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KiOR Two Step Biomass-to-Fuels Process
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Elements of BFCC Development Process

Catalyst

Process
Conditions
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Objectives of CFD — Development and Scale-up

PRU (Process KCR (KiOR DEMO

Research Unit) »Circulating Riser)-(Demonstration Unit)» Commercial
3 Batch Units, 2 Units, Continuous, Scale

~ 1 kg catalyst ~ 10 kg catalyst ~ 5 tons catalyst

1. Add a Parallel Path to our Development Process
2. Speed Scale-up and Commercialization
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Modeling: The Validation Onion

Complexity

Catalyst-Biomass
Mixing

Coreness
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1. FFB = Fixed Fluid Bed

Model Validation: Layers 2. CFB = Circulating Fluid Bed

Validation Primary Model Parameters
Measured Avg Grid
Variables Cell Size
Catalyst N/A * AP profile 5 2D |, 0.5-6.0 , Catalyst
Fluidizati * Bed Expansion =< o PSD 46
B * Visualization S 2 * 29 mm? Grade
3D 0.5-7.0
*| o * 3.7mm?3
A al * 0.7 mm3
* AP Profile 3
Catalyst * 0.3 mm
Gi :’ ) KCR | ¢ Catalyst Holdup S| 3D ; >1m/s 14
Irculation * Visualization > | w *9.5mm
o o * 3.2 mm3
* Biomass ?
“ . H ” ° 2 . i
Catalyst- E'ro.smn Tlrrje 2D 4 mm2 1.8-3.0 Biomass 36
Biomass N/A | ° Mixing Quality: CTF * 1 mm PSD
Mixing Dist. v Time
TBD
. PRU | ° Yields of Oil, Coke, TBD
Re:clzl,ons, Char, CO, CO2,
and Kinetics KCR H20, etc.
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Cold Flow Units: Fixed Fluid Beds

3
3DFFB = - 2D FFB
|
e 32cmtall | || * 30cm tall
e 7.5cmid e 15cm wide
e 2cmdeep
Main Use:
Fluidization Main Use:
Mixing
Typical: =88
350 g Catalyst /= Typical:
10 cm Bed 190 g Catalyst
19 g Biomass
(CTF =10)
KiORé
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Experimental Best Practices

1.

Standardized, Automated Tests with Data Collection
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Experimental Best Practices

2.  Frit Maintenance

A. |
Daily AP Check
(4 Flows) Pass

B.
Bubble
Fail Uniformity Test Pass
4
C.
Sonicate &
Inspect Frit

A
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Bed AP: Measurements v. Simulations

AP, PSI
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Bed Expansion: Simulations, U =4 cm/s
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Bed Expansion: Measurements v. Simulations

60% - 75 Test [A]: 3D Unit

& Test [B]: 3D Unit @
@ Test [C]: 3D Unit
50% | | ® Model 17.1: WenYu No BAM
® Model 17.2: WenYu BAM
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Bed Erosion Time: Measurements
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Bed Erosion Time: Simulations
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Biomass Distribution
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Conclusions

1. First and foremost: accurate lab data, obtained
meticulously, is essential to model validation

2. Inthe KiOR BFCC system:

a. Fluidization: drag model is most important, followed by
BAM and grid resolution

b. Catalyst-biomass mixing: use (or not) of BAM is most
important, followed by drag model and grid resolution

c. Best overall fit between data and model are with Parker drag
model and low but non-zero values of BAM exponent

3. Work is continuing, with current focus on mixing and
catalyst circulation
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