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Abstract —To establish the practizing technology of phosphoric acid fuel cell (PAFC) power geneation
system, KEPRI (Korea Electric Power Research Institute) excuted the long term operation test of the 50 kW
PAFC system. This system recorded 6,003 hours of accumulative generating time and produced 187,190
kWh electricity by the end of 1994. At the rated power, measured electrical efficiency was 37.46% and ther-
mal efficiency was 43.8%. The average electric capacity factor and output of this system showed 63.01%
and 33.5 kW respectively for the entire operation period. In terms of system performance, after more than
5,000 hours of operation, the voltage degradation of 3.8 mV/1,000 hr was observed in this system. NOx in
the exghaust gas was under 1 ppm and the noise detected at four different position was 63 dB. More than
23 times of package troubles were experienced by the end of 1994. Throughout test operation, the problems
encountered are due to high sensitivity of the plant to the changes in external operation condition. We con-
firmed that it will be needed to improve the life time of stack and operation reliablity for practising the
PAFC system.
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Table 1. Technical specification of the 50 kW PAFC
system.

Rated Power 50 kW AC
Frequency 60 Hz

Aux power 45 kW

Plant AC Efficiency 38.5% (LHV)
Heat Recovery 39.6% (LHV)
DC Power 59.9 kW
Stack Current 4741 A
Stack Voltage 126.4 V

Cell Voltage 661.8 mV
Operation Temp 190°C
Operation Pressure 1.07 kg/cm®
H,/O; Utilization Rate 79.9%/50.0%
Reformer S/C Ratio 325

Methane Conversion 91.5%
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Fig. 1. Schematic diagram of 50 kW PAFC system.
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Fig. 2. Flow diagram of 50 kW PAFC power generation system.

Energy Engg. J (1995), Vol. 4(3)



318 A - kaah - HAE - ol HS-

3-2-1. 7k o SEFA]

24 g MdriAe ¥ TFE A7 Advs
o gAA U] uherbaA A D AR A du|nES 9
Arrlas BFAEE) o d8Ax9 FAHLE FAE 4
s WEo A WA s dg R wEsA UAd
& o) 43l7] 9% drhe R0 S A A} B Al
oA dulel glgRoMe] T el 150
mmAgel|4] 250 mmAq7} H =% ot fekg 243
o, Arrtas BAAA B FAA ] 22
o Wt 2HE 5 Y=E HAsgc) W 8~
)& el g Wzkgh(Cooling Towen)# 4404 A=l
7] (Heat exchangen® A=t} AR (50 kW)
o)Ade] W4 LEzAL HAwe] §)FEwrt
45°C 18] 51 BT 257} 65°C o]dlo], Wk SHF
2. 2.8 Ton/hro|t}, 2 Al AgloA e dgdA] £A2
AR E 98 H41£8H(Closed CycleyA] o] F2h4
235 v 2 dxsld AL ¥tk 2oz o
BAXE £ HEe] B FHE RT A WL
U 27171E 4 24X ¥ER B3 Yt 27
2 A AHS AR, R /A S A4 A
B E HEea A3t

3.2-2. A7]An)

oJBol|4] 7§FE PAFC System-2- 34 341 220 V&
2229k A3 gl7) didel =ulgEA el 34 4l
380 Vo wjA 2ol AAXA Axdr e 2she=
A7)18 A3l AR A7) E ATl WHsy] st
o] Wxe] Y-AHSy] 9 sl E Axstect A

7|l AFAA % 52 E Hsle] dgHx|Adm]
2R $3ld Felg A3 E o} PLC(Programable
Logic Controlleryell 2]3te] mtauld] ~ 91X & Al &
Astmga] Apgo g AdEe] £4Y =g 74
sHaet

3-2-3. Aol Y AEA2H)

M Z2A81(B.0.P) ¥ PAFC Systeme] &%, §8F, g3
=g AZsw o]E 4 A E PC RUEE £
ZHAISE A Al @ < Qs AR 2 sl A A3
S, o & Ealel $ARE AT4A % BHIISE 2
=2 AAstct. w3 29, A 2 E3] §lET
o 7taA R EAE 98 7123 E 2l g Onlinedt2
2 AAstgow, Gas analyzing system = Gas
chromatograph(Hewlett Packard Model HP5890)5 A%
stedet. zelzm Adulye] WA E #8 Pro-
gram Loader(Fuji LITE D25)% A% - &3}t

33. 28

PAFC System-& =A] 715, ¢4, AX9] 3714 Ao
2 Eagc). Fig 38 71554029 w9 5234
& BAdF T e TElelrh. 71891 F=d Auulel
Fgurt Vel S5da 2 7] B 2%
TF3HA =2 olo] £} HAate] FH Mule= JdR
© 1(Heating Mode )2 AgHc} rldv e 12 9%
I3 HAZkAS Asste AAY) 25 WA s
Lx7bA] FHEATE FAHLE o] A e WA,
9317], ~g9] 2ew A rld=s HAYLwrt d

Rl Heating {—
(Heater) t .......
) Electric
Startup R2 Heating R2 Heating (—r<=>-{ R2 Heating |—r<>- Power
> (NG Burning} (Reformed {Anode Vent v
¢ Gas Burning) Gas Burning) © Qutput :
R3 Heating TR 3
4 (Heater)
L s 4 ¢
—— D-01 Heating —J
(Heater)
Lco FC Heating I Le- FC Heating |-
(Hot Water) (Generation)

L Heating Mode | + Heating Mode 2 -+ Heating Mode 3 ——’

Fig. 3. Flow chart of start-up processing.

OLIX|ZE M4A 3% 199514 128



50 kW QlArsid g ax) WAl Ade] 2y L4197} 319

g =282 A#gc) 71 2 = 2(Heating Mode 2)~ ’~§
AEE A7l dRAA a9dE FER 8
by Pass®E]e] 7)Al7] v & F-F3to] o g 31| el|A] %Jﬁ
28k 7hazAo] d Wb AAAE Seshs e
2 A7) Mulels Helrkart 37517 @Al ek 7t
¢ B © 3(Heating Mode 3} A x| EAjoll Marpnel F
717} 3= g AlatsldA 100% £3o] 7best
2 eshs HAolc) o] el sde) A3z
gte] 170 V o]ifo] s wlE Auf #-3te} dA = o]
71 WAshe o] A7lE 714Re] 714 dlete) e
2 o]4Elth o] Fela] A8l 2Tt 180°C o] 4te] =
9 ofj7] 2= (Stand by Mode)® A 8 A Hc}.

g7 AE oo Hr1EHe] gl AR
AZAAER D 5N E A FhdA el Al
EdA A FHEAHL ARANFHA(FREAY P
3 35 Qpl wel FH& Aoishz AR Al
Aol £ 23l AlSelA 535l Rl AH 2
Tkt el Wgel wel 2] XA xivt

x| (Stopy= A A9k v A 7L el A

29l g g-olle AR FAtel ol o] Fojx|ni, u]FA A
ol A ulA Al A ] Ao« 2HA €
wf 2508 Az} AR REE= B EA AR 1(Cooling
Mode1)d} 28 o]FolA g, W 1.8 vl
ARAR] Aoy AANSY ¥52 AFAAE £
F 2de) SEE whaE whyelr). Wrtwm 2 W
& gxjate] QA L ABAA Sdel] AavbrE F
8t Purged AAJEh, Wb AE-E §4] AR A
Sbg FEA Wb ofste] AR AA|e] 2eE
HAYRE Le7bAl YAzl ek A=}
80°C o] 317} 5|9 A AR AEhs) 1 Au] fA1 9]
sho} q& ope] Aavbert FRE

4. Ay 2 ¥ o

41, 2HME

B Ade 1993 79 28 F 23 318 Azl
o & 7_3,-,—6}01 50 kW Aol EErabglw 18] 8YHE
B2A2Q) $AARS A 1994d 129 3191747
Z ubA A 7}F 6,003 A Ztel] 187,190 kWhe] 2k 2 &
& 7)1 &3t ). olufe] W AZF o] 848 63.01%0]H
7 4921 A A 7HL 1,459 A 7relelan o] ¥
M ek 50,742 kWhE 7| 23s}ic}. Fig. 4= 94
whdel g o] 442 viehd Eiolch UM $47]5S
2 shE 1994 1090) 7k w3 skel 27 MWh
Agarsld w whebd 7h 8 o] 884l 79.9%% 7]
stoic). o3zt Wb AlA-S Al w1993 9] S 4|

H ¢

Jat

7} o] B-go] 627%% 1994 —%Xd*l? o] &8 60%E
v} efzh Abs|sha o), R AY o8 Azt Y o] &AL
& 9F 3,001 Ao b Adu)e] $-x1 A2 A8 &y 3]
7] $18lele Anle] o] 488 wElm WA HHIFE ¥
o} & W aAdo] qir}. Table 20 & Aarle] 344
A& 7peFs) Vel

>

42, HEMX| FHQL
421, ABAR A
A AR A o Paane $A89E 4
o mstet 4 ArAlal Bl glolde 47 214
Ql At 2 v’:’i 50 kW AC olujo] ~=lof 2k 4 f
461 Aojl4 DC130 Va2 ofmje] 5 shejd=] At
& 660.6 mV, AEUEE 241 mA/em® A %7} Hoh &
Aét]]“—:_ g 67l £ Eel & 19We] 7% o R3]
58 7185k Qi) 215 Eel W D HAT
bbb &g AbE H 40 kW $31E 7SR g 1.7
mV/3]E Helfm glo] 7)EAA RS wHejxiz|e
Kol ATk §eE v 7 Aee o+ A, %
717k A A7E 7|3 A A e} g Hsh ekE B
Azgich wAMnle] £aaRA Alswe] SHEA

by 2 R sde) A7) wHE Asitad o

LA = W

o FH&Y

%

N,

hr.(x10),

| ’ L
21
) AL R i - Bl Bl B
2

Y% e 2 12 3 & s s 7 8 3 10 11 12

93 94
Fig. 4. Monthly Operation hour, generating elec-
tricity & utilization of the system (B, Oper. hr (X10);
, Generating electricity (MW); {1, utilization (%)).

Table 2. Operation records and performance of 50
kW PAFC system®.

Accumulated Generating Time 6,003.1 hr.
Accumulated Generating Electricity 187,190 kWh
Max. Continious Generating Time 1,459 hr.

No. of Start-up 19 times
Electric Capacity Factor (%) 63.01%
Average Power output 335 kW
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Table 3. Operation data at partial and full load.
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W AAR R} B B4 ¥oiFET r}. 40% T3l
A A EEE 27.1%9 T F3t Zolel] wel Zvlsle
90% ¥-3lolA) 378%2 oS el o) sldde)4E
£8 235]8] 40% alold] 522%2 HAE Jelya 2
A 35.4%747] Hslol| ule} Algt WS wolon, E3E
&2 A7) H4} 7o) W% H-stellx] 834%= T B
ek

4-3-4. RIEA

B Al glelA] wirtgee
ppmel] Al % vlx+= 1 ppmE
SOx9t COXx A9 vehtir 914

% As) HHAA 9w e o)e

Nrotar = Nacewe + Nue

NOx& A3l 10
2 e gla
ot Ealel gleiA
i IR R

Load % 40 50 60 70 80 90 100
DC Voltage \% 139 139 136 134 132 130 127
DC Current A 228 224 271 317 363 412 466
Output (DC) kW 272 36.8 36.7 42 48 53.1 58.8
Reformer Temp. °C 903 900 898 917 953 963 997
Desulfurizer Catalyst Temp. °C 257 264 270 274 282 297 308
CO Shift Converter Temp. °C 189 193 193 201 220 237 231
Stack Temp. °C 163 165 166 162 168 169 173
Steam Separater Pressure kg/em® 5.6 75 7.4 59 6.4 6.4 6.3
Steam Flow Rate kg/h 19.9 19.7 219 255 289 32.1 35.8
Fuel Flow Rate Nm’/h 5.6 7.5 7.4 8.6 9.7 10.8 12.11
Water Flow Ton 2.87 2.87 2.25 2.62 2.8 291 2.78
Water Temp. Diff. °C 11 11 11 12 14 16 15
Heat Flux kcal 31570 31570 24750 31440 39200 46560 41700
Electric Efficiency % 271 30.2 36.6 36.8 374 37.8 37.4
Heat Efficiency % 522 44.5 354 387 428 45.6 44.2
Total Efficiency % 79.3 74.7 72 75.5 80.2 83.4 81.6
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S0 kW bR WA 2o B7] $4Hs 2

BE 545 daste] A7) wielrh Ag-S AdY|
o] AE 1 mollA g &A A7} 63 dBoi|A] 65 dBR A7l
Aol v)&te] o5 APE RT3 9t

4-3-5. 339} Al A

1993 79%E] 943 7R B AAHE odshH
Al o] AAE AV FAle] )
o]glal o5 i F-¥-2 mAULL
9] Agalael 2 Holw A8HAEA HY 28jn
AolA g WAL dajile] mAfel oF Ak 47,
AgAgAEE 7422 el glvh. 8 AlAgle
Sodrbe] FAA-L Auzt obA 2 AHgAdu] ol A
efe}z] wlioll Ao} Aehabar S5t 7L ofdtel] of
sto] Al 3 gkS ol $A-o] FAlE L glew, v
aAke] ¥ dale 2~wS ¥3she d8AA Y
Fo U - AR 9] §Fel] 7]Q18}7] ol 443HE
SshAle ofel i EAIH ) sl Ae] Fabg Folob &
Aoz Az

54 B

Al o] 50 kWe} 914H8] 8 41A] WA Al 29
Aol A Fe g, Fw7|7]19 AA, x| 283 &
HEAAYH 4 2 2928 4, ¥48 Z3l 3
o2& S HHa A ks 21719 ke ¢
w75 S B ke #39E 5 glg AoRE A%
Hoh EAAY A Jepd A28 o) 2

1) 50 kW PAFC System-g- 81317 Al &84S 9
sl FWlz|E A Adxsled 19939 8YYE]
1994 114 27kR] E 60034 Zke] 24 E<k 187,190
kWhe] wbdeke 7] 289, HA 247182 1,4594]
2 71 Estdoh HH A AL o] 882 63.01%F 7]
Zalolom HFEHL 335 kWE 7| Z81gdch

2) Adu)e] $AEAS ARslA] HFHAG4L DC 130
V, 461 Agow AAHY} EA-L 1,000 A7 3.8
mV A %2 veht dgizjdule] A48E Yl
Au)e) A g g e o] dAte] F i

3) 715 AR $AEA-LE Y7 EA Ha 4417 5048,
7|54 2407 343o] A8 EG 3 AR Al HE 14
7y Awrt AgEgoh W E L A HEA] AV g0
37.46%, wldo) L f &2 43.8%0|%5L, FAEALL NOx
7} 1 ppm 7]k 3 k5 E) A58 ¥olFgo).

4) A AR Al F 230 F e Alm
= A Ao} AAAbare] 71alsle].e v Aduid
o REaA e 93t Abnw whAsln gle], A=A
AL glEl A= ool i oiw] " A HEe Al
)4 gk ) 9 83

rlo 0

>

i

ARBI1E

: thermal efficiency of fuel cell
. electromotive force

: electricity

mom e »

: faraday constant
AG :gibb's free energy change

AH  :entalphy change

M :LNG flow

n : mole of electron

Q. : cooling water flow

Q;  : heating value of LNG
AT  :temperature change
Nacuie © electric efficiency

Nre : exhust thermal efficiency

Thora © total efficiency
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