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Abstract

The co-gasification power generation technology of biomass and coal is a promising technique that
can effectively reduce the environmental pollution caused by fossil fuels. This study employs Aspen
Plus software to simulate a biomass and coal co-gasification chemical looping combined (CLC) cycle
power generation system, investigating the impact of moisture in biomass on the co-gasification
power generation system. The research findings indicate that, when the mass blending ratio of
Arundo donax is constant, reducing its moisture content can decrease the flue gas flow rate at the
fuel reactor outlet, enhance the conversion rate of NiO, and increase the thermal load of the dryer.
Moreover, the reduction in moisture content can effectively boost the net power generation
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efficiency of the co-gasification power generation system. When the mass blending ratio of Arundo
donax is 10% and its moisture content is 0%, the system’s net power generation efficiency can reach
as high as 42.35%.
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1. 531§

ABREIRGE M IEAEE D ML Y, (R RIS & 2 S AL [1]. AR XU g, RITE 2030
SRR SEPUBIOB AN TE 2060 SR 1T SRR AT, & — TS 7E OGRS A AHE BN 27 €8, Jee 1) T R ks o DRy s
WX —HAx, HETRIET 2 5T 5% R B HEO R G AL, iR ) B S AR U w]
DAAR B i A 00X — SR

HAT, BB M S R AR 2 BEaRE =M= BRI b5 i SRR e hHili4E
b 2R R b — PR BRI B AR BOR, & B/ E RH 5K Richter A1 Knoche 7 1983 4F 15 k32 HI 1, H
TAEWZEER e, RS SR RS, 5 8 (k. . B SRR 7. XA
CO, A S 2R BaTT, fHT CO MIERMTEE . Ik, BN AR E %2 —. HH,
SRR L TAE G A BRI 5, BRGNS 58 OB TR, SR = A& CO. 4
BRI

VI RE S B B TR BRI B AR, B4 C AT 1R 2 BT 22 35 0 AE MR S IR ek
HLRGUAT TR 7L, FRER FEA [FIE AT S H0 75 G i HECR Fe T REFEI 2 . Ozonoh S5 [2]9Fl 17—
Bt 5 MW AW 5B S AGIAEB (CHPY R L R G IR SRR . W FE R, BEE ALY R B IR L] )1
T, &RGH ) CO. CO2 SO, Fl NOX HEBUZE /D . Long 25 [31F 7L T AW BB IR LB R G HHCR
o, RIHBIRHIZE 1003 30% (AN, PSERARWAE 1% AN . 1Ak, R 10%0) 45T 51K
RLBER A P LA S A8 0.7% [4]. Kuo Z58[5]1FAh 1 0%~100%HE K8 A= P )i 75 & (1 5 1% A= M iR &7
ISR . THFCR], SRR IB 44 oy 80%I, R SASHLIRAE T 1352.55 KW I35 Th 2t
RGRFEIE 58.94%. Qin SE[6]50 T T —F A4 i 3L S A AR BH BE il B I UL i 2 6= K L R Gt
GERFH], IR PRI R RRRTE 100 th AR, AR HEREE R N 0 BN F] 40 th i, REEMEERES
M 53.56% 4K 3] 51.64%.

SR, AP SR R 7K o 2 R SRR I RBCR KA & AR YR A S A R 2 T e
SMAIRER I TR 280, MMIBRIRAAGIREE, SEURPOERRIS, MmawcE. FEit, EYmH K
Oy e B E AR T A RE . Bk, A Aspen Plus A4 TRV AR AE 45 T4 72 5 A W o 5 3
SRR A R B R GRHATI G, RIVEDR K& B SR R SR

2. S UK BRGHIRBERE
2.1 HES MR
T AR AR LA G & LR 5 A B L, DRIBERR AR I SRR 75 P I DR B R 50 5 B AR
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A

BEE T2 e, mAERERNE. 5T B A B DL OE S AU ISR T B g H [7]. % 1 ROR
THER SR AT RIS B ERIRES NI M AT RT3 BT o AR RN AT B S FAE 43 A 27.88 MIlkg
10.93 MJ/kg.

Table 1. Properties of the raw coal and preprocessed biomass (as-received basis)

= 1 ERHERTNALIE A PR A Hr I (B H)

R P
TolA-HT (%)
K4y 4.1 42.01
YRR Y 28.48 46.5
K5y 11.98 1.99
[ S B 55.43 9.5
TCER (%)
C 69.43 46.73
H 412 5.73
o] 8.25 46.28
N 1.25 0.54
S 0.72 0.52

22. RGBTSR MRIZ

w2 T REANEESE, RS RIGIERIEE IR, DUREAENL. ZRIREHURZE S AL
RN o IR SN 88 F 25 SR N 28 ITE 30 bar [ J1 NI AT B SORE 88 s < 4% 1Y)
ERARIR B 73728 900°C # 1300°C » =R ATRACHIAEAF I K ) FigqT, 437024 170.5bar. 83.3 bar 1 17.7
bar. EIXFHMENLT, HANIREN S SVE R FFEE N 150 MW, T 52 BT 7 FO BN A P 5 16 o i
N 3 s e T HRAEMFRAET A S, [ RBIFTRES PRI B /E7E RYield SNE oAk
RE RN SIRIREY . RIEH SRR G 53] RGibbs SN 8% i3t 73— 25 M. Gibbs [ M #%
IF= P R T R A E AT A B Re S/ AMERAG 1) RSt FE 3 FH I MHeatX AERBLLL A #4 ]
AR K AEZR(HRSG) . fALLi% F SRK ME AN K LR GBI SV 73, 4% NiO 1B R E A
¥l

Table 2. Operating parameters of each component in the biomass and coal co-gasification chemical looping combined cycle
power generation system [8]-[11]

R 2 AENMRESRASUAFBRESRITILXBRZDENMEHRIETSH(B]-[11]

LT S
B TEARIE . AT (S5 NIVE R 150 MW)
TR ANMRRE: 20°C, NAEA: Lbar, Z55: 21% O2 fl 79% N2 (& T4F1
St RRE: 1371°C, JEJ: 42.4 bar
FRR W n' e ’ ata AV H c ’ A A 5 5 jl%‘ 7
(R R B igiizﬂgm C/30 bar, 73S RN 4%: 1300°C/30 bar, P/ RN 283558 H 5 A i 1 B
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TR HEE: 105°C; K S7: 1bar

Jii i e & H2S ZBR%E > 99%
SIRHPUKFEIR RGNS S2: 170.5bar/413°C, S4: 83.3 bar/355°C, S5: 17.7

RN AR bar/206°C; EFITIEA: 250 bar, FEHEE: 540°C, HFSIEE: 90°C, BERIES:

0.045 bar, Z@sE: 0.88, HUMAHE: 0.99

CO: K45 JE77: 110 bar, E4ENLERRCE: 0.88, HLBEE: 0.99

MEF HeUE J7: 1.05 bar, HEBGREE: 510°C~550'C 2 i, %% 0.88, HUMLER: 0.99

i J£77: 150 bar, “FM@iiae: 0.88, HUMZEH: 0.99
CO: [Flifi L 5%

Table 3. Mass flow rate ratios of Arundo donax to Zhundong Coal

®3 AEERERERERKL

B 2= L5l (%) 0 10 20 30 40 50 60 70 80 90
7547 (kgls) 0 057 123 1.97 2.84 3.87 5.08 6.55 838  10.69
AR M (kgls) 538 5.16 4.9 461 4.27 3.87 3.39 2.81 2.10 1.19

AR RR A 1 R IR ERE AR 0T A R G DR S B BG4 . TR TN
(Rstoic-DRY), IBAEW RN I8 A Joi 553 A B2 1) B3 AN R i), dl it 7E DRY BB i 8 i1 5
ML, FEFIF Fortran B A R AE YD AT TR0 HE . R AP T e S5, B PRk — e ik NS 4 28
FIG(DRIER) AT B4 B o A /KIRITHRA BN B3R, T e A A R 3B HE i RAE n]
DABADL T AR08 O 60 2 7K B AR AR A 0 T R B 0 (0 T R R P DA S BT e BRI R FE AN TR 55, 451
ZA ] DLE 18 5270 )9 (Rstoic-DRY ) i kAT I B . Forr, 78 DRY #8455 1) Fortran #2540 °F -

H20DRY = M

CONVE = (H20IN-H20DRY)/(100-H20DRY)

“M” RoRNT G YRR B o &

SRIM, BT AR AE T R oK 2 B R, AR5 1 Tl oG 2 40 BRI G 2R 4 RS B 2 R A A
(AR o WCBI B 1) T A AR T DUR A 30(1~4) T A . th S Rk 4 B

W B FE 20 oy — 2= T FE A 4

e, 0
W B FL2H 7y — TR )
R =R S0 i £(2)
g BB PE — 2 T IAA
Qu = Quioi ()
g B FE R — T PR PE -
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Figure 1. Flowchart of biomass drying process
B 1. £YRTERREE
Table 4. Proximate and ultimate analysis of biomass at different drying levels
F 4. FHMRARTFIEEETH I ST RoHh
Tk #r JCE T BRIy
Ko K5y R 5y [#] 5 Ttk C H o] N S MJ/kg
42.01 1.99 46.5 9.5 27.29 3.39 24.79 0.35 0.07 10.93
30 2.40 56.13 11.47 32.94 4.09 29.92 0.42 0.08 13.19
20 2.75 64.15 13.11 37.65 4.68 34.20 0.48 0.10 15.08
10 3.09 72.17 14.74 42.35 5.26 38.47 0.54 0.11 16.96
0 3.43 80.19 16.38 47.06 5.85 42.75 0.60 0.12 18.85

w2 fow, ARV GBI SAACEREBC G TR R B RGN L2 AR R . RN R E A .
TR, CLC IRN%%. JRFEHL. JE4EHL. B . HOS st KA EIATR R A 38 LR iR 25 5 347
BHE,

AW RAE T8 Hp AT TR AR HE 5 S HAE RYield SN 2% FRdt AT 30, o i B4k - B R B s B
BHTEAEJF R N . Hodr, AR BT8R 7K 43 (EX-Moisture) 5 4) 46 1025 S (A0)BEAT ek, HY TR N
40°C . HULFEET, Bk N A (FR)FIZS S B35 (AR) 75 PR RF i B8 . SR 1 FR (19 H R R % 211
[i] 3 5 25 (SepL) HH S AAR AT (R0 R I A Bk B 470 (50 i 1 4 J SE A DR IR 23 ) W 23 B9 o RS (G L) B 16 1)
[ 7%V R A B (HRSG) HH HEAT A3 B4 B T A% 5 COL R AT 2 /T, 77 B OB s &= A ek
J65 MnO B LAZ:BR SO M Al IS 4, I HIBELS 1 CO2 it 2 R 2] AR, 1E RIS T
KHE FR LB % BN R B8, DO & BRI 5 2K 705, K4 i FAReiE I 5 A i #vg
Beas g e, 708 4 B Bk (ME)BE /R AR, 7E 30 bar {15 11 F 5 5 452 U i AL B4 B A
(MEO), #RJ5, & A FR #FEANT —AMEH. 78 HRSG B, KH FR A1 AR K&l AL 825
AR, DM TR H i e R 2SR

Hrr, RYield BEHOYTHE USRI ROBigs, H 3 AR R H20. Cy Haw S. 020 N2 AR
55, I H S BB, NG E S . SR, A RICR I & R i Fortran #27 S
AZ| Calculator B AT 1H R TS . B 'S 1) Fortran #2740 °F -
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FACT=(100-WATERZ(1))/100

ASH=ULT(1)/100*FACT

CARB=ULT(2)/100*FACT

H2=ULT(3)/100*FACT

N2=ULT(4)/100*FACT

CL2=ULT(5)/100*FACT

SULF=ULT(6)/100FACT

02=ULT(7)/100FACT

WATER=WATER1(1)/100

ERREEY, #EAEH “M” brid, [EH “G” Frid, &AM “A” fnid, Z&5H “S” Frid. 7EH
J RS RE S, AR T R Ak

1) P AR SR B ] DL 2R AN

2) . Rl IREEHLEI SRR 0.88, MU 0.99 [12].

3) AP HAR B () AT LA ZBEAN T

4) IK53IE N AR R SRS o

5) S Bi#E A B R AN B mT DL 2B AN T o

DS1

F1 E2 MAX H7

wo% y) ) DR ®

DIRER DRY-BAMB

— pAMp— (R (\’_1
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Figure 2. Flowchart of the co-gasification chemical looping combined cycle power generation system integrated with biomass

drying

E 2. EREIRTHROHSUUFRKS BT LB RGRIZE

3. WHEEE
N T AR S BT A BE R S5 K B R G BEHEAT AT 7T, 75 B0 A W R Gt AT RE
BAM T, U2 MR T 10096848 G fi 261 R HEAT R
Q W Zln i Zout it ﬁ(S)
Horbr, Q RN T RGHNFRIA W RIR RGUN IS Th s my AT by 7055 Z s SR (0 o7 St B A B &S
T RGN RE R LRIRN:
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n = Eoui 7(6)

€, RTRAI IR E,, 5T R4 NRERMA.
KT, AL R EHI R ot MR AL H D TR Z L 3950 S A SR

F BB AR . SRR BB R B R T S A

s R LR A S 05t 17 A 60 O BT
U B AR DL S5

Y — L

7
N A ()

RGN (P, ) E T
Pret = ( Per + Pt )_(Pccs + Pewp + Pacy ) ﬁ(S)
Hrp, P, P, 2 RS ARE F R ZRVRFE L AE I s Pogg 1 Py A2 CO2 IR 4B FNZ /K I TH FEI HL
Pucy B RN OHFERI . M) R R R S DL A A

e R 9
R = R T O

4. BRGERE S

B IR A TR R S B A TR R B R A IR T, THREA RN . B 3 Bl
PTG 7K 53 & B0 BRRE S B 25 H VRS 5 3 B R (P AT 458 4k L R 10%) . mT DS, BEAE 7K 43
TEFR, BRORESON 2% H RS R 34140 03 BB A R AR b a3 . K28 & M 510.4 kmol/h R
F#3%1 443.0 kmol/h, CO [ffEM 10.2 kmol/h FB&%] 10.0 kmol/h; CO, &M 1157.3 kmol/h f& % 1135.2
kmol/h; H, & &M 2.75kmol/h %% 2.38 kmol/h. Z55REKH, PTG, KOOSR FERER M
arth AR E TR

B 4 B NPT I8 fE 7K O 2 B R 4R 2 S s LA NIO B AL 3R IR (P 7145 2% LA 10%) . 7T BA
3, BEE K & B R, R8I BTG I, A 42.01%0 1) 382,040 kg/h -7+ 0 B 395,180
kg/h, oRHI/K &8 S EG ST RERAAHRK R BN, NiO FH A Z W EEK & SR BRI E 2
M 42.01%7K 73BT 1) 96.97% F T3 0%7K 73 I 1) 98.94% . X MR I P AT K0 & IS, R
NiO ALk E, PR & IR AR T 4R S S AE T R, 4= T NiO bR .
FEFEFRALLF =5

1) AW R K G 28 R TR EEROR EIE B, AR K A S e
A=W R I S SR (BT 2NTO + C — 2Ni + COR) Il M S 8, I 4 B A1
Fhim, AERIRE TS, 33 NiO A E K.

2) FEKRSEEMAEY AT S4B RKEKES, XK GSE RIS AR
CO M Ho)iRA G, SMBIRRNRE . I H, /KESRY B AL ), 2RSS (% AW I #Afif
FFER A HIRET, T80 NIO RN fE o TP MR R B, #8855 5 NiO HITRE I, 45k
SRR, SRR

3) NiO fEm/KAAHME T E G RAERM BRI, FRACHIETE XM RN 5 N RS I0 N
W, KRS TR E B A il P2, 78 i (E B R R R R T, B IR IR = Bk AT, 3L
WAMRM SR, PRI R,

>

FER AR GUR L . 170 NiO 5
SPEURN I A T E i RE

w U
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Figure 3. Effect of Arundo donax moisture content on the flue gas component concentrations at the fuel reactor outlet (blending
ratio of Arundo donax is 10%)
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Figure 4. Impact of Arundo donax moisture content on compressed air flow rate and
NiO conversion rate (blending ratio of Arundo donax is 10%)

E 4. B GEEMNERTSIRE AR NiO FLRPFM(H B2 10%)

DOI: 10.12677/mo0s.2025.144357 1104 5 1 A


https://doi.org/10.12677/mos.2025.144357

A

K 5 B8 T AT RS 24 LB 5 TR K & B TR s A s . AN DL, 524t
BUFARIET, BEAG TR S B, TR A BN B, 7ERTIBAR LN 10%, Koy
T 30%M, FRRES AT Y 793.65 kw, TIZK 3 N 0%0,  FAiger EFEI 1732.50 kwe IXEH, 4
PR R L — i, TS TR B R RS AR YR TS AR, TR R R 2
MRE RBREIMK Sy, SRR, MEMFRK S EEZET, MESTS RSN, +
TRAS IO E I, B, FEK BN 0% R, BN 10%0, FHRas#fifr A 1732.50
kw, 454N 90%H, Hufifi ) B F151] 28340.84 kw. FEFERZH T, MTAGKY &ERE, £
R LE BRI, IR R R T ERROR, AT R ERCE 2 g, AP TRAE I B
2 T MWIEARER AT CUE Y AR 7T (7K o0 SR AR LU A7) (R B PR AR, # By (B35 42 7t o
FHUE T DATR Y, P T i ) 7K DA B P ) ol i Bl st 2R 0 ST S AL B A 16 A R L R G B AR [ A2 5%
EXSESRTE :h-AR

T T 3.830E+4
30000 T
3.454E+4
3.078E+4
25000
2.702E+4
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1.198E+4
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700.0

Figure 5. Effect of Arundo donax mass blending ratio and moisture content after drying
on dryer thermal load

B 5 A REBHEHSTREKS & EX TR AARHIZN

Wl 6 Fros, JoR 1T RS Ak LU S R K o S O A S L H D AR AR . A5 SRR,
AFRFATK I S AL S DR B35, BARRIUN: BEE R SRR, RS
FeNL S DRI B0, EPTT B G O 10%, K> RN 42.01%I0, fai D0 85460.18
KW 17 247K 7 & &P 2 0%, St Thae b 7H#) 92629.41 kW, [FIFE M diEH T HAMM R E . 53
X BURB IR AT PR A

1) MREEH LA DO A SRR G A AR, T K 2 e B RORE S RSO R 2 T 28 8K
M FEAR T AT AT 2B 27K & R, BRI IE SR i, DRI AR ML RE NS 7™ 2 T v PO i

2) LR BRSSP R SRR, R T R R T ROBCE . B, R
BEPEI T RE P 5 ZESR OB 2 I BRI DU R R 4 2R, S T A SR AU 0 IR 4 2 R 2 1, AR
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BRutz Ah, EAFKD S ELET, AR SRS ThE, BE S Tis 4Rt
B, BRSEHLI DR R R R . B, KRN 0%MTEIL R, B2 A 10%I (4%
H D)% 0h 92629.4052 KW, 171 44544 Ll 90% N, it Dh 28 B 45 85373.4849 kW, 1X — a4 7E HAth /K 73
B PR FF— 8 X FERIA T, #EARGER ST R R AN ] . W AR B LU P A B e A
PeAVE AR RCR, Rk, 4P RE LB I, SRR VE BRI, BRI ThR e 2
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1000001
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Figure 6. Effect of Arundo donax mass blending ratio and moisture content after drying
on gas turbine output power (unit: kW)
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B 7 B AT i s 15 A LB S5 7K o B AR R R S A B BE B S IR R L R i R AR I 5
o M RTLAAGH, FEAHE KR R G AR, K& &0h 42.01%F0), BEE 1T R ES R
ELI AN 10%3 K25 90%, RGEHIT K TR 40.84%i1ZHT 4K H] 32.97%. 2Rifi, 41T BFRESBRRITL
Bl —E i, BEEAITR S EM 42.01% FREE 0%, JLSEH RGHIER BRI B FTitE. EEE
B, UETTREBRIA 10%, F7TKS S8 42.01%0 % 0%, RS0 KBRS A 40.84% E 7t
F| 42.35%. XK, KrEEMBRRER A ZILT REBEIRIRBERCR . 4 BTk, $Emdyim 5t
SRS TG K B RA IR BBE, FRFFEIRMAEY RS S, HRERRAEDR 1K
i WX — s, AT AR AR LS R RIS, e R AR 5 - 0 R4 R v A AR
B, DA BRHEG SRTHRRIR IR R, i s IR ) RS T SRR FIR, O RR R
B ORI BRI A B AR SR T AR AT
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Figure 7. Effect of Arundo donax mass blending ratio and moisture content after drying
on the net power generation efficiency of the biomass co-gasification chemical looping
combined cycle power generation system

El7. FREBEREHSFREKSEEMEMRASUUZRKSEITRLBR
G & BHENFMm

5. &ig

I AR T R S S A RS S E BB S IR K B R AT G, IRITAEY I K
B LSAR B RAN ., S RE R
1) FTREB AR B —E R, BRI T K 2 S EURE R N2 H S S, R R Gun 46
SRS, NiO # RS m .
2) MUK B A EAH R, PR RS R AR, TR KR, S RS TR
FIINCR, A5 P R A7 A 328 T 184

3) BT IR B BT B A LG, A B TR DI, I H, 4R E
BB 10% H K 7> & 59 0%, REuIE K AR Bk 42.35%.
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