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The Future Fuels Group (BNL/SBU)

Students Collaborators
Graduate ACR Krishna (BNL) jA'
- M. Eaton (Exxonmobil) AT. Butcher (BNL) o= %208
- M. Anjom (SBU) AN. van der Lelie (BN 55
- P. Kerkar AK. Ro (USDA)
- Y. Hung AP. Hunt (USDA) %
- S. Patel AC. Clayton (SBU) jf,:_
CME Undergrads AT. Koga (SBU) -
- 5-9 students/year AM. Rafailovich (SBU) s
(SULI and Battelle Fellowships) AH. Zhang (SBU) ! ;

AM. Castaldi (Columbjz

=
AR. Coffin (NRL) -

FUNDING : )
ANational Science Foundation (NSF) AR. Kleinberg (Schiunbgfg
AU.S. Department of Energy (US DOE) Farminadale State Collcaaiat
ABNL: Laboratory Directed R & D (LDRD) H. Tawfik

AU.S. Department of Agriculture (USDA) 10+ Students

ASBU: Office of Vice President for Research
Aindustry



SBU/BNL- Biomass Utilization Initiative

National Science Foundati&@mgineering Directorate -
I/UCRC (Industry/University Cooperative Research Center) Pro% P

Nationah Certerdfor BidEnérgy RS DA CBERD) )

Founding Members

Kansas State Universit@tgle)

North Carolina State University (NCSU)

South Dakota School of Mines and Technology (SDSMT)
South Dakota State University (SDSU)

Stony Brook University (SBU)

University of Hawaii (UH)

Stony Brook Siténdustry Members
NYSERDA

National Grid

E-Renewables

Brookhaven National Laboratory
AERTC

Under discussion: 5




C-BERD Mission

Mission:

ATo train students at all levels.

ADevelop energy technologies based on renewables by
working with industry.




&)+ National Center for BioEnergy R&D (C-BERD)

Features

National Biofuels Center

University consortium

Industry driven- Initially 50-70 industries are expected to join.
Industrial Advisory Board (IAB)

Focus Areas

Focus Area 1: Feedstock agronomy and supply

Focus Area 2: Feedstock breeding and genomics
Focus Area 3: Bioprocessing microbes and enzymes
Focus Area 4: Biomass processing

Focus Area 5: New platform technologies

Focus Area 6: Modeling and Process lifecycle analysis

Theme
Efficient Biofuels production and storage
Fuel utilization coupled with carbon sequestration




Nor fog C-BERD: Sample Projects

) XL
-,

ABiogas upgrading using membranes templated with supercrijicgl{3 L

AAdvanced concept in C sequestratiomc@eing by catalytic > .“-r
conversion into bioalcohols. . ‘
AUltradeep (< 5 ppm) sulfur removal from biteriesd fuels: The ne f’
generation nano catalyst based technology.

AHigh conversion otticeugh catalysis: Biortiss/ed syngas to rene ,Jﬂ
diesel. I
AAdvanced concept in C sequestratimec@eing by catalytic conversi a‘, .

Into bioalcohols. A
ABiofuel combustion: combustion characteristics and emissions.”” %
APEM fuel cells (Bipolar plate technology): efficiency managemen -

bioalcohols as fuel feed. |
AH, production by thermophillic bacteria. B
Alnteraction of biofuels with skin tissue: Potential toxicity of oxygergis



Biofuels

Definition Fuels derived from G@et neutral feedstocks.
Impact Sectors -
ATransportation

AUtilities

AManufacturing

Gasoline Consumption (20080 billion gallons

Biofuels Market Share (20@8% gasoline consumption

Target Fuel 2005/06 2007/08 2012 2025
billion gallons/year (Projected)

Bioethanol [U.S.]* 5 8.8 75 60

Biodiesel [U.S.]** 0.6 1.3

Bioethanol [Brazil]** 4.5 4.5

*Corn based; **Data from NBB; **Sudmrsen¢45% of the world totAllP r 0 j e c t e g "
Goal Replace 75% oil imports by 2025. ;

F



Biomass to Fuels

* Biofuels includes any liquid fuel

0 Biorefinery concept is appealing because it will use the ™ ~
existing infrastructure.

O Biomass to BioFuels- Next-generation technologies are

needed.



Biommasssto BioBiestiesel



Biodiesel: Incentives for Expansion ) !
-4
Energy Act of 1992 4.5__&_ "
USDA Commodity Credit Corporation's (CCC) Bioenergy Prgf *..~“':'-1.-.,

Energy Policy Act of 2005 [the Renewable Fuels Standard (Ri=S

phase-in] i 2 Provisions

1. Supply Side- Provide 10¢/gallon tax credit to small producers of -"' o
biodiesel. Available for the first 15 million gallons produced by a j ’

e:’

k’,.

plant with <60 million gallons annual production capacity.

1. Demand Side- Fuel producers were required to include 4 billion
gallons of renewable fuels by 2006, increasing to a minimum of 7.3
billion gallons by 2012.

il

e
47

EPA Diesel Regulations

Introduction of ultra-low sulfur diesel (ULSD)

Biodiesel as lubricant additive (causes engine damage).
- Addition of B2 restores lubricity.



Biodiesel: Production Methods

Biodiesel Production Methods

ABase catalyzed transesterification of oil
ADirect acid catalyzed transesterification of oil
AConvert oils into fatty acids and then to biodiesel




Binditisel Frodustion:tibe:ReaetiBeaction

Base catalyzed esterification reaction

CH,OCOR"' ' © CH,OH R"COOR 7
iI:HOCOR" + 3 ROH Catalyst %:HOH + R"COOR
CH,OCORO CH,OH R'COOR
(100 lbs) (10 Ibs) (10 Ibs) (100 Ibs)
Oil or Fat Alcohol (excess) Glycerin Biodiesel
(Triglyceride) Mono-alkyl ester

o I
4~
Oil or Fat: Soybean, Palmitic, oleic, stearic, linoleic acids
Catalyst: KOH, NaOH

ROH: MeOH, EtOH

ANote the process needs MeOH or EtOH



Bingitisel Production:tihe:FlowsfHetwsheet

Base Catalyzed Esterification of Oils

Feactor 1

Feactor 2

Biodiese!

Mfethanaol

=

Catalyst

Mlethanal
Fecovery

oY

T

&

Wiash
Column

hcern
Wiater

Slycerin
Water
Evaporation

Source: Lurgi Process

Advantages

AowT
Alow P

ADirect high conversion (~ 98%)

—>

Crude Glycerin
Cal




Binglitisel dPrapesties-ties

ASTM Standar®6751
AReaction completion o
AGlycerin removal e BT
ACatalyst removal

AFree fatty acids removal

Fuel properties of biodiesel from Soybean oil

Ester Viscosity Cetane No. goHg T+1ash CP PP
mm?/s kJ/kg °C °C °C

Methyl 4.08 46.2 39,800 191 2 -
Ethyl 4.41 48.2 40,000 174 1 -4
Isopropyl 52.6 I T -9 -12
N-Butyl 5.24 51.7 40,700 185 -3 -7
No. 2 Diesel 2.39 45.8 45,200 78 -19 -23

gHg = gross heat of combustion; Ty, = flash point (Penske Martins closed cup); CP = cloud point;
PP = pour point




Binglitisel fuehQuality forthiesel EngingsEngines , 7

AASTM Specification for B100 for Blending has been developed
(D6751)

AChanges being considered to improve quality

AAttempts are being made to address stability and compatibility _,,;-'"-*l-"
with newer diesel technology concerns of engine manufacturerS»4 ‘

il

AAdditional research required to define and test for stability ; !
ALack of data relating stability and deposit formation i fine 3
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Figure 1. U.S. biodiesel production and installed capacity for 2000 to 2006

Source: Carriquiry, M. lowa State U.




Bingditisel Ec@momiesnics

Assumptions
APlant size: 60 million gallons
AFeedstock cost: 80% —

A7.5 Ibs feedstock/gallon biodiesel
AOperating cost (excluding feedstock): $0.42/gallon
A Credit for glycerin and other by -products: $0.05/gallon

Net operating profit = Revenues i Operating cost (excluding capital apis
other fixed costs ) |

Table 1. Net operating returns for a biodiesel plant
Feedstock Price ($/1b) -

0.20 0.25 0.30 .35 0.40

= 2.00 0.16 -0.21 -0.59 -(.96 -1.33
= __ |2.40 0.56 0.19 -0.19 -0.56 -0.93
= 5% | 2.80 0.96 0.59 0.21 -0.16 -0.53
E E 3.20 1.36 (.99 0.61 0.24 -0.13
bE: 3.60 1.76 1.39 1.01 0.64 0.27
4.00 2.16 1.79 1.41 1.04 0.67

Source: Carriquiry, M. lowa State U.

3 Problem: U.S. biodiesel based on soybean oil




Bibsitisel Hrodusciion tion- Challengeses

AGlycerol Utilization
- Better utilization of glycerin
I
Almprove Esterification
| .
- Processing steps

AFuel to diesel engine specifications
- Minimize impurities




Bomasssto BioBihanithanol



Bioethanol

. —
@ =

CeHiOs(a0) —=— 2 GHOH (aq) + 29(@)

Glucose

ATheoretical C Utilization: 67%
ACQ;: product of fermentation process

ATypical processing time: 48 hrs



BibettanohBrddustivic tion- Seliesaticdcs

Milo Thermo -Stable Alcohol i
Corn Alpha Amylase Glucoamylase Yeast Reccivery .
Wheat 3
Liguefaction Saccharification Fermentation Distillation &
Dehydration "

SECONDARY
LIQUEFACTION
95AC 7

~90 MIN

Source: Waste Conversion Technologies, UCLA




BibetanohBradustiencbPaia Data

Feedstock Ethanol Recovery rate/Feedstock
gallons/ton

Sugarcane 19.5
Sugarbeets 24.8
Molasses
(Byproduct of Sugarcane/
Sugarbeets 69.4
Raw sugar 1354
Refined sugar 141
Corn Ethanol/bushel

Wet milling 2.65

Dry milling 2.75
Ethanol yield
Gallons/ton sucrose
- Theoretical 163
- Expected 141

Data Source: USDA, 2006




Bibethanoh Bradustion: zeendbiesromics

Data Source: USDA, 2006
-

Summary of estimated ethanol production costs, $/gallon)

Cost Corn Milling Sugar Sugar Molasses Raw sugar Refined Brazil :
Item Wet Dry cane beets 3) sugar (3) Sugar(4) Sugar beetgi
Feedstock

Cost(2) 0.40 0.53 1.48 1.58 0.91 3.12 3.61 0.30 0.9
Processing

cost 0.63 0.52 0.92 0.77 0.36 0.36 0.36 0.51 1.9

Total y

Cost 1.03 1.05 240 2.35 1.27 3.48 3.97 0.81

1) Excludes capital costs.
2) Feedstock costs for U.S. corn wet and dry milling are net feedstock costs; feedstock costs for U.S. sugarcane aosl
sugar beets are gross feedstock costs. "l
3) Excludes transportation costs.

4) Average of published estimates.



PresephBigdthatbbiredictiioniRatan Data

_a—
Year Capacity, Gallons
2000 1.6
2006 4.9
2009 11.5*
*Planned

Note: Ethanol energy content: 66% of gasoline

Source: FarmEcon.com (2007)




PiesenihBigethatiobRretdctionu Ehiallengdsallenges

Process Related

Alnefficient utilization of feedstock (corn).
AFreshwater requirements for processing.

Humanitarian

'. é
AFood vs Fuel debate (recent riots in Asia and other countries with y !
rising fuel prices). 4 A5

AFor each 1% rise in food prices, caloric intake among the poor
drops 0.5% (World Bank Report).

A By 2025, 1.25 billion people will go hungry.



Summapry- Ettleaalcdnari3ioBirseiesel

Feedstock Issue

ABiodiesel: Vegetable oils and waste grease, etc
AEthanol (U.S.): Corn based




Biomass:to BioRielsuels:
Next tensaratiertitechneldgiesiogies

Foces

A Mashwize © conversion
A Non-food feedstocks




Biemass Feedstock:

Forest Resources

Agricultural Resources

1301 ’

e 8 r 5 Fa
0 200 400 600 800 1000 1200 1400

Millions of Tons per Year

Total Potential

£

LS. Department of Agriculturs

fiEBllioh fon” stady {(USDAIDOE) udy ( U

Agriculture: Corn stover, wheat straw, soybean residue, manure,
switchgrass, other energy crops.

Forest: Forest thinnings, fuelwoods, logging residues, wood processing
and paper mill residues, urban wood wastes.



Biomass: Stiuctural Units

Source: US DOE

Cellulose: Polymer and cross-linkagciSe _'ﬂ. .

glucose units. (’*

/. ®

’ i
Tf' il

. ’

Hemicellulose: 5, 6 carbon sug
acids, acetyl esters- more comli
cellulose. F a

_—

c i
i
Typical composition

Carbohydrates/Sugars: 75%
Lignin: 25%

Lignin: Phenolic polymers- impart stsig
plants. :



