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Automobiles increased so much
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Automobiles in Use by Category in Selected Yearsl|
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Automobiles in Use by Category in Selected Years II
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Diesel Production and Consumption by
Automobiles in Selected Years
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Gasoline Production and Consumption
by Automobiles in Selected Years
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Backgreund

Biodiesel : defined as ““a substitute for, or an additive to diesel fuel
that is derived from the oils and fats of plants and animals™

Environmental benefits
(particulate ¥ 30%; CO v 50%:;
soot v 80%; aldehyde compound ¥ 30%; SOx  100% )

Biodegradability

Renewability

> a promising alternative fuel for fossil fuel




Table 1. Physical and chemical properties of fossil diesel and biodiesel

Standardised unit Diesel Biodiesel (FAME)
properties EN 590:1993 DIN E 51 606:1997

Density at 15 @ Kg/m®  820-860 875-900
Viscosity at 40; & mm2/s’  2.00-4.50 3.5-5.0
Flash-point i & >55 >110

sulphur %(m/m) <0.2 <0.01
Cetane No. >49 >49

Other properties Diesel Biodiesel

oxygen content %(m/m) 0.0 10.9
Caloric value MJ/dm® 356 32.9

Efficiency degree % 38.2 40.7




Production of biodiesel through transesterification:

Catalyst

Glyceride Biodiesel Glycerol

Scheme 1 Biodiesel production through transesterification

Some unavoidable drawbacks: energy intensive,
difficulty in removing the glycerol, free acid and water
In oil sources have negative effect on biodiesel
production, and not environmental friendly etc.

Chemical approaches:

Enzymatic approaches




» Cost of lipase

(maximize the reuse times of lipase)

Cost of biodiesel » Process cost

» Cost of o1l sources

The cost of biodiesel, 1s the main
hurdle to commercialization of the
product.




Negative effect

voov

H ,-00 C-R, lipase  r,-coor:

-+
CH-00 C-R;, methanol > R,-COOR' glycerol

CH ,-00 C-R; R;-COOR'

Glyceride Biodiesel

Scheme 2 traditional enzymatic approaches for biodiesel production




Major Issues:

v"Poor solubility of methanol in oil sources

v"Methanol deactivates lipase very seriously

v'By-product glycerol (hydrophilic and very sticky) has
negative effect on enzymatic activity.

Lipase was found to has poor stability and
activity during repeated uses




ME yield (%)

2

Cycle numbers

Figure 1 Operational stability of lipase with traditional enzymatic approaches
Reaction conditions: methanol/oil molar ratio 4:1 (soybean oil), 150 rpm, 40 C, 30%
Novozym 435

Poor stability and activity of the lipase should be due to the
negative effect of methanol and glycerol




Novel technology of Tsinghua University for
biodiesel production

ARy

lipase R,;-COOR’

oo c-R. .+ methanol | > Rrpcoor * glycerol

gH ,-00 C-R;

CH ,-00 C-R; R;-COOR’

The negative effect of both methanol and glycerol on enzyme
activity could be eliminated with our novel technology for
biodiesel production

Patent application: No. 03119600.4 ; N0.03150231;
PCT/CN2004/000051




ME yield (%)

Figure 3 Biodiesel production from refined soybean oil sources

With soybean oils for biodiesel production, a yield of 92% could be
obtained In one operative cycle.
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Figure 4 Operational stability of the lipase

Novel technology of Tsinghua University: 150 batches,
enzyme activity ~—




Figure 4 Biodiesel production within bioreactor

The novel process has been operated continuously within bioreactor
for over 10 months and there is no loss In enzyme activity detected




—, Refined soybean oils

— Crude soybean oils

Oil sources —» Crude rapeseed oils

[ Waste oils

—* Oils from algae

These oils can be transformed into biodiesel effectively using
our novel technology.




v'Stability and activity of the lipase have been improved
significantly:

v'Some cheap oil sources could be used for biodiesel production

~
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How to deal with the by-product glycerol




Yeast

bacteria
glucose = glycerol > 1,3-PDO
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@ Shell Chemicals*

1,.3-Propanediol

HO CH> OH
S ”~ S ~
CH-2

Physical properties
CAS Registry Number S504-53-2
Molecular formula CaHg Oz
Molecular weight TE.10
Boiling point 214 .4 “C {(417.9 °F) at 760 mim Hg

103.0 “C {(217.4 “F) at 10 mm Hg
Melting point —Z26.7 "C {(—16.1 "F)
Refractive index, 25 "C 1.4386
Density, 20 °C 1.0526 g crm™=
Viscosity, 20 “C, cP 52
Surface tension, 20 °C 46.2 Dyne 'cm
Solubility in water Complete
Flash point, ASTM D-92 129 °C (265 “F)
Evaporation rate, nBufc = 1 0.016
Hildebrand solubility parameter, 25 °C 15.2 {cal crm 172
Fractional polarity 0.47
Hansen solubility parameters, 25 °C 8g = 6.1 {(cal cm3)1/2

Sp = 6.9 {cal cm )17

8nh=13.2 (cal cm™) V=
Specified properties**
Property Minimum Limit Maximum Limit Method
Purity, %% by GC Q9.7 100 SCG-305
Color, Pt-Co (8] 20 ASTM-D1209
Water, %ow (8] 0.1 ASTM-D4G7T2
Appearance; Substantially free of suspended matter Pass Pass ASTM-D4176
Typical properties™™
Ash, ppm =10
Carbonyls, ppm, as C=0 = 1000
Chlorides, as Cl, ppm =0.5
Iron, ppm =01
Acidity, as acetic acid, Yow =0 002
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