E305% 108 o R Vol.30 No. 10

2024 4E 10 H Clean Coal Technology Oct. 2024

HEaEERmELT B RE SRR

TN, R
(LIRS Tl A s g bl db 4 3 5 S22, Wb i1 430056; 27110 K B RERIEE B, W)L i1 4300565
AR K2R Rk be I K E S S, Ak i 430074)

O OE. Sarsegib ek b it 3 At AT 3 T AT e #U’é% W E 0 A AL B R R e AL
=4 5 BB B, TR AL RS iR B AR, MR AL A 2 2 TR T 4R R s L B ALt
2, FHOREZ R CO, MEKFNH T B, WA MIMIERR L 7%1"91%";& b 6 BB, BE AT
S B BABEHRNAZAABER Y ML, B 8 I1Z R B A4, B EIR S ik &
iz /i Aspen Plus 242 7 vA CuO/Cu,0 A A Ak 600 MW 1L F 4k BFARMRIE R & 2%, KT %
Gy AR, R BATT 2 AR A ST . EREAV: T AMFRIER b R R o) PR A
37.66%; % WA MBK R K AL AR R T 35, & T 2 A& APk 69 44.23% ., RAX L F
A FE S b, AL ek B RABMRIE R R R M RLR ) 36.27%; 4o RN IR E CO, AR A £ 5, RYH A
R A 40.47%; 4&*%%@%&%%&%&% RGP AT R AR KA AF 7 S RKMRE, L RAF
5 MREABILEAR H 1A EARIA T ATRAE .

KBRS 4 RS IRIE L B & 4 ; Aspen Plus; & G A 80 ; M 441 5 MR A 5T

FESES: TQ53; TK114  XEFREM: A  XEHS:1006-4772(2024)10-0050-09

Process simulation on chemical looping oxygen uncoupling coal-fired

power generation system
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Abstract: At present, the chemical looping combustion of coal comprises of the following three steps: coal pyrolysis, coal char
gasification, and the reaction of coal pyrolysis and gasification products with oxygen carrier. The entire combustion conversion process is
limited by the slower coal coke gasification process, which lead to a decrease in combustion efficiency and CO, capture efficiency. Because
of the oxygen carrier used in chemical looping oxygen uncoupling combustion with the ability to absorb and release oxygen, coal coke
directly react with the gaseous oxygen released by the oxygen carrier, avoiding the slower coal coke gasification process and significantly
improving the fuel conversion rate. This paper builds a 600 MW chemical linked oxygen decoupling coal-fired power generation system
using CuO/Cu,O as oxygen carrier using Aspen Plus software. Based on the simulation results of the system, energy, exergy, and exergy
cost analyses were conducted separately. The results show that the net heat efficiency of the chemical looping oxygen uncoupling coal-fired
power generation system is 37.66%; The component with the highest internal exergy loss in the system is the combustion reactor, which
accounts for 44.23% of the total internal exergy loss in the subsystem. When only the power generation is used as a product, the efficiency
of the chemical looping oxygen uncoupling coal-fired power generation system is 36.27%. If high concentration CO, is also used as a
product, the efficiency of the system is 40.47%. In the chemical looping oxygen uncoupling coal-fired power generation system, the
component with the largest unit exergy cost is the seventh feedwater heater, followed by the fifth LP turbine, condenser, the first HP
turbine and air preheater.

Key words: chemical looping oxygen uncoupling coal-fired power generation system; Aspen Plus; system simulation; exergy analyses;

exergy cost analyses

llﬁtﬁﬂﬁﬁ-zom—osfozx,,\&iﬁf. BEYEF  DOI: 10.13226/j.issn.1006-6772.CCUS24030401

EETE: Tl R4 TS eds 110 4 220 5000 = TP iR 5¢ Bt H (HBIK2023-07) 5 B0 #F TR IR Rl 48 S 1R 5 Bl
Ji H (B2022277)

EBRIT: 2@ (1985—), I, WALEIIA, WD, B LTHHRE . E-mail: wangxiaoyurainy@163.com

SRR /NFE, B0 AL R AR 2t R G A (] HRER,, 2024, 30(10): 50-58.
WANG Xiaoyu, ZHAO Haibo. Process simulation on chemical looping oxygen uncoupling coal-fired power generation

system[]].Clean Coal Technology, 2024, 30(10): 50-58.

50


https://doi.org/10.13226/j.issn.1006-6772.CCUS24030401
https://doi.org/10.13226/j.issn.1006-6772.CCUS24030401
https://doi.org/10.13226/j.issn.1006-6772.CCUS24030401
mailto:wangxiaoyurainy@163.com

E/INFT A AL P HE AR K v R e R A

2024 4E55 10 4

0 35l

AT ORI e e RO 1 — e, %Ak
BIHEC 2 NS, H AT SRR R R AR
EEA 3 BRBERTIIAR . BRBES il AR U
be o [HIX SER R AR B FER Gt i B R SE I R
Pl o B o A= HERRBEH AR AT AER T AR M
REFE MY SR [ 90 — Ukl A, el Bl
EE7R7 291 AR 3 30 75 7 S Tt SN = B o1V
T SBRRIREE, IMRRS AR, W%
AR PEROR DT M E (LB R RSB Wi
PRI NS BN ol S ) C | A L7

[ AR 2 R PR AT 2 Fhide AR —Fb
J2 [ R A9 ORE 1 5 i Ak b 8] 7 ——h O,
H, KRR A A IR A <, ARG A R
FERBR R AN, IR 2SI AR R B . (H
SN T IR A A, TERAAS N, A, 46
SR A ST R E R o TR BRI GE T
B AN & AR B 25%, PRI 5 5 AUk be
FALE, 2SRRI s B A U B BB,
B, (HR2 S AR AR LA, RBCRA
B AT 2 AR A BERR PR AR 520
oo R AL B AARRL B AMRRL S A T
55 SR R A M R, AELJE A OR 5 SR A A
CHE S ) & He B 1] - B 7 A B2 o7 R SR ARG . T
i, B EAERREHR I 25 A Hy0 51 CO,, 1HA#R
PR AR AL FE AR, AR
B9t H,0/CO, Ak Hy/CO, SR G BL#% 5 Ak ik
FIORL KA IOV . Ho/CO 45 43 ) S AR B i S
HRAR T, (ER [ AR AL RS, BRI
TR 75 () B R 3 R MATTISSON 2
$& 1Y 1k %% B 4 % A% ( Chemical Looping with
Oxygen Uncoupling, CLOU ) 75 {2 AT i ffs [& (44K
IR RE T AR, DT 8 354 i ST R

Pl A AR R 2 AN BROR SR A, A
JRRL SR s RS SR o FERRBHSLIN 25 1 23 K A
2L, H AR Me, O, S IR Me, O, , FI'S
BEG RIFBEIIREE—FE, BOBE (TR,
WSS 5SRASARAESAMRN, 77 HEH
CO, Fl HyO AR . ZERRHSL I 25 b B A S5 i
EEUE Me, O, FEIR M1 B 23 SR g, FEAS R
Jog g rh 5 s PR AR LR, AR Me, O,

i N8 NI E SR Wy o S NV E B2
54 )8 S AL RN, JF BN BR TR AR RN . fH
CLOU W8 AT B AE i T et 5 S AR 4]
WM : CLOU By R M A RE 1S 15 45 RN i
SRR AL, SRS AERRAHS N 25 Hh 3 2ot 43+ fife e

T

4K, . JERNDAL %" jA 5 CuO/Cu,0. Mn,0s/
Mn;0, Fll Co;0,/CoO Rifi A 1E A IL2EAERREE I S 2k
K, FENENERSIE T 550 #, MATTISSON 45!
N IE & W AT S o g R, 15 CuO/
Cu,0. Mn,05/Mn;0, 1 Co0;0,/Co0O & #x 1& & 1)
CLOU AR Ry B A I7E R SN P A
7, R EE A TR S P B R, XTI
Oy R AR R . CuO PRH s S ik . e U %
CEVAIDYSE T RS Sy iy I N WA ke o S T
Z X" CuO MM Cu,0 KB LI Z B H )
2FUR B IR, IR IR S ) A AR R RS
PR R 2 pE,
ABAD " B U 2 GRS R A 7 T
T A AR A A B AR I A 4, TS
T AR R B, 35 R 2 AR A W AR R SRR
LING %" iz H] Aspen #fF#8% T CLOU &%, I
WU S S AT R, R H WA
4. HET, % CLOU S5R[R ) % HL 2 G4 it £ 5
5%, FERN Aspen B ). CORMOS"” #y
T LL CuO/Cu,0 HHEEM, DA BB A
BB IERHE 100 MW LT Z55REIT, S5 0H 4
(0t T 00 L A W R B SR e ) B A 4 T A
b, CLOU RZHA WF M3 (filhn o m ik |
BT CO, HElem LS U285 g ) o SPINELLI
A PEAG T (1500 MW ) BRI S T FP i PR
FEAE AR CLOU BB RIS . ARG HATR
SRENTEG T, KREECRAN 42% ( LR B4
S5 K 2.5%) , &N CO, R EUE i
95%. PELTOLA 25" LAA= ¥y B0 MkE, #9482 T 48
BE R RSB PGR T, AR ALY
BOREN T 99%, RGERCEH 80.1%, x(HAEH
ETC CO, MiRBUHSREEN S HZ ) (81.1%)
P — e BRI 25 e R R RS
IR IR o AT AR — e AR T RE ST E, (H
RNEEMRE R GLRE R R FRRAGIEIN . #1250 — 5
AN SCTERE B A AR L . RIS TR 2258 —
SE A3 M R A 7 A v A AS W bt 2k A 74
Mrih KA, [RIAS HER R G0 AN m] i 2 9 it A &
FEAEERAL, XN R G AN AT R R R R S AL
REME 2R AR T [, UMMM B Lot R 48,
N —HE A . — A%, W MAES
JETTREE AN, (HAP LHRSL—E 1T, H£5
AlRE AR o L, M RGEMEE, AL
B PSR G BRI S M, B IEHAT
PE. B RGER S EBNE MR FF R SR P &,
PN RGN ERETE R, AR SA S .. e
51



2024 4E55 10

R IR . 5530 %

THZ B A AR, Wl E R PR ) &R
G sN T — AT B i P [l

XF—IN RGN, AN EFAE S E
WA, RE L um ik —A PR R E L
Uik [FRE— A PR iR 22, HR R SEBR &R
Gurp Nl AR o R T RS bR R
IAREENE, XF 7 XA R “ME”
FEMR ) L b, RN AR
o XA TR LIXT R G IR (BRI AN AT
W) BT .

H A X Ak 244 SR SRR & F R BRI T
KEMERGRBRCR, DEEFE BT A8 4A
FRARIRME R L R G AR ™ 0 R L2 2 AR
A B F X Ak 2 AR AR R R R L R AT AT o
2 FIa ] Aspen FR AR 600 MW Ak 275 S8 SRRt
K RGIHT T p B B, KPR B X
REUATRER . . PR, AL R AR
R R B R G ks iR s %

1 CLOU BB RGEE

K H Aspen plus HAFEILL 600 MW il Ft 4k 27~
FEE AR R RS, REWMAENE 1R, H
% AMMBT RS (K1 (a) ) MKKRREG
(1 (b)) 28Bad, KIKRGZEZINPFT
RE 1 b 22 5k A AR R T R P it o B S L B
( DECOM ) FURAL R W #% (FR) R H RStoic ik
KL, BhB 2% (BURN) FZs S i %% (AR)
K FH RGibbs #EERAR L A58 FH A B9 M 4B 0
* 1,

F1 BEERST
Table1 Quality analysis of coal samples

x2 REXBSEMBRIERG

Table 2 Key parameters and operating conditions of system

P icaE] BAESAT
R M, BECREE . 25 ¢, FREWE: 61.15kg/s
. HRFR BN 21%09 O, FHHRFUS SN
R 79% Ny, HERE. 25 C,
JEEJR 5 : 24.28 kmol/s
E2R= 4L CuO, EE/RILA: 30.28 kmol/s
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Fig. 1 Flowchart of 600 MW supercritical chemical looping with oxygen uncoupling coal-fired power generation system
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Fig.2 Internal exergy loss of chemical looping with oxygen

uncoupling subsystem
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Table 4 Fuel product definition and calculation results of each component in chemical looping oxygen uncoupling

coal-fired power generation system

£z ZiREd oS FE b BRI kW 7 R kW K 1% kW
1 DECOM F= Eg+Eq, P,=Eg;+Eq, 1935 639.85 1816 340.36 1.07 119 299.50
2 BURN Fo= Egy+ Egy4 Py= Egs+Eg+Eq, 5523714.63 5182 205.39 1.25 341 509.24
3 COOLER F3=Egy, P3=Eg,+ Eq, cooLer 100 066.62 97 642.95 1.24 2423.67
4 FGD F,=Eg), Py=Eg13+ Eg14+ Eq rop 88212.97 84735.81 1.29 3477.16
5 H20SEP Fs=Eg); Ps=Eg s+ Es16+Eq maosep 76 231.63 72734.90 1.35 3496.73
6 AIRHOT Fg=Eg10—Es1, P¢=Esy;—Esps 16 861.46 15483.85 1.32 1377.61
7 AIR F,=Eg5—Esys P,=Es53—Esz9 72 445.55 57976.19 1.56 14 469.36
8 OXR Fg=Eg 9+Esy; Py=Egy 1+ Esy+Equ 1856 624.32 1836703.48 1.24 19 920.84
9 REL Fo= Egg+Egy+Eq3 Py=Eg)3 +Es)o 5541 574.95 5493 649.25 1.22 47925.70
10 STEAM Fo=Ess—Es10+Eq, stEAM Pjy=Ess9—Essg 121 165.42 107 248.54 1.37 13916.88
11 RH Fi1=Egy;—Egy4 Py =Egss—Egse 60760.21 49 842.84 1.52 10917.37
12 ECO Fi,=Eg4—Egys Py,=Egp,—Egy 43598.94 36 155.97 1.50 7442.97
13 SH Fi5=Eg;,—Egy3 Pi3=Eg4s—Egyy 138916.38 122 614.61 1.41 16 301.77
14 SHRAD F14=Esy3+Eq surap P=Egy, 740 720.54 682 360.72 1.44 58 359.82
15 FUR Fy5= Esyp+Eq pur Pis=Egy3 611518.94 500 287.85 1.49 111231.09
16 VECO Fie=Ess0 Py=Egy, 200 294.77 199 301.67 1.57 993.10
17 HP1 Fi;=Eg4s—Egs6 P=W, 186 006.83 145 865.00 1.83 40141.83
18 PIPHP1 Fi;=Egs Py;=Egyo 54308.03 54155.20 1.44 152.83
19 HP2 Fi9=Eg4—Egs3 Pio=W, 48956.27 44 962.00 1.57 3994.27
20 VALH21 Fy0=Egs4 Pyy=Egs6 459 134.20 456 597.93 1.45 2536.27
21 VALH22 Fy1= Egs5 P,=Ess; 56 570.00 56 393.45 1.44 176.55
22 FWHI Fyy=Eg40—Egso Py=Eg45~Egso 39881.26 38237.07 1.50 1644.20
23 FWH2 Fy3=Egso+Egs;—Ess, Py3=Eg30—Eg3s 50208.79 47 396.30 1.53 2812.48
24 FWH3 F,4=Egs1+Egg3~Essp P,=Eg35—Eg3; 32483.34 28987.14 1.62 3496.20
25 FWP Fys=Wewp P,s=Eg3,~Egs6 32435.65 21367.43 1.52 11 068.22
26 CP Fye=Wep P,6=Eg3;—Eg3o 749.85 622.62 1.20 127.23
27 VALIP1 Fy;=Eg, Py,=Egq3 30172.24 30079.68 1.44 92.57
28 VALLP1 Fyg=Eg; Pyg=Eg 23473.57 23296.39 1.45 177.17
29 FWH4 Fy0=Eg;—Eg;, Py9=Eg35—Egsy 22067.04 18231.24 1.75 3835.80
30 VALLP2 F30=Eg;s P3y=Egy 7720.05 7632.18 1.45 87.87
31 FWH5 F31=Eg;+Eg;6—Egy, P31=Eg3,—Egs; 7 848.52 6732.91 1.69 1115.62
32 VALLP3 F3,=Egy P3,=Egq 4875.59 4801.40 1.46 74.19
33 FWH6 Fy3= Egy7+Egg1—Eggy P33=Eg33 —Egs7—Ess, 5193.41 4403.13 1.72 790.28
34 VALLP4 F3=Egss P3=Eg 4353.73 4077.40 1.54 276.33
35 FWH7 F35=Egg,+Eggs—Essy P3s=Eg3,—Egy; 3939.55 2545.63 2.36 1393.92
36 STPUMP F36=Ess7—Esgo P3e=Wsrpump 25362.55 21976.17 1.66 3386.38
37 CND Fy,=Eggq+Eggo Py;=Eg30+Eq cnp 37009.32 27 869.80 1.91 9139.52
38 IP1 Fig=Egso—Egs1—Ese2 Py=W; 102 920.27 96 260.00 1.54 6 660.27
39 P2 F9= Eg61—Esgs—Eses—Ese7 Pyy=W, 90910.17 84347.70 1.55 6562.47
40 LP1 F10=Es¢s—Esso—Es70 Py=Ws 56 289.25 52160.40 1.55 4128.85
41 LP2 Fy1=Egeo—Eg74—Esys Py=Wg 89128.16 81724.10 1.57 7 404.06
42 LP3 Fp=Es;4—Es;9—Esgo Pp=W, 42 852.47 38809.70 1.59 4042.77
43 LP4 Fy3=Eg7o—Egg4—Esss P=W, 32525.09 29167.70 1.60 3357.39
44 LpP5 Fu=Fgg,—Eggs P=W, 51 444.62 37625.10 1.97 13819.52
W a NN s b AN AT S O IR K
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Fig. 4 Production structure diagram of chemical looping with oxygen uncoupling coal-fired power generation system
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Fig. 5 Formation process of unit exergy cost for chemical looping with oxygen uncoupling coal-fired power generation system
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