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Exergy Analysis on Oxy-hydrogen Combustion Turbine
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Introduction of hydrogen power generation is considered as one of solution strategies to achieve low carbon society

and Graz Cycle is expected to play an important role as high efficient future energy system. Exergy analysis on Graz

Cycle was fulfilled and comparison with state of the art gas turbine combined cycle was also implemented. 1600°C
class gas turbine combustor exergy loss was 26.8% and net exergy efficiency was 56.5%. On the other hand, 1450°C
class Graz Cycle showed great advantage of smaller combustor exergy loss of 21.4% and higher net exergy efficiency

of 61.4%. Utilization of liquefied hydrogen physical exergy was also examined. Graz Cycle net exergy efficiency was
2.1 % points improved by applying the cryogenic physical exergy for air separation to supply Graz Cycle oxygen. The
results showed that Graz Cycle has a great potential to achieve high efficient hydrogen power generation.
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Fig. 1 Gas Turbine combined cycle process flow
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Table 1 Example of state of the art 1600 °C class combined
cycle performance

HYSYSIZW P E TV 5720, BEHEFRICED
B h, 1600CHEFT AT —E DI AL — | NNF VA%

Turbine Inlet Temperature 1600 °C FENFNOYV T I 27 THET LR RE, HLY
Exhaust Gas Temperature 642 °C PHET IV EHHLETER2ITIRT, MEDHRFHERDOAE
Compression Ratio 22 E2%KRMTHY, TNHDEEFTTIT—VH A 7 VOR
Gas Turbine generator term Output 320MW X 2 FUIyNVEHRTSL)ZTHORRETH S,

Steam Turbine generator term Output 280MW

Plant total generator term Output 920MW Table 2 Calculation Deviation on 1600°C class Gas Turbine
Gross Exergy Efficiency (%) 581 performance caused by different fluid property model
Gross Efficiency (LHV%) 60.1 Software GTPRO AspenHYSYS
Gross Efficiency (HHV%) 54.3 Fluid property |Gas NIST-JANAF Peng-Robinson
Net Exergy Efficiency (%) 56.5 model Steam IFC-67

Net Efficiency (LHV%) 58.4 Generator term Output 320MW 313.8MW

Net Efficiency (HHV%) 527 Deviation - -1.92%

Compressor inlet pressure loss 0.98kPa
Gas Turbine exhaust pressure loss 3.43kPa
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Fig. 2 Gas Turbine Combined Cycle exergy diagram
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Fig. 3 Graz Cycle process flow'”
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Table 3 Graz Cycle exergy analysis premises

Brayton Cycle
Compressor adiabatic efficiency 87%
Turbine polytropic efficiency 87%
Compressor Inlet Pressure 0.37MPa
Compressor Outlet Pressure 5.0-13.8 MPa
Compression Ratio 135-374
Fuel pressure 55 -14.3 MPa
Combustor pressure loss 100kPa
Turbine Inlet Temperature 1200-1450 °C
Turbine Outlet Temperature 693 °C

Rankine Cycle
Turbine polytropic efficiency 87%
HPT Inlet Pressure / Temperature 14.0MPa / 650 °C
HPT Outlet Pressure 5.0-13.8 MPa
LPT Inlet Pressure / Temperature 0.38MPa / 465 °C
LPT Outlet Pressure okPa

Other premises
Mechanical efficiency 98.9%
Generator efficiency 98.0%
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Fig. 4 1200 °C class Graz Cycle exergy diagram

Table 4(a) 1200 °C class Graz Cycle state quantity

STem | o) | fo2] | 030 | [oa] | (05 | [o6]
V.F.(-) 1.00 1.00 1.00 1.00 1.00 1.00
T(°C) 1408 | 5388 | 521.0| 1200| 6934 | 464.6
P(kPa) 370 5,000| 5000 4,900 400 380
G(kg/s) 1706 | 1706| 2415| 2775| 2775| 2775
h(k]/kg) 2779 3545| 3504 | 5157| 3942| 3438
s(k]/kg °C) 9643| 9770 9.719| 1122| 11.37| 10.80
e(k]/kg) 8559 | 1587 | 1560 | 2802| 1547| 1198

Table 4(b) 1200 °C class Graz Cycle state quantity

Sﬁijnl (071 | o8] | [09] | [10] | [11] | [12]
V.F.() 1.00 1.00 1.00 0.00 0.00 0.00
T(°C) 464.6 | 464.6 41.0 331 331 331
P (kPa) 380 380 5.0 5.0 5.0 5.0
G(kg/s) 1706 | 1069| 1069| 1069| 36.03| 70.86
h(k]/kg) 3438 | 3438 | 2603| 143.0| 1430| 1430
s(k]/kg °C) 1080 1080 | 11.13| 3.098| 3.098| 3.098
e(k]/kg) 1,198 | 1,198 | 2743 0.0 0.0 0.0
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Table 4(c) 1200 °C class Graz Cycle state quantity

S| gy | na | 0s) | el | [ | G
V.F.(-) 0.00 0.00 1.00 1.00 1.00 1.00
T(°C) 345] 339.1| 650.0| 4782 25.0 25.0
P(kPa) 14,900 | 14,600 | 14,000 | 5,000| 5,000| 1,000
G(kg/s) 7086| 70.86| 70.86| 70.86| 32.00 4.03
h(k]/kg) 1629 | 1749| 3725| 3405| 8952| 3518
s(k]/kg °C) 3105| 6551 9526| 9591| 4.079| 51.56
e(k]/kg) 258 6710 1834 | 1496| 2735| 2598

V.F.: Vapor Fraction, T: Temperature, P: Pressure
G:Mass Flow, h: enthalpy, s: entropy, e:exergy,
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Fig. 5 Exergy analysis on various TIT Graz Cycle
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Fig. 6 Cryogenic air separation process flow
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Table 5 Cryogenic air separation performance
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Air Separation
Electricity 50.8
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— Oxygen Production 5.6 Loss 12.1

— Nitrogen Production 45.2

Fig. 7 Cryogenic air separation exergy diagram
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Fig. 8 Liquefaction temperature of various gases
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Fig. 9 Physical and chemical exergy of liquefied hydrogen
and LNG
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Fig. 10 Cryogenic air separation process flow utilizing liquefied
hydrogen physical exergy
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Fig. 11 Cryogenic air separation exergy diagram utilizing
liquefied hydrogen physical exergy
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Fig. 12 Effect of turbine inlet temperature on graz cycle
net exergy efficiency

Table 6 Estimated 1450 °C class graz cycle performance

Compression Ratio 374
Combustor Inlet Pressure 13.8MPa
Combustor Inlet Working Fluid Temperature 722 °C
Turbine Inlet Temperature 1450 °C
Net Exergy Efficiency (%) 61.4
Net Exergy Efficiency (%) 635
(Utilize liquefied hydrogen physical exergy)
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