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Ç Fatty Acid Alcohol Esters  

 

Ç Biodiesel is derived from transesterification/ esterifcation   
of fats and oils from animals and plants  

 

Catalyst : NaOH, KOH and Ca(OH)2, H2SO4 & Candida antractica Lipase.   



×Renewable  

×Biodegradable  

×No engine modifications  

×Low sulphur emission   

×Low CO emission   

×Cleaner burning fuel  

×  Waste recycling  

 

×Not economically 
competitive  

×Deforestation  

×Oversupply of glycerol by-
product  

×Poor cold flow properties  

×Processing problems  

× (soap formation, slow 
reaction)  

 

 

 



Raw material  contributes  greater  than  70  % 
of  the  overall  production  cost .  

 
 

Effect of oil feedstock on biodiesel overall cost (Haas et al., 2006).  

0.30 

0.35 

0.40 

0.45 

0.50 

0.55 

0.60 

0.65 

0.70 

0.75 

0.40 0.45 0.50 0.55 0.60 0.65 0.70 

Oil Feedstock Cost ($/L) 

B
io

d
ie

s
e

l 
C

o
s
t 

($
/L

) 



ÇImprovement of processing 
technology  

ÇImprovement of cold flow properties  

ÇGlycerol utilisation  

ÇSustainable feedstock supply  



ÇImprovement of the economic viability of 
the process by improving the reaction 
process . 

 

ü Higher reaction rate  

ü Continuous process  

ü Alternative feedstock such as algae 
oil and low - grade tallow  

 

 



Ç Developed  a new continuous  process  for  producing  
biodiesel  that  is more  efficient  and  less energy  
intensive  

 
Ç Investigated  the  reaction  mechanism/  feasibility  of  

using   glycerol  as a pre - treatment  step  for  low  quality  
(high  FFA content)  raw material  for  biodiesel  
production  
 

Ç Examining  the  use of  Algae  as a feedstock  source  for  
biodiesel  production  (this  was in  collaboration  with  
NIWA) 
 

Ç Investigating  the  reaction  mechanism/physical  
properties  of  higher  alcohol  esters   



ÇFLO- DRY Engineering Ltd  

 

ÇNIWA 

 

ÇTechnology New Zealand  
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ÇThe process  operates  by injecting  oil/fat  inside  a 
reactor  filled  with  methanol  vapour  and  catalyst . 
(US 2009038209 ) 

 

ÇThe atomisation  caused  by the  injection  increases  
the  contact  surface  area (droplet  size  of  100  to  
200 um) . Therefore,  eliminating  the  use of  
mechanical  mixers  and  reducing  the  mass transfer  
resistance  between  the  reactants . 

 

ÇReduced  post  reactor  cleaning  and  product  
separation . 
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ÇCatalyst : NaOH and Sodium methoxide  

 

ÇReaction temperature : 70-100oC 

 

ÇPressure : 1 atm 

 

ÇFlow rate: 10-12 L/hr (oil) 

 

ÇReactant ratio: 0.5-1 volume ratio 



Methanol  Vapour  

Atomized Oil/Fat 

Oil/Fat (Triglyceride)  Methanol 

Gas-Liquid Reactor 

 

Transesterification Reaction  

 





5g catalyst at 120 C inj
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methanol at 120 oC injection 



Composition of reaction mixture 

inside the reactor for 5 g sodium 

methoxide/l of methanol at 120 oC 
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Method Test Units Sample A 

Beef Tallow 

Washed 

Sample B 

Beef Tallow 

Un-washed 

Sample C 

Soya Bean 

Washed 

Sample D 

Soya Bean 

Un-washed 

NZS 7500:2005 

B100 Specifications 

EN 14103 Ester Content % w/w 88.2 87.9 98.2 96.5 96.5 

*EN 14103 Ester Content % w/w 94.1 93.5 99.3 97.9 96.5 

EN 14103 Linolenic acid 

methyl ester 

% w/w 1.8 1.8 5.4 5.4 Max 12 

*EN 14103 Linolenic acid 

methyl ester 

% w/w 1.8 1.7 5.4 5.4 Max 12 

ASTM D 6584 Free glycerin % w/w 0.029 0.038 <0.005 0.053 Max 0.02 

ASTM D 6584 Bound glycerin % w/w 0.496 0.543 0.234 0.376 - 

ASTM D 6584 Monoglycerides % w/w 0.47 0.76 0.58 1.10 Max 0.80 

ASTM D 6584 Diglycerides % w/w 0.78 0.72 0.27 0.32 - 

ASTM D 6584 Triglycerides % w/w 2.47 2.29 0.40 0.42 - 

ASTM D 6584 Total glycerol % w/w 0.525 0.581 0.236 0.429 Max 0.25 

Note:  * The presence in the sample of C17 methyl ester and molecular weight material below C14 is 

causing this method to under report the FAME content.  The modified method takes into account the 

C17 in the sample. 



Engine 

Torque B20 BP B50 BP B100 BP B20 UB B50 UB B100 UB 

(Nm)  % increase % increase % increase % increase % increase % increase 

7 Nm 4.71 8.94 16.69 3.99 7.47 14.93 

14 Nm 5.61 9.07 14.89 4.52 8.13 14.35 

21 Nm 6.88 10.46 16.47 5.58 9.62 17.59 

28 Nm 6.28 11.10 15.70 5.49 9.64 16.76 

  B5 BP B5 UB 

  % inc. % inc. 

7 Nm 0.97 0.83 

14 Nm 1.02 0.89 

21 Nm 1.20 1.08 

28 Nm 1.15 1.06 



ÇThe current gas - liquid process requires about 296 
kJ/kg of biodiesel while a batch process requires 
about 348 kJ/kg of biodiesel.   

 

 

ÇEnergy content of biodiesel from beef tallow: 39,949 
kJ/kg  and soya bean oil: 40,080 kJ/kg, while diesel 
fuel has an energy content of  45,509 kJ/kg.   

 



ÇAlternative  feedstock : 
 
ƁWaste oil  such  as waste  kitchen  oil  from  fast  food  chains   
 
ƁSoapstock  from  Oil  and  Fat refining   
 
ƁAlternative  oil  crops  with  lower  production  cost  

 
  
 

  

A Solution for Reducing Biodiesel 
Production Cost 



 

High-Grade Beef Tallow Low-Grade Beef 

Tallow 

FFA <0.5 % <4.0 % 

Cost å$1450 å$1300 

ÇSaponification: Free Fatty Acids convert to soap 
in the presence  of sodium hydroxide and water  

ÇLoss of yield  

ÇCatalyst Poisoning  
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Transesterification  Step 

(biodiesel production)  

Esterification Step (Mono, di and tri -

glyceride production)  


