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Fundamental Study on Hybrid System of Existing Heavy-duty Gas Turbine and

Solid Oxide Fuel Cell
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ABSTRACT

NAKANO Susumu TAKEDA Yoichi

A solid oxide fuel cell (SOFC) hybrid system combined with an existing medium-capacity heavy-duty gas turbine

18 proposed to promote the use o rogen. As the output power o 1s about o of total output power
(GT) is proposed to p h f hydrogen. As th put p f SOFC is about 10% of total output p

of the system, this hybrid system could be thought to maintain a function of load following by the GT. A calculation

method to analyze the cell performance and flow conditions of the cell tube for the actual-scale SOFC is presented,

and is validated by comparing with the measured results of the performance tests of the actual SOFC. As the SOFC

shows high performance under the high temperature operation condition, supply gases to the SOFC are heated by

recuperators using exhaust gas of the catalytic burner in which residual hydrogen of the SOFC exhaust gas is burned.

For the same condition of fuel flow rate in hydrogen co-firing GT, the output power of this system increases by 4%

compared to the 30 volume % hydrogen co-firing GT.
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Fig. 1 Proposed SOFC-GT hybrid system
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Fig. 4 Numerical grid of gas flow calculation
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Table 1 Experiment and calculation conditions for temperature
and voltage distribution test

Ttems Unit _[Experiment Calculation
Hz/Nz HZ/NZ
Fuel
. 0.7/0.3 0.7/0.3
Gas composition
Air 0> 02/N2/CO»
0.21 0.209/0.781/0.01
Inlet Temperature Fuel| °C - 920
conditions P Air| °C - 300
of gas flow Pressure MPa 0.101 0.101
Fuel utilization ratio % 25 25
. 380.5
Current densit 2
B Y mA/em 380 (Calculation result)
. s . 14.5
Oxidant utilizat t 9 14. .
ricant utfization rato & > (Calculation result)

Table 2 Experiment and calculation conditions for current-
voltage characteristics test

Items Unit Experiment Calculation
Ho/N.
Fuel[ - Hydrogen 2
.. 0.7/0.3
Gas composition
. 02/N>/CO»
Air
0.209/0.781/0.01
Inlet Temperatur Fuell °C 900 900
conditions emperature P T oc (Operation temperature) 900
of gas flow Pressure MPa 0.101, 1.5 0.101, 1.5
Fuel utilization ratio % 60 60
Oxidant utilization ratio % 20 199 R 20.1
(Calculation result

Table 3 Inlet conditions of cold gas for recuperator

Mass flow rate Temperature
[kg/s] [°C]
Fuel 0.63 20
Air 8.42 374

Table 4 Inlet conditions of hot gas for recuperator

Heat source Recuperator application| Mass flow rate X Temperature
[ke/s] ]
. . Fuel heating 1.0=x =8.0 374
Compressor discharge air
. Fuel heating 1L.0=x =8.0
Catalytic burner exhaust gas 920 - 1030
Air heating 9.05 - x
. Fuel heating 1L.0=x =8.0
Turbine exhaust gas 600
Air heating 8.0

5.3 KFTIRBRGT & DL

GTY AT LB HKFMHOME D720, KHER
BEGT & RILEDSOFCNHNA 7 v FY A7 20 MFE
HEAT) . EMH11386 MW, #B8ilim 2 (13A) %Rk
ELABERTERGTY AT 2tEON—2 L LT, B
FHEOGTY I 2L —7Wa W TEt Lz KERBE
GTOEETIE, WA AL AKFERZEMILT0 30T
HL, M ADOAREBREL T HGEORELEL L
LhHEIH)ENTFNOERER=Z IO S, SOFCNHNA T
Vy FY AT ATIRARERBEGTO KRG L HmOKEE
SOFCIZHE# 9 %0 B4 % Table 5I27/R 3. R— A
R BHAFGTORIE 2 &0 T3 r— A% L 720 4B,
Table 6IZEHFICH W/ A DT AL E R T F
72, SOFCOMEFIH#ITFESOFC L [ L60% & L 72,

Table 5 GT system calculation conditions

G o Fuel Ratio of fuel Ratio of air
as COmpO:lllOn
calory | mass flow rate | mass flow rate
13A | Ha N2 ratio 13A H,
Existing GT — T 0 [ o 1.0 0 | o 1.0
30% hydrogen co-firing GT| - | 70 | 30 | 0 1.0 | 089 | 0.041 1.0
Pronosed svstem Gr 100 o | o 09 089 0 0.922
posedsys SOFC| 0 | 70 | 30 |01 0| 0041 0.078

Table 6 Gas composition of city gas

Gas composition| Methane | Ethane | Propane | Butane
Volume ratio 0.882 0.053 0.048 0.017

5.4 BIFGTEGZGRHTOERY X7 LEHA

WIS, RIREV AT L2 WHAGTY AT 2 OiElRS
HCTEM LAY AT AWM EEL, BoamH
O EMAMEREICBITS Y AT AN 2HRT 5, it
R E L72GT Y AT A DMARMAARE Table 7ITR T, %t
BLLEGTY AT AL, IUNAL Y RHAL 2 UTHY
EBEZ, AV EERY - o
ACH b, ZERY—C UV HADOEKDOIES LIRE, B
FUOERRE,OERY —C v 22 LCER T —
FhHELIIC ZETCTH AR LY, 4.4 Tk
RZEIWCVATFAYI2L—FDANTF—% L LTI,
Mk, IGVEAEE, B X OREHEEZSLEICR Y, Th
5IEFig I1NRT & 9 IGEiET— 7 280 L T5 2 72
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Table 7 Specifications of existing gas turbine system

Item Value

109 MW
((Gas Turbine+Steam Turbine+Generator)x2 Systems)

Rated Output of the Plant

Rated Ratational Speed 7280 rpm
Compressor 17-stage Axial
Turbine 3-stage Impulse
Combustor Low NOx Combustor (10 Cans)
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Fig. 10 Hybrid system outputs with flow rate of hot gas in
recuperator
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6.3 GTY AT LDKRFAFEICKDEHALER

Table 8IZHEFGT, AKHKRBEGT, BIOERNS T v
NI 27 20W7), B, BLUOY -y AORE%E
R o FNENLAFACT OB & Ji & L7z,

BABEDB X OERREDFH— 0o, BAFEGT &K
FRBEGTOXEHIZF LIS 23T Th 205, AR
BEGT DRI A RIZAGTICHARTH TS Tl A%
RYe LaL, Z0OHEIZ1I%UNTD S, KNS 7Y >
R AT AORERIZ, FABSSHR AR AR BERR P 77 A
Z H\WSOFCHREHMEIZ 4 kg/sE G L 723556 DFER T
HbH, MIBLUBIFIE, BAFGTHS X OKFEREEGT
WZHARTHIA%IEIN T %0 HE#GKFED60% % SOFCTHE
T %725, SOFCRMEREF D & MK F60%D Bk (23
%SOFCOFERHFIIH63% L HATEICE->TBY, &
DT ENY AT AEEROFEN IHFLS LT b,

Table UZANA TV v KT 2T L DETRIRELO A
MEEZRT ANA Ty FYZAT A, GTEREERD
WBERIE B X VY — ¥ ¥ ALTOMRBEH AL EAFGT

Table 8 Comparison of proposed system with hydrogen co-firing
turbine system

Output ratio |Efficiency ratio | Turbine inlet temperature
[-] [-] [°C]
Existing GT - 1.0 1.0 1280
30% hydrogen co-firing GT - 0.99 0.99 1270
GT |0.926
Proposed system 1.04 1.04 1210
SOFC | 0.114

Table 9 Gas temperature of hot section in hybrid system

Temperature (OC)
Air Fuel Combustion gas
inlet 374 20 -
GT combustor
exit - - 1240
inlet 521 594 -
SOFC
exit 605 889 -
. inlet 605 889 -
Catalytic burner
exit - - 998
inlet 374 20 998
Recuperator . 51 S04 Air side | Fuel side
exit 817 | 800
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