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Review Article 

Technological advancements in the pretreatment of lignocellulosic biomass 
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A B S T R A C T   

Potential green energy systems can be explored using competent waste lignocellulosic (LC) biomass trans
formation to energy, a promising and sustainable substitute for energy resources. The intrinsic recalcitrance 
caused by inhibitory components, primarily lignin, significantly inhibits biofuel production from LC biomass. LC 
biomass pretreatment facilitates its disintegration via surface area solubility enhancement and reduction of lignin 
concentration and cellulose crystallinity. Various pretreatment techniques that promote sustainable LC biomass 
conversion to valuable organic chemicals and biofuels have been employed to rapidly disintegrate the compo
nents (lignin, cellulose, and hemicellulose). Herein, we elucidate recent biomass pretreatment strategies and 
optimum values of their operating parameters that effectively utilize LC biocomponents. Considering economic 
feasibility and scale-up possibilities, microwave-assisted deep-eutectic solvent pretreatment can be one of the 
sustainable schemes for delignification (~87 %) and biofuel production. This study offers insights into the se
lection of a highly effective and appropriate biomass pretreatment method for green and sustainable energy 
development.   

Introduction 

The escalating global utilization of fossil fuels as energy resources to 
meet societal needs has led to global warming through greenhouse gas 
(GHG) emissions and increased health hazards due to the formation of 
respirable particulate matter [1–3]. The global community must expe
dite the transition to renewable and clean bioenergy to mitigate envi
ronmental and societal concerns [4,5]. Harnessing sustainable 
bioenergy from the most abundant renewable resources, such as ligno
cellulosic (LC) biomass, has garnered significant interest as a promising 
method for biofuel production [6]. The LC biomass can also be used to 
fabricate bio-based materials to replace fossil-based goods, such as bio- 

based nanocomposites, graphene oxide, catalysts, biochar, and adsor
bents, for developing energy-efficient and eco-friendly technologies for 
energy conversion, sensors fabrication, and environmental applications 
[7–9]. Implementing lignocellulose-based bioenergy production would 
effectively address environmental concerns (~70 % less GHG emissions) 
by decreasing fossil fuel dependence [10]. 

LC biomass is the chief constituent in forestry and agriculture [1]. 
Various agricultural wastes, such as rice straw (RS), corncob, potato 
haulm, corn and cereal straw, beech wood, paper industry residue, rice 
husk, sugarcane tops, and sugarcane bagasse, are significant sources of 
LC materials [12]. The exploitation of LC biomass-based fuels has 
garnered considerable interest in recent decades [13]. However, the 

Abbreviations: AIDR, acid-genesis liquid digestate coupled with disc refining; DES, deep eutectic solvents; DP, degree of polymerization; GHG, greenhouse gas; LC, 
lignocellulosic; LHW, liquid hot water; MHP, Microwave heat propagation; ROD, reactive oxygen species; RS, rice straw; SE, steam explosion; TDES, ternary deep 
eutectic solvent; USEL, ultrasonic ethanol. 
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