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About Solix

Focused on the development
and commercialization of large-scale
algae-to-biofuels systems

Launched in March, 2006
Located in Fort Collins, Colorado
Privately funded

50 employees: 35 full-time
+ 15 FTE from students / faculty

Headquartered at CSU Engines &
Energy Conversion Laboratory
Solix facilities

* 6,000 ft? office space

» 18,000 ft?lab / lab space

* Qutdoor solar lab facilities

Significant strategic partners in industry, science and
engineering
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Solix Focus Area

Upstream Biodiesel
Biology R&D Distribution

Flue Gas
Speciation
Technology
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L

But you also gotta obey
Ya gotta dream. . . the laws of physics. . .

"We expect to produce 100,000
gallons (of vegetable oil) per acre per
year," which is a much higher yield
than soybeans and other plants being
used for biofuel...”



A process of employing basic physical laws, known values, and
conservative assumptions has produced robust theoretical and

practical maximum of algae oil yields. For the nominal case
of 20° latitude and 50% cell oil content, the
theoretical maximum annual oil production from
algae was calculated to be 28,950 gallons/acrel/year
(270,730 liters/hectarel/year) with an uncertainty of
roughly 10%. The practical maximum was
calculated to be 6,180 gallons/acre/year (57,810

liters/hectare/year). Both the latitude of the production site
and the cell oil content have significant effects on these maxima.
A number of other efficiency terms were maintained at 100%, but
In real-world production will certainly be less than perfectly
efficient. Thus, optimized algae production designs should
realistically be expected to achieve some value less than this.

(2008: Weyer, Darzins, Willson — in review)



Projected Yield

Term Theoretical Practical Units
Maximum Maximum
Case Case
. ”

Dally average 136.3 48.5 gram; 101:Tass
biomass growth m= - day
Annual oll 28,947 6181 | 9ationsoll
production acre - year

, , liters oil
(English units) 270,734 57,808

hectare - year
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Impact of Light

Intensity

16
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Net output rate (g d™")

0
11 198 28 34 40] 48|53 58
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*Optimal population density

Fig. 8.3. Interrelationships between incident PFD, aptimal population density and net output rate.
A = 90% shade; B = 60% shade; C = 30% shade; D = no shade, full sunlight (from Hu & Richmond,
1994). Reprinted with permission from Kluwer Academic Publishers (J. Appl. Phycol.).

Note: 10X increase in light, but
only 3.5X increase in output.
Implies a 3X reduction in
photosynthetic efficiency.

Conversely, if diffuse light can
be used over extended surface
area, 3X increase in output
possible.



Extended Area PBRs A0l

Glass Plate Photobioreactor
(Pulz, Richmond, others (Pulz, IGV, Ketura, Torzillo, others)



Direct Light PBR: Diffuse PBR:
Low Cost High Productivity
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Solix G3 Technology:
» Extended surface area

» Water supported

* Integrated CO, /

air sparging

G4 — membrane exchange
in development
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Solix G4

Solix G4a Technology:
 Membrane CO, delivery
 Membrane O2 removal internal

~ Solix G4b Technology:
« Membrane CO, delivery

« Membrane O, removal, external

* Reduced thickness / higher density



Potential Open-Water Application 'f%*égux
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Model-Based Control

 Automates
conditions for
optimal
productivity of
different
organisms in
different climates

« Gives predictive
and diagnostic
capabilities
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Power Plants in Sou hwest 3¢
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Potential CO2 Capture
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Production Metric

current & near-term)

Integrated PAR

10-65 mol/m?/d

Culture Density

1-10 g/l

Volumetric Production

~0-0.7 g/l/d
(=0.45 “typical” before
depletion, ~0.25 after)

Lipids (as FAMES)

16% - 47%

Areal Production

0 —-24.5 g/m?/d

Production

0 — 1800 gal/aclyr

Expected productivity by ‘09 Q2:

30-40 g/m?/d
2500 gal/ac/yr

Gen 2 Operation

May '07 — Oct ‘07

Gen 3 Operation

Oct '07 - present
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System Analysis /.Modeling
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o High Risk
O Med. Risk
o Low Risk

Technology Development Process

Model Based
Controls

Centrigualion 0

Size of icon denotes relative
levels of effort required to
mature the technology.

Position between gates notes
relative status within process.

0

Does the product Development of the Initial field Commercial release
make business product in line with deployment of beta of product into the
sense? the business case. version product, market,

Does the idea fit
with our strategy?



COST OF TAG PRODUCTION

(Production @ $0.06/kW-Hr)

$1.64 5047 M CO2 Capture & Delivery M AGS
bl Harvest & Dewatering H Drying
M Extraction W Operating Costs

50.38

50.05
Current Production Phase | Phase Il Early Stage
$32.81 per Gallon (Net) $3.33 per Gallon (Net) $1.57 per Gallon (Net)

Co-Product Impact On TAG Cost
(5 per Gallon)

Total TAG Production Cost
$32.81 $32.81 o TAS

¥ MNet TAG Cost
(&7 Gallon of TAG Minus Co-Product Value)

$5.36 <3 33 $3.32 4,
B e —

Phase ll
Early Stage

Current Production Phase |
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Conclusions

e

e Economical biofuel production appears
feasible, using low-cost high productivity
photobioreactors

* Requires tight coupling of biology and
engineering

e Value of co-products must be captured,;
may approach or exceed value of oll

o Systems modeling/integration required to
achieve cost targets



Contact Info

www.solixbiofuels.com

Dr. Bryan Willson, CTO
bryan.willson@solixbiofuels.com
970.491.4783



http://www.solixbiofuels.com/
mailto:bryan.willson@solixbiofuels.com
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