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Abstract: Power generation technology of supercritical carbon dioxide (S-CO2) Brayton cycle is considered as a
new generation technology that can replace steam Rankine cycle power generation. In this study, the concept design
of 660 MW S-CO; coal-fired boiler was carried out by thermal calculation method, and the S-CO, parameters, area
and flue gas temperature of each heating surfaces were determined to ensure that the boiler can adapt to the whole
S-CO; cycle system. At the same time, the cost data of S-CO; boiler which is difficult to accurately evaluate were
obtained based on the weighted mass method. Besides, the economy of the whole S-CO; unit was analyzed by means
of levelized cost of energy (LCOE). The results show that, the LCOE of S-CO; coal-fired unit is 0.540 yuan/(kW h),
11.3% lower than that of conventional unit, showing strong economic potential. The costs of boiler, recuperator and
precooler in S-CO; unit are high. The main reason for the increase of boiler cost is the improvement of average
material grade of medium/low temperature convection heating surfaces in S-CO- boiler. Therefore, the optimization
of boiler (especially medium/low temperature convection heating surfaces), recuperator and precooler is still needed
to reduce the capital cost.
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Fig.1 Concept design of the S-CO:2 boiler and power cycle
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Tab.1 Design parameters of the S-CO2 power cycle

I ZH HE
FEGRHLN DR C 320
EIEFEHL O JE J1/MPa 7.60
FRGNLH HEJ1/MPa 32.00
PR DR C 93.4
FEAHLA O S1/MPa 7.70
PR H K J1/MPa 31.90
ol 35 P S 2R 1% 94.0
R I S5 2% % 94.0
T EAENLE % 89.0
TR AL % 89.0
HHIBE 1R/ (th™) 8 435.05
WHIEE 2 i/ (th) 8 435.05
B R/ h D) 8 435.05
YR/ (th ) 8 435.05
ST R/(thY) 2090.20
A HBEN IR EIC 509.9
A BEX L E /1/MPa 31.80
o AR R C 605.0
g e th O E /1/MPa 30.80
KT R C 603.0
K DR F7/MPa 14.90

1.2 S-CO, $mAF A 1T HARE
AR BB C A AL S-CO2 fatp #4175

BT RS, B0 S-COp it 3k 4T & M A&
1E. ZEE MY, S-CO Bulr RN A 78 4 Rk
IR R TE IR B R DL B K
A F AR I 5 N 1.00%- 0%+ 0.20%. 0.06%-
N ORAE R 78 73 WA IR LART 6 R RE 1R R 58 4 A SR 74
TR AT, Bl B RRBEN 1.2, EATR
Tids CEED B— R EHN 360th, —IRHE
9 19%. FREGIREE . A Tlds A O —ORR DA R 2 il
PN IRRIRBEE AN 20 'C. 26 CAH123 C,

DA ESE 600 MW 28 Bl AT 300 MW 2
S-CO2 #l NGB AT AL AT B, Bk AT TR
RUIERATE . THEN SR A B8 Bt A BT R 5 R
T SE M, BRI g Rk 2 fros. iR
PR 2 HdE, S DUOCHSHI) R EVESFEEN,
AR AR 25 SO T
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Tab.2 The model calculation results and the actual unit design specifications

P 600 MW ‘i JiL 8 4 300 MW S-CO; f# ¥
THHAE WiHE L% THHAE BiHE RE%
b CUGRRY C 10429 — — 1030.7 1025.0 0.56
HERIRL S/ C 129.7 127.2 1.97 114.2 110.0 3.82
BEREE/(thY) 228.3 227.3 0.44 975 98.8 -1.32
FR M REC 570.9 571.0 -0.02 601.0 602.0 -0.17
F I O E S1/MPa 25.39 25.40 -0.04 32.15 32.00 0.47
I Fii PR C 567.2 569.0 -0.32 622.2 622.0 0.03
G DR AC 417 421 -0.95 17.98 17.80 1.01

FRHE LA EARRL, UK CO2 FEIBUA N NS %,
A, TR HRTGRYA AT R, DURALRE.
S-CO HLHAFF Il AR Y T+ A

Crooe =Ciec +Clom +Cirp +Cic(CO,) @

LCOE H1 & i A (v H A S5 SCRR[18] 1 i 7%
# 35 T LCOE 5 & 5 2Bt S Hus, 1%
s ks E B R BrE L, LCOE TH S
2017 5, TRk RNART.
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Tab.3 The economic assumption values for LCOE

calculation
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Tab.4 The designed coal quality analysis
fﬁ%%ﬁ'}*ﬁ War/% Iﬂké’}*ﬁ’ w/%
Qnet,ar/ (kJ kg’l)
C H (0] N S Vaf Mar Aar
61.70 3.67 8.56 1.12 0.60 34.73 1555 8.80 23442

1.3.4 55 A (XC)
WA~ O
Cyxc(CO,) =¢(CO,) X 0 (CO, ) X 01y ®)

e c(CO) 2 HAL T &5 GBI A, TTit,
EHUCCHRE 184.8 JutI8EAT 15 aer(CO2) & 5
AR I HERA 7, tkd, HAE F ZEE T R RN
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Tab.5 The working fluid temperature and heat absorption
of various heating surfaces of the S-CO: boiler

_ Tmgn LEEo e
Z ; . e RIRTHC  RIEMW
AT JEEIC EEIC TR Tt R
WHIEE 1 509.9 560.0 50.1 149.6
WHIBE 2 509.9 560.0 50.1 149.6
T #hEE 513.0 563.9 50.9 146.9
Fug 560.0 605.0 45.0 134.7
1 563.9 603.0 39.1 1136
K2 564.2 603.0 38.8 112.9
T2 560.0 605.0 45.0 134.7
Y1 513.0 564.2 51.2 147.6
ik 236.1 478.1 242.0 181.1
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Fig.2 The temperature of flue gas at the S-CO: boiler outlet
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Fig.3 The areas of heating surfaces in the S-CO2 boiler
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Tab.6 The mass, weighted mass and materials of heating surfaces of the conventional boiler and S-CO2 boiler

- LRI SR S-CO.

T/ AL B/t ok R InAUBT B/t ek
BHIEE OKAEE) 3175 3175 T12 244.4 635.4 RSl
FREE (—) — — — 160.2 352.5 TP347H
L (rRERD 78.7 118.0 T91 189.9 569.8 SUPER304H
KE L U5HD 61.5 135.3 TP347H 149.3 328.4 TP347H
K2 R 87.0 2175 TP347HFG 120.9 265.9 TP347H
— R 141.9 283.7 TP304H — — —
Sl 2 G 59.6 59.6 T12 146.7 440.2 SUPER304H
KPS 2 GRSFRTFD 448.8 448.8 T12 426.0 1064.9 TP347HFG
SRV Gyl 85.0 76.5 TP316L 156.6 344.5 TP347H
VI OKFYIED 871.3 871.3 T12 454.2 681.3 T91
it (EHED 284.5 227.6 SA210C 1022.7 1534.0 T91
— CHAthD 176.1 176.1 T12 — — —
it 26118 29319 — 3070.8 6216.9 —
S BRI R HL 1.12 2.02

VE: OZFHES g HACER AR RO E RS2 NI AR, “—” Rondt; @ HLEIG S Ael 240 25.4 MPa/sT1 'C/569 °C, LT S-CO, i

NS, RSB AT R AT IR 7 660 MW HLALEA Y .
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Fig.4 The cost share percentage of conventional boiler and S-CO: boiler
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Fig.5 The cost share percentage of equipment of the conventional unit and S-CO: unit
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B A VB 6 AN
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Tab.7 Main performance parameters of the conventional
unit and S-COz unit

24 HRHLA S-CO2 41

I HUMW 27.85 24.68
K FLEIMW 660.00 660.00
R HEMW 632.15 635.32
I SR 1% 422 3.74
TEA 1% 45.39 51.82
B I% 94.18 94.46
1% 40.94 47.12
PFEZ/(KJ KW hy L) 8793.36 7 640.68

T @Unet: (1000/(VRhouse) Mcycle boiler

R 8 EHHLES S-CO #4BH LCOE
Tab.8 The LCOE of the conventional unit and S-CO2 unit

ZH HHRLA S-CO2 L4
A RAI (L (KW b)) 0.071 0.071
WRBLRAI(T (kW At 0.324 0.282
JEYE A (TG (KW h) 1) 0.070 0.063
BANAIT (kW h) 1) 0.143 0.124
LCOE/(JE. {kW b)) 0.609 0.540

% 8 ATLLEH, S-CO HLAMBEARA L&
FINLHFE AN, PRELSAR IB4EA . BMEA
43 B 13.0%. 10.0%. 13.3%. £ Moullec 5 A1)
A, S-CO2 ML 1) 58 A B AR FE AL B A 43931
BT 15.3%- 12.2%, AR A FAAIG 1 32 2 5 [
TE T A 75 FE MR- 5 55 G 48 T X 4 i i R 5
Wi, AERAH AR P B AT b A5 T 5 A SO B S AR AR )
S-CO, #lL4H LCOE N Lt # FUALLEAR 11.3%, AL T
S-CO2 AR AR BI58 KA THIE 77
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