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ABSTRACT 
The biorefinery technology aims to produce renewable fuels and chemicals from lignocellulosic non-
edible biomass waste. To achieve sustainability, it must isolate and utilise all biomass fractions, i.e. 
cellulose, hemicellulose and lignin. In line with the refinery processes, the first and most costly stage 
in the utilisation of biomass is its fractionation. This is followed by the conversion of the biomass 
fractions into fuels and chemicals by chemical and biochemical methods. In recent years, oxidation 
processes for biomass utilisation have been developed; they are of particular interest as they can 
accelerate the individual steps and provide high value-added products1. 
Oxidative delignification is an effective way to remove lignin and increase the hydrolysis of 
cellulose2. Furthermore, the development of oxidative processes for conversion of sugars and lignin 
is of particular interest and unique challenges as it requires the development of new selective 
catalytic systems that ensure high yields towards desired products and reduce side reactions. 
In this work, we reviewed current research progress in the following oxidative processes: a) pre-
treatment of biomass, b) upgrading of sugars and c) production of oxidants with Power to X 
technologies. We evaluated a pretreatment based on the replacement of commonly used inorganic 
acids, such as sulfuric acid, with O2 gas; this resulted in low degradation by-product yields, high 
degrees of delignification (DD) and good quality biomass fractions. We investigated several process 
parameters such as solvent, temperature, O2 addition and the use of polyoxometallic salts (POMs) 
that can enhance oxidative delignification. 
The higher temperatures, and longer processing times were beneficial producing pulps with low 
lignin content (~1 % w/w), while maintaining high cellulose (100 %) and hemicellulose (40 %) 
recovery in the solid. The remaining hemicellulose was recovered as soluble oligosaccharides that 
were not degraded due to the absence of organic acids. Cellulose and hemicellulose sugars can be 
biochemically converted to different products such as ethanol2, lactic acid3, omega-3 fatty acids4. 
Alternatively, their oxidation to high value-added chemicals such as aldonic and aldaric acids5 is of 
particular interest using photo-6 and electro-7 catalytic technologies and materials already 
developed in the context of hydrogen production and wastewater treatment8,9. 
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