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High Efficiency Gas Turbine-Fuel Cell
Hybrid Power Generation System

JinKun Lee, SooSeok Yang, Jeong-L Sohn’, Rak-Hyun Song , Hyung-Hee Cho

Key words: Hybrid System(E§ A=), Micro gas turbine( 2%

&]8), Fuel cell( HE 2 )

ABSTRACT

A combined cycle, "HYBRID", is emerging as a new power generation technology that is particularly
suitable for the distributed power generation system with high energy efficiency and low pollutant emission.
Currently micro gas turbines and fuel cells are attracting a lot of attention to meet the future needs in the
distributed power generation market. This hybrid system may have every advantages of both systems
because a gas turbine is synergistically combined with a fuel cell into a unique combined cycle. The hybrid
system is believed to become a leading runner in the distributed power generation market. This paper
introduces a current plan associated with the development of the hybrid system which consists of a micro

gas turbine and a solid~oxide fuel cell(SOFC).
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Table 1 Small distributed power generation systems

Combustiori-Based Micropower Systems l
Power System Recir . te Mlcro St1r1.mg
engine turbine engine
Power (kW) 5-10,000 | 30-2,000 03-25
Efficiency (%) 20-45 27-30 15-30
Current Installation .
Cost (S/kW) 600-1,000 | 600-1,100 1,500
Expected Installation
Cost with Mass <500 200-400 | 200-300
Production (kW)
Non-Combustion=Based Micropower Systems:
Power System Fuel Cell | Solar Cell VVm'd
Turbine
Power (kW) < 1-10,000f < 1-1,000 | < 1-3,000
Efficiency (%) 35-50 - -
Current Installation
Cost ($/kW) 2,000-3,500 | 5,000-10,000{ 900-1,000
Expected installation
Cost with Mass 100-300 | 1,000-2,000 500
Production (kW)
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Table 2 Awards for fuel cell and gas turbine systems

FC manufacturer. | GT manufacturer FC type
Siemens- .
Westinghouse Rolls-Royce Allison | Tubular SOFC
Siemens- Caterpillar/Solar
Westinghouse Turbines Tubular SOFC
Energy Research | Rolls-Royce Allison MCFC
M—Ci Power Rolls-Royce Allison MCFC
McDermott/ Norther Research &
SOFCO Engineering(NREC) | 2@ SOFC
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Fig. 2 GT/FC hybrid system composition
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Table 3. Core technologies in GT-SOFC hybrid
system development

- Section | Core technology =~
System on/off design performance analysis
System | Components manufacturing/ composition
integration | Fuel/ power-generation system control
System operation and performance test
System | Recuperator design/ manufacturing
component | Duct burner design/ manufacturing/ test
Compressor/Burner design /manufacturing
Gas turbine | Axis system design /manufacturing
Generation, lubrication system composition
Gas turbine | High efficiency compressor, turbine design
component | Air bearing, high speed power generator
SOFC Stack design, manufacturing, and operation
(4 kW) | High operating temperature maintenance
SOFC Reformer design/ manufacturing
@5 kW) Power-generation design/ manufacturing
Components matching/ control
Large area SOFC manufacturing
Large area | Electrode, electrolyte material & coating
SOFC Connecting material, gas sealing
Electrode methane pyrolysis protection
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Table 4 Design parameters for various power outputs

Parameters 50 kW | 100 kW [ 200 kw
Compressor 1 stage radial type
Isentropic efficiency, % 73 L 76 ] 79
Recuperator Fin-plate type
Effectiveness 0.87
Combustor Can type
Fuel Natural Gas (CHy)
LHV, kl/kg 50,169
Combustion Efficiency 9
Turbine 1 stage radial type
Inlet temperature, -°C 1,000

Isentropic efficiency, % 74 L79 [ 84

Pressure loss

Inlet, % 2
Combustor, % 6
Recuperator(air ), % 3
Recuperator(fuel), % 4
Exhaust, % 2
Other losses
Mechanical loss factor 098
Generator loss factor 095

Heb 23 slelazeie Asde 28 A
HAE A 4710 Hue] 5ol B8 weld
olth. THAE BFHT WA FESE $E4 A
2 Aol golate] 2 slolazeule Fgo B

Fig. 4904 nt wish Zo] Azhe 298 2
AARER WA BA B0l BoldL & 4 ik ol
A Edom AAR A9 WA AFE Heh ol
MGT 2%3e] w2 4% B5A% nEeld,
MGT/SOFC stelHel= Alz®e] A9 Fig. 594
2ol MGT) &2o] WAZHY ¢ 15~20%F A
$e ¢ & 3o 42F AxY A3 WA AFE
vpsh 2ol PA% AsAste] @ MGTe ¥&d A
Sz At 28 HFol Rohye & F Ak

-351-



68_ "
:\; L TIT=1000°C 200 kW
5 0
€ 66
2 r
o I 100 kW
= X
e 84T
& [
§ - 50 kw
o 62}
3 [
(=]
- L
(Y| TP NS PN FRTTS FUUEE
1 2 3 4 5 6 7

Fig. 4 Hybrid system efficiency according to MGT
pressure ratio

100
[ MGT
80 [
g I
S 60}
® [
§ sl SOFC
) [
o [
20 |-
of

50 100 200
Total power(kW)

Fig. 5 MGT / SOFC power distribution of Hybrid system

Y AnE FH UAZ 60 % oo &A
£ AL F Jon 200kW FEdAE 60 % Fut
o] B&o] 75T Aoz dqidd. siAEW e
A2 3~4 AEZE AA=Ho & oz nYtk ¢
dlA Med uigh o] AlAEe]l FEFYA e A
& Siemens-Westinghouse PowerAle] Al Z(SWZ2
E7)o] #dsit. < ul2E SWE A
Edison Technology Solutions(ETS)7} F4l0] =] 7}
B3 dgAA-7t2EY solnes Y Al2gE o
57%2) 2HESES WE oz soigm Qi o
AFe = 4L 9 220 kWoln, 7l2E¥ 2] £3 ¥
& o 15% Axelx, 7k2ENl ¢t 290/t

B 39 Axst ETSAF AIFRT & dAREE]
oA g olfre dtolB=E Alagl A9 glojAe
AR} A7) WXzt ETSAMY] 7S94 o=
2, HYYTLESE 1,000CEA ETSAMY A¥Rt

& ol

SIS
. N

150 Celd 71 W&ot HHdTEES 1,000 T2
E ol dAR o] 2= HYl W7 flol= 4dAE
F AE 1 2% ¥z I4H7] HEelsh 2y
o2 U Fran e ARAA-7FEEN
solmals FA2Y EARIY A9 ©@713(2006
Weze 1 MWHE EddM 5& 60 %, $71H(2010
Woze 20 MWHE &34 && 70 9%, 123 3
FHQEA)C2E 8 80 %8 FRZ 83 37 9
Foll 200kWF AFolA LHda&e] BEE 60 %3 =
2 HAsedE 2 227 gogd #uad” gw,
AA Aol s AN B9A TR A 7
T4 2 AAN $& wAA B B4HY AA S
DB ES AR Zoln, YA FF Argol A
Aolth. A% HF ZEANSL TAR, 538 A8AA
o AT nlM AFde B ZHH HA
2 Aok wQlch olojdx AA A Fa¥ HAW
F2 A2d AF2x(drdA], HiYgTEE), A7
E 5 B don oF AANsd dE JE F
= GA ol FofA ok Pt

5. J|th&at

5.1. 7|88 W

o TAMNSE dgdx A4zt € FAE J]eidl
7]

o 7kx HYl-1A 43E d8 AA-F7] gl
g Be ubd Alad AEE A4 N Ve &

o 39, 31534 2 2A & 719

o 27} A4 71€ AR 71€Y A 71

o 22 ARAMR dAA2de] FERHA R ARS
A% 7wl g1

o 2A RE JuA i Aok 2 AL st

o 71& EA Axde EAHA nAF=Y THHF
A AY A Ax">A, A APEe 4 A9
A YAt A|2"oze] Ag v

o 98 AR 79 ML AFH LA Aade R

B 243 71

o BT AW 7% AYoz, AR J¢ LF

oA 4 &1

.2 -
Y 58
P

steis &8
o #ame o oA Ao b
| 24 87 2 £ g 87

g
N

-352-



o 7|& SR ] 60 % ol CO, BT AR
247t~ 3 Az
SOX, NOX 59| @Ago] A9 ¢gle

THA] 2ol A9 9o} &% T EA dx
="
s B e)

o O 0O O © O O
=)
fu
n
u
1o
o
fu
o,
)
ol
B
il
=
ofk o
=2
20
=

= oo
oy
o

W00dth Z A2 3 9% ol A AT A
Hoz Hg

0 37k AUALY Thaste] 7(RAT 2 o) 88 5)

o FAAY 249 BAER AN AAY Fn

6. A2

2 478 B sheEy/asdA] EYE 1R
2 Al2d g B3AEe dnugith 44 v)e
ute} o] FR2EN/ARAA TEE TA Alxd
FF AARE AME ox"E AY Fopd B
A A Aol M HE AFozH VE AFe
HAY AFol obd Mt AR FEY AF AT
th ol & olf wEol o] AF L ArF o) ¢
o4 2doA Hrlsspde F1Heg 2t A
FA Aoy dyA] Ay Fx9 nws ZHA
Mg Age] FPH oot gt £3), I HXH
Aoz yol 2147] 2ty YERFE FAE )

o 2 o

-

rh i fo

£

rlr

e AAY i st B TR Az 71A
7t FRoE $7F FHoln o]F AT £ Y& F
=% A9 FF0l gasih. ol dAsMe ALz
103997} Z2e ¥ dAduRge d715es
7ol 7o £¥ 2A4Y EA A2dE B 1Y ¥
7 ool Ao B Aoz AdHEdH o 4
A FtAER/AERA] EFHY Ed Aa"e d¢
F&3tA E&E & A& Ae® HAPHY, B ARl
HeAHY gy Foe & HoN= JdFE ust
2ol 7, ZA, A R @HRE FHM FIF

71 R FFEAIF s o
OlFR FE/NAEI} Wf 2 F& A2HYA®E =
T o E Estede dE ARl FAF &

FHH sAsojol & 71eA ofHger dstd A
AR E ZA2HA LS APA7Ia e 43
ojchk webd Zk AFEA % 7IdEe] SAHLE 3
A7l Ye A QFRE A AUles sste
e AFHE AFAA FrHoN dAHLR o
To] Wb @A SAHeR ARBAH] gl A
FoigAelt, AFA, AAAAe HE olof v @
=9 FoAgler FE8 A Ud ¢ gl
wgan.

27

£ A72%E HURgRe AHoR F98 Fha
Ha/QRdA EE8 1ag 2RNcd e A8
Q771G Aol AFRDA W Lvels AR
427 A =P,

uEs

(1) “The dawn of micropower”, www.economist.com,
April 3, 2000.

(2) Dunn. S., 2000, "Micropower - The next electrical
era”, Worldwatch paperl5l, Worldwatch Institute.

(3) U.S.Department of Energy, http//www fe.doe.gov
/coal_power/vision21/vision21_sum.html

(4) Layne. A, Williams. M., Samuelson. S. and
Hoffman. P, 2000, "Hybrid Heat Engines: The
Power Generation Systems of the
ASME paper 2000-GT-0549.

(5) Barker., T. 2000, "Technology Converge: Fuel
Cell Meets Gas Turbine”, Turbomachinery
International, September/October, pp. 19~21.

(6) Biasi. V., 1999, "250-kW fuel cell-gas turbine
hybrid to start operational testing next year”,
Gas Turbine World, Vol. 29, No. 4.

(7) Layne. A. and Holcome. N. 2000, "Fuel cell /
gas turbine hybrid power systems for distributed
generation”, Global Gas Turhbine News, Vol 40,
No.2, pp. 4~T7.

Future”,

~353-



