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(An Optimization of the Distributed Generator Combination for Microgrid
using Linear Programming)
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Abstract

MG(Microgrid) is a small power supply system located on-site that can supply both the electricity
and the hot-water simultaneously. Engineering S/W is requested to construct Microgrids economically.
We developed Engineering $/W that can combine DERs (Distributed Energy Resources) most
economically using the linear programming and estimate of the economic. Developed S/W was
programed using GAMS(General Algebraic Modeling System) and it is composed of the optimal DER
combination module and forecasting module of renewable energy’s output. We embody it based on MS
Excel considering the user’s convenience and we show its validity through a case study. We think that
developed S/W will be very useful for planning MGs and energy supply.
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3.1.1 38t Ab=
a9 2= AYEs) A dAlE UERE, A5E9]
S e dEAeE, S HeliEs Vo
|8, Al FoEs Lelste] HidgiskE 4
=oAL, AR A8 HskeS alesto] AXF 1
Fohs AbEdth A W - e Ak Al E &
= a9 d R rlsow A A4 4 HeE
At o, sAleke B aF SAES Lelsta
Hol 4 Fol& AEste] AddE s 1
AR W - i) BelES o] 8t Azt E Rt
£ A=A "
3.1.2 AN IA TAF =
g 2 S IS d5sh] flste] 7173
o] b B T Hlo]HE o] &slilon, B =i
AR BFEA S A ORE AUl Aol R®

Z1 - A7) Au) 83 =8A] 4244 8%, 2010 &Y

ZF Ao ARRde ueEtx] gl ejekge]
RS AF3] flEiA B EHA o FF AAAS
£ Agsto] 2] (1)7 2ol BT o5& AHE8H
th E34A AFE PV BRE 250 2 EEa
AWE 9] T8, AlzHle] AHEA 58 uyste] I
Ao 2 70~80[%]E 48330tk

E,=Pige K+ o )]

o7\ By WA WA [kWh,
Pyt EIFRA) A2 (kW]
K EE AAAS

Q. YAFEHKWH/nt - daylo]th

pifHE

0 2. [P 2 BA

Fig. 2. Steps of Electric Demand Analysis

Fe0) Atk MRS oZ3] glste] 719 &
SHjolElE ASsle] ol Feuy] Bl Folw

A7 Byt A @A 7FsEF [kWh/year]
Pyt AL & [kWh]
A

N - ARES S gAEd
N SEER Ve 4
A HEANE Edolth



3.2 A|AE FAIGE

o4 S0l wel 2] e 4}

233 2= 9l HAAE wi= HA7)7)

RS =T IS
2=}

afofof &,

=ERE]
P

2, W57

719} 27] FAME= EAlel A

\=]

T
She-del] mE <A
371 Slsled ARALRL ol

o
2 REls o]

shet o= gl HH ol Adnlad %

TA7718] LS 5ol A
Q) gAY

AREE L e HAsE md

o= 439

Algebraic Modeling System; ©]3

of AH3heA B T2 AL Ak
A 9 A g7bss waele] Aol Tuby, Azk
R B E R A e IS R
Mo FAHR g 2AZ, B2 WIS
of vlolamaels Alzdle] H4 TS

minF =" FiCostx Ratex (

2

)
)

u[\/j =
<[]

-

»
5

W

GE

£

x ECost, + Be

x Gas Cost+ By

L

o

v
Y

o

oy

(2> o
K

an
T
&

=
o

-

>
ok

H

i
2
e
oY He
o 4
N

o

op
o
=
N

A

juy)

==

=)

[

TN
o

N
-

oo S
SE
\

_—

Mo

g
{1 fo

1— ol + Rate)™ 5
1- (14 Rate)™™*
N EmCoeff x(GR,, + F,,, )x EmCast

2

2

3

2 AR 7)o b e g
BAL Aotof sh A AR 4 TS 23
g 4= glom Wk 2 Adu)o] Ak et d2 7
Hlo] &R} zfotof it
O 85 A%gzxd

Elx)ad = Ppwr + 2 GPE (4>
Hypg = 3 GPH ®)
GPE< Y] PU, X EffE, < OpRate,) G
GPH < Y, PU, x EffH, < OpRate, (7)

p o BAA fFTEFH o5l AdH|e] Zol&
Life © 144 1

OMCost : A FA|H7H|-§
EmCoeff : AL CO; wlEAIT
GP T

Ppwr + 78 FFujH]§

Emcost  ton G CO, HIEH|-&
Eeost © AZHOE AP A7) 85
Be/Bg : A71/7v2~ 7|
gasCost © AEH|-E

ELoad : 771535}

HLoad @ &%-3}

3.3 dIX|YoiT Z=&2 P8l JIT

Lo R ] S e = XS i R B

Journal of KIEE, Vol.24, No.8, August 2010



o
%
N
=
=
o,
rio,
Ho
of
e
ri

EROPe Azglo] AW Aqe] B ek QAL o sl B dlolEE sk B9 4 Weibull
% AEE T B S - BASe A ks REGS 8ol bk

3 RAAAS Bk 58710) 8T 2 ) HE T A R AR LS 98] me
RUA W e T2 AL Qeie 39 ) djolE] o] i) 7] F 8 AuzA A
B3} A L BAAEES Mg HEHARE 9 A9 A% A% L FA AL, 48T 394
A A W A 2AFS BEFE GAMS 7] F EE 9ET QAEE gsior stk o] i
W] HHsh ZEawow el FASEOM, Y ANsHe) AYSHY FES 8 290G
MS-Excel 7|ue] ALgAQIEso] 22 Aelds 7 AMEE elsin

eatnt. e vlolaRaYE AZHle HEH AAY ke A4t 22l BER A7 of
B HAEG Avo] OF SAZks MET A UA PEkE e 1% AA A 2 esAE,
Aol o BRG] e Auel AFol b5 F G 5L nikow gl AlsEle) AQIA o
Sfh T3S B EROA e oAz A B 918 A8 A BAS 918 8 7 b

w—t

Avjols =zl o))

FEwnz Azist we szey

Y S 58 RS
oA TR A Yo s ZE I8 Y
g, FARFIIL L e 2 AAY AnE
BAa) glete] A7k F FAplg o QA
AFEEL £EG) skl ki 2 A1 o

e A ANErE o

S8 3 Ax|Hofd) Z2I o2l & 1 HE}\]-] M‘i]—\sﬂo S| =X = 5 <"l 2=
Fig. 3. Main Screen of Microgrid Engineering = O Al=Ee] ] FAo] eha ¢ A]AE 4

Program H7|7HE9r o] =AY

o O Alwle] Adn) Falo] o) tolAl 5
&

RREL)
ojmlstn, :41891e oA il

O824 FHUN R 2 B
Fig. 4. Input Worksheet of Wind Generation e i )
Resource « User7} 493h o Al=Ele] Axpd st
]

nlo] A2 77 =e] A Yole) 22 S Al - 2|4 ey
AU Y Foll T8 2 e A AEE glde - A5 22 RS B 25 Anpd 12
2 AR A AAZ NN 9 Thsd S Z2 oUA AFAAF ARIS Adsls ) 7E
S 98l W, PV'ell An] ot 71 2] of o} X488 JpAsle] FEFE) vrle] #

zZH - M7 es| =8 A24A A8E, 2010 8€ @



AGPAGRE o] &8 npo]az2 1t Babdd 29

4. Atefl A4
410 2

AT 483 ol AR T EE Bt
AE} AAE AZROR N FEaR] A
o AFRES TYshs Pejolrk, 71E iR Y
AES) AN 2L B8] 8t Sl wATe| AT

f ol

= O o
= Azge WS At Bak @A glel
o
=

AAH IA B % ABYS 2D 5 ek 2
=Rl AGHE plol AR 1= Xuoly T2
A

=e] BB

28l 5, ofo[azae|= JHE = (A1)
Fig. 5. Conceptual Diagram of Microgrid(Case Study)

=2 0O H &2 T

= =
Bo WATS AZAY, DEFRAL 9L A
5 SENERE SEEDLE

E 1 4] cole
Table 1. System Data for Resources
B 7] ey SH(W]) | 27152 (1Y)
865/1,090
7}2~EHl] ’ 1,170,000
F=H (A71/&5)
990/1,350
7}~ E1H12 ’ 1,340,000
(A71/&)
HzHAdH] 4,000 61,600
HEEAH2 6,000 87,400
HEY-s7]1 540 79,800
HEWE7]2 650 86,800
440/540
7t =A g A g5 7)1 23,000
(ZF/95)
620/740
7t~ 2 &AW 5712 26,900
(ZF/95)
R ] 300 157,200
Mw]
10 — —=— Load(electricity)
4 —— Load(thermal)

o ~—*— Load(air.conditioning)

a2 "5 Te T 7T 8T o0 1T 27

Jgl 6. o172t FofuiH
Fig. 6. Annual Load Pattern(Electric, Heat, Cooling
Energy)

[MW]

4 — —m— Electricity from grid
—— Generation(PV)
—*— Generation(CHP)

1 AN 2 A N

2 T3 T4 Ts5T7T6"T7 78767107 1T 127

Month
gl 7. oi7t ghNEt
Fig. 7. Annual Electric Power Generation

Journal of KIEE, Vol.24, No.8, August 2010



10 — —=— Heat Generation(CHP)
1 —*— Heat Generation(boiler)

1
AW

g "1 1T 2!

T2l g od7F o MAEE
Fig. 8. Annual Heat Generation

[MW]
4 - —=— Cooling Generation(gas direct)
—*— Cooling Generation(turbo)

l

L.

LIS e
Month

T 9. o7k WolAx| MAR
Fig. 9. Annual Cooling Energy Generation

S " 10 " 11 " 12!

H 18 7 A 89 9 2s)RAgolv], 1Y
6 QA7F APPSR Y - ¥hY A P8} FHolk

=29 Aol EE ol4)

o
= ob7e] A &4
84 5ol d=s &Fstr] AAsiA AR Grid
(i), CHP, PVel H¥Artals yehdl o,
Grid_Cool#} CHP_Cool-2 8¥€-2 W F3lg s}
= HEWYE7]e e dY i
18t Aot} 17 112 89 54 ¥ 8.5
<A

el 18 B4 W

i
4
N
S
o 12
o
il
=2
=
ME,
W
T

o 2 T

P
f
offt
hl
_\|I_J
l

4

o

Zm - A7) 083 =24 A249 ARE, 2010 8K

o
%
N
T
=
ol
rio,
Ho
of
e
ri

mMw)
3.50

= CHP_Cool
= Grid_Cool
wpv

=cHp

=Grid

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 [Time]

a2 10. 88 SHo| Mul WM
Fig. 10. Power Qutput for each device on any
given day in Aug

mwg
600

72! 1. 88 S| Mulg Wy Mzt
Fig. 11. Cooling Qutput for each device on any
given day in Aug

4.3 3HE Bt &2

H l&v‘i"ﬁ]/‘i 7iask Oi]x]qqa :E_U_%J% ?_:1'-]_;5%
o HHg =g | g 3
FA] g, A 09 Ay} 9 A AR A
s EEsh 3golA Aue T8 7MY 319

o,

E 2 g=E HIS 20 (@A)

Table 2. Cost Results (Thousand Won/yr)

DAEE | O&M ¥l § | 488 | #dHE | F uE

436,708 2183% 2453401 | 599554 | 3511498




AFAGHE o] 48 vlo]az gz #4449 2§ 3

Atttk AP H A2 A o) A
= AEH AAE ] o] 7Fed ATAAY wlol
ARagez FAHEF] O[%]= oA Fa
i mpolag = W] Bt IR S
o]-gsto] FH-ste] 20[%]0l et A= 5ol 7Fs
& AIE EESATE 58] Bd T dS A A9
Sw o] 457[%]0lH, & &= -2 557.6[MWh] 7t €
t}h 3 3& ol tigk A¥jolrk
® 3 EMod| HMxE Znt (@-/H)

Table 3. Optimal Combination of Electric Power
Generation
T4 CHP ggd | & 34
THE(%)) 79.65 1578 457 100

% =4FMWh)| 9672 1,916 958 12,146

E dPdFI el oF 20 TUMWhlel sids= < %
2 3t1e] Avjel A At i Ae] 1000%] &

w5 dAYeld sholnk oL A deluA= z
A7k 60%l, v A e Tk B
o A Fs el =, W@ eluix=
ZFTA e 7R A Huerl, 4
BE7lelM o Fads s 239 AdE =
Ak B o] At Ve R wolAR = A
& TEste] AAAUAde] ZIARekE Y
3L CHP7F Aol FEahes EMSel sl &4
Sh7l Flot mek ) HH el @ CO, MiE e
F 4l vehha gl

P AR

flo

T 4 67 CO, HiER
Table 4. Annual CO, Emission

F% | e @7
o 299 | 484987 | °

CO, W= | 4255840 | 5508 | 3515

oo
S
o
=)
:b
o0
=3
=

T2 TTYA FTHE-S AREe Ffoltk 3 5
7ledee] dAesEes yehie, RedES
14[96] 1Tt

E 5 oA #3252 U Fo HMA XE

(EHe] = &)
Table 5. Cash Flow and Economic Index

124 24 A 42 oA

FAE | 247800 | 27753% | 310840 | 348141 | 389918
4 0 0 0 0 0
HF8E | 247800 | -277536 | -310340 | -348141 | -339918
62k A 824 97 102444
FA | 3143077 | 3221108 | 3301089 | 3383071 | 3467,102
359 | 3430361 | 3516120 | 3604023 | 3694124 | 3786477

dusE | W24 | 295012 | 302933 | 311,062 | 31937
Ad | o12ad | 13 | M4Ad | 15Ad
FH4 | 3553233 | 3641518 | 3732010 | 3824765 | 3919838
Y| 3BLI | 3978167 | 4077622 | 4179562 | 4,284,051
dess | 21906 | 336648 | 3561 | B4 | 364213
loAd |17 | 18k | 19 | 204
HE | 4017288 | 4117174 | 4219558 | 4324501 | 4410839
F9 | 4391152 | 4500931 | 46134% | 4728791 | 4347011
755 | 313864 | 3®TH6 | 3938% | 404289 | 436121

S EERTIEER
sol ZA bl G MAE Aot we o)
WS F 7 AgEte] 713 S0 o

7} +5(%), +101%] A8 wf FA215717F % v
1§ W3k Fol8 BTk 71FAM 28

2

L
ey

H|= g7t a~gAate] 7h~QF3 8 S Faste] 58318
(YN, 19~3¢, 129), 57455(Y/Nmi’, 49 ~54,
102~119), 57202(/Nnt’, 62 ~89)& A4l
A dferhs dEdeeale] ArleTEs Fx
stglon A FFE7RE 125(Y/Mea) 22 ARkeE 2
sjolc},

5, &8 E

A AARE BFEA s|Ay) A&7Fse wdS 98

Journal of KIEE, Vol.24, No.8, August 2010



s A2 SusiEn wolA] o F97
of 8 Fol A 41 - ASIIA DS A 83 ol A
e AzEle] S 7% S 9 Agshjep wa

O

FAEAE s Aol olvAde] =
0] _/I: Q= H A o] Helo]g} shALE o]

PO]ELE:LFJ & 77871 A% <A
] w}ﬁ‘r nlolaz = Aol He
S BAslgom, dAolgel 3
92 A B e Al

Ul

e o £
k1
il

_\Z
M @
r ot Mo

= o 2 g

o

N %
Auof
SRe stk T8 AT AnE )
o= AF 23 9 A B 9 AN
¥ sholtels A2

& wol7] Slsto] Pt &
% 9 A 52 e rane) 34 %
& 2 | Fsge AAFomA
2 w=Rg Folo] e xeade] R volaw

ol
-

){E do & (T ol

,4
2
o,
2
ox,
o,
N
[y
Ty
= rU1

2 ols 201045 XAIZHES Kl BRo|Lx|
7|&HII(KETEP)S] XIS Hio} 35t o DiF|
2IL{CHNo. 2010T100200161).

References

(1) R Lasseter, et al, ‘White Paper on Integration of
Distributed Energy Resources — The CERTS Microgrid
Concept’  Office of Power Technologies of the US
Department of Energy, April. 2002.

(2) otEL, ‘Dlo|a=202|E J|es ST st YHI|Mu|st
3|Al, Vol.23., No.6., 2009. 12.

(3) S, ‘Olo|ma20e|= 2UA A MH 2 Y
ER R _L.J_]_H, 2009. 8.

(4) C. Marnay, “Optimal Technology Selection and Operation
of Commercial-Building MicroGrids”, IEEE Trans. on Power
Sys., Vol.23, No.3., 2008.

zv - A7) Adn e =] A243 Al83, 20109 8¢

o
%
N
2
=
o,
rio,
Ho
of
e
ri

(5) Galvine FElectricity Initiative, “Building-Integrated and
Microgrid Distributed Power Value Models”User Guide,
2007 4.

(6) st ‘ol - MMOUAIE 0|88t 0to|a202|
E EU(| AT YOA, 2008. 12

(7) Yongwen Yang, “Optimal Model of Distributed Energy
System by Using GAMS and Case Study’, SCADE,
LBNL-61117, Novenmber 30, 2005.

(8) IEEE, “IEEE 1547-Standard for Interconnecting Distributed
Resources with Electric Power Systems”, 2008.

(9) “2006 &1 - MAHAIURISH?”, ol A|2te| BTt 21 - A4
Ol LYK AIE], 2006.

ORS PN ]

O (=#/3)

19661 129 5941, 1989 =
A7) skt E]1 191 ST ¢l
8 EH(AAR. 20039 g
A71sstat E4(EAh. 1995 ~ & A
YA Add4

X (22X =*)
19774 49 229048, 20049 A5t H o) 3
A7138) 24l 20079 FHviek 217
S 294D, 2004~ WA A
Qo7 AT,

(4, 1
Mk

¢
P

TUL(TIR)

1978 19 25948, 2003 Zydoj gt
A7) 9. 20068 At A7)
AFEH TS = (AL, 20053 ~ & A
F4 AEdTY HJAT .

U2 (2AS)

1961 39 324, 19849 52
Fotwh 9. 19863 5 olshd
Fohap £9(HAD). 199774 T
A7) s 2QCAD. A A
ST YA,

4o 2
o e N N

ol
2
o st



