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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 CO, content

High heat value
CO, 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

Particle P, 'kg/m® | p, kg/m?

Coal 1

Coal 2

Cornstalk

Rice haulm

Geldart B particle




Fluidization characteristics of sole biomass, coal particles

Biomass particles Coal particles
—e@—cornstalk — A —rice haulm —e—coall —aA—coal 2




Fluidization characteristics of biomass and coal particles

Effect of biomass fraction on fluidization



Experiment and calculation of U

m/s Relative error

Predicted %

Mixtures

0.202 3.3

0.191 2.5

Cornstalk +coal 1
0.175 0.6

0.147

0.206

Rice haulm + coal 1 0.183

0.161

Ergun equation U




Analysis of biomass, coal, coke and ash

Proximate analysis/w%, ad | Elemental analysis/w%, ad
Sample M A V FC C H O N S

sorghum haulm

8.9 4.7 1.2 0.6

corn haulm _ 6.1 4.7 11| 06
rice haulm _ 4.3 1.1 07

Shenmu coal _ 5.6 4.5 . 1.0 03
sorghum haulm coke _ . 0.4 11| 0.8
corn haulm coke _ , 0.4 . 12| 09

rice haulm coke . . 0.5 . 1.1 1.1
Shenmu coal coke . . . 0.4 . 14| 09

por
e haum
com haui
sorghum haui




Steam gasification of biomass coke and coal coke
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Gasification reaction characteristics of biomass and coal

Experiment result
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Kinetics analysis of steam gasification of various coke

Eramol | ijmin1+10

SMJ(860-1110°C)
Y J(800-1100°C)
GJ(800-1030°C)
DJ(800-1030 °C)

Y J+SMJ(1:4)(860-1100°C)
GJ+SMJ(1:4)(860-1100°C)
DJ+SMJ(1:4)(860-1100°C)

E
Moy

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 Alr, 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

1.5 1.8
Fo/Fc /(kg/kg)

Temperature in gasifier varying with O2/carbon



Experimental results

1.5 1.8
Fo/Fc /(kg/kg)

CO content varying with O2/carbon



Experimental results

1.5 1.8
Fo/Fc /(kg/kQ)

H2 content varying with O2/carbon



Experimental results

1.5 1.8
Fo/Fc /(kg/kQ)

CO2 content varying with O2/carbon



Experimental results

1.5 1.8
Fo/Fc /(kg/kg)

CH4 content varying with O2/carbon



Experimental results
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1.5 1.8
Fo/Fc /(kg/kg)

Carbon conversion varying with O2/carbon



Experimental results
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1.5 1.8
Fo/Fc /(kg/kg)

Gas heat value varying with O2/carbon



Experimental results
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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.



