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Optimal Electricity and Heat Production Strategies of Fuel Cell Device in a
Micro—grid Energy System
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(Joo-Won Lee * Jong-Bae Park : Su-Duk Kim + Chang—Seop Kim)

Abstract - Alternative energy sources such as renewable energy like solar power svstems, wind power systems, or fuel
cell power systems has been the rising issue in the electrical power system. This paper discusses an economic study
analysis of fuel cells in the korean electricity market. It includes the basic concept of a fuel cell and the korean
electricity market. It also describes the need of renewable energy and how the fuel cell is connected with the local grid.
This paper shows the impact of production and recovering thermal energy of a grid-connected fuel cell power system.
The profit maximization approach has been structured including electrical power trade with the local grid and heat trade
within the micro-grid. The strategies are evaluated using a local load that uses electric and thermal power which has
different patterns between summer and winter periods. The solution algorithm is not newly developed one, but is solved
by an application called GAMS. Results indicate the need and usefulness of a fuel cell power system.

Key Words

.M B2

A E Ao Aoz st MY FoE wd X%
Hor FFdta gow, o A +a8 wEsy] 93}
o TS B g 2 Ade] & Hu ) o
Aot o5 UEA7) 93 dAMuEEE 4Ry,
Me, HAzZEs T2lm Af Tol glor, dage A e
e wHdn g FHARE AEstn gon ox
= ugE Aolgte Aol vk 53 449 digee ¥
Aok vk A7 ghel] ol glx] thu ok A® Ak
= SAERE(SOX), o akste A (C02), AAFEE(NOX), 1§
7R BEEY wEe) AEd & ARsI: o], BE
A TN E E8S Qs M A8AH o1 %ot

WS} % sholeH1-al

Ve E ol A LA, F Ad, TALH, =
EEL I

= ARdA T4 22 dAqUR Y %’-%-?: 14
M dabrbdsin olgld AAAIYAE %
2R T YA FHel sHEshe] 01]L’111 RlaR
Heeol 874 84 d83gol sss] 24l

=]

J\O‘n’.
4‘310

i
Z
ri
J.A
e
O
fos
=
O
o
w
r'*
@
oy
w
0]
o
e
Q
<)
3
_\1
=
>,
ol
i
B
2

toRAAR A5 ASm 478
¢ jhaepark@konkuk.ac.kr
3 Y s Ar)Fety walaA
o 4 3 8l olFYE ety Bas
wee 4 3 Q0 ZA0Y AN TS wE - T
HAELA © 200849 69 199
HET LB 200048 5¥ 6

E-mail :

Dloj2 2 MEA S M ARMX WHAAHL X

Micro—grid, Fuel Cell, UC(Unit Commitment)

Ae QA4 AU Aol wWatel 48 FEe maw
TARAFAALE Fotol AFHD Tk HAT ol
o A&H HHS 2RT + gon grge

2rEe AFEE 44

9,

)
fo
Al

ol

r
>
o o M

o,
2

i
o:

P

ol

-
e
~
olr
ol
st
fu
_‘L

o off pr 2

(2 BB
a B

N

By

i

=2

=3

ofl [

o o
rjz
o
e
ol
(o
e
il
L
R
3
2

to

o

= N
o2

L

P
L ED

{o

in)
.oy
rlo

)
k
T ool o

o
X NE ofy

g
fio
ol
o
rO L]
ik
ki
o &
oS
ot
4 ol
1)
o
o b oM gk
2
N
T
ol
= jo rfe

=

& o
oft
—Orl—"
rir
ol
O

|
ff
k)
S,
e
X
30, 13
tfo
posi
L
S

ne
>
o
C
p
L
of
=
of
L)
2
O

=2
ox
o
P
2
|2 w2
2
N
iz,
o)
2

3R
i
o)
ot
o T-

o

2

o
oy

flo

A,
>

-
=2
oz flo 2 po poh W R >

o2 o af
o
B
o

o wj

ol

o

¥R n

oo

i

s

o,

L
N
>
e, ox

1R
o
r
Bhia
=2

1
4

3
N
Sk
o
A
y
N
)
ox,

fo
Bl
32
R
B=)
i)
2
£

v
T
bt
2
R

>~
A

L ¥

1

30,

o

B

4z

I

s

e

rn

o

~ T
SO

oz

>

=

H1

1o

5

bt

BhiA

m

19 ® -

e
_(;-,L ©.
ot
>
=
I

Koo

J o
Eti
o i
R
~ b
=
2y
[y
N
o =
ol Ly
N
i
F>">‘_'
to g
Mo
)

2ol

=
29,
2

[22
o
Bhia
-
jias
1o
Bia
=)
olrt
o
i
-4
oX
s
= 32
oo I Tl
(ﬁ—L
0 r)
gl
lo,

il
I
>
>

@,

g
o
—x
o,
_|)i
rjg
ek -

ol
.

>
1o

oy 2
42
o
[
no&
fob
ol
~
do
e
B
2

K o
im
il
hu)
to
bl
-
o,
ol
o

7}
L:] O]—a } é]xﬂx ﬂf‘iﬁx”a}‘;
AR o T8 gL 8

1093



Tolgtsl=2X 58 65 20099 6%

Zoka= WAAET WelAe dA8AX HAFH Fzd gsid
788 vk 9lem[12], 2002\ 3= Cameron L. Smallwood
o 9&te mlolmT TP =o)X BEAE HAL MA] o
g AF7 FJFE vk duH13] EE H 2, 20064,
El-Sharkh® PEM A5 AA)9 HAEAS v E&SHAA H
38t AbsHEoH14]

B =ZdAE 71E AdbE Fa
Z& u#styq #Ag o
4R L AR 5 Cls

45 A9 dud 34 F889 TP B =F
5

st =] & AlEA
ALl hd AR L35

duiA #9329 AR duas] gaie

THAAT. EF AHATE AT ANEHo|AL AT
A8 7% B4 144 g *d’“?‘f}@ AlE AT 7 A
Aol E BT AU TxE gyoz J4 &4
15s =&ste] AL duzs9 E}““*-"— WZ3HA T
=59 A2eAAE B =AM ALEE S8 Y3t
tistel Ayt 28 AP AAATEA o
of #3 Algeolde] At 9 £X AL HAFon
A= A 2ES Aedtdo

B = mm(;¢ﬂ—zﬂl%) o)

f
N
")
ok
+
rlo
r

Ty
IF o9 o o
P

AT
o
=

i
ke

BAAAGA7E 44713
AdRAA=RH T
15214 2 dA A
=, Y 2H R
oAA AR AT o

oft

O
- I
" o o
o,

2{_:‘
o o
&, to
M2 oo fr o
38
:1
)

&
ia%A
o
b

2 o & X o
f
S
11?(_1‘
+

o
o
9,
fl
olt
e
=
o gy
o

e ro

2

mlo r_&
A
2,

o oW
e

A A A8 it ole
J% AEHg, A3 s
A9 A5, agm A2 FAdA @
TS T & %—zi 3480, £8
oA AFHAAR, AT AmAAAL A=
92048 A m ger od W A

7 stk g see,

Eu‘
_l
o
-
2
ok
rir
Me L -lﬂ

lo
b -
i
i
20
L

1
e

M o o U T M ol & o o

HE

foo Iy o o po XN & K omy o o e
1o
ot

-{ﬂﬁri

oj H(ZI
il 2
L g BN

1094

2111 AHA G gl we Ay

ol A 73 vbel o]l ARHAAARE Y99 HE
& AE3AE(SMP: System Marginal Price, & MCP:
Market Clearing Price) ¢ 2 A Ao & 5= gl
AF AEAX AdAE A" AEE dEATLE #y
7} 7bedte I FUdFES ok A3 o] AAHt

=

SE (PP, ,ED,) = SMP, xmax(0,P,, + P,,—ED,) (2

A7l SMPE AlzE tel Mg HHNFAAL <viatn,
P AR tA AgAgeeny P A™Y B,E
ArAx) wARL oudth EQ, EDE A7 tolH Y
9 anAe BASe S e,

2112 949 49 @sd
%?’L 447t W78 g 99,

3
Ae clgeiel Whel ST 4 A5 of el 9
98 B85 gol 243 # 4 90,

SH, ,(H,, H,,,HD,) = B, Xmax(0, H, ,+H,,— HD,) (3

A71A, B T Azte Eavrtg e UrE}le%

Y Revenue, = Z{SEl (P, P, ,ED,)
7 7
+SH, ,(H, , . H,,,HD,)} 4)

212 U g2 ¥E3st

A7) NE BHYSe) w4 THazd dete] s}
a7 @

2121 AHTY HE

B Ao vge YA} AFINERE FYG
MgoE, ETHxMA B A8T FEL AYA
22 Y ARAANIAZRH ARl 2AHe] dvkm
Ay}, molaz 2= AL dRAAI} Lo WYL
F BFHA RRAG AYIMRIE FsE AU
dnd4 AN @Rt 3¢ A A9 79
L&, A9 Awolt bssta A By

Fae7

s N LI



o] A7lagE 7Eagy ¢el kWhel i3 Agx aF
(&, Two- Tarlff AlzEho 2 7HA3IRo ol dutygo
2 ot Zeo] A & gl

G (P)=cptepxP, (5)

A7 P2 A7t AEATLENE 43 Ah%
kW)el™, cp2 7|BQFMW), 2L cpe A7 tdA A
82 7 (WEkWh)S e

2122 A8 AR A8 &

o Blge ARAAI}F wAS] Askel FAshE WAt
29 W44 Faw dnHoz e} go] AW

P,
C.t(‘Plt) cFuel>< B (6)
FC

A7IA B, AZE ot dmAAe WA FHKWh)olH
Goas FEH TIHW/Mcal), T8 n.E ARAXY &
£(KWh/Mcal) & trebdc,

2123 ¥ Fgal g

ol TY2ANANA e FHEY) A%t AT 9
TaAzie 7Yt 1§ dehlr AT 43 w0
AAAZ NERFR AT 2R FRAGD HYY
. oolg FAssE e 2

C,t(»]{l,f):choatl Chearz X M, (7

AN G E BRI ISR S8 A9 B9 o

HulHEd BREY 6.8 ARS8 F 97/ Mcal)ol o).
H,v 4929 52 543 d3FAAAREE Tddes
4 F(Mcal) & VeI

71 A ALY HlE24E nEd B A Fore |
£ oldle} Zo] " £ 9t

FiCost, = O, Py, )Gy Py 4G 0, ) ®

213 AdEMX WMo = g

AZAA e e wde olggdoEN dFFo o
g F7HEQ v & HAER gron, o] Hlde ABAA 9
A71d 24d O 48 g8 5+ ok

ojol2 2 A SN ARMX| dMA[AHS] HI|/Ee =

Trans. KIEE. Vol. 58, No. 6, JUN, 2009

)

,_),Zf(PM): Y< By,

A7 e A7-E HEFFMeal/kW)E o7 &t

22 HMekxA

B oeRdA aEstn Qe deE Afzde ok
A g ol FAHoR A8AA WHA|AH] A X
H g ddd Ao, FREEI FHH A, JFUHE
AIZHUP 2 DOWN)E ##d A 270 o8 A=
ofgfl ol FA M X)) tAIAA ARHAA o] A&
Aoz 7HEe Azthours]E olTlats, XYt A 7H7hA
AgdA sl ALH o2 ARG Agtlhours]S &g
=3

PQmir\ SPZ,[ S};gnax

PzAz—i—Pu = AquP

-sz Pzz . gAPdown (10)

X7Mt) = MUT,

(11)

I o pe T

aAsdel e A ue
O]E} g de FHv 714
A7) Wi sl 7}7415}
24 s g e},

1095



Holets=2x 58 65 2009 68

E 19 dole 2%
Table 1 Input Data

AEAAY A &%, PP (kW) 250
ARAA Y Ha % , Prn (kW) 0
AeAA g FLE, AP® (kW/h) 20
daAAY RE, AP kW) 25
AEAA LY Ha SAANT, MUT,

(number of hours) 2
AEHARAY AL HAXNZE, MDT,

(number of hours) 2
AEAE T4 (LNG), cpe (W/kWh) 28.67
718 A7) 87, cp (W/month) 14,400
A8 W78 F, cp (WkWh) 1325
712 i 8 F) o (W/month) 3,105.42
FA B AEF F 8F, Cpanw (W Mcal) 54.65
SHA G AFEH B R F, cpams (W/Mceal) 46.85
AE-d W A, v (Mcal/kWh) 3.2
?ii%ixlﬁl :“i%y Nrc 0.47
A & B 7H4, 8y (W/Mcal) 49.65
A i wd) 7FA, Bs (W/Mcal) 41.85
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Table 2 The strategies for case 1 and 2

B 1AAAHE 2
, A BE g s1se Aow % =

(12)

23 A9 2
1| 9 28408 2 87 | 9% 2% B 2ot
2 | A% R B s | 9% 9% B 21
3| 9% R BH 87 | 9% 9N0% B b
4 | 9% A9 8 s | AR 90 B ks
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34k ot ABE Ad 194 AEE 97 AF9 A
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@ANAE AT Aot

a8 1 AR (SHEY)el AlZioie XM=
Fig.

T2 EEHE006H 88)
1 The power demand of the load for the summer period
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Az

a3 2 Al 1(sHEZNel AlZIHY F 2 mH (2006 8¥)
Fig. 2 The heat demand of the load for the summer period
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Fig. 3 The system marginal price (SMP) for the summer
period
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Table 3 Result Data of Case 1
281 38 2 48 3 4
oy B 0] 134118 0 748657
M fagc\guas 0 0] 17,023947) 21,000,832
AgAA 9,446,706 9,910,124 9,446,706 11,258,160
W& | A" TR | 3694492 3,154,344 3,694,492 3,079,854
k8] 5,650 5,650 5,650 5,650
4] -13,146,848| ~-12,936,000 3,877,099 7,405,825
AMEl 1914 W g Eo] BE FUd £ E WER
Rew, ol 7] ARAAI} JEste FLEY Aoz
st BAREQ #ge] U 85 wEEA o] o
o e X 3 16 E Ag 2 3wt
gE 4E ARG dEo] 23 ¥En Exsng &
Ae &9 #HE Aerh ol oz 7 AHAZREH 3
FEojet & FHAge WU EELE UEUE FAo7E &
tootee] TS AAE lelxe AEss W e8] g
AzAA ] A AR SRAAY U FAAHE Y
Bule etk
B
O 4 A8 1o Mo ARFX Ma{ud 2 Mg
2ol 7H
Fig. 4 Cumulation of the generation of the fuel cell and the
purchased power with the electrical demand for
strategy 1
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A2k

EEE AT Y L Ree

R

O™ 5 A8 19 g, dBMA| gutde 74
Fig. 5 Cumulation of the heat exhausted by the fuel cell
and the purchased heat with the heat demand for

strategy 1
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7 Wil A4 BE WA & e Age] AR $Yo
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e o BA A7 119S g HF ATl
W Bl M e FaAHTh Adl 139 Aele A Fa
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123 45 6 7 8 9 10111213 14151617 18 19 20 21 22 23 24
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Fig. 6 The power demand of the load for the winter period
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Fig. 7 The heat demand of the load for the winter period
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Fig. 8 The system marginal price (SMP) for the winter period
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Table 3 Result Data of Case 2
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140 79 118 157 196 235 274 313 352 391 430 469 508 547 586 625 664 703 742
Azk

[EEmds ) 24 Rs oM TY 9y — H8ss |

O 9 A8 oMo ARHX| LMD FUMAT PN

Fig. 9 Cumulation of the generation of the fuel cell and the
purchased power with the electrical demand for
strategy 1

t 41 81 121 161 201 241 281 321 361 401 441 481 321 561 601 841 681 721

Az

s ¢9Y CEDPY 4 —— 273 |

228 10 AHE 10A{ e BNl WM Meal dTelRke Ty

Fig. 10 Cumulation of the heat exhausted by the fuel cell
and the purchased heat with the heat demand for
strategy 1

141 81 121161 201 241 281 321 361 401 441 48] 511 561 601 641 681 721
Ay

EEm A sy SN Ty iy ——dY Fa |

O 11 A 2ollMel HEMK] LMzt Mgzl A

Fig. 11 Cumulation of the generation of the fuel cell and
the purchased power with the electrical demand for
strategy 2
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Fig. 12 Cumuilation of the heat exhausted by the fuel cell
and the purchased heat with the heat demand for
strategy 2
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