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Fig. 2 Heat consumption of MEA solution during regeneration
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Table 1  Main parameters of LS-2 collector
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Fig. 3 Coupling system of CCS system and coal-fired unit
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Table 3 Extraction steam pressure optimized results

MPa
28 AL B HE iR

Py 6.687 6.574

P 4.434 4.282

P 2.133 1.900

Ps 1.069 0.685

Ps 0.363 0.228

Pe 0.197 0.116

P 0.099 0.059

Py 0.045 0.028
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Table 6 Thermodynamic index of solar aided CCS unit
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Fig. 6  System boundary of CCS unit
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Table 7 Main parameters of coal-fired unit

HL 8 K HL A 1 PIMW 600
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HL BRI AR R G F i /a 30
)R A 2
BRI/ % 92.94
TRECHHLIRC . % 98
FEACEN/ % 98
R % 98
T~ L% 5.05
TREBHILLEXT N AR/ % 48.24
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Table 8  Proximate analysis of coal
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Table 9 CO, emission from production of construction

materials and energy resources
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Table 10 Data of construction materials for coal-fired unit
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Table 11  Data of construction materials for solar

aided CCS unit system
o= i Y B4R PVC
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Table 12 Consumption and output of CCS unit material

THAFEY T THAER || AR A i
25 b 4096.6 | A HL /MW 470.7
Hn 220.15 | CO./kg-kWh™ 0.2062
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A KAl R 6.20 | NO.J/g-kWh™ 0.277
ZKn-n 0.72 | KifE/kg-kWh 0.0614
NaOH/kg+h™! 17.61 | BiBifE/kg-kWh' 0.0251
M kg b 35.23 | MEA/kg-h 33.16
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Table 13 Environmental disruptor of solar

aided CCS unit in LCA
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0.9144 t/h, LLE 2 h 0.3% , 15532 i B B ik HE i &
4 0.5703 t/h, 7 0.2%, MiHL ) BB B B CO. HEif i
/0, 4 0.09144 t/h, BT 5 FEEAUH 0.1%.

3) i 41l 4 AL AL A AR A 5 AT A AR O, Ry
222.105 v/h, WAl 4 R e i i L As 4T AR A 3G )
CO, HE i R 56.314 vh, di kA Z 50 44 a3 HE
R Y 58.01%, HL T x SR A B B AR IR 32
i Y B P e HE TS S e 5 R BRI 2 B A AR ] 5 A H By
Be, Bk 1 kWh LD BHREIGE A 0.4355 ke/kWh [
£ 0.2062 kg/kWh, Il HEF 2 Ky 52.65% . 1M K FH g
it Bh BB AR ML i B HE TS 4 0.04175 kg/kWh, 7E
T SE MRS A i A I v, LT 38 A7 B B A AR
KRR AR R G is 17 B B i e HE o 5 s L 4 )
h 83.27 1 119.63 o/kWh, IF (% Hb 5 fie K1) B Jili
RGBT B, 2 MG R g ik R £ 2B
Br H O LT R & B B

4) SRR FE R ARG COL HHERL fr R LAL
(1) 3.63x 107 b5 i 4 1t AR A il RO il 4 R gt 4
BERIRAY 1.72x107° bR >4, K BH AR 4 Bl et 2 pL
ZH R 0.98x107° bRifE Y, R Ak X PR 1Y 53 ik 43l
J91.5%107° 1.9% 107 Fl 1.0x10° bR 248, [ %
Fr WX PR T 19 DT 43 B R 2.76X107° 3.52x107° Al
1.97x107 bRifE 2 1t .
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THERMO-ECONOMY STUDY AND LIFE CYCLE ASSESSMENT OF
SOLAR AIDED COAL-FIRED UNIT WITH CARBON CAPTURE

Wang Jixuan', Liu Xiaozhen®, Gao Lisha’, Liu Danna‘, Meng Xin', Yu Zuodong'
(1. School of Water Conservancy and Electric Power , Hebei University of Engineering, Handan 056021, China;
2. Handan Polytechnic College, Electronic and Information Engineering , Handan 056001, China;

3. Hebei Electric Power Engineering Supervision CO., LTD., Shijiazhuang 050011, China;

4. Key Lab of Condition Monitoring and Control for Power Plant Equipment Ministry of Education ,

North China Electric Power University , Baoding 071003, China)

Abstract: Carbon dioxide capture and storage (CCS) is a technology to reduce carbon emission and the key to develop
low-carbon power. This study has established an environment-friendly coupling system of solar aided coal-fired unit with
carbon capture. The optimization model for thermal economics of the coupling system is successfully constructed, which
aims at researching thermal-economy of the coupling system. Meanwhile it is effective to apply life cycle assessment
(LCA) to CCS unit, with the purpose to analyse the CO, emitted from carbon capture unit during the stages of
construction, operation and retirement. Through comparison study, the environmental characteristics of the unit are
researched. As a result, when carbon capture rate is 85% and mass fraction of absorbent is 30%, energy consumption of
desorption is 4.5 GJ/tCO,, with the thermal efficiency 38.2% and 39.3% before and after the optimization. The study also
reveals that approximately 99.4% of the CO, emissions of coal-fired unit is derived from running stages and 0.6% CO.
emissions is derived from power plant construction, coal transportation and power plant retirement. The study also
indicates that the amount of CO, emissions increased by CCS system’s construction, operation and retirement is 56.314 t/h.
This amount accounts for 58.01% of the total emissions of the coupling system. CO, emissions reduction rate is about
52.65%. The CO, emission of CCS unit and solar aided coal-fired unit is 1.72X107° and 0.98% 107" standard unit value,
compared to the coal-fired unit’s 3.63x107". The contribution to the environment of the acidification is 1.5x10°, 1.9x10°
and 1.0x10°° standard unit value and the solid waste treatment is 2.76X107, 3.52x107 and 1.97x10standard unit value.

Keywords: coal-fired boilers; carbon capture; life cycle; solar





