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Table 1 Elementary composition, LHV, H/C and O/C of
four types of carbonaceous materials

T H W TCHEE RRAIERSFE /NERSFT
[C1/% 7140 9220 4501  41.56
[H /% 479 3.30 6.09 5.80
[0 /% 21.87 3.37 40.04  40.53
[N1/% 1.34 0.15 0.60 1.01
[S1/% 0.60 0.98 0.043 0.16

RAPVE/AT kg 28500 35700 17565 14665

(H/C)/mol-mol”  0.81 0.43 1.62 1.68

(0/C)/mol-mol™ 023 0.03 0.67 0.73
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Fig. 1 Equilibrium compositions of lignite
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Fig. 2 Yield and heat value of lignite gasification productions
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Fig. 3 Heat value yield and carbon conversion

rate of lignite
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Fig. 4 Relationship between heat value yield and S/C
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Table 2 Gasification productions of four types of carbonaceous

materials(%)

S R O RRAERSET NERSET
[H.] 5132 52.03 50.80 50.91
[cO] 3935 3635 37.72 35.72
[CO.] 3.73 4.76 4.85 5.64
[H.0] 4.22 591 5.67 6.98
[CH.] 1.39 0.96 0.96 0.75
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Fig. 5 Power generation system process
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Table3  Analysis of efficiency and carbon emission of

power generation system

T MRE NE

I T
QKW 757 1076 713 9.03
Qn/kW 026 037 025 031
QKW 731 1039 689 872
Q1 /KW 1,50 254 0.60  0.60
TJ/K 723 641 861 858
Wec/kW 19.74 2536 1331 1273
Qcc/kW 16.15 2075 10.89  10.42
Wre/kW 998 1250  6.15  5.13
Que/kW 1853 2321 1142 953
. 097 097 097 097
Neccl% 5473  54.60 5391 53.73
Newc/ %% 3500 3500 35.00 35.00
EOcc/kWh-kg 548 705 370  3.54
EOyc/kWh-kg 277 347 171 143
EGF.. 198 203 217 248
Eco,»colkg kWh' 047 048 048 048
E o nelkg-kWh 096 099  1.06  1.22
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INVESTIGATION OF COMBINED CYCLE ELECTRICITY GENERATION
SYSTEM DRIVEN BY CARBONACEOUS FEEDSTOCK GASIFIED BY
CONCENTRATING SOLAR

Song Yang'?, Zeng Kuo'?, Yang Haiping', Shao Jing’ai', He Xiao', Chen Hanping'
(1. State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology , Wuhan 430074, China;
2. China-EU Institute for Clean and Renewable Energy at Huazhong University of Science & Technology , Wuhan 430074, China)

Abstract: The distribution of gasification products at different temperature and water vapor mass ratio is calculated with
HSC Chemistry software, and the optimal gasification temperature of 1050 K is determined. The efficiency of electricity
generation system driven by gasification product obtained from optimal condition is determined between 53.73% and
54.73%. At the same time, the electricity gain factor ranges from 1.98 to 2.48. It is better than the direct burning system
driven by carbonaceous materials with efficiency of 35% and electricity gain factor of 1. The CO, emission of novel system is
0.47-0.48 kg/kWh and 51%-61% less than that of the direct burning system, which results significant reduction benefits of

CO, emission.

Keywords: solar energy; biomass; gasification; syngas; Brayton-Rankine combined cycle



