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Challenges in Biofuel
Production and Utilizatio

erstanding the Biofuel Production F
mizing System and Equipment Desi
ling up the Design

erstanding the Impact of Biofuel Uti




Fundamentals of the
Biofuel Processes

| Flow: Single or Multi-phase

Transfer: Conduction, Convection,
ation

Ical Reactions: Heterogeneous or
ogeneous, Endothermic or Exother




antages of Computer Mode

odel application gives a deep
nderstanding of the process.

darametric studies can be conducted
fficiently and effectively.

system and equipment design can be
ptimized and scaled up easily.




Modeling Applications

Biomass gasification in a fixed bed gasifier
Blomass gasification in a fluidized bed gasifier

Black liguor gasification in an entrained flow
reactor

Direct firing of wood syngas in lime kilns
Direct firing of bark and lignin in lime kilns
Direct firing of wood syngas in combustors
Direct firing of wood syngas in boilers
Direct firing of wood syngas in drying kilns
Direct firing of wood syngas in HVAC
applications




odeling a Fixed Bed Gasifi




Modeling Predictions and Validation

« Modeling outputs include three-
dimensional distributions of fuel and gas
temperature, gas velocity, gas species
concentration, the fuel feed rate, and the
syngas composition.

* The model predictions of fuel feed rate,
fuel temperature, and syngas composition
are reasonably consistent with the
measurements in a pilot gasifier.

« The modeling has been applied to a
commercial gasifier design and provided
reasonably good results.
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deling a Black Liquor Gasi
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aratures and Liquor Traj

Baseline A/F=2.83

Trefrac [K]

1600
1500
b 1400
1000 1200 1400 1600 1300
Tgas [K] 1200
Gas temperature at reactor exit K
F
Product gas CO % dry, vol :

Product gas CO, % dry, vol
Product gas CH, % dry, vol
Product gas H, % dry, vol
Product gas H,S % dry, vol
LHV of product gas kJ/Nm®Dry

Flow rate of green liquor kg/s
Unburned combustible in green liquor kg/s

Baseline A/fF=2.83

Maximum gas temperature in reactor

Maximum refractory temperature




Firing Wood Syngas in Lime Kilns

« Alternative fuels for
natural gas and heavy oil

* Not a simple replacement
of energy.

* Requirements for flame
temperature and shape,
volumetric flow of flue i
gas.

* Feasibility study,
replacement ratio, burner
design
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Flame Temperature vs. Kiln Performance
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Model Predictions
100% Natural Gas Syngasl Syngas?2
Product Rate 469.9 TPD 490.0 TPD 469.9 TPD
CaCoO3 in Product (% mass) 1.04 % 10.33 % 0.01 %
CaO in Product (% mass) 84.3 % 75.7 % 85.2 %
Maximum Mud Temperature 1,706 deg F 1,672 deg F 1,828 deg F
Maximum Mud Surface Temperature 2,230 deg F 2,172 deg F 2,206 deg F
Product Temperature Into Coolers 1,288 deg F 1,505 deg F 1,628 deg F
Flue Gas Temperature 397 deg F 426 deg F 534 deg F
Flue Gas 02 (% vol) 2.0 % 2.0 % 2.0 %
Flue Gas Volumetric Flow Rate 30,496 SCFM* 31,768 SCFM* 35,104 SCFM*
Maximum Axial Average Gas Temperature 2,798 deg F 2,719 deg F 2,750 deg F
Kiln Shell Heat Loss 16.0 MMBtu/hr 16.6 MMBtu/hr 18.4 MMBtu/hr
Average Refractory Temperature 1,457 deg F 1,482 deg F 1,598 deg F
Average Shell Temperature 467 deg F 478 deg F 508 deg F




Direct Firing Bark & Lignin in Lime Kilns

Oil + Biomass
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izing Designs for Biofuel

al burner for co-firing wood syngas
h gas/oil in kilns

al burner for co-firing solid biofuel
s/oil in kilns

iter for firing wood syngas in boiler
ncerned Iissues: mixing, flame shap




Conclusions

Computer modeling provides an effective
tool in biofuel research and development.

We expect to work with biofuel producers
In their process optimization and scaling

up design.

We expect to help biofuel users evaluate

the utilization process and optimize the
designs.

PSL/UBC look forward to working with you
In any kind of ways to make the world
greener.



