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Average Density and Heating Value of Biodiesel and Diesel Fuel

Net Heating Value % Difference vs.
Fuel Avg., Btu/gal. No. 2 Diesel Avg.
No. 2 Diesel 129,500
Biodiesel (B100) 118,296 8.65 %
B20 Blend (B20) 127,259* 1.73 %*
B2 Blend (B2) 129 276" 0.17 %*

* Calculated Values from those of No. 2 Diesel and Biodiesel (B100)




Cetane number = ease of ignition / smoothness of combustion.

High cetane = easy starting, at low temperature, low pressures,
lower knocking characteristics.

Low cetane = poor ignition causes misfiring, rough operation,
higher knocking.




Acvute Oral
Toxicity/Rates

Skin lrritation -
Humans

Aquatic Toxicity

Biodegradability

Flash Point

The lethal dose is greater than 17.4 a/Kg body weight.
table salt (MaCLl) is 10 times more foxic.

Very mild irritation. Less than 4 percent socap
and water solution.

Deemed “insignificant” according to NIOSH [(National
Institute for Cccupational Safety and Health)

Within 28 days, pure biodiesel degrades 85 to 88 %
in water.

Biodiesel's flash point is 260° Fahrenheit
Pefroleum based diesel's is 125° Fahrenheit




Biodiesel Emissions
(Shorter bars are better)

Unburned Diesel NG Daceline
Hydrocarhons  BZ0 . 0%
B100 M 8% to 33%

Carbon Diesel NG Daceline
Monoxide Bz20 I 22 %
B1o0 I - to A2%

Particulate Diesel NG D aseline
Matter B20 I 2
100 I G to A3%

Sulfates Diesel NG Daceline
Bz20 N 2 0%,
B100 | 0%

Ozone Potential Diesel NN Coseline
of HC Bz20 I G0 %
100 I -0 o less

NOx* Diesel N Haseline
Bz0 I 10 2% (96 %)
B100 I 11 0%
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| o 5. Department of Argiculure Statistics
lCannIa: Area Planted, Harversted, Yield, and Production by State and United States, 2001-03

Area Planted Area Harvested per 1,000 Acres

SiiE 2001 2002 2003 2001 2002 2003

T g0 g0 a7 /5 45 a1
ML 1,300 1,300 1,285 1,160 S50

Cther 114 Fi=. S5 il 52
sts 1/

LIS 1 4594







Qil Production vs Land Required
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D Soy (40-40 galiacre)
i Conola¢110-145 galfacre)
U Algae (5,000-20,000 galfacre)
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Mewrnan, TH Tolk Station, Jones, T
stack 0 =0 stack GO =0 stack CO; =0,
tons/ year |tonhs/ year tons £ year tons £ vear tons / vear | tons/ year
1 50,065 0.4 1 1,537 026 4 543 1 355 086 1.8
2 55 855 0.5 2 2112768 5993 2 374 bk 1.9
3 109 273 0.6 SUM 3.649.794 10,336 SUM 729,773 3.7
4 130,436 0.7
5 135,758 0.6
SUMm 554,395 2.8




Yocarbon Caigae (b/day) | Ybapsorbed CO; Availible (Ib/day)

40% 80,000 3.9% 7 /515,055
&0% 100,000 4.9%
B0% 120,000 5.8% C Awailible (Ib/day)
2051 511

40% 320,000 15.6%

&0% 390,000 19.0%
B0% 470,000 22.9%

40% 550,000 26.8%
7 mile? A0% BE0,000 33.6%
B0% 530,000 40.5%

The CO, utilization efficiencies of 96 £11%
were achieved by bubbling CO; into the culture with the
use of a counterflow sump system.

Concentration
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]

503 Awailible (rmol/day)

271E-03 B.77E-04 3.87E-08
278

MO, Availible (moliday)
103,152

1.00E-05 251E-08 1.44E-06
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Production Rate
(million gallons/year)

Land
Usage
[sq. miles)

20% Lipid

30% Lipid

40% Lipid

1.4

2.1

2.0

5.6

g4

11.2

9.8

147

19.6



















4% Solids Water-Algas Mixiure
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Tri+MeOH < DI+ R
Di + MeOH < Mono+ R
Mono+MeOH = Glycerol+ Rs

0 = Frrio- (Fio- 1)
+ V[ =Ky Frrio— 1) [ UF (Fmeon —&E1—=E2—E3) [ U
+Ka(Fpio+é1—&2) [0* (Frit+ 1) /U]
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1000(kg _ glucose/ L)(m*/ fermenter)

(kg _dlucose/ day)( )
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Acetate & ethanol [g 1]

4
(B Time [h]

Fig. 3. Growth and produwct prefiles for cells zrown in an serobic batch
culure containing Eﬂgl‘l glucose. The main metabolic products wera
lactic acid and acetc acid HA wa: produced o a prowth-associatsd
manper vl the glucese was depleted.
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Fig. 2. Simpliied metabolic network of sanihan syntheds Tor

Chia-Hua Hsu, Y. Martin Lo
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Fig. 1. Xanthan gum fermentation time-courses at 100 and 600 rpm.
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Figure 6. Fermentation time course data for repeated batch xanthan fermentations with CPER at 350 rpm rotational speed for the
fibrous bed under gas contlnuons condition (CPER-GCY.
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Figure 1. Schematic diagram of the centrifugal, packed-bed
reactor (CFEE) for xanthan gum fermentation: (a) construction

of fibrous matrix and (b) fluid flow pattern in the reactor.




Ultrafiliration of xanthan gum fermentation broth

Fermentation Alcohol Racyele
Stagal  Stagell :
Growtl Production ~ Ultrafiltration Centrifugation
or Filiration  Distillation

156%
—»- — - —i-
alechnl

Alcohol
Precipilation
and Washing i

H Waste Stream

Feed Glucose
and Nutrients

Xanthan Gum

Fig. 1. A process Howsheet for xanthan gum production from fermentation, ultrafiltration and
alcohol precipitation.




S S TinEGEE e




Kdown

40% Lipid

20% Lipid @ Ponds Equipment

m Harvesting/Extraction
Equipment
O Land

O Transestenfication
Equipment
m Fermentation Equipment




TCI

FCI

574,000,000

488,000,000

569,000,000

484,000,000

563,000,000

479,000,000

364,000,000

309,000,000

362,000,000

308,000,000

359,000,000

306,000,000







Option A: 1, 4, 7 square mile Production

Va I
202 Scenario 1B54
MWean=-$1444183E+08

402 Scenario 1154
MWean=-£2. 290156E+08

302 Scenario 1B54
MWean=-$1.954452E.08

W oo=-153, 164,304

LT

=-3136,610,5
=1

=200

Values in Millions

—yDlaln.hiah.- 1L Cl.and . low. R(0)l




Option B: 7 square mile Production

o~

4 Scenario 9B54
Mean=-2 87E504E.07
0% Scenano SIE54
Mean=-1.5T44EEE.07

s ETE, 116,600
L

-100 =30 0 50

Values in Millions




Net Present Worth |

15 years)

Selling
Price of
Biodiesel

$0.72

$1.50

$2

$3.14

Option A

20% Lipid

-$356,000,000

-$324,000,000

-$304,000,000

-$257,220,000

30% Lipid

-$407,000,000

-$359,000,000

-$329,000,000

-$258,950,000

40% Lipid

-$440,000,000

-$377,000,000

-$336,000,000

-$243,200,000

ﬂ tion B

20% Lipid

$13,000,000

74,000,000

$113,000,000

$202,800,000

30% Lipid

-$104,000,000

12,000,000

$47,000,000

$181,100,000

40% Lipid

-$177,000,000

-33,000,000

$24,000,000

$203,200,000













