
UK BioChem 10 – 10 Levulinic acid 

Name  levulinic acid 

Synonyms  4-oxopentanoic acid, γ-ketovaleric acid  

CAS Number 123-76-2 
Molecular   C5H8O3 
formula  
MW   116.12 g mol-1 

Patents related 92 
to synthesis   

Why is it of interest? 
Levulinic acid (LA) has long been identified as a potentially significant bio-platform molecule, being high-

lighted in the 2004 US Department of Energy report as one of 12 bioderived compounds of interest.1  LA  

contains both carboxylic acid and ketone functionality, both of which can be further converted to give a 

range of products. The main interest in LA is as a route to liquid fuels and oxygenated additives via cy-

clisation to lactones or through reactions with bio-derived alcohols to give a variety of esters. These com-

pounds can also all be applied as bio-derived solvents, an area which continues to grow in significance, 

especially in relation to increasing legislation around conventional compounds.2 LA has also been shown 

to be a feedstock for the production of pharmaceuticals, food additives, agri-products and polymers. 

 

 

 

 

  

Highlighted routes of production 

Free sugar direct conversion to LA via high temperature acid hydrolysis has been well studied, with nu-

merous systems employed and a range of yields between 50-70%. The best reported results in a recent 

publication used fructose feedstock and bimetallic tungsten and tantalum catalyst at 5% loading in water 

at 180 °C (pressure vessel) giving a yield of being 89% corresponding to an AE of 64.5% and an RME of 

57.4%.4 As the sugar and HMF intermediates are C6 compounds, the formation of C5 LA also produces a 

stoichiometric quantity of  formic acid which can be recovered from the aqueous layer as an additional  

Feedstocks for levulinic acid 
Like FDCA (BioChem 10 – 2), LA is formed from acid hydrolysis of cellulose via HMF (BioChem 10 – 4) and 

as such is based on the same well established routes to production. LA can be produced from free sug-

ars, with the earliest synthesis reported being from fructose,3 as it this most easily converted to 

HMF.  Any C6 sugar can act as feedstock as it can be isomerised to fructose under acidic conditions 

and aided further by certain catalysts. However the employment of 1st generation feedstock sugars 

is not an economically viable for low value products such as fuels in addition to being better utilised 

as a food stuff. As such, the majority of recent LA research has focused on pure cellulose or lignocel-

lulosic biomass as feedstock due to both low cost and high abundance, especially for the latter.     



low value bulk chemical by-product. Depolymerisation of starch, isomerisation of glucose to fructose and 

conversion to LA has also been demonstrated in a continuous flow configuration giving an overall average 

yield of 70%.5 Moving to non food crops, a variety of biomass has been used as effective feedstocks. Ener-

gy crops such as miscanthus have been applied in a two stage chemo-catalytic process to LA again deliver-

ing yields of 70% with respect to cellulose content.6 Similar results have also been achieved utilising sec-

ondary biomass from agriculture, including wheat straw, rice straw , waste paper and wood. The use of 

ionic liquids have resulted in yields of 86% from cellulose,7  while including an alcohol as opposed to wa-

ter gives excellent yields of respective alkyl levulinate.8 Industrial scale production using the biofine pro-

cess gives 70% yields (from cellulose content) of lignocellulosic feedstocks.9 Additionally LA can be formed 

from other readily available platform molecules such as 5-chloromethylfurfural (CMF) but with an associ-

ated AE penalty. 

Current Applications of Levulinic Acid  
LA market is currently small, with GFBiochemicals producing 10kt per annum and is the only industrial 

scale producer utilising biomass as feedstock.9 However LA has current applications in the pharmaceuti-

cal sector, where the calcium salt is incorporated into a number of medications. The alkyl esters can be 

applied in the flavour and fragrance industry.  

References: 1. www.nrel.gov/docs/fy04osti/35523.pdf, 2. DOI.org/10.1021/acs.chemrev.7b00571, 3. DOI.org/10.1002/

prac.18400210121, 4. DOI.org/10.1039/C5RA26147C  5. US5859263 A, 6. DOI.org/10.1016/j.biortech.2013.09.006, 7. 

DOI.org/10.1016/j.carbpol.2014.09.091 8. DOI.org/10.1039/C3RA45632C, 9. http://www.gfbiochemicals.com, 10. 

DOI.org/10.1021/ef201229j,  doi.org/10.1016/j.fuel.2017.04.027, 11. DOI.org/10.1002/cssc.201701469, 12. DOI.org/10.1016/

j.pbb.2012.01.023, 13. sdj  

Future markets and applications  
Initial LA research had its production as a route to bio-derived fuels, with the simplest forms being the 

respective alkyl esters applied in diesel blends. Longer chain length esters give better mixing (with no is-

sues at all if blending with bio-diesel) and all additives increased flow, reduced resistivity, lowered the 

melting point and reduced particulate formation and knocking.10 Any bio-derived liquid that can be con-

sidered a fuel is also potentially applicable as a solvent, which is true of the alkyl levulinates as well as γ-

valerolactone (GVL), produced via the intermediate α-angelica lactone. Angelica lactone is a useful 

platform molecule in its own right, as well as being used in the flavour and fragrance industry.11 Hydro-

genation to GVL is of interest as it is in the polar aprotic class of solvents, of which many are coming un-

der tighter regulation as a result of their reprotoxicity. GVL has been successfully applied in a series of 

reactions typically associated with polar aprotics and of importance to the pharmaceutical industry.12 GVL 

however has a potential issue due to it being a pro-drug.12 Harsher hydrogenation gives 2-methyl tetrahy-

drofuran (2-MeTHF), although this solvent can be mores easily obtained from furan chemistry. Direct hy-

drogenation of LA results  in the production of pentane-1,4-diol which can be applied in the synthesis of 

polyesters as well as the production of lubricants and fragrances, and also converted to 2-MeTHF.  

 

 

 

 



Additional feedstocks  
Three sets of feedstocks have been investigated to determine how much of each would be required to 

supply a 10 kton levulinic acid plant.  

First generation biomass 
The crops presented are those that are most intensively farmed in the UK, principally as food crops, alt-

hough a small percentage of wheat, maize and sugar beet are also utilised in industrial applications. Sugar 

cane figures are from Brazil.* 

Energy crops 
Both miscanthus and short rotation coppice are primarily grown for energy generation in biomass boilers. 

Data here for the latter has been generated using willow as this is the crop most commonly used. Forest-

ry waste is material left in woodland post harvesting and generally is 10-15% by mass compared to  the 

lumber harvested. The average value has been used here and only softwood has been considered. 

Second generation biomass 
These are by-products of food production which contain an appreciable quantity of cellulose that can be 

depolymerised to give sugars for use in the synthesis of platform molecules. Additionally included is the 

steam autoclaving of municipal solid waste (the Wilson process), the organic fraction of which is convert-

ed into a fibre, rich in free sugars. 

feedstock 

ktons needed to supply a 10 

kton levulinic acid  plant 

ktons produced 

per annum (UK) % required 

wheat straw 66.5 3828 1.74 
barley straw 79.8 1850 4.31 

maize stover 73.9 916 8.07 

oilseed rape 

straw 62.3 379 16.44 

oat straw 53.9 247 21.85 

MSW 138.0 15734 0.88 

crop 

ktons needed to supply a 10 

kton levulinic acid  plant 

ktons produced per 

annum (UK) % required 

wheat 22.7 14837 0.15 

barley 22.7 7169 0.32 

maize 22.4 3054 0.73 

sugar beet 97.4 8325 1.17 

potatoes 94.6 5075 1.86 

field beans 92.0 965 9.54 

oats 25.1 875 2.87 

sugar cane* 165.6 666925 0.02 

crop 

ktons needed to supply a 10 kton 

levulinic acid  plant 
ktons produced 
per annum (UK) % required 

forestry waste 121.1 1340.88 9.03 
miscanthus 42.9 87.50 49.03 

short rotation 
coppice 39.9 28.20 141.49 


