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A rather dim future?

65% of petroleum used
by US is imported

Solar, wind, hydro?

U. S. DOE, modified

USA

Nuclear?



Biofuel Alternative to Fossil Fuel
Biopower (Most of US power from coal)
• Grid-connected capacity

– 9700 MW direct combustion
– 400 MW co-firing 

• Biopower electricity prices 
generally range from 8-12¢/kWh

US needs 160 billion gal/yr of automotive fuel

Biofuels (Most of US fuel is from petroleum)
• Biodiesel – 15 million gallons (2002)
• Corn ethanol

– 81 commercial plants
– 3.4 billion gallons (2004)
– ~$1.50/gal

• Cellulosic ethanol*
– $2.50/gal includes cost of biomass

– Less than $1.50 / gal with zero cost feedstock
– less than $1.00 / gal for negative cost feedstock

(materials with a disposal costs)

Rated at 21 MW and providing the San 
Francisco Bay Area with baseload capacity,
the Tracy Biomass Plant uses wood residues 
discarded from agricultural and industrial 
operations. 

Larger plant in South Florida – 74 MW
(Okeelanta, Florida)

Modified from DOE, Dec. 2005



BioDiesel (B20)
85% Ethanol Gasoline
10% Ethanol Gasoline

Brazil currently burns E85
in many vehicles. There are
no technology barriers to
expanding the level of ethanol
in automotive fuel.

DOE, 2005



Renewable Feedstocks > Renewable Chemicals

PharmaPharma

SugarsSugars

*1,3 *1,3 PropanediolPropanediol (Dupont)(Dupont)Lactic Acid Lactic Acid (NW)(NW)

**SuccinateSuccinate
E. coli, K. E. coli, K. oxytocaoxytoca,  ,  
bacteria, yeasts & fungibacteria, yeasts & fungi

CHEMICALSCHEMICALS

Microbial PlatformsMicrobial Platforms

Ethanol Ethanol (ADM)(ADM)

VitaminsVitamins
Amino AcidsAmino Acids

LignocellulosicLignocellulosic ResiduesResidues
Glucose (40%) celluloseGlucose (40%) cellulose
XyloseXylose (30%) (30%) hemicellulosehemicellulose
Lignin+ (30%) thermoplasticLignin+ (30%) thermoplastic

GlucoseGlucose
XyloseXylose

LigninLignin
Clean Boiler FuelClean Boiler Fuel

GlucoseGlucose

1.4 billion bushels corn , 3.5 Billon gal Ethanol, 14% total

E. coli: thre,phe,(tryp,asp)

*3*3--HP HP (Cargill)(Cargill)

**PyruvatePyruvate
acetateacetate



Fossil Energy Replacement Ratio
Energy Delivered to Customer
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Fossil Energy Used
Fossil Energy Ratio (FER) =

Renewable       Petroleum       Coal



Biomass Resource Base       
US Department of Energy
Office of Energy Efficiency 
and Renewable Energy 2005

USDA/DOE 
Billion Ton 

Vision Paper

• Land resources of the U.S. can 
sustainably supply more than 1.3 billion 
dry tons annually and still continue to 
meet food, feed, and export demands

• Realizing this potential will require 
R&D, policy change, stakeholder 
involvement

• Required changes are not unreasonable 
given current trends

• Should be sufficient to replace 30% of 
current US petroleum requirements 

• Increased car mileage!  
• Wise energy use, Conservation!

25% by 2025;  30% by 2030 programs



• “Billion Ton” study indicates that an annual biomass supply is 
potentially available to displace 30%+ of current U.S. petroleum
consumption by 2030 using a variety of biomass types:
– Agricultural lands

• Corn stover, wheat straw, soybean residue, manure, switchgrass, 
poplar/willow energy crops, etc.

– Forest lands
• Forest thinnings, fuelwoods, logging residues, wood processing and paper 

mill residues, urban wood wastes, etc.

Biomass Availability and Type

Also MSW Green Waste in Florida

Modified from US DOE, 2005



U.S. Feedstocks Available by Biomass TypeU.S. Feedstocks Available by Biomass Type

Agricultural Crop Residues
156 MdT

Sludge
50 MdT 

Primary Mill Residues
2 MdT

Biogas
11 MdT

Other Wastes
161 MdT 

(manure and biosolids)

(primarily switchgrass, also hybrid poplar and willow)

(landfill, digester, 
and sewage gas)

(unused organic fraction of 
municipal solid waste, 
construction and demolition 
waste wood, urban tree 
residues)

(corn stover, wheat and rice 
straw, cotton stalks)

(excludes portion currently used for fuel 
wood, fiber, and misc. by-product)

Potential Energy Crops
159 MdT

Forest Residues
84 MdT

Landfill
MSW MSW 

--$$

~$~$

+$+$

2 X in 2005 report

Mdt = million dry tons Source: DOE, Biobased Products and Bioenergy Roadmap, 2001



New Domestic Bio-Industry       
US Department of Energy
Office of Energy Efficiency 
and Renewable Energy 2005

ConversionConversion
ProcessesProcesses

– Trees 
– Grasses
– Agricultural Crops
– Agricultural Residues
– Forest Residues
– Animal Wastes
– Municipal Solid Waste

PRODUCTSPRODUCTS
Fuels:
– Ethanol
– Renewable Diesel 
– Renewable Gasoline
– Hydrogen

Power:
– Electricity
– Heat (co-generation)

Chemicals
– Plastics
– Solvents
– Chemical Intermediates
– Phenolics
– Adhesives
– Furfural
– Fatty acids
– Acetic Acid
– Carbon black
– Paints
– Dyes, Pigments, and Ink
– Detergents
– Etc.

Food, Feed, Fuel and Fiber

- Enzymatic Fermentation
- Gas/liquid Fermentation
- Acid Hydrolysis/Fermentation
- Gasification
- Pyrolysis
- Combustion
- Co-firing

BiomassBiomass
FeedstockFeedstock



1.3 Billion dry tons/year
70% Carbohydrate, 20% Lignin

From the Carbohydrate

1.0 Billion tons of chemicals
or

130 Billion gal of fuel ethanol
or

Some Combination

(Need 160 Billion gal/yr)

Lignin and residues
burned for power



Florida ---

• Depends almost exclusively on other states 
and nations for supplies of oil and gasoline, 
producing less than one percent of the 
nation's crude oil annually.

• Consumes 8.6 billion gallons of gasoline 
per year and consumption is growing by 
300 million gallons per year. 
( twice total corn ethanol )

Florida Dept. of Agriculture, 2006



Opportunities for Renewable Energy in Florida

Florida is Number 1 in something other than athletics.

FL leads the country in tons plant biomass produced per yr.
(but not corn)

Florida has the resources to lead the country in

• Renewable fuel ethanol – automotive (& chemicals)

• Combustion/co-firing/gasification – power 

• Anaerobic digester/ biogas -- on-site power and vehicles

• Development of energy crops for the future

Positive economic impacts for Florida



Producing Automotive Fuel in Florida
Established, conventional technology with yeasts

1
Sugar cane, syrup - Brazil
Corn (local and shipped into Florida)- US  
Citrus molasses,  Cane molasses
Waste sugar (soft drinks, candy, etc.)

1

22 Alternative crops – sweet sorgham for ethanol,
Increasing cane, increasing corn?
Oil crops for biodiesel?  -- soybeans, other?

3 Inedible biomass -- Lignocellulose to ethanol3



Florida’s Inedible Biomass Feedstocks

Municipal waste, green waste – disposal cost

Bagasse and cane waste – gathered, low value 
Citrus pulp – fuel ethanol (animal feed)

Forest & timber residues – disposal cost

Invasive plants – disposal cost

Animal waste  -- disposal cost

Agricultural residues – collection costs



> 70% LIGNOCELLULOSE> 70% LIGNOCELLULOSE

YardYard
WastesWastes
17.9%17.9% Paper &Paper &

PaperboardPaperboard
37.5%37.5%

PlasticsPlastics
8.3%8.3%

Glass and MetalsGlass and Metals
14.4% 14.4% 

Food and woodFood and wood
13 %13 %



Cane Cane BagasseBagasse –– Biomass ResiduesBiomass Residues
(“Brown Gold” of the future)  South of Lake Okeechobee, Florida



Renewable Feedstocks > Renewable Fuel

SugarsSugars CHEMICALS

GlucoseGlucose
XyloseXylose

LigninLignin
Clean Boiler FuelClean Boiler Fuel

Glucose
1.6 billion bushels of Corn

4 Billon gal Ethanol 
~14% of 
U.S. corn

EthanolEthanol

PlasticsPlastics

SolventsSolvents

CellulosicCellulosic ResiduesResidues
Glucose Glucose -- cellulosecellulose
XyloseXylose -- hemicellulosehemicellulose
Lignin+ Lignin+ -- naturenature’’s glues glue



The main feedstock in the US today
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Glucose polymer

Xylose and 
other sugars

Nature’s plastic

Primarily pentoses,
5-carbon sugars.

Homopolymer of glucose,
hexose, a 6-carbon sugar.

Black thermoplastic
containing lots of 
energy for burning.

Composition of Lignocellulosic Biomass



Plant Cell Wall Synthesis Plant Cell Wall Synthesis 
and and BiorefiningBiorefining

Carpita and Gibeaut, 1993



Composition of BiomassComposition of Biomass
Monomeric sugars released from hemicellulose by
cooking with dilute mineral acids  or adding enzymes.

Cellulose – Strong acid treatment or cellulolytic enzymes



Future feedstock:  Cellulosic biomass 
Biocatalyst??

Approximate composition

Cellulose, 45%

Hemicellulose, 25%

Lignin, 25%

Other, 5%
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O

D-glucose

D-xylose
(5-carbon sugar)

OH

OH

OH

OH
O

L-arabinose
(5-carbon sugar)



HEXOSES                 +     PENTOSES

Embden-Meyerhof-Parnas Entner-Doudoroff Pentose Phosphate

Succinate

Lactate

Acetate

Acetyl-CoA    + Formate

COCO22 H2EthanolEthanol

Lactate Dehydrogenase
7.2 mM (ldhA)

Pyruvate
Formate-Lyase
2 mM (pfl)

Pyruvate Decarboxylase
0.4mM  (pdc)

Acetaldehyde + COCO22

Alcohol Dehydrogenase
(adhB)         

Ethanol (95% Ethanol (95% Theor.YieldTheor.Yield))

(Zymomonas mobilis)Zymomonas mobilis)PYRUVATEPYRUVATE

Microbial PlatformMicrobial Platform

PEPX

X

X

Derivatives of E. coli B and K. oxytoca M5A1)



E. coli BE. coli B (organic acids) and KO11 (ethanol) (organic acids) and KO11 (ethanol) 
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Yield Yield –– 0.50 g ethanol and 0.49 g CO0.50 g ethanol and 0.49 g CO22 per g xylose per g xylose 

(10% Xylose, pH 6.5, 35C) (10% Xylose, pH 6.5, 35C) 



Acid Hydrolysis

Hemicellulose
Syrup

Fiber Residue (cellulose+lignin)

Residue to
Boiler

Beer

E.coli KO11
(cellulase)

K. oxytoca 
SZ21 

(cellulase)

Fungal
cellulase

Nutrients Nutrients

Lignocellulose to EthanolLignocellulose to Ethanol

SSF

BIOMASSBIOMASS

ETHANOLETHANOL
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Recombinant
cellulase

Recombinant
co-products

Syrup
“Conditioning”



Conversion of Biomass to Fuel Ethanol & Chemicals

Washing
Dilute Acid
HydrolysisLignocellulose Liquid/solid

Separation

Hemicellulose
Fermentation

Cellulose
+Lignin

Fermentation
Cellulose+
Cellulase

Purification

Hemicellulose
Syrup

Hemicellulose
Detox

Initial Biocatalysts

Construction Costs:
$4 to $10/annual gallon E

Dilute Acid
HydrolysisLignocellulose

Purification

Fermentation
Cellulose +
Cellulase &
Hemicellulose

Syrup

Potential Simplification with Advanced Biocatalysts

Co-products-$$

$? $? -- Enzyme ProductionEnzyme Production

<$2/annual gallon E

Mature Corn to Ethanol Industry
Fermentation
+ amylase &
glucoamylase

Corn Steam Cooker Purification

Co-products-$$<$2/annual gallon E



Fuels and Chemicals from Biomass
Hexose Sugars

Glucose
Mannose
Galactose
Fructose

Acids & Alcohols
Galacturonate
Glucuronate
Sorbitol, Glycerol

Pentose Sugars
Xylose
Arabinose

Pyruvate

EthanolEthanol

D&LD&L--LactateLactate AcetateAcetate
& & PyruvatePyruvate

OtherOther
CompoundsCompounds



Polylactic acid (NatureWorks, LLC)
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co-op communications



Below ground

Displacement of oilDisplacement of oil
Recycling wasteRecycling waste

–– Commodity Commodity 
chemicalschemicals

•• polylactic acidpolylactic acid
•• 33--HP, 1HP, 1--3 PD3 PD
•• Solvents, acidsSolvents, acids

–– FuelsFuels
•• ethanolethanol
•• biodieselbiodiesel
•• powerpower

–– Rural EmploymentRural Employment

Above ground

CO2

CO2
CO2

DOE, 2002

Brighter future: Renewable Brighter future: Renewable 
Fuels & ChemicalsFuels & Chemicals

Carbon Carbon 
sequestrationsequestration
(short term)..(short term)..



UF Commercial Development
• Ethanol Technology – BC International  LLC

90/10 Hybrid Plant planned in US
(Corn to ethanol + lignocellulose to ethanol)

100% lignocellulose to ethanol in Japan
Two-ton per day pilot plants in Louisianna and Tokyo

• Organic Acid Technology – BioEnergy Inter., LLC
(in large scale trials with multi-national company)

• Federal, State and Industry Sponsored Research 

• Over 20 patents issued and pending; all licensed.



A short movie

• In Japanese, no subtitles

• Ethanol Pilot operation  -- Wood waste

• Approximately 2 tons wood/day



1989 - Professor Ohta conducting
fermentation studies at Univ. Fla.

Dependence on petroleum Dependence on petroleum 
remains as the remains as the 

single most important factor single most important factor 
affecting the world distributionaffecting the world distribution
of wealth, global conflict, of wealth, global conflict, 
human health, and human health, and 
environmental quality.environmental quality.

Reversing this dependence Reversing this dependence 
would increase employment, would increase employment, 
preserve our environment, and preserve our environment, and 
facilitate investments that improvefacilitate investments that improve
the health and living conditionsthe health and living conditions
for all. for all. 
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