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Abstract — In this study, performance and economic analysis of natural gas/syngas fueled 100 MWth chemical-loop-
ing combustion (CLC) combined cycle plant were performed. Net efficiency of both cases was 53~54%, corresponding
to previous research. We used Chemical Engineering Plant Cost Index and Guthrie method to evaluate plant cost. For
syngas fueled CLC combined cycle plant, the plant cost was higher since lower heating value(LHV) of syngas was
lower than that of natural gas and cost of electricity(COE) was also higher since the cost of syngas was higher than that
of natural gas. By sensitivity analysis, it was shown that the cost of syngas should be less than 5.3 $/GJ in order to make
COE lower than 5.8 ¢/kWh which was COE of natural gas fueled CLC combined cycle plant.
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Table 1. 100 MWth CLC iuput data

Item Unit NG Syngas
Composition vol%

Co, - 8.41
Cco - 433
H, - 394
H,0 - 6.99
CH, 88.4857 1.9
C,Hy 6.8617 -
C;Hy 2.9631 -
n-C,H,, 0.7222 -
i-C4H,, 0.6991 -
n-CsH;, 0.0089 -
i-CsHy, 0.0337 -
Capacity

Power MWth 100 100
LHV Ml/kg 49 12.8
Mass flowrate of fuel kg/s 2.0408 7.8125
Mass flowrate of Air keg/s 110 110
Reaction parameters

Gas yield in Reducer - 0.98

Solid conversion in Oxidizer - 0.98

Solid conversion in Reducer - 0.88

Solid conversion difference - 0.1
Operating conditions

Oxidizer temperature °C 1200
Reducer temperature °C 980
Operating pressure bar 18

Input pressure bar 8 18
Bed mass in Oxidizer kg 81449 63360
Bed mass in Reducer kg 14893 57954
Mass flow of solids from the Oxidizer keg/s 617 480
Mass flow of solids form the Reducer keg/s 609 474
Solid properties

Solid name - NiO/bentonite
Weight fraction of metal oxide in particle - 0.6

Table 2. CLC combined cycle plant design data

Item Unit NG Syngas
Compressor

Air compressor bar 18

NG compressor bar 18 -
Pre-heater

Overall heat transfer coefticient [U] W/m?K 150

Air Turbine

Pressure ratio - 17.36
Steam Turbine

Steam pressure (HP/IP) bar 60/5

Steam temperature (HP/IP) °C 467/258
CO, compression

Compression pressure bar 110
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Fig. 1. NG fueled 100 MWth CLC combined cycle plant.
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Fig. 2. Syngas fueled 100 MWth CLC combiney cycle plant.
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Table 3. Performance analysis of CLC combined cycle plant (MW)

D Tomporatms (C)
(:) Prosems (Waz)
E Hlass FowEak (dgios)

Q  Duy (W)

W PewsnMIW)

3. ZHid 24

HI-GAREE SE 83 24 o} SAES Hds] A
WA, 5 A FNES Frkehetl vk S8 FEonh Al

], 2 9)9] vlg-o® HEg-& ol
7 = T AAE AR HE, AAE s
= W], WliT(piping) V1§, | 7= (process building), B3 7
%= (auxiliary building), <~ 4dH](maintenance shops), 71& 253
H] (building services) 5= 71d8k= v]E, FX0]E, X5 Y3}t
= B 0E 5 SHES AAFoR A=Y 5 BE Y

NGJ11] NG Syngas
Fuel flow 15 kg/s 2.04 kg/s 7.81 kg/s
Fuel LHV 697.5 100.2 100.6
Air Turbine work 575.9 82.6% 80.7 80.6% 82.0 81.5%
CO, Turbine work 534 7.7% 54 5.4% 5.7 5.7%
Steam Turbine work 105 15.1% 9.2 9.2% 9.4 9.3%
Compressor work —349.2 =50.1% —40.9 —40.8% —40.9 —40.7%
CO, compression -13.9 -2.0% -0.96 -1.0% -1.69 -1.7%
LNG compression —0.241 —0.2%
Net eff 3712 53.2% 533 53.2% 54.5 54.1%
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212 Consonni 5[14]2] dlolE1E ARE3IITE 7FAEH]
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Table 69 specific cost($/kW)E H|5}31T}. Specific costS] 3-9-
Consonni S[1412} B8} Fired CLC B¢ 2] 74-9-91 A9 £
ARt AE Kol s ER1E 4 Qith

Cost index Start Reference site Period
1 Chemical Engineering (CE) Plant Cost Index 1958 Chemical Engineering magazine month
2 Marshall and Swift (M&S) Equipment Cost Index 1926 Chemical Engineering magazine month
3 Nelson-Farrar (NF) Refinery Construction Cost Index 1946 Oil & Gas Journal month

4 Engineering News-Record (ENR) Construction Cost Index

1967 Engineering News-Record magazine, Chemical Engineering magazine week
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Fig. 3. Variation of dimensions of CLC reactors according to fuels.

Table 5. 100 MWth CLC combined cycle plant equipment cost according Table 7. Operating costs according to fuels
to fuels (1,000 $) Unit NG Syngas
NG Syn. Gas NiO/Bentonite
Pressure Vessels 1,500 1,886 Unit Cost $/kg 48
Heat Exchangers 10,825 11,036 # of Replacement fyr 2
Compressors + CO, compression system 666 952 Sorbent Cost 1,000 $/yr 925 1,165
Gas turbine + steam turbines 23,816 24,351 Fuel
Total 36,807 38,224 Unit Cost $/GJ 5.4 8.22
Fuel Cost 1,000 $/yr 15,430 23,573
3.5 2% 'II:||-‘5’- Total 1,000 $/yr 16,355 24,738
—rxﬂﬂ] & CLC 37g°ll A== NiO/Bentonite A 7143} A
22 FEE elrkasl SR HAE olgsiol Axtagict. COE Capital ¢hwh = Lo EOILD S an
NiO/Bentonite 4&}2] 7142 Lyngfelt 5[16]0] AAISE 4.8 $kgs
olg-31aitt. AAe] e 6 AT AREIT. AT 7L COE Production ¢/kWh = (POWS)O(?;SC)‘(’;)) 5 (12)
Consonni 5[14]0] A3t 5.4 $/GIS olg3alal TA7IA 7L
Spath 5 [17]°] #AISE 8.22 $/GI& o]-2-aktt. HA A8} A7) 714 poweri= kW, costi= $, CF2} LCFi= 0.8, 0.155 ARE-3tc}
2 7 Z3oll thgh 27185 Table 701 Felakitt. COE Total& Table 8¢ “gelslSitt. HA7IAE A5® AMES=
3ol Fired CLCS} fASE A7tE Holou, 7EAE A=
3-6. Cost of Electricity(COE) i A= 49oll= COEZHIA 7| Lo = 218 gelel 4= Q).
COEE Aksl7| $1aliM= 4 capacity factor(CF, %)2} levelized 7k e] 7HAe wE & COES AXIslo] Fig. 490 Yehdgd
capital charge factor(LCF, %)& d7dslofo} i}, & Aol H= & o}, 712 7FE0] 5.3 $/GI ©|SHEl= F COE7} 5.8 ¢/kWh ©]
&3} vlaslr] 918 Consonni & [14]°14 ¢} 22 g4Q1 CF= 80%, SP7h He 2he gR1E = Qlvh & Aol AA7kRe] 7S 5.4
LCF= 15%% ARE3I3ATE. =]8]ol tidt COE Capitaly} 2-%11]o]] $/GIZ AAslor s HA7EA 7R e A 9o COE7}
thgk COE Production ThHy2] =402 ALk, ol = Z1E g1 4= Qi) 3t 2 AdFtelA] VRS TS
Table 6. Specific cost ($/kWe) (*exchange rate : 1.2 USD/euro)
Consonni et al.[14] Present work
NG-CC PO-CA SC-CA Unfired CLC Fired CLC CLC (NG) CLC (Syngas)
Specific cost 486.7 660 6712 763.3 711.2 688 702

*NG-CC: Natural gas combined cycle, PO-CA: Partial oxidation-chemical absorption, SC-CA: Semi-closed cycle chemical absorption, Unfired: natural
gas is fed only to the CLC system, Fired: the vitiated air is supplementary fired to reach gas turbine inlet temperatures raging 1,000~1,200 °C.

Table 8. Cost of electricity(COE) (¢/kWh)

Consonni ef al.[14] Present work
NG-CC PO-CA SC-CA Unfired CLC Fired CLC CLC (NG) CLC (Syngas)
COE Capital 1.3 1.7 1.8 1.9 1.8 1.5 1.5
COE Production 35 4.1 39 4.6 39 44 6.5
COE Total 4.8 5.8 5.7 6.5 5.8 5.8 8.0
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