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

BackgroundBackground

a promising alternative fuel for fossil fuel

Environmental benefits 
(particulateparticulate↓↓3030％％;     CO ;     CO ↓↓5050％％;;
sootsoot↓↓8080％％;  ;  aldehydealdehyde compound  compound  ↓↓3030％％; ; SOxSOx ↓↓100100％％ ))

Biodegradability

Renewability



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¡ æ Kg/m 820-860 875-900
Viscosity at 40¡ æ mm2/s 2.00-4.50 3.5-5.0

sulphur <0.01<0.2%(m/m)
Flash-point ¡ æ >55 >110

Cetane No.

oxygen content
Caloric value

Other properties
 >49 >49

10.9
32.9

Biodiesel
0.0
35.6

Diesel
%(m/m)
MJ/dm

 

Efficiency degree 40.738.2%
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Production of biodiesel through transesterification:

Scheme 1 Biodiesel production through transesterification

Chemical approaches:

Enzymatic approaches

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.  



Cost of biodiesel

Cost of lipase

Process cost

Cost of oil sources

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

(maximize the reuse times of lipase)
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Scheme 2 traditional enzymatic approaches for biodiesel production

Negative effect



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

Major issues:

Poor solubility of methanol in oil sources

Methanol deactivates lipase very seriously

By-product glycerol (hydrophilic and very sticky) has 
negative effect on enzymatic activity.
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Figure 1 Operational stability of lipase with traditional enzymatic approaches
Reaction conditions: methanol/oil molar ratio 4:1 (soybean oil), 150 rpm, 40℃, 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

CH 2-OO C -R 1

CH-OO C -R 2

CH 2-OO C -R 3

R 1-C O O R '

R 2-C O O R '

R 3-C O O R '

+ +

lipase

glycerolmethanol

Negative effect

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 ; No.03150231;    

PCT/CN2004/000051
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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.



Figure 4 Operational stability of the lipase

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

0

20

40

60

80

100

0 50 100 150

cycle

R
e
s
i
d
u
a
l
 
a
c
t
i
v
i
t
y
 
o
f
 
t
h
e

l
i
p
a
s
e
 
(
%
)



´¢ ¹Þ

Ã ·̧´ Ó¦Æ÷

µª ÆøÔ´
Á÷Á¿¼Æµª ÆøÔ´

´¢ ¹Þ

Ã¸
·´
Ó¦
Æ÷

Ã¸
·´
Ó¦
Æ÷

Ã¸
·´
Ó¦
Æ÷

                    ÀäÄý¹Ü
ÀäÄý¹Ü

ÀäÄý¹Ü

Ã ·̧´ Ó¦Æ÷Ã ·̧´ Ó¦Æ÷

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



Oil sources

Refined soybean oils

Crude soybean oils

Crude rapeseed oils

Waste oils

Oils from algae

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



Stability and activity of the lipase have been improved 
significantly:

Some cheap oil sources could be used for biodiesel production

How to deal with the by-product glycerol?



glucose glycerol 1,3-PDO

Yeast
bacteria

PTT

葡萄糖 甘油
克氏肺炎杆菌

厌氧发酵
1，3-丙二醇

耐高渗酵母

供氧发酵



PET分子结构
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