
““ And all I've outlined here today are And all I've outlined here today are 
interim strategies shortinterim strategies short --term and term and 
interim strategy. The truth of the matter interim strategy. The truth of the matter 
is, the longis, the long --term strategy is to power term strategy is to power 
our automobiles with something other our automobiles with something other 
than oil something other than gasoline, than oil something other than gasoline, 
which is derived from oil.which is derived from oil. ””

President Bush on Energy PolicyPresident Bush on Energy Policy
Marriott Wardman Park HotelMarriott Wardman Park Hotel
Washington, D.C. Washington, D.C. 
April 25, 2006April 25, 2006
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What is Biodiesel?What is Biodiesel?
•• Biodiesel is a completely natural, alternative fuel  source Biodiesel is a completely natural, alternative fuel  source 

that is applicable in almost all situations in whic h petrol that is applicable in almost all situations in whic h petrol 
diesel is used.diesel is used.

Transesterification Transesterification 

Triglyceride + Alcohol                       Methyl  Esters + GlyTriglyceride + Alcohol                       Methyl  Esters + Gly cerolcerol
(Oil)                                                 (Bi(Oil)                                                 (Bi odiesel) odiesel) 

–– Oil can come from animal oil / fats, vegetable oil,  and waste   Oil can come from animal oil / fats, vegetable oil,  and waste   
oil from restaurants (after degumming)oil from restaurants (after degumming)

IntroductionIntroduction

Base Base 
CatalystCatalyst



Triglycerides          Alcohol           Glycerol          Methyl Esters 



Biodiesel vs. PetrolBiodiesel vs. Petrol --DieselDiesel

•• BiodieselBiodiesel

–– Reduces emissions Reduces emissions 
–– Cetane #:  48Cetane #:  48 --65 65 
–– Increases lubricityIncreases lubricity
–– Longer engine lifeLonger engine life
–– Higher Flash PointHigher Flash Point
–– Requires no modificationRequires no modification
–– Dissolves rubber and Dissolves rubber and 

some plasticsome plastic
–– Slightly lower heating Slightly lower heating 

valuevalue

•• Petroleum DieselPetroleum Diesel

–– HighHigh emissionsemissions
–– Cetane #:  40Cetane #:  40 --5555
–– Low sulfur diesel lacks Low sulfur diesel lacks 

lubricitylubricity
–– High sulfur High sulfur 

•• poisons catalyst in poisons catalyst in 
exhaust systemexhaust system

•• Reduces effective Reduces effective 
reduction of reduction of 
emissions in exhaust emissions in exhaust 
systemsystem



http://www.biodiesel.org/pdf_files/fuelfactsheets/BTU_Content_Final_Oct2005.pdf



http://www.biodiesel.org/resources/reportsdatabase/reports/gen/19940101_gen-297.pdf



http://www.biodiesel.org/pdf_files/fuelfactsheets/Environment_Safety1.pdf



http://www.propelbiofuels.com/site/aboutbiodiesel.html



Potential Oil SourcesPotential Oil Sources



http://www.uscanola.com/index.asp?Type=B_BASIC&SEC={5CDA1D60-89B2-4F79-B96F-0B5AB2FBF781}



SoybeanSoybean
•• Biodiesel plants in U.S. use soy Biodiesel plants in U.S. use soy 

•• Commodity Credit Corporation (CCC)Commodity Credit Corporation (CCC)
–– Incentives: $1.45 Incentives: $1.45 -- 1.47 / gallon till mid1.47 / gallon till mid--20062006

•• 30% of the plants are not profitable without government 30% of the plants are not profitable without government 
incentivesincentives

•• 24% are still unprofitable with incentives24% are still unprofitable with incentives
–– High cost oil feed stock for biodieselHigh cost oil feed stock for biodiesel
–– High production costsHigh production costs
–– Increase lipid contentIncrease lipid content--lower production costslower production costs

http://www.farmgate.uiuc.edu/archive/2006/04/what_is_the_fut.htmhttp://www.farmgate.uiuc.edu/archive/2006/04/what_is_the_fut.htmll



Land RequirementsLand Requirements



AlgaeAlgae

•• NREL Aquatic Species Program StudyNREL Aquatic Species Program Study

((National Renewable Energy LaboratoryNational Renewable Energy Laboratory))

–– Factors to considerFactors to consider

•• High adaptability to variety of High adaptability to variety of 
environmentsenvironments

•• Large growth rateLarge growth rate

•• Higher lipid contentHigher lipid content



Algae RequirementsAlgae Requirements

•• GrowthGrowth
–– Sunlight Sunlight 

–– COCO22

–– Nutrients (N and Si)Nutrients (N and Si)

–– Water (Water (can be salinecan be saline))

–– Warm ClimateWarm Climate

–– Circulation or AerationCirculation or Aeration

6H6H22O + 6COO + 6CO22 �� CC66HH1212OO66+ 6O+ 6O22



AlgaeAlgae
•• EnvironmentEnvironment

–– Different MediaDifferent Media

•• Type I: 2,000 to 16,000 mg/lType I: 2,000 to 16,000 mg/l

•• Type 2: 1,500 to 26,000 mg/lType 2: 1,500 to 26,000 mg/l

•• SeawaterSeawater

–– Majority algae survive well in seawaterMajority algae survive well in seawater



Brine Water SourceBrine Water Source

•• Hueco Bolson AquiferHueco Bolson Aquifer

–– Salt concentrations Salt concentrations 
range from 1000 to range from 1000 to 
3000 mg/L3000 mg/L

•• 600 times the amount 600 times the amount 
of fresh waterof fresh water

•• Possible alternative to Possible alternative to 
evaporation pondsevaporation ponds--
reinjectionreinjection

http://www.twdb.state.tx.us/publications/reports/GroundWaterReports/GWReports/R345%20Aquifers%20of%20Texas/Majors/hueco.pdf



Algae SelectionAlgae Selection
•• Arizona State University Arizona State University -- New Mexico / Texas AreaNew Mexico / Texas Area

–– Amphora BacillariophyceaeAmphora Bacillariophyceae

•• Hard to harvest (10 X 4 Hard to harvest (10 X 4 µµmm))

•• Salinity: ~9000Salinity: ~9000--18000 mg/L18000 mg/L

–– Oscillatoria CynaophyceaeOscillatoria Cynaophyceae

•• AdaptiveAdaptive

•• Harder to harvest (0.2 X 0.1 Harder to harvest (0.2 X 0.1 µµmm))

•• Salinity: ~2000Salinity: ~2000--12000 mg/L12000 mg/L



The ProcessThe Process
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Location: West TXLocation: West TX

Newman Power Plant, El Paso TX.Newman Power Plant, El Paso TX.

•• 24 oil refineries24 oil refineries
•• 8% diesel transportation8% diesel transportation



Pond NutrientsPond Nutrients

A Study of the Energetics and Economics of Microalga l Mass Culture with the Marine Chlorophyte Tetrase/mis suecica:
Implications for Use of Power Plant Stack Gases*



AlgaeAlgae
•• Lipid ContentLipid Content

–– StarvationStarvation
•• A minimum amount of food (nitrogen source or Si A minimum amount of food (nitrogen source or Si 

source) added to pondssource) added to ponds
•• 77--day cycle, algae have run out of food and have begu n day cycle, algae have run out of food and have begu n 

to starveto starve
–– ProPro --Causes many different algae to increase lipid conte ntCauses many different algae to increase lipid conte nt
–– ConCon --Stuns cell growthStuns cell growth

–– Genetic EngineeringGenetic Engineering
•• Metabolic processes in the specific algaeMetabolic processes in the specific algae
•• Manipulate these processes to maximize lipidsManipulate these processes to maximize lipids



Overall 
Metabolic 
Pathway

of
Lipid Synthesis



Genetic engineering Genetic engineering 
algae starting with algae starting with 
glucoseglucose --66--phosphate phosphate 

Want to produce Want to produce 
dihydroxydihydroxy --acetoneacetone --
phosphatephosphate

EntnerEntner --DoudoroffDoudoroff
& Glycolysis I& Glycolysis I

http://biocyc.org/

100 mol

50 mol
50 mol

50 mol

100 mol

25 mol



PhospholipidPhospholipid
BiosynthesisBiosynthesis

Want to produce Want to produce 
glycerolglycerol --33--phosphatephosphate
or Lor L --phosphatidatephosphatidate

http://biocyc.org/

75 mol

37.5 mol

37.5 mol



TriacylglycerolTriacylglycerol BiosynthesisBiosynthesis

http://biocyc.org/

Now 56.25 mol tri / 100 mol GNow 56.25 mol tri / 100 mol G --66--PPInitially 37.5 mol tri / 100 mol GInitially 37.5 mol tri / 100 mol G --66--PP



Genetic EngineeringGenetic Engineering
•• Why genetically modify the algae?Why genetically modify the algae?

–– Maximize algal lipid contentMaximize algal lipid content

•• How to genetic engineer the algae?How to genetic engineer the algae?
–– Complete genome study on the speciesComplete genome study on the species

–– Isolation, Manipulation, and ReIsolation, Manipulation, and Re--introductionintroduction

–– Polymerase Chain ReactionPolymerase Chain Reaction (PCR)(PCR)

–– Loss of Function / Gain of Function / TrackingLoss of Function / Gain of Function / Tracking



What is a genome?What is a genome?
•• Contains all the biological information Contains all the biological information 

needed to build / maintain a living example needed to build / maintain a living example 
of that organism of that organism 

•• Biological information                                Biological information                                
in a genome is                                 in a genome is                                 
encoded in its DNA                                encoded in its DNA                                
and is divided into                           and is divided into                           
discrete units called                           discrete units called                           
genesgenes

http://darwin.bio.uci.edu/~faculty/wagner/hsvimg04.jpg



Nucleic Acid HybridizationNucleic Acid Hybridization
•• DNA is separated into its two strandsDNA is separated into its two strands
•• CCRNARNA >> C>> CDNADNA the RNA will replace one ofthe RNA will replace one of

the DNA strands in this regionthe DNA strands in this region

http://7e.devbio.com/image.php?id=126



Complementary DNA (cDNA)Complementary DNA (cDNA)

http://7e.devbio.com/image.php?id=127

•• RNA isolated andRNA isolated and
converted to cDNAconverted to cDNA

•• cDNA isolatedcDNA isolated
–– raising the pH raising the pH 
((denature helixdenature helix))

–– cleaving RNA cleaving RNA 



Reverse TranscriptionReverse Transcription
Polymerase Chain ReactionPolymerase Chain Reaction

(1)(1) Denaturing at 94Denaturing at 94°°CC
(2)(2) Annealing at 68Annealing at 68°°C C 
(3)(3) Extension at 72Extension at 72°°C  C  
(4)(4) Rinse and RepeatRinse and Repeat

•• PCR followed by transcription with PCR followed by transcription with 
reverse transcriptase (to convert the reverse transcriptase (to convert the RRNA  NA  
to to cDNAcDNA) ) 

•• EExpression mappingxpression mapping: determining when : determining when 
and where certain and where certain genesgenes are are expressedexpressed



OptionsOptions

•• 15 year production term15 year production term
•• Evaluate profitability based on different starting capital Evaluate profitability based on different starting capital 

investmentsinvestments
•• Expansion vs. One time BuildExpansion vs. One time Build
•• Possibility of recycling profits advantagePossibility of recycling profits advantage



Options Cont.Options Cont.

•• Varied Lipid Content to evaluate profitability Varied Lipid Content to evaluate profitability 
based on different lipid yieldsbased on different lipid yields
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Pond Production PlanPond Production Plan

1.1. 7 day cycle7 day cycle
2.2. Drain at nightDrain at night
3.3. Refill pond w/ ~85% old waterRefill pond w/ ~85% old water
4.4. Pump rest to evaporation pondPump rest to evaporation pond
5.5. Add ~15% reclaimed waterAdd ~15% reclaimed water



PondsPonds

•• Length = 1835 mLength = 1835 m

•• Width = 179 mWidth = 179 m

•• Based on 1 mileBased on 1 mile22

((8 ponds to per mile8 ponds to per mile22))

–– 7 ponds for growth7 ponds for growth

–– 1 pond for cyclic process1 pond for cyclic process

|------------1835 meters------|

|-
17

9 
m

et
er

s-
|



PondsPonds
•• Evaporation PondsEvaporation Ponds

–– According to NRELAccording to NREL
•• West Texas Region 1 cm water/day will evaporateWest Texas Region 1 cm water/day will evaporate

–– Brine Waste disposed at land fill $8/ydBrine Waste disposed at land fill $8/yd33

–– Supplement with reclaimed water. Supplement with reclaimed water. 

$0.94/1000 gallons.$0.94/1000 gallons.
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Harvesting / Oil ExtractionHarvesting / Oil Extraction



HarvestingHarvesting

•• Empty ponds overnightEmpty ponds overnight

•• Belt Filtration Belt Filtration 

(0.04 (0.04 -- 4% solids)4% solids)

•• CentrifugeCentrifuge

(4% (4% -- 60% solids)60% solids)

•• Dryer Dryer 

(60% (60% -- 90% solids)90% solids)

Independent High Pressure Section

Free drainage zone
Low Pressure ZoneHigh Pressure Zone

Belt FiltrationBelt Filtration



Oil ExtractionOil Extraction

•• Mechanical press yields 70% oilMechanical press yields 70% oil

•• Immersion extractor w/ hexane yields 95Immersion extractor w/ hexane yields 95--99% oil99% oil
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TransesterificationTransesterification

*A process model to estimate biodiesel production costs (Michael*A process model to estimate biodiesel production costs (Michael J. Haas*, J. Haas*, 
Andrew J. Andrew J. McAloonMcAloon, et al), et al)



TransesterificationTransesterification

•• Base Catalyzed Reaction Model Base Catalyzed Reaction Model 

•• KOH as catalyst; interchangeable w/ KOH as catalyst; interchangeable w/ NaOHNaOH

•• MeOHMeOH = cheap, eases separation= cheap, eases separation

•• 6:1 ratio of 6:1 ratio of MeOHMeOH to triglycerideto triglyceride
–– Highest yieldHighest yield

–– Actual stoichiometry is 3:1Actual stoichiometry is 3:1

•• 90% conversion assume in each reactor90% conversion assume in each reactor

•• Yields 99% total conversionYields 99% total conversion



KineticsKinetics
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Mole Balance on Triglyceride ReactionMole Balance on Triglyceride Reaction

Three reactions that compose transesterifcationThree reactions that compose transesterifcation
**TriTri--tryglyceridetryglyceride, Di, Di--diglyceridediglyceride, Mono, Mono--monoglyceridemonoglyceride, , MeOHMeOH--methanol, Rmethanol, R11--methy ester 1, Rmethy ester 1, R22--
methyl ester 2, Rmethyl ester 2, R33--methyl ester 3methyl ester 3
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ByproductsByproducts

•• What are we going to do with the biomass? What are we going to do with the biomass? 

–– Pyrolysis of biomass Pyrolysis of biomass 
––Yields bioYields bio --oil, charcoal, and flue gasoil, charcoal, and flue gas

–– Fermentation of carbohydrates / sell Fermentation of carbohydrates / sell 
proteinprotein

––Yields a multitude productsYields a multitude products

•• Glycerol produced during Glycerol produced during transesterficationtransesterfication



Pyrolysis of BiomassPyrolysis of Biomass

•• Produces BioProduces Bio --oil (oil ( DonDon ’’ t know its composition)t know its composition)
–– Burns at half the heating value of dieselBurns at half the heating value of diesel
–– Stability questionedStability questioned
–– AcidicAcidic

•• Questionable MarketQuestionable Market
–– $ 2 MM / yr for 100 $ 2 MM / yr for 100 tpdtpd facility facility ((DynamotiveDynamotive ))

•• Algae contain very small amounts of lignin, an Algae contain very small amounts of lignin, an 
important constituent in the pyrolysis processimportant constituent in the pyrolysis process



Acid Hydrolysis of BiomassAcid Hydrolysis of Biomass

•• Increases glucose Increases glucose 
yield yield 

•• Low concentration Low concentration 
acids and high acids and high 
temperatures to temperatures to 
process the process the 
cellulosic biomasscellulosic biomass



Two Stage Acid HydrolysisTwo Stage Acid Hydrolysis

•• Stage 1: Stage 1: 
–– Targets Targets hemicellulosehemicellulose
–– 0.7% sulfuric acid0.7% sulfuric acid
–– 190190°°CC

•• Stage 2: Stage 2: 
–– Targets celluloseTargets cellulose
–– 0.4% sulfuric acid0.4% sulfuric acid
–– 215215°°C C 

E-12

Biomass Stage 1

Stage 2Filter

Filter

Neutralizer

Fermenters

Protein

Glucose

Gypsum



FermentationsFermentations
•• SuccinicSuccinic acid w/acid w/ Escherichia coliEscherichia coli

–– 59 hour fermentation59 hour fermentation

–– 0.105 kg glucose/L0.105 kg glucose/L

–– 54 fermenters at 7 mi54 fermenters at 7 mi22

•• PropionicPropionic acid w/ acid w/ PropionibacteriumPropionibacterium
freudenreichiifreudenreichii sspssp. . ShermaniiShermanii
–– 148 hour fermentation148 hour fermentation

–– 0.02 kg glucose/L0.02 kg glucose/L

–– 115 fermenters at 7 mi115 fermenters at 7 mi22
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Fermentations Cont.Fermentations Cont.
•• 2,32,3--Butanediol w/ Butanediol w/ AerobacterAerobacter aerogenesaerogenes

–– 0.195 kg glucose/L0.195 kg glucose/L

–– 35 fermenters at 7 mi35 fermenters at 7 mi22

–– 390 tons at $1.98/kg390 tons at $1.98/kg

•• Butyric acid w/ Butyric acid w/ Clostridium Clostridium butyricumbutyricum
–– 48 hour fermentation48 hour fermentation

–– 0.016 kg glucose/L0.016 kg glucose/L

–– 145 fermenters at 7 mi145 fermenters at 7 mi22



Fermentation Cont.Fermentation Cont.

•• Ethanol w/ Ethanol w/ SaccharomycesSaccharomyces cerevisiaecerevisiae
–– 18 18 -- 94 hour fermentation94 hour fermentation

–– 0.05 0.05 -- 0.2 kg glucose/L0.2 kg glucose/L

–– 5.1 5.1 -- 91.8 g ethanol/L91.8 g ethanol/L

–– 16 fermenters at 7 mi16 fermenters at 7 mi22

–– Selling price $1.91/gallonSelling price $1.91/gallon

–– 30,000 gallon/batch30,000 gallon/batch

–– $13 M/yr (revenue)$13 M/yr (revenue)



HyaluronicHyaluronic AcidAcid

•• Low temperatures Low temperatures 
(28(28ooC) and high glucose C) and high glucose 
concentration (40 g/L)concentration (40 g/L)

•• HyaluronicHyaluronic acid acid 
$100,000 / kg$100,000 / kg

•• Small market requires Small market requires 
extreme purityextreme purity

*Aerobic cultivation of *Aerobic cultivation of Streptococcus Streptococcus 
zooepidemicuszooepidemicus and the role of NADH and the role of NADH oxidaseoxidase
Barrie Fong Barrie Fong ChongChong, Lars K. Nielsen, Lars K. Nielsen



Xanthan GumXanthan Gum
Xanthan Gum: $ 11 / kgXanthan Gum: $ 11 / kg
Market volume: 40 Market volume: 40 –– 50 M tons/yr50 M tons/yr

Multiple industries:Multiple industries:
Food: Beverages, Dairy, Sauces, Food: Beverages, Dairy, Sauces, 

Meats, Frozen Deserts, BakeryMeats, Frozen Deserts, Bakery

Consumer / Industrial: Cleaners, Consumer / Industrial: Cleaners, 
Oral Care, Paints, Cosmetics, Oral Care, Paints, Cosmetics, 
Pharmaceutical, PrintingPharmaceutical, Printing

Oil: Mud's / Drilling FluidsOil: Mud's / Drilling Fluids

Paper: Paper: 

Characterization of xanthan gum biosynthesis in a centrifugal,
packed-bed reactor using metabolic flux analysis
Chia-Hua Hsu, Y. Martin Lo

http://www.apsnet.org/education/IntroPlantP
ath/Topics/plantdisease/images/fig07.jpg



Traditional Xanthan FermentationTraditional Xanthan Fermentation

Xanthan production by Xanthan production by XanthomonasXanthomonas campestriscampestris in in 
batch culturesbatch cultures
M. M. PapagianniPapagianni a, S.K. a, S.K. PsomasPsomas a, L. a, L. BatsilasBatsilas a, S.V. a, S.V. 
ParasParas a, D.A. a, D.A. KyriakidisKyriakidis b, M. b, M. LiakopoulouLiakopoulou--KyriakidesKyriakides

• Production dependent  
upon mixing speed

• Aeration is an issue

• 72 hour fermentation
• 0.05 kg glucose/L
• 77 fermenters at 7 mi2



CPBR Xanthan FermentationCPBR Xanthan Fermentation

Xanthan Gum Fermentation by Xanthomonas campestris
Immobilized in a Novel Centrifugal Fibrous-Bed Bior eactor
Shang-Tian Yang, Yang-Ming Lo, and David B. Min

• 24 hour fermentation
• 0.05 kg glucose/L
• 26 fermenters at 7 mi2

• Repeatable fermentations 
once cells adsorbed

• Cell-free broth



Centrifugal Packed Bed ReactorCentrifugal Packed Bed Reactor

Xanthan Gum Fermentation by Xanthomonas campestris
Immobilized in a Novel Centrifugal Fibrous-Bed Bior eactor
Shang-Tian Yang, Yang-Ming Lo, and David B. Min

• Produces cell-free 
broth with elevated 
productivity

• Improves the energy-
intensive, low-yield 
process due to limited  
aeration 

http://www.vikingpump.com/products/rotary_lobe_pum
ps/images/LobePumpLarge.gif



Xanthan ProductionXanthan Production
•• 4.4 tons xanthan gum / batch4.4 tons xanthan gum / batch



What to do with the glycerol?What to do with the glycerol?
–– Foods and Beverages Foods and Beverages 

•• Soft Drinks, Candies, Meat & Cheese CasingsSoft Drinks, Candies, Meat & Cheese Casings

–– DrugsDrugs
•• Capsules, Suppositories, Lozenges, GarglesCapsules, Suppositories, Lozenges, Gargles

–– Cosmetics / ToiletriesCosmetics / Toiletries
•• Emollient (softening agent)Emollient (softening agent)
•• MoisturizerMoisturizer

–– TobaccoTobacco
–– Paper / PrintingPaper / Printing
–– TextilesTextiles

•• LubricantLubricant
Sell at $0.15/lbSell at $0.15/lb



Cost BreakdownCost Breakdown



EconomicsEconomics

•• Biodiesel: $2.00/gallonBiodiesel: $2.00/gallon
•• Payout TimePayout Time

–– Option B : 5 Option B : 5 -- 77



PricingPricing
Cost B20 = Cost B20 = 

%Diesel * Production * Cost %Diesel * Production * Cost 
+ %+ %BioDieselBioDiesel * Production * (Cost * Production * (Cost –– αα))

∆∆Profit = Profit = 
Production * (Selling Price Production * (Selling Price –– Cost B20) Cost B20) 

–– Production * (Selling Price Production * (Selling Price –– Cost)Cost)

Solved for Solved for αα such that their equipment costs are paid offsuch that their equipment costs are paid off
in one year (in one year (αα = .05)= .05)

Sell to biodiesel to refinery for B20 (20% Biodiesel) blend Sell to biodiesel to refinery for B20 (20% Biodiesel) blend 
$0.72/gallon $0.72/gallon 



Risk AnalysisRisk Analysis

•• Risk Curves, and Risk Curves, and MinimaxMinimax

•• Explain high TCI and low ROIExplain high TCI and low ROI



RiskRisk

•• The risk is extremely large since everything relies on productioThe risk is extremely large since everything relies on production of algae.n of algae.
–– Cold weatherCold weather
–– Alternative algae take overAlternative algae take over
–– High Cost of Making Ponds and Harvesting AlgaeHigh Cost of Making Ponds and Harvesting Algae
–– Overall high TCI and long payout timeOverall high TCI and long payout time

•• Varied Selling price of BiodieselVaried Selling price of Biodiesel



Price EffectsPrice Effects

• As biodiesel price increases NPW goes up

• $3.14/gallon biodiesel becomes more profitable 
than byproduct fermentation

• $9.50/gallon Option A becomes Profitable



ConclusionConclusion

•• Algae Algae 
–– Good source for oilGood source for oil

–– High Cost HarvestingHigh Cost Harvesting

–– High TCIHigh TCI

–– Profitable but riskyProfitable but risky

–– Further research is necessary to make the Further research is necessary to make the 
process more economically feasibleprocess more economically feasible



RecommendationsRecommendations

•• Evaluate algae types with onsite experimentationEvaluate algae types with onsite experimentation

•• Explore the cost of bioreactors with the rising diesel Explore the cost of bioreactors with the rising diesel 
pricesprices

•• Explore more economical ways of harvestingExplore more economical ways of harvesting

•• Utilize Tax IncentivesUtilize Tax Incentives



Questions?Questions?


