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Abstract

Based on Aspen Plus platform, from the angle of heat balance, combined with the principle of free
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energy minimization, the co-pyrolysis gasification process of MSW (municipal solid waste) and
biomass was simulated. By comparing the experimental data with the simulation results, it is
proved that the model can be used to predict the characteristics of co-gasification. The effects of
different operating conditions on gasification characteristics were studied by sensitivity analysis.
The results show that the proportion of municipal solid waste has decreased, the calorific value
and dry gas yield of gas are reduced, and the gasification efficiency is improved. Gasification tem-
perature has great influence on simulation results below 750°C. The gasification efficiency is the
highest when the steam flow rate is 0.1 kg-h-1. The increase of oxygen flow has a negative effect on
the simulation results. By summarizing the change rules of each index, the suitable operating con-
ditions are obtained: The mixing ratio of raw material is 50:50, the gasification temperature is
750°C, the steam flow rate is 0.1 kg-h-1, and the oxygen flow rate is 0.005 kg-h-1. Under these con-
ditions, the simulation results are optimized. In syngas, H; is 54.43%, CO is 33.23%, CO is 11.77%,
CH4 is 0.57%, low heating value of gas is 10.27 MJ-Nm-3, dry gas yield is 1.26 Nm3-kg1, gasification
efficiency is 70.10%.
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Table 1. Gasification reaction

#=1. SRR

SR SR 578 AH/KJ-mol ™! EERE)

C+0, = CO, -394.1 R1

2C+0, = 2C0 -220.8 R2

E= XA

2C0+0, = 2C0, -567.4 R3

2H, +0, = 2H,0 -490.6 R4

A 2C0 = CO, +C -173.3 R5
C+H,0=CO+H, +131.7 R6

R - KRR ERRN

C+2H,0 = CO, +2H, +90.2 R7

IS AL SR CO+H,0=CO0, +H, -38.4 RS

m
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Figure 1. Simulation process of co-gasification of domestic waste and biomass
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Table 2. Aspen Plus unit operation module
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RN T A ST R [ T AT

Table 3. Simulation results and experimental results

=3 BIUNSREXRER

PRy H, Cco CO, CH,
SEIRAE 47%~49% 24%~26% 20%~22% 5%~7%
R 50.20% 23.00% 21.13% 5.67%

B IGUEE I OB, SR REUZ I Hridt — D WHIE . JEoRHE B SCIR[21) AT bR S RARSRE . 42k
PR SR G L B 9 b T U 1 JEORMRS R A3 BT 8 4% 4 JROBHB AL R 0.72 kgh ™y ALTREFTK
A - VI ERRESEULE 5.

Table 4. Characteristic analysis data of domestic waste and pine sawdust

F 4. EBEROREMATE BT EE

Tkt /% TCE /% \
R} A B/ MT kg ™!
M FC \Ys A C H 0 N S
HESER I 7.55 2686 5547 1767 6508 6.06 920 1.63 035 25.10
a=tyiliit 11.70 1450  85.05 0.45 5742 453 3601 1.13 045 18.46

Table 5. Initial conditions of process simulation
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B s JEBHRE A EL(MSW:BIOMASS) SALIRE/C KA kg h™! AS TR kg h!
A 60:40 700 0.12 0.03
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Figure 2. Effect of raw material mixing ratio on simulation results
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AR IR oy R, X BRI A A ] BAR T AR R BRI A R S A
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Figure 3. Effect of gasification temperature on simulation results
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Figure 4. Effect of water vapor flow on simulation results
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Figure 5. Effect of oxygen flow on simulation results
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AR E IR /ME 0.005 kgh '

H UL PSR S AR B E S, VLR 6. ORJE, RIEAY I & AR AE 2 B0 B 9ot BL I e pR Lt
UG FHEATELL, PR A R AR 7.

Table 6. Optimal conditions for process simulation

6. FEBRUMRMIR

BIESH JFRHE A (MSW:BIOMASS) AR C KRS kgh ! AR R /kgh!
SHE 50:50 750 0.1 0.005

Table 7. Simulation results under optimal conditions

F 7. RN TR THRIULGER

B FEE A%
ati&i-L7y AL HE/MI-Nm ™ TA7F/Nm' kg ™! SRR %
H, co co, CH,

B SR 5443 3323 1177 0.57 10.27 1.26 70.10

4. &5ig

AHET Aspen Plus T 65, 12 Gibbs B i/ MEREE, FA7 1 A h R S AP LR AL
I PETERL, PRt g RS SERRIE LI & R4F, 30E 1 T @R RO Wl S e, 0 LTI ST HT . 45
W
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W S

1) giax ARt SALEE . KERRE. AARESRNE, a5 SR
Pl TAPEER SRR RE, KRN A i N 50:50 247, SR REE 750°C, K
ARATEN 0.1 kgh™, SESTE NS H/ME 0.005 kg-h s

2) WA B A IE R RGBT, IR R, [BIRA ST Hy S 54.43%, CO
5 33.23%, CO, it 11.77%, CHy (5 EE 0.57%; & BARALHVE N 1027 MINm™, A% N 1.26
Nm’-kg ', SARCEN 70.10%.
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