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Agricultural residue-based biorefineries have emerged as a potential alternative to conventional fossil fuel-based 
refineries. However, most biomass conversion processes have been limited to a single product, limiting their  
potential as replacements for conventional refineries, which offer a diversified product mix. The present study  
reports a unique process that enables the production of a wide range of products, including sustainable aviation  
fuel, green gasoline, green diesel, and biopolymers, in a single setup as and when required, with only minor 
changes  to  the  raw materials.  Keggin  superacid  catalysts,  such  as  supported  Keggin  phosphotungstic  acid,  
phosphomolybdic  acid,  and  other  heteropolyacid  were  synthesized  and  characterized  for  application  in  the 
production of green gasoline, green diesel, and sustainable aviation fuel. It was found that green gasoline, green 
diesel, and sustainable aviation fuel can be produced at much lower temperatures (below 120 °C) than previously 
reported.  The activation energies  for  green gasoline <  green diesel  < sustainable  aviation fuel  followed an 
ascending order, possibly due to a change in the reactant chain length, i.e., ethanol, butanol, and butyric acid.  
Although the observed trend can be correlated with reactant chain length, viscosity, and dielectric constant, the 
increase in activation energy can be attributed to differences in the solvation energy of the reaction system. 

Interestingly,  it  was  also  found  that  the  activity  of  the  synthesized  Keggin  heteropolyacid  catalysts 
directly correlates with their deprotonation energy and molecular composition, as evidenced by changes in catalyst 
acidity. To understand, a wide range of heteropolyacid catalysts were synthesized by varying the central and  
addenda atoms, which directly affected their deprotonation energy and acidity; thereby, impacting the catalysts'  
activity. Accordingly, the deprotonation energy was used as a descriptor to explore several novel heteropolyacid 
using density functional theory. It opens a new window of opportunity to computationally design a wide range of 
novel  catalytic  materials,  minimize  the  number  of  experiments,  and  save  human  resources.  Nevertheless, 
heteropolyacid gets solubilized in the solvent during the reaction, thereby making separation a challenging task. 

Later, Keggin heteropolyacid were heterogenized on different supports, such as transition-metal oxides 
and zeolites, without affecting their Keggin structure. It was found that up to 40 wt.% Keggin heteropolyacid can 
be loaded onto different supports while maintaining the Keggin structure, thereby retaining the deprotonation 
energy effect. It was also found that the 40 wt.% supported heteropolyacid can yield a comparable amount of 
desired product yield, i.e.,  green gasoline, green diesel,  and sustainable aviation fuel,  which otherwise were 
obtained in the presence of 100% heteropolyacid catalysts. 

It is worth noting that the reaction temperature also followed a similar ascending order: green gasoline < 
green diesel < sustainable aviation fuel, yet the maximum temperature for all three products remained below 110  
°C. Notably, current processes for producing transportation fuel from agro residue and biomass-derived molecules 
operate at a higher temperature range, 500-800 oC and require hydrogenation in the majority of processes, whereas 
the current study reports the production of transportation fuel, i.e., green gasoline, green diesel, and sustainable 
aviation fuel at a temperature range of 50-120 oC without any use of an external hydrogen source. 

A blending study of these fuels in virgin gasoline, diesel,  and aviation fuel has also been done both  
experimentally and using molecular dynamics simulations. For example, it was observed that butyl butyrate, which 
has been produced as an alternative to sustainable aviation fuel, meets all ASTM criteria and can be blended up to 
50% into existing aviation fuel without requiring any changes to the engine system. 

Similarly, the physicochemical properties of the produced green gasoline and green diesel have been 
studied per ASTM standards and compared with conventional gasoline and diesel for standalone use or blending, 
without requiring any modifications to existing combustion engines. 

Overall,  the  present  study  combines  theoretical  and  experimental  approaches  to  develop  integrated 
biorefineries with diversified product portfolios. The flexibility to change the reactant, catalyst composition, and 
operating conditions to produce different types of transportation fuel in the same setup makes it a multipurpose  
system and a further step towards the development of self-sustainable integrated biorefineries. 

The setup can also be used to produce biopolymer precursors, such as 2,5-furandicarboxylic acid, and 
high-value chemicals, such as artificial sweeteners, sorbitol, and xylitol. 
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