
Introduction  

• The need to develop sustainable fuel sources that do not compete for land with food crops is of growing interest. Microalgae, which have 

very high lipid content, represent possible feedstocks for achieving this aim.  

• Microalgae can be converted into biodiesel, green diesel and a host of organic platform compounds, via a number of diverse processes. 

• Integrating conventional and novel base catalysts can optimise efficiency, therefore improving the potential for industrial scale-up. 
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Summary and Outlook 
• Microalgae is a promising feedstock for the production of fuels and commodity chemicals via processes like trans-esterification, decarboxylation and pyrolysis. 

• Catalysts can be integrated into these processes in order to decrease the activation energy and alter the array of products. 

• Optimisation of these catalysts is an on-going process, with the range of inorganic and organic interlayer anions available providing a host of options. 

• After optimisation of simple ester systems, catalysts can be tested on more complex fatty acids before investigation using actual microalgae oils and biomass.  
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Decarboxylation  

Green diesel 

CO2 

(1) Production process mimics   
 crude-oil formation.                                                      
 (2) Deoxygenated fuel.                        

            (3) More stable than 
             biodiesel. 
    (4) Chemically     
        identical to                           
   fossil-diesel. 

Trans-esterification 

LDH Catalysts 

Biodiesel is produced through trans-esterification of 
triglycerides (TGs) using a range of different 
catalysts [1]. Fatty acid methyl esters (FAMEs) are 
less viscous than TGs and are more suitable as fuel. 

Biodiesel 

(1) Anionic clays such as layered 
double hydroxides (LDHs) act as 
heterogeneous solid base catalysts 
[2]. 

Catalytic Pyrolysis 
The pyrolysis process involves the degradation of a feedstock via the application of heat. It differs quite 

substantially from conventional chemical transformations, as it produces complex product mixtures rather than 
a few specific compounds. It is useful to consider integrating a catalyst into the reaction in order to lower the 

temperature required for pyrolysis and to enhance control over the nature of the resultant compounds. 

MgAl-LDH with 
terephthalate 
anions [2]. 

(2) LDHs are easily tuneable 
via modification of the 
constituent  metals and anions. 
(3) Subsequent calcination 
produces further catalytic 
species, mixed metal 
oxides (MMOs). 

Metal 
cations 

Gallery 
anions 

Pyrolysis at 450oC, Fixed bed reactor,  

Ar flow 100 ml/min, 30 min residence time 

a)  No Catalyst 

b)   Na2CO3
 (20 wt.%) 

Acids 

Aromatics 

Hydrocarbons 

Bio-Oil Analysis 
 (a) No 

Catalyst 
(b) Na2CO3 
 (20 wt.%) 

Acid content (wt.%) 11.5 3.6 
Aromatic content (wt.%) 16.5 25 
Hydrocarbon content (wt.%) 4.8 7.9 
pH  2.5 3.7 
Higher Heating Value (MJ/Kg) 26 33 
Temp. of main volatisation (oC) 320 240 A comparison of the products of: a) conventional and b) catalytic pyrolysis of chlorella [4]. 

chlorella 

The base catalysed  
process produces a  
better quality bio-oil  
at a lower temperature. 

LDHs, mixed metal oxides (MMOs), Raney nickel, 
Pd/C and ionic liquids can all be used as catalysts 
for the conversion process.   

   Trans-esterification process produce biodiesel, which is oxygenated and  
 cannot be used directly in most engines. If, however, the biodiesel can be 
 deoxygenated, then it can be used as a direct replacement for fossil fuels.  

Decarboxylation can deoxygenate a compound via the removal of a      
 molecule of CO2. Decarboxylation process are being developed for 
 biodiesel upgrading to get so called “green diesel”; a mixture of  
     hydrocarbons with a high energy density [3] 

Catalysts 

Catalyst 


