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Recent immigrant (ca. 1927)
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Soldier (ca. 1945)
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Farm boy (ca. 1926)



Life in the United States:1906Life in the United States:1906

Average life expectancy = 47 years

Homes with bathtub = 14% 

Homes with telephone = 8%

Automobiles = 8000

Paved Roads = 144 miles



RefrigeratorRefrigerator



Air ConditionerAir Conditioner



Clothes WasherClothes Washer



AirplaneAirplane



AutomobileAutomobile



ComputerComputer



TelephoneTelephone



TelevisionTelevision



Electric LightElectric Light
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20th Century: Central Challenge 20th Century: Central Challenge 

Create and distribute 
life-enhancing
technologies



Earth at NightEarth at Night
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21st Century: Central Challenge 21st Century: Central Challenge 

Prevent life-enhancing
technologies from 

destroying 
the environment
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What do all of these technologies 
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What do all of these technologies 
have in common?

They all use energy
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Sustainable Energy and 
Transportation: Engineering 

the 21st Century

Politically charged word



Sustainable Technology…Sustainable Technology…

Technologies that meet the needs of 
the current generation without 

compromising the needs of future 
generations.



M. King Hubbert (1903-89)M. King Hubbert (1903-89)

American geophysicist

Shell Oil research laboratory

Houston, TX
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US Oil Production
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Fossil Fuel ReservesFossil Fuel Reserves

Coal
31%

Gas Hydrates
62%

Conventional Oil
0.9%

Conventional Gas
0.6%

InSitu 
HVO/ Bitumen

1.9%

Oil Shale
2.4%

Surface Bitumen
0.2%

Coalbed Methane
0.7%

Source: Shell International Exploration and Production Company, personal communication
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10 miles10 miles

102 miles
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39 centuries
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2 O2 + CH4          2 H2O + CO2

21.0%

18.9%

1.04%

0.038%

OSHA LimitOSHA Limit

0.5%
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OSHA LimitOSHA Limit

10 miles10 miles

102 miles

10,200 cubic miles
2.6 cubic miles/yr

20 centuries
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Politically Divided



What about global warming?What about global warming?

Democrat Position:

The sky is falling…we are all going to roast.
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What about global warming?What about global warming?

Republican Position:

Weather and climate are inherently variable.

This fuss over global warming is just another  
Democrat plot to socialize the economy.
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Global Warming ProjectionsGlobal Warming Projections

Intergovernmental Panel on Climate Change
Business-as-usual scenario 



CH4

2 O2 + CH4          2 H2O + CO2

21.0%

18.9%

1.04%

0.038%

Greenhouse Limit (~5oC rise)Greenhouse Limit (~5oC rise)

0.088%

20.9%



Greenhouse LimitGreenhouse Limit
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102 miles

10,200 cubic miles
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1 – 2 centuries
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New Renewables

Fossil





BiofuelsBiofuels

CO2



Oil RefineryOil Refinery

Crude Oil Fuels

Chemicals

Polymers

Oil 
Refinery

$684/ton
$95/bbl

$2.26/gal

$745/ton
$103/bbl
$2.46/gal



Biomass RefineryBiomass Refinery

Biomass Fuels

Chemicals

Polymers

Biomass 
Refinery

$40/ton
$15/bbl*

$0.36/gal*

$362 – 543/ton
$50 – 75/bbl

$1.20 – 1.80/gal

* Equivalent energy basis
Fiber

Feed

Pharmaceuticals

Food
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1. Uses Multiple Feedstocks1. Uses Multiple Feedstocks

•• treestrees

•• grassgrass

•• agricultural residuesagricultural residues

•• energy cropsenergy crops

•• animal manureanimal manure

•• sewage sludgesewage sludge

•• municipal solid wastemunicipal solid waste





7878

10.910.9
33
4.34.3

400400

330330
220220

U.S. Biodegradable Wastes

Municipal Solid WasteMunicipal Solid Waste
Sewage SludgeSewage Sludge
Industrial Industrial BiosludgeBiosludge
Recycled Paper FinesRecycled Paper Fines

Agricultural ResiduesAgricultural Residues
Forestry ResiduesForestry Residues
ManureManure

AmountAmount
(million (million tonnetonne/year)/year)

Alcohol PotentialAlcohol Potential
WasteWaste (billion gal/year)

1010
1.41.4

0.40.4
0.50.5

5252

4343
2828

TotalTotal 1,0461,046 135135
U.S. Gasoline Consumption = 130 billion gal/yearU.S. Gasoline Consumption = 130 billion gal/year
U.S. Diesel Consumption = 40 billion gal/yearU.S. Diesel Consumption = 40 billion gal/year



2. Uses High-Productivity Feedstocks2. Uses High-Productivity Feedstocks

Corn grain                Sorghum           Energy cane

3.4

20

30

P
ro

du
ct

iv
ity

D
ry

 to
ns

/(
ac

re
·y

r)



Current-Generation BiofuelsCurrent-Generation Biofuels

http://petroleum.berkeley.edu/papers/patzek/CRPS416-Patzek-Web.pdf



CornfieldCornfield

Bart and Phillip 



Corn Land Area Required to Supply 
100% of US Gasoline
Corn Land Area Required to Supply 
100% of US Gasoline



SorghumSorghum

Source: William Rooney, Soil and Crop Sciences, Texas A&M University 

Grows in ~35 US states

Yield = 20–25 dry ton/(acre·yr)



Energy Cane



Energy Cane



3. Increases Agricultural Income3. Increases Agricultural Income

Corn grain                Sorghum           Energy cane
($3.75/bu)              ($40/tonne)          ($40/tonne)
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MixAlco ProcessMixAlco Process
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HydrogenateHydrogenate

MixedMixed
KetonesKetonesThermalThermal

ConversionConversionDewaterDewaterFermentFermentPretreatPretreat

Calcium CarbonateCalcium Carbonate

LimeLime

Carboxylate
Salts
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Modern-day alchemyModern-day alchemy

HydrogenHydrogen

BiomassBiomass

Lime KilnLime Kiln

MixedMixed
AlcoholAlcohol
FuelsFuels

HydrogenateHydrogenate

MixedMixed
KetonesKetonesThermalThermal

ConversionConversionDewaterDewaterFermentFermentPretreatPretreat

Calcium CarbonateCalcium Carbonate

LimeLime

Carboxylate
Salts

Manure Nail polish remover



Modern-day alchemyModern-day alchemy

HydrogenHydrogen

BiomassBiomass

Lime KilnLime Kiln

MixedMixed
AlcoholAlcohol
FuelsFuels

HydrogenateHydrogenate

MixedMixed
KetonesKetonesThermalThermal

ConversionConversionDewaterDewaterFermentFermentPretreatPretreat

Calcium CarbonateCalcium Carbonate

LimeLime

Carboxylate
Salts

Manure Rubbing alcohol



EconomicsEconomics



Plant CapacityPlant Capacity

((tonne/htonne/h)        (mill gal/yr))        (mill gal/yr)

Plant CapacityPlant Capacity *City *City 
PopulationPopulation

2               1.5   2               1.5   40,00040,000
1010 7.67.6 200,000200,000
40             30.3      40             30.3      800,000800,000

160           121 160           121 3,200,0003,200,000
800           606 800           606 16,000,00016,000,000

Base Base 
CaseCase

* Feedstock = Municipal solid waste + Sewage sludge 



Mixed Alcohol Selling Price  
(15% ROI)

Mixed Alcohol Selling Price  
(15% ROI)
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1. Biomass Harvesting 
and Transport

1. Biomass Harvesting 
and Transport











Gasified undigested residue from fermentors

HydrogenHydrogen

BiomassBiomass

Lime KilnLime Kiln
MixedMixed
AlcoholAlcohol
FuelsFuels

HydrogenateHydrogenate

MixedMixed
KetonesKetonesThermalThermal

ConversionConversionDewaterDewaterFermentFermentPretreatPretreat

Calcium CarbonateCalcium Carbonate

LimeLime

Carboxylate
Salts

Gasifier

CO2

Residue
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2. Environmentally Acceptable 
Hydrogen Sources

Natural gas reforming (with sequestration)

CH4

2 H2O + CH4          4 H2 + CO2

CO2



Coal reforming (with sequestration)

2 H2O + C 2 H2 + CO2

CO2

2. Environmentally Acceptable 
Hydrogen Sources

2. Environmentally Acceptable 
Hydrogen Sources

C



Water electrolysis 

O2 H2

H2O

2. Environmentally Acceptable 
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2. Environmentally Acceptable 
Hydrogen Sources

Solar

Wind

Electricity
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Water electrolysis 

O2 H2

H2O

2. Environmentally Acceptable 
Hydrogen Sources

2. Environmentally Acceptable 
Hydrogen Sources

Electricity

Nuclear

?



3. Land Availability3. Land Availability
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Centralized Processing of 
Sorghum
Centralized Processing of 
Sorghum

20 mi

50% of area 
planted

43,000 bbl/day



Supply US Gasoline Consumption Supply US Gasoline Consumption 

plants 248
alc gal 10  629

plant·yr
gas gal

alc gal 2.1
yr

gas gal 10  130
  Plants
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9
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2
2

mi 000,150
plant

mi 600
plants 248 Area =´=

100% planted 386 mi



Sorghum Land AreaSorghum Land Area

30 mpg*

Conventional Car

93 gallons

* at 70 miles per hour



StarRotor EngineStarRotor Engine



Engine & Compressor Progress
12-13-04

Outer Assembly Components

End Plate Drive Seal Plate

Outer RotorsOuter Drive

StarRotor Corporation



StarRotor Corporation

Inner Assembly Components

Inner Rotor Inner Drive

Shaft



StarRotor Corporation

External Components

Port Plate Back Cap Inlet Manifold

Back Plate Case

Offset HubBearing Hub Misc.



StarRotor Corporation



StarRotor Corporation



Engine & Compressor Progress
12-13-04

StarRotor Corporation



StarRotor Corporation

Back Cap Inlet Manifold

Back Plate Case

Offset Hub Misc.



StarRotor Corporation
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$2 million data
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82%

Gas = air              Compression ratio = 2.87            Inlet temperature = 26oC



hcomp = hexp = 82%

hengine = 57 – 66%

�



Sorghum Land AreaSorghum Land Area

90 mpg*

Conventional Car
with

StarRotor Engine

31 gallons

* at 70 miles per hour



Sorghum Land AreaSorghum Land Area

235 mpg*

Loremo
with

StarRotor Engine

12 gallons

* at 70 miles per hour



Sorghum Land AreaSorghum Land Area

380 mpg*

Aptera
with

StarRotor Engine

8 gallons

* at 70 miles per hour



ConclusionConclusion

Sustainable energy for 
transportation is both 

technically and economically 
achievable.
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Biomass ResearchersBiomass Researchers

Faculty
• Mark Holtzapple
• Richard Davison

Post Docs

• Praveen Vadlani
• Vincent Chang
• Xu Li
• Cesar Granda
• Jorge Lara
• Li Zhu

Masters
• Murlidahar Nagwani
• Chang Ming Lee
• Champion Lee  
• Seth Adleson
• Robert Rapier
• William Kaar
• David Gaskin
• Hiroshi Shirage
• Wilbelto Adorno-Gomez
• Shelly Williamson
• Maria Almendarez
• Ramasubramania Narayan
• Patricia O'Dowd
• Hung-Wen Yeh
• Manohar Vishwanathappa
• Brian Lipscomb
• John Miles
• Andrew Moody
• Somsak Watanawanavet
• Lambert Titzman

PhD
• Nan Sheng Chang  
• Shushien Chang  
• Mitch Loescher
• Kyle Ross
• Susan Domke
• Salvador Aldrett-Lee
• Cateryna Aiello-Mazzarri
• Wenning Chan
• Piyarat Thanakoses
• Xu Li
• Cesar Granda
• Guillermo Coward-Kelly
• Li Zhu
• Se Hoon Kim
• Frank Agbogbo
• Zihong Fu
• Jonathan O'Dwyer
• Maxine Jones
• Rocio Sierra Ramirez
• Jorge Lara
• Stanley Coleman
• Aaron Smith
• Andrea Forrest



StarRotor TeamStarRotor Team

Andrew Rabroker Kyle Ross Nathan Okonski



Thank you for your
time and attention


