2]w| 3k}

Utiity Grid

| ~
Substation | L, | PCC

L_._i-_._

n@l]—:)—'

Microgrid

e

EE

a3 1 ojolzzazl=Ee 7AM
Fig. 1 Configuration of a microgrid

AYAES QAT gAFAT 29

ofo o

tlo
Jot do

:?L_',

2

rlr

°

T O

2

2

2
o
S
lu
f
M
AC)

o
2 Ho “LJ
R =~
oo 3
M =
o 4
2,
o
i 4y
juth
ol
ol

ir o Mo
22
Ho
O%O O

s A .

29

St
E3
R
uj
it oo

ol
ol
2
>
Mo
EONe

or 12
RO
N
)

2

N
> o
ol
ok
Ir
pak
oftt lo
ol l-(‘U
X2
O
2
~
+ =

fo tlo

ofs
e ™ 1y
o &
o, mL B

©

2

2L

o

2

o
e np

0%
ol
=
°
fn)
-°,
i}

d

o
o
2,
=
Ny
fr o i N ok

oS uE )y
2 oX

e

Ly e

e
JE
o 3y
o

2

o 2

X

M

3. ofolazaEl=2 AN &2 fF F2l® 2E

=
gk
X
Jot
i3
2
1o
re
™

Jal

|SiA e oto|a2a2|=2| 2% 230 2e AF

Trans. KIEE. Vol. 60, No. 8, AUG, 2011

N2 oo §2
i) N o
T

~ B i
> T ok
-— H
ooy > Ja
ol o 2
ol N ol
g Py
ey Lo
2 o
N el
it - oo
2 o i)

ol N
-
= e
R iy

ox o= i
17
o, &

ol

oo -
i
N d
-

N

12

ot

i
o
s
=

MAX Z(P

O

MG P,

B

Psic iA] 2872l A ALz A=) 714 [9/kWh]
&l A AYIAE A A F [kWh]
Poit {97 871kl A] AEIALE A8y 71 [Y/kWh]
Prcii iHA] &8&F3koll A dE3At2 A=l [kWh]
Li 985 AH&ste 27 F
= = | 2zt
Ci i A 7)o Hdwst [9/kWh]
=¥ [kWh]

w
2
2]
=
=2
4 o

1>

o

fomy —

il

ol

£
R HO
il oo
-
)
ofi
1o,
2
1 rlo
rlo
A E{%
g
=

@—ﬂ
g

N

>,

oo

QL

rlr
o, i-a‘ XN 1
=
ooe o
NN

o
> o L2

o

oo
ol
ol

PCrait

L 0

o
=

to -

Pre < PChyq (2)

d

F
l

olazavEr THHZY AHIAE dAdEd £ SdE
of :AE A 3 Zrh 97IA Promat jHA 2
dajr Batd A T welazadsm FHEEHE A
BF 3L Prergie A SALR #ajslE RS dErdth

T3 ARE AHgss BB ANE A
[e]

¢ flo

n}

N T

to '
L =2

P Fone, Prepe; =P FG, 3)

2 Ued & . 97) - o
Bl 3 Parovcks KAA A A Aol oAl Askd d8
Z vlolaradEg FFEHE AS YER L PyrerasE A

AR EE 2
whel o] AAMAY FRZEA Yol
of Fomg 2 (2)9 o] &¥S 1
HatA Ferh F, AL THEF Prace
olE] & Folzlth

or to
=
ful
=
+
A
ol
‘D—'
[S~]
ol
2
2
N
iy

m

Pyrevic, T Parara, = Para, 4)
A s|Atz e AgdvE ARE AMESE HH7 9 A
AL oA AiEER o] #AE A (5)9 o] vE

Wk o171 ME AAANS] FE e,

1623



)

3ol A4 g 24T £ e spaRs
. AR &} (fixed load) =

A4 olaln 7

S g = 3 #AE 4 6
3 ol ehd & itk o7IA Paue 2t £877e] 7}
WSS e Part AAsstelor @ A shuys
e vhehilh

.

2 3 3] 4 (D2 el A o
714 Prue 2AF8Fe] S JehiH, dA FilE dR5E
Mg TG AL D Agagey T
He oz FFH

L M

ZPFGAIC+P + EPI\F(W[(V PFL+PSL (7)

=

AAAA AZAA vlolmazagl=e HA 89 HAA
AR 29 29 Lol BN S Ak o W7l
AE A8THE BANE Oua

SIZIEIONE (B AT 2H)
FE = = T =T =
OE S DI HSEE,
A O H

I
M SN O
{} =2
24 (7T 2H)
WD Db B,
424 e
a3 2 %2/X ooz Z2O2|lE 222 2t HE 55

Fig. 2 Information flow for optimal microgrid operation

4. Al EefolM

A%k 84

g=o] 7 FEAIE 27 E‘r%ﬂr to] Attt AlE
dold 2 Ay AR HE TRV H3to tgr 2
o £8&x

1624

o AA FETIE 1270 9]
o A= Abeke] A A

tAo R FEste] FUT FF (Case 1), $93HA &
= 4% (Case 2)& TE3}9]
o

TRrew stk

SERE IR EE

A
. AAgALY A %ag AN neEE A%

Ao AeHe H4sas

aHeHA kT

Q)
H

4.1 Case 1
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Table 1 Operation condition
AYA | nARE | AALALEAL (KWh)
&&T
(&/kWh) | (kWh) NFG1 NFG2
1 40 80 10 0
2 42 80 12 0
3 45 100 15 0
4 47 110 14 0
5 50 130 15 5
6 55 140 17 8
7 60 155 20 10
8 65 160 22 6
9 55 170 20 5
10 50 155 18 0
11 45 120 15 0
12 42 90 12 0
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Table 2 Data of generators using fuels
2] T e} EEEREE:
(¥1/kWh) (kWh)
FG1 30 50
FG2 40 40
FG3 50 30
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Table 3 Results of optimal operation of Case 1
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Table 4 Price for selling power to power grid according to

8| vt | pural WA (kWh) intervals
T2 (kWh) (kWh) FG1 FG2 FG3 &7 1 2 3 4 5 6
v 7HA
1 80 20 50 40 - K
Y I I 45 48 53
2 80 - 50 40 -
3 100 = 0 =877 7 8 9 10 11 12
BAZIA e |63 | 53 | 4s | a3 | 40
4 110 - 50 40 - (/KWh)
5 130 - 50 40 30
6 140 - 50 40 30
7 1% ~ 50 10 30 x 5 Case 29| z|x2& Z3f
3 160 ~ 50 10 30 Table 5 Result of optimal operation of Case 2
9 170 - 50 40 30 ea|ngns| Aunst HA e kWh)
10 155 - 50 40 30 73| (kWh) (kWh) FG1 FG2 FG3
11 120 - 50 40 - 1 20 20 50 40 -
2] o | - [ | 4 ] - T N S N I
©o.a 2 1o Eh _ _
TE| WAL kWh) EEER EEER) o - = 0 -
T3 NFG1 NFG2 (kWh) (kWh) 5 130 - 50 40 20
1 10 0 - - 6 140 - 50 40 30
3 160 - 50 40 30
3 15 0 - 5 9 170 - 50 0 30
4 14 0 6 - 10 155 - 50 40 30
5 15 5 - 10 11 120 - 50 40 -
6 17 3 - 5 12 90 - 50 40 -
8 22 6 12 - - NFOGl NI;Gz
1 1 - -
) 20 > 2 — 2 12 0 - 22
10 18 0 17 - 3 5 0 — s
11 15 0 15 - 4 14 0
12 12 0 - 12 5 15 5 - -
6 17 3 - 5
7 20 10 -
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