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Simulation of Pine Sawdust Gasification with Oxygen Steam

and Carbon Dioxide as Gasifying Agents

CAO Bingi LIU Yunquan WANG Duo
( College of Energy Xiamen University Xiamen 361102 China)

Abstract: Using Aspen Plus software a model was developed to simulate the gasification of pine sawdust with steam-oxygen—
carbon dioxide as gasifying agent. At first the model was verified by the data of literature and the results showed that the model

was reliable. And then the effects of gasification temperature oxygen equivalence ratio( c;) the mass ratio of steam to hiomass
(ms/my) as well as the mass ratio of carbon dioxide to biomass( m,, /my) on gas composition low heating value

yield gasification efficiency and H/C ratio( ny, /n¢,) in the produced gas were studied. The low heating
value yield gasification efficiency and H/C ratio of the produced gas reached 7.45MJ/m’ 1.78 m’ /kg 73.3
% 1.79 respectively under the optimum reaction conditions of 850 °C 101. 325 kPa ¢y =0.2 mg/my =1

Mg, /my =0.6. Higher gasification temperature was favorable to the process of biomass gasification. With the
increased cp; the low heating value gas yield and gasification efficiency decreased rapidly while H/C ratio
was basically keeping stable. The amount of steam added into gasification agent enhanced H, content in the
produced gas; while appropriate amount of CO, added would improve the CO content. Therefore either of the

above two measures could effectively adjust the H/C ratio in the produced gas.
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Fig. 1 Simulation flow sheet of biomass gasification
RYield ~ ~ ~ ~ ~ ~
RGibbs o
CYC( SSPIit) CONDENSE(
Heater) o
(cup) . : 850 °C
101.325kPa mg/my =1 cpz =0.2 mg,, /my =0.6o
o 14 1 °
1 14
Table 1 Proximate and ultimate analysis of pine sawdust "
proximate analysis/% ultimate analysis/% /
S . (MJekg™")
raw material moisture volatile  fixed carbon ash ¢ H 0 N S low heating value
pine sawdust 6.00 79.01 14.22 0.77 48.69 5.62 38.07 0.64 0.21 18.11
1.3
15 15 ( N
. ) 2.
H, co Co, CH,
. RYield C.H,. 0, CH,
CH, H, CH,
; CH,
2
CH, H, . Table 2 Comparison of simulated and experimental results
15 1% 1%
gas composition literature value simulation value
H, 29.7 37.2
H, co 32.6 30.7
o, 25.3 24.2
CH 4.9 0.4
o 16 o u
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(y m'/kg) -

Quy = 126.36w¢, +107. 981w, +358. 18wy, +629. 09w, ;-
—CO. H,. CH,

. _ 3.
D Quay kJ/m™; weo~ Wy~ Wep, > We n

% o

m



17

3 - —
(ny, /neo) H, CO .
(n %)
=29 000,
Qy
Qv kJ/m*; Y m3/kg; Q,— kJ/m’.
2
2.1
o 2 . 2 H,
Co, co CH,
. 600°C 44.25% H,+12.11% CO-41.78% CO,.1.46% CH,; 900 °C
40.87% H,.25.08% C0.33.62% C€0O,.0% CH,.
Co, .
17 3
AY AY 3 o 3
600 °C 900 °C 6. 83 MJ/m’ 7.58 MJ/m’
1.86m’ /kg 1.76 m’ /kg 70.3 % 73.6 % 3.65 1.63,
3 H, CH, co
2.2
(CER) o
CEr
o CER 3
801 801

IR U %
3

TR 50 %
éi/ 3

f

;/O/(J’ - \/\O
0 o L — L . L oL J
600 700 800 9500 0 0.1 0.2 0.3 0.4 0.5

MRE/C Cer
—-H,; -0-CO; - CO,; —~—CH,
2 3 cpr
Fig. 2 Effects of temperature on the produced Fig. 3 Effects of c; on the produced
gas composition gas composition

3 Con H, CO Co,



18 51
0o ¢z =0 48.85% H,.27.06% CO.23.71 % CO,; cgr =0.5
26.41% H,.15.04% CO.58.03% CO,. cg
CO H, CO,,
CgRr ~ ~ 3 o CgRr O 0. 5
8.70 MJ/m’ 4.75MJ/m’ 2.O3m3/kg 1.4lm3/kg 97.6 %
37.1% 1.81 1.76,
o H, CcoO
° CER
Cr 0.2
70 %
3 (Quav) ~ (») - () (”Hz /ngg)
Table 3 Effects of gasification conditions on the Q,,, and yield of gas(y) gasification efficiency(n) and H/C ratio
i em 3 R 3 elo -1 b I
gasification conditions Quay /(MI#m ) ¥/ kg ™) /% "y o
600 °C 6.83 1.86 70.3 3.65
650 C 6.88 1.89 71.7 2.99
700 °C 7.02 1.87 72.4 2.55
750 °C 7.17 1.84 72.7 2.23
temperature
300 °C 7.31 1.81 73.1 1.98
850 °C 7.45 1.78 73.3 1.79
900 °C 7.58 1.76 73.6 1.63
0 8.70 2.03 97.6 1.81
0.1 8.12 1.91 85.5 1.80
0.2 7.45 1.78 73.3 1.79
c
o 0.3 6.69 1.66 61.3 1.78
0.4 5.80 1.54 49.2 1.77
0.5 4.75 1.41 37.1 1.76
0 9.21 1.50 76.2 0.66
0.2 8.62 1.58 75.4 0.88
0.4 8.20 1.65 74.7 1.11
mg/my 0.6 7.89 1.70 74.2 1.34
0.8 7.65 1.75 73.7 1.56
1.0 7.45 1.78 73.3 1.79
1.2 7.29 1.81 73.0 2.01
0 8.38 1.57 72.4 2.55
0.2 8.06 1.64 72.8 2.23
0.4 7.75 1.71 73.1 1.98
meo, Imy 0.6 7.45 1.78 73.3 1.79
0.8 7.17 1.86 73.6 1.62
1.0 6.91 1.94 73.8 1.49
1.2 6.66 2.02 74.1 1.37
2.3
o (mg/my)
4 o 4 mg/my H, CO, CO
CH, mg/my =0 30.66 % H,.46.66 % CO.22.18
% (CO,.0.01 % CH,; mg/my =1.2 42.68 % H,.21.25 % CO.35.66 % CO,.0 %

CH, .
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850 °C 101.325 kPas ¢y =0.23 mg/my, = 1+ mgo, /my =0.6

7.45M]/m’ 1.78 m’ /kg 73.3% (ny,/nee) 1.79.
o Crr N
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