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Abstract  
Biomass pretreatment is an important tool for effective cellulose conversion processes and it is the 
subject of this chapter. Pretreatment is required to alter the structure of biomass in order to make 
cellulose more accessible to the enzymes that convert the carbohydrate polymers into fermentable 
sugars. The optimum conditions strictly depend on the characteristics of each raw material as well 
as on the final purpose of the process itself. 
 
Introduction 
Biomass pretreatments involve many different approaches for the separation of the three main 
components and their successive exploitation [1]. The historical pretreatment, acid hydrolysis, 
unfortunately showed some relevant drawbacks; as a consequence, recently, different approaches 
have been investigated which can be classified into the main different categories: physical, 
physicochemical, chemical and biological pretreatments [2].  
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Results and discussion 
In this chapter, several pretreatments have been analysed and compared each other. The most 
important pretreatments are of chemical type: acid and alkaline ones.  
Acid pretreatment can be performed with diluted or concentrated acids, but these last are more 
hazardous, highly corrosive for reactors and equipments and must be recovered after the 
pretreatment. Moreover, if the pretreatment is preceding to enzymatic hydrolysis, drastic acid 
conditions favour the formation of degradation and inhibiting compounds and cause the fast 
condensation and precipitation of solubilized lignin [3]. For these reasons, only diluted acid 
pretreatment appears attractive for large scale applications. An efficient mild acid pretreatment 
completely solubilizes the hemicellulosic component of the biomass and only a little part of 
cellulose (at low acid concentration), thus making undissolved cellulose more accessible to 
enzymes. The most commonly employed acid is sulphuric one, generally in concentration below 4 
wt %, applied to a wide range of lignocellulosic biomass [4].Taking into account that acid hydrolysis 
involves expensive materials for plants, high pressures, neutralization and conditioning of the 
residual biomass before of an eventual successive enzymatic step, it is compulsive to carefully 
evaluate the proper dilute acid treatment. The most recent studies have been devoted to the 
optimization of the hydrolysis under very mild acid conditions combined with MW irradiation in 
order to reach high yields into sugars [5]. 
Alkaline pretreatment employes alkaline solutions, such as sodium hydroxide, calcium hydroxide or 
ammonia for the treatment of biomass, among which sodium hydroxide being more deeply studied, 
in order to remove lignin and part of hemicellulose and to efficiently increase the accessibility of 
cellulose. This approach is basically a delignification process, where a significant amount of 
hemicellulose is also solubilized. The use of an alkali causes the degradation of ester and 
glycosidic side chains, resulting in structural alteration of lignin, cellulose swelling, partial 
decrystallization of cellulose and partial solvatation of hemicellulose [6]. Alkaline treatment is 
usually more effective on biomasses with low lignin content than on those with high lignin content. 
This pretreatment can be carried out at lower temperatures and pressures than other pretreatment 
technologies, even up to room conditions, but, especially if performed at room temperature, long 
times and high concentrations of base are required. The most considerable drawback of alkaline 
pretreatments is the conversion of alkali into irrecoverable salts and/or the incorporation of salts 
into the biomass during the pretreatment reactions, making the treatment of a large amount of salts 
a challenging issue for alkaline approach.  
Among physicochemical processes (pyrolysis, steam exploision, torrefaction, ammonia fiber 
explosion, CO2 explosion) steam explosion is the most commonly used pretreatment of biomass 
and uses both physical and chemical methods to break the structure of the lignocellulosic material 
with an hydrothermal treatment [7]. The biomass is treated with high pressure steam at high 
temperature for a short time, then it is rapidly depressurized and the fibrils structure is destroyed by 
this explosive decompression, improving significantly the substrate digestibility and bioconversion 
as well as its reactivity toward other catalytic reactions. Another revealing treatment is torrefaction 
consisting of biomass heating to a moderate temperature working under inert or nitrogen 
atmosphere [8]. The increase of torrefaction temperature decreases solid biochar yield with a 
contemporary increase of the yield in volatile matters including liquid and noncondensable gases. 
Unfortunately, this termochemical approach has not developed enough yet to be feasible on large 
scale.  
A very recent approach to the pretreatment of biomass involves the use of ionic liquids (ILs) as 
solvents [9].Their very high solvating properties have been used for dissolving cellulose, lignin and 
also raw biomass. Before ILs application on large industrial scale, their recovery and recycle 
should be improved because their price is generally high. In addition, it is evident that their recycle 
can not be performed indefinitely due to impurities accumulation. 
 
Conclusions  
The separation of the three main components of lignocellulosic biomass is severely limited by 
many factors, such as lignin content, cellulose crystallinity, water content and available surface 
area which also influence the future exploitation of the pretreated materials. The choice of the best 
pretreatment strictly depends on the downstream use of the pretreated fraction itself. In order to 



overcome the disadvantages of every method, the most recent papers suggest the usefulness of 
combined approaches, which can lead to the optimal fractionation of the different components. An 
efficient integrated process should allow the exploitation of all the three main components of 
biomass, including the up to now underutilized lignin. In the context of a combined process, 
torrefaction and MW irradiation appear particularly promising if joined with chemical pretreatments. 
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