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Performances of an NH3/natural-gas co-fired gas-turbine have been studied by simplified cycle simulations

which account for NO emission from NHs. Results showed that generator-end efficiency increases and turbine inlet

temperature decreases with increasing NH3; mixing ratio because the lower heating value of NHj is lower than that

of natural gas. These changes cause saving fuel and reducing damages to turbines. On the other hand, generator-end

efficiency decreases as the NO conversion ratio increases due to incomplete combustion of NHs. It was shown that

high NOx emission has adverse effects both on air pollution and operating cost. Further, it was also shown that the

turbine outlet temperature decreases with increasing NH; mixing ratio, leading to the low thermal efficiency of the

heat recovery steam generator. However, it is expected that high thermal efficiency could be maintained by adjusting

the compressor inlet air flow rate to keep the turbine inlet temperature constant.
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Fig. 1 Cycle simulation model of Gas Turbine with HRSG
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Table 2 Calculation condition

Unit Item Case 1 Case 2 ‘ Case 3
System - Without HRSG With HRSG
Gy [kg/s] 9.5 ‘ Calculated
Tic[C] 15
Pic [kPaA] 101.3
Compressor
Toc [C] 377
P, oC [kPaA] 1114
1c [%0] 75
i3 [%0] 0-100
Gens [kg/s] Calculated
Tena [C] 30
P kPaG 2000
Combustor cn [ ]
G [kg/s] Calculated
Txus [C] 70
PNH3 [kPaG] 2000
Cro [%] 0,510 | 0
PIT [kPaA] POC
) Tir [C] Calculated 1045%
Turbine
Por [kPaA] 1013 | 104.3
it [%0] 85
Tw [C] 60
Py [kPaA] 1300
Ts[C 180
HRSG sL¢]
Ps [kPaA] 800
Ton [C] 160
Gy [kg/s] Calculated
16 [%] 95
Generator
Ws [MW] 2.0

* Same value as 71t of case 2, rnu3=0%.
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Fig. 2 Effect of NH3 mixing ratio on fuel mass flow rate and
total fuel heat input (Case 1, Cxo= 0 %)
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Fig. 3 Effect of NH3 mixing ratio on generator-end efficiency
and CO2 reduction ratio (Case 1, Cxo=0 %)
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Fig. 4 Effect of NH3 mixing ratio on gas temperature at turbine
inlet and outlet (Case 1, Cxo=0%)
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Fig. 5 Effect of NH3 mixing ratio and NO conversion ratio on
NO concentration at turbine outlet (Case 1)
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Fig. 6 Effect of NHs; mixing ratio on change in total fuel mass flow
rate and generator-end efficiency (Case 1, Cxo=5, 10%)
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Fig. 7 Effect of NHs mixing ratio on change in CO: reduction
ratio (Case 1, Cxo=5, 10%)
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Fig. 8 Effect of NH; mixing ratio on total fuel heat input and
generator-end efficiency (Case 2)

VAl —varI AT ATHOL%E N Z & DFERRT
&b, INHDZEALIZ, HRSGZi#F/-Z Ty —E Y
IO DIESJHRDS 3 kPl L7258 X 5 b DTH 5o
Fig. 9~ 11ica YA =33 VY ATLDT VE
=T RBER L, HRSGNOFfGKEDB L RGBT OH
£/, = AOBLOCHOFAREOELR, HERT A
MEOEBE ZNZIURT, KRB X ORAERIEIT
T YEZTIRBERICN LEFICKRAT 5. ZoMMIE
=Y U AOB IO ON ARE & RN At E DAL
POMET DL LN TE D, 7 VB TIRMBEEIHINT
BE, WAMRMBEFHEINWA L, H ARG I 3E
T5, TNHOEICE Y, KOLELTHRT AED
Hikhd, y—EryHOZYZVEDORY, Thbb,
- HOREDKTOXLEME 2, HKEIMET
T %o REHETFT MBI 2REHFIE, ANTRT
I 912, FKE L BB ORBEABZED NG Y AL 5T
AT B0 S TRT7 Y EZ T RBEROEINI$ 54

1.70 81.0
—_ IS
< 80.5 =
B 165 §
Q 80.0 .8
® 1.60 £
= 79.5 @
2 155 g
2 79.0 -Q:)
£ 150 785 =
= g
1.45 78.0 ©

0 10 20 30 40 50 60 70 80 90 100
NH, mixing ratio [%]

Fig. 9 Effect of NH; mixing ratio on water supply rate to HRSG
and total thermal efficiency (Case 2)
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Fig. 10 Effect of NHs mixing ratio on gas temperature at turbine
inlet and outlet (Case 2)
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Fig. 11 Effect of NH; mixing ratio on exhaust gas flow rate at
turbine outlet (Case 2)
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