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Abstract : A 5 kg/hr scale integral dual fluidized-bed gasifier for producing medium heating value syngas from biomass or
combustible wastes was manufactured. The effect of operating variables including gasification temperature, rate of feeding, and
weight ratio of steam/feed on the behavior of the gasifier was investigated. The contents of H, and CO in syngas, flow rate of
feeding, cold gas efficiency increased with the increased gasification temperature or rate of feeding, but decreased with the
increased weight ratio of steam/feed within the experimental range. With wood powder as the feed, the concentrations of H, and
CO in the syngas were as high as 41% and 32%, and the cold gas efficiency and lower heating value of the syngas were as high as
70.1% and 3,428 kcal/Nm’. With food wastes as the feed, the concentrations of H, and CO in the syngas were as high as 37% and
23.9%, and the cold gas efficiency and lower heating value of the syngas were as high as 66.7% and 3,670 kcal/Nm’.
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Figure 1. Basic concept of the dual fluidized-bed gasification.
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Figure 2. Schematic of a 5 kg/hr scale dual fluidized-bed gasifier.
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Table 1. Composition of the feed material assumed for the design of
the gasifier

Component Composition (wt.%)
H,O 10
Ash -
C 50.69
H 6.21
Element Y 43.10
analysis N -
S -
Total 100.0

Table 2. Composition of the syngas assumed for the design of the

gasifier
Component Composition (vol.%)

CcO 34.59

H, 30.13

CO, 9.94
H,O 10.0

CH,4 15.34
Total 100.0
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Table 3. Operating condition assumed for the design of the gasifier

Table 4. Dimension of the designed dual fluidized-bed gasifier

Item Condition or dimension Item Dimension or capacity
Rate of feeding 5 kg/hr Inside diameter of the fluidized-bed com- 0.25m
Size of feed -9+ 20 mesh bustor
(average: 1.42 mm) Inside diameter of the riser 0.036 m
Size of bed material -48 ~-'F(6)021;4esh Velocity of the syngas in the riser (850 C) 6 m/s
(average: 0.274 mm) Residence time of the syngas in the riser 43 sec
Weight ratio of the rate of bed material cir- 386 and settling chamber ’
culation/the rate of feeding Thermal energy required in the riser 9.71 kW
Temperature of steam supplied to the riser 400 © Thermal energy produced in the combustor 3.6 kW
Temperature of combustion air supplied to 400 °C Thermal energy e supplied to the dual 611w
the combustor fluidized-bed gasifier from outside ’
Operating temperature of the gasifier 850 € Electric heat capacity of the electric heater
Operating temperature of the combustor 950 C for the supply of thermal energy to the dual 20 kW
Rate of steam supply 1.02 kg/hr fluidized-bed gasifier
Rate of syngas generation 5.325 Nm’/hr
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Figure 3. Integrated 5 kg/hr (0.1 ton/day) scale dual fluidized-bed gasification system.

Table 5. Result of feed characterization

Item Wood powder| Food wastes (dried)
Moisture 18.15 4.72
Prox1ma.1te Volatile matter 66.48 75.70
analysis

(Wt.%) Ash 0.70 8.77
Fixed carbon 14.67 10.81

C 46.70 43.03

Ultimate H 6.29 7.63
analysis N 0.51 3.65
(wt.%) 0 45.80 36.19
S 0.04 0.09

Cl (wt.%) 0.005 1.24
Higher heating value (kcal/kg) 4,450 4,750
Lower heating value (kcal/kg) 3,000 4,310
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Figure 4. Result of dual fluidized-bed gasification experiments with
wood powder (T = 830~860 C, F =2.5~5.5 kg/hr, S/F =

0.37~0.9).
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Figure 5. Result of dual fluidized-bed gasification experiments with
food wastes (T =850 C, F = 3.5~4.6 kg/hr, S/F =0.5).
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