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The biochemical processes that convert wood into fuels and chemicals are an 

effective way to make use of lignocellulosic biomass. By employing both 

aerobic and anaerobic methods, a variety of end products can be produced, 

ranging from biofuels like ethanol to various industrial chemicals. Here’s a 

look at the key steps involved, with a focus on aerobic processes such as 

hydrolysis and fermentation, as well as the significance of pretreatment 

technologies. Wood mainly consists of cellulose, hemicellulose, and lignin. 

While cellulose and hemicellulose can be transformed into fermentable 

sugars, lignin poses a challenge due to its complex and resistant structure. 

The objective of pretreatment is to destroy the lignocellulosic structure to 

enable better access to polysaccharides like cellulose and hemicellulose for 

enzymatic cleavage or fermentation. The strategy for achieving pretreatment 

and hydrolysis most optimally differs because of the type of feedstock to be 

used; in this case, the specific kind of wood and the preferred final product – 

biofuels or chemicals. In the end, aerobic processes like hydrolysis and 

fermentation, alongside modern pretreatment processes, serve as a practical 

means of seeing wood as a raw material for fuels and chemical production. 

Each of the pretreatment methods such as steam explosion, organosolv 

pulping, or acid hydrolysis, can be tuned in a flexible manner to enhance 

cellulose and hemicellulose accessibility and simultaneously cope with or 

eliminate lignin to prepare the material for later processes.  
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INTRODUCTION 

 
The most widely used organic polymer on Earth is lignocellulosic 

biomass, which is obtained from plant sources. This includes agricultural 

residues like wheat straw and corn stover, dedicated energy crops like 

Miscanthus and switchgrass, as well as forest residues like wood chips 

and sawdust.. Unlike crops like corn, which are used for food, 

lignocellulosic biomass doesn’t compete with food production (Tilman et 

al. 2017). 
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This makes it a more sustainable and environmentally 

friendly option for producing biofuels. In many rural and 

remote areas of developing countries, biomass already 

provides about 90% of their energy needs. Since most of 

the world’s population is expected to live in developing 

countries by 2050, (Küçük and Demirbaş, 1997, Pathak et 

al., 2013)  biomass will likely remain an important energy 

source. Turning lignocellulosic biomass into biofuels 

involves breaking down its complex structure into simple 

sugars that can be fermented. This process has been the 

focus of a lot of research and new technology.There are 

various methods to convert biomass into valuable 

products, largely depending on the characteristics of the 

biomass and the desired end product (Sansaniwal et al, 

2017). Biomass, which includes organic material from 

plants, animals, and microorganisms, has emerged as a 

promising renewable energy source. Research on biomass 

underscores its potential as an alternative to fossil fuels 

and its role in combating climate change by lowering 

greenhouse gas emissions. This paper delves into the 

different types of biomass, conversion technologies, the 

challenges of scaling up biomass energy, and its 

environmental impact. Through a thorough review of 

current research, this paper highlights the importance of 

biomass in achieving a sustainable energy future.  

  

Types of Biomass   

Biomass can be categorized into the following types, each 

offering different applications for energy production:   

● Wood and Wood Residues include sawdust, wood 

chips, and forestry residues. Wood biomass is 

commonly used in direct combustion and gasification 

processes.   

● Agricultural Residues, like corn, wheat, and rice, 

produce significant waste that can be converted into 

biofuels or directly heated.   

● Algae, specifically microalgae and macroalgae, are 

ideal candidates for biofuels like biodiesel due to their 

high efficiency in converting sunlight into biomass.  

● Livestock manure is a renewable source of methane for 

energy generation that can be converted into biogas 

via anaerobic digestion.   

● Waste from households and industries, known as 

Municipal Solid Waste (MSW) can be processed to 

extract energy, reducing the burden on landfills and 

contributing to waste-toenergy projects.   

Lignocellulosic materials can be converted into biofuels, 

like bioethanol and biobutanol. This has attracted 

significant research interest because it reduces green 

house gasses and decreases reliance on fossil fuels 

(Larkins et al., 2019, Pimentel et al., 2021). However, 

other challenges such as complex biochemical 

composition, resistance to enzymatic hydrolysis, and 

economic feasibility hinder production on a large scale.  

  

Biological Pretreatment of Lignocellulosic Biomass :   

Because it may supplant traditional fossil fuels, biomass 

energy, one of the oldest energy sources, is becoming 

more appealing. Various kinds of biomass energy are 

obtained, such as from agricultural wastes, forestry 

wastes, abandoned or even neglected municipal solid 

waste, and algae, etc. (Wyman , 2013). There are many 

important biochemical reactions which happen during the 

chemical conversion of lignocellulosic biomass to bio-

based products such as proteins and lipids. Plant cell walls 

which constitute the bulk of lignocellulosic biomass are 

made up of three basic elements: cellulose, 

hemicellulose, and lignin (Saddler & Harvey, 2015).  

  

Composition of Lignocellulose:  

● Cellulose -     6 carbon sugars-  40-50%  

● Hemicellulose -  both 5 and 6 carbon sugars -25-

30%  

● Lignin - Phenols  - 15-20%  

  
  

These pre-treatments were designed to convert biomass 

into various products and intermediates by selecting 

different microorganisms or enzymes (Zhang et al. 2020).. 

This process creates a platform for obtaining fuels and  

chemicals such as biogas, hydrogen, ethanol, butanol, 

acetone, and a wide array of organic acids (Chen and Qiu, 

2010). The goal was to produce alternatives to petroleum-
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based products as well as those derived from grains. 

Compared to other conversion technologies, biomass 

biochemical conversion technologies (Chen and Wang, 

2016) are cleaner, purer, and more efficient. The potential 

of lignocellulosic biomass is significant due to the use of 

various microorganisms in converting the cellulose and 

hemicellulosic fractions of agricultural and forestry 

residues (Abo et al., 2019) Separating and purifying 

lignocellulose components allows for the efficient 

utilization and valorization of plant-based biomass waste 

(Ning et al., 2019).  Several chemical treatments have been 

proposed for separating lignin components during 

biomass fractionation, including methods that use organic 

solvents and ionic liquids (Bajpai and Bajpai. 2016). Ionic 

liquids are typically defined as compounds made entirely 

of ions with a melting point below 100 degrees Celsius 

(Okur and Eslek Koyuncu, 2020, Vassilev et al. 2010). 

Fermentation of Lignocellulosic Sugars:  

  

Following the step of breaking down cellulose and 

hemicellulose into simple sugars is the fermentation 

process. Ethanol, butanol, and methane are some 

examples of biofuels that can be obtained through the 

usage of yeasts or bacteria to turn simple sugars into more 

complex ones. There are a few challenges in fermentation:  

  

● Sugar Composition: Lignocellulosic biomass contains a 

mix of glucose and xylose. Most of the conventional 

fermenting organisms such as Saccharomyces 

cerevisiae (baker’s or brewer’s yeast) are unable to 

utilize all the sugars efficiently.  

● Toxicity: Furfurals, acetic acid, phenolic compounds, 

and other harmful byproducts are produced in the 

pretreatment process. Such compounds are likely to 

inhibit the microorganisms and result in reduced 

fermentation rates.  

● Genetic Engineering: Saccharomyces cerevisiae, 

Zymomonas mobilis, and Escherichia coli are now 

genetically modified to enhance their ability to ferment 

a broader range of sugars while being more tolerant to 

the toxic byproducts.  

● New Technologies: Consolidated bioprocessing (CBP) 

is a new technique that is currently being developed. 

Enzyme production and fermentation occurs in a 

single step rather than multiple, this makes the 

conversion of biomass to biofue much easier.  

 

Enzymatic Hydrolysis :  

● Enzymatic hydrolysis represents a vital phase in 

transforming lignocellulosic biomass into fermentable 

sugars. The most important enzymes, cellulases and 

hemicellulases, cleave cellulose and hemicellulose into 

smaller units, primarily glucose and xylose. Various 

parameters affect the efficiency of hydrolysis:   

● Enzyme Load: Enzyme overloading is occasionally 

needed to effectively decompose stubborn biomass, 

which makes the process more expensive.   

● Enzyme Composition: A cocktail of several different 

enzymes is necessary for the complete hydrolysis of 

cellulose and hemicellulose.   

● Inhibitory Compounds: Products from the degradation 

of lignin and the pre-treatment by products (e.g. acetic 

acid, furfuryl alcohol) are potential inhibitors for the 

enzymes.  

 

CONCLUSION 

 

Biomass energy has great potential to play a major role in 

the world’s shift to renewable energy. While there are 

challenges, such as high costs, supply chain issues, and 

environmental concerns, ongoing research and new 

technologies are making biomass energy more practical 

and effective. To fully use its potential, we need to 

improve how we convert biomass into energy, make 

better use of raw materials, and address the economic and 

environmental issues that come with large-scale 

production.  

 

As research continues, biomass could become an 

important tool in fighting climate change and reducing our 

reliance on fossil fuels. Among the different types of 

biomass, lignocellulosic biomass stands out as a promising 

option for making biofuels. It has the potential to help us 

move away from fossil fuels and create a more sustainable 

energy future. Although lignocellulosic biomass is tough to 

break down because of its complex structure, 

advancements in pretreatment methods, enzymatic 

processes, fermentation, and even genetic engineering are 

making it more feasible to produce biofuels from it. 

Continued research is critical to overcome the technical, 

economic, and environmental challenges of large-scale 

production, paving the way for a cleaner and greener 

energy solution.  
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