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Most of the materials such as polymers and fine chemicals are being produced from fossil
based resources such as petroleum. However, these processes polluting the environment, causing 

the severe global warming and increase the import bill. There is a huge scope to produce these 
materials from lignocellulosic biomass in a sustainable and pollution-free manner with nearly zero 

carbon footprint. Even though the amount of biomass available is very high, the materials produced 
from this feedstock worldwide is restricted to only 5% approximately. This gap can be filled by 
adopting novel technologies to produce platform chemicals from the biomass. In India, the surplus 
lignocellulosic biomass available is more than 500 million tons per year. If we use this feedstock 
to produce materials and fuels, then we can reduce the import bi ll to great extent. 

The levulinic acid (LA) or 4-oxopentanoic acid is bearing two reactive functional groups, 
ketone and carboxylic acid, which make it a versatile intermediate for the production of a large 
number of its derivatives. Based on its versatility and potential low cost, it is selected as a platform 
chemical by the Department of Energy (DoE), USA. We invent rather simple and metal-free 
catalysts and use cheaper solvents for the process. Moreover, our process uses a single-pot for the 
direct conversion of cellulose or xylose (hemisellulose) to LA and formic acid. The metal-free 
catalysts and direct conversion significantly bring down the cost of production. We produce LA 

with a molar yield of more than 70% from cellulose (direct conversion) and more than 60% from 
furfural (direct conversion) and purified to more than 90%. We are successful in the production of 
LA at 100 g scale. The current production from furfural is via furfural alcohol , which makes it 
expensive mainly due to costly catalysts involved in the process. An approximate cost analysis 

indicates that the minimum selling pricc of levulinic acid was $1011 per metric ton, with 
lignocellulosic biomass as feedstock. 

The LA has its applications in various sectors such as phannaceuticals (e.g., calcium 
levulinate), perfumes (e.g., alkyl levulinates), plasticizers (e.g., diphenolic acid, DPA), food 
additives and flavors (e.g., alkyl levulinatcs), cosmetics (directly as preservative) and personal 
care, agrochemicals (e.g., deIta-aminolevulinic acid, DALA) and fuel add itives (e.g., alkyl 
levulinates). In this proposal, we proposc to develop flow chemistry method to produce some of 
these valuable chemicals from levulinic acid. Following is one example of sueh valuable 
chemicals. 

Diphenolic acid (DPA): Diphenolic aeid is produced by reacting one levul inic acid and two 

phenol molecules. Its theoretical yield fro m levulinic acid is 247 wt.%, i.e. , every 100 kg of 
levulinic acid gives 247 kg of DP A. The DP A is used in various applications such as paints, 
lubricating oil additives, cosmetics, surfactants, plasticizers and textile additives. DP A can be used 
as a monomer for the epoxy resins. Due to similar molecular structure, DPA can replace the 
bisphenol A (BP A). The BP A is banned in various countries due to its potential health hazards. 
The potential market for DP A is 2 million metric tons per year. 
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