
The 2nd Biomass-Asia Workshop          Bangkok, Dec. 13-15, 2005

CoCo--gasification of gasification of BiomassBiomass
and Coal in a Fluidized bedand Coal in a Fluidized bed

JichengJicheng BiBi
Institute of Coal ChemistryInstitute of Coal Chemistry

Chinese Academy of SciencesChinese Academy of Sciences



Biomass utilization in China

► Much more attention has been paid now and future

► Many technologies are being  developed such as

marsh gas, feedstuff, return to field as a fertilizer, 

briquette, gasification, etc

► Biomass gasification for power generation or synthesis

(main direction)

► Existing some problems



Co-gasification of Biomass and Coal in Fluidized Bed

Disadvantage of sole biomass 
gasification

Advantage of co-gasification

Season limitation
small scale

No season limitation
big scale (economically)

Tar production
low gasification temperature

No tar production
tar converted to gas at high T
bio-ash as catalyst to coal gasi.
higher gas yield

Low heat value
high CO2 content

High heat value
CO2 converted to CO at high T

Fluidization quality 
anomalistic  shape, 
inert bed particle (sand), abrasion

Fluidization quality 
coke as bed particles , abrasion 
reduced and power saved 

Synergistic  effects



Co-gasification of Biomass and Coal in Fluidized Bed

Present work

Fluidization characteristics of multi-particles with

various ratios of biomass, coal and coke particles 

in a cold fluidized bed   

Basic co-gasification reaction characteristics of biomass 

and coal  by TG 

Co-gasification in a laboratory scale fluidized bed



Cold apparatus of fluidized bed

1-Compressor      2-Buffer
3-Flowmeter       4-Distributor
5-Fluidized bed   6-Filter
7-Manometer

ID   110mm      H   1200mm



Properties of particles

ParticleParticle ddpp /mm/mm ρρbb /kg/m/kg/m33 ρρpp kg/mkg/m33

Coal 1Coal 1 0.750.75 600600 12301230

Coal 2Coal 2 1.501.50 600600 12301230

CornstalkCornstalk 0.370.37 163163 500500

Rice haulmRice haulm 0.380.38 158158 490490

Geldart B particle



Fluidization characteristics of sole biomass, coal particles
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Fluidization characteristics of biomass and coal particles
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Experiment and calculation of Umf

mfu UUmfmf m/sm/s
MixturesMixtures xx2 2 /%/%

ExperiExperi.. PredictedPredicted

2020 0.2090.209 0.2020.202 3.33.3

2525 0.1960.196 0.1910.191 2.52.5

3333 0.1740.174 0.1750.175 0.60.6

5050 0.1230.123 0.1470.147 19.019.0

2020 0.1970.197 0.2060.206 4.64.6

3333 0.1720.172 0.1830.183 6.46.4

5050 0.1350.135 0.1610.161 19.319.3

Rice haulm + coal 1Rice haulm + coal 1

Cornstalk +coal 1Cornstalk +coal 1

Relative errorRelative error
%%

µ
ρρ

1650
)(2 gd

u fpp
mf

−
= (Re<20)     Ergun equation



Analysis of biomass, coal, coke and ash
Proximate analysis/w%, adProximate analysis/w%, ad Elemental analysis/w%, adElemental analysis/w%, ad

MM AA VV FCFC CC HH OO NN SS
sorghum haulmsorghum haulm

corncorn haulmhaulm

ricerice haulmhaulm

ShenmuShenmu coalcoal

sorghum haulm cokesorghum haulm coke

corncorn haulm cokehaulm coke

ricerice haulm cokehaulm coke

ShenmuShenmu coal cokecoal coke

6.16.1
6.76.7
5.65.6
8.88.8
1.11.1
1.01.0
0.90.9
0.90.9

8.98.9
6.16.1

12.112.1
5.65.6

31.931.9
25.825.8
41.341.3
9.19.1

661661
69.669.6
65.265.2
32.432.4
4.34.3
2.62.6
2.22.2
1.51.5

18.918.9
17.617.6
17.117.1
53.353.3
62.762.7
70.670.6
55.655.6
88.588.5

38.638.6
42.342.3
38.638.6
73.173.1
53.953.9
66.266.2
51.251.2
87.187.1

4.74.7
4.74.7
4.34.3
4.54.5
0.40.4
0.40.4
0.50.5
0.40.4

39.939.9
38.538.5
37.737.7
4.64.6

10.810.8
4.54.5
3.93.9
0.30.3

1.21.2
1.11.1
1.11.1
1.01.0
1.11.1
1.21.2
1.11.1
1.41.4

0.60.6
0.60.6
0.70.7
0.30.3
0.80.8
0.90.9
1.11.1
0.90.9

SampleSample

1.211.2112.3212.32sorghum haulmsorghum haulm

1.361.364.564.56corncorn haulmhaulm

1.781.784.844.84ricerice haulmhaulm

Na  wt%Na  wt%K     wt%K     wt%AshAsh



Steam gasification of biomass coke and coal coke
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Gasification reaction characteristics of biomass and coal
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rice haulm coke+ rice haulm coke+ 
coal cokecoal coke

corncorn haulm coke+ haulm coke+ 
coal cokecoal coke

sorghum haulm coke + sorghum haulm coke + 
coal cokecoal coke

ccbb

cccbbb
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Kinetics analysis of steam gasification of various coke

SampleSample EE/KJ/mol/KJ/mol kk00/min/min--11/1*10/1*1066 RR22

SMJ(860SMJ(860--11101110 ooC)C)

YJ(800YJ(800--11001100 ooC)C)

GJ(800GJ(800--10301030 ooC)C)

DJ(800DJ(800--10301030 ooC)C)

239.85239.85

191.50191.50

171.68171.68

154.22154.22

753.82753.82

20.4320.43

6.356.35

0.750.75

0.9920.992

0.9960.996

0.9960.996

0.9950.995

YJ+SMJ(1:4)(860YJ+SMJ(1:4)(860--11001100 ooC)C)

GJ+SMJ(1:4)(860GJ+SMJ(1:4)(860--11001100 ooC)C)

DJ+SMJ(1:4)(860DJ+SMJ(1:4)(860--11001100 ooC)C)

215.44215.44

204.15204.15

210.99210.99

84.4984.49

36.7936.79

71.3471.34

0.9880.988

0.9810.981

0.9950.995

)1(0 xek
dT
dx RT

E

−=
−

ϕ

Co-gasification can be described by one order kinetics equation



Schematic diagram of the fluidized bed gasifier

1-Water tank  2-Cyclone  3-Ash pot  4-Water cooler  5-Gasifier
6-Hopper  7-Screwfeeder  8-Motor  9-Steam generator   10-Compressor



Fluidized bed gasifier

D120mm×800mm P 20MPa            Capacity   20kg/h



Experiment conditions

Feeding materials                 Shenmu coal,  rice haulm

Gasifying agent                     Air, steam

Steam/carbon (wt/wt)           0.53 

Rice haulm/coal                     1:4 

Particle diameter                  rice haulm （0.1-3mm) 

coal            (0.5-2mm)

Mass balance                         <10%



Experimental results
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Temperature in gasifier varying with O2/carbon



Experimental results
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Experimental results
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Experimental results
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Experimental results
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Experimental results

0.9 1.2 1.5 1.8 2.1 2.4
0

20

40

60

80

100

C
ar

bo
n 

co
nv

er
si

on
 /%

Fo/Fc  /(kg/kg)

 D:SM=1:4
 SM

Carbon conversion varying with O2/carbon



Experimental results
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Experimental results
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Gas yield varying with O2/carbon



Conclusion
1. Mixing particles of biomass and coal can be well

fluidized only when biomass fraction is less than 50%.

Umf of mixing particles can be calculated by Ergun
equation.

2.Various biomass has higher gasification rate than coal. 
Co-gasification rate can be described by one order 
kinetics equation.

3. Co-gasification has higher efficiency than sole coal 
gasification.


