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• A promising route for valorizing agro 
waste biomass is bioenergy. 

• Feedstock analysis, usage, and pre- 
treatment methods have been assessed. 

• Pre-treatment of agricultural trash to 
boost bioenergy output was brought 
under light. 

• Healthy strategies to promote bioenergy 
and address ecological issues were 
discussed.  

A R T I C L E  I N F O   

Handling Editor: Pouria Ahmadi  

Keywords: 
Agro residues 
Bioenergy 
Biological pre-treatment 
Characterization 
Municipal solid waste 

A B S T R A C T   

The worldwide trend in energy production is moving toward circular economy systems and sustainable avail
ability of sources. Some advanced methods support the economic development of energy production by the 
utilization of waste biomass, while limiting ecological effects. The use of agro waste biomass is viewed as a major 
alternative energy source that expressively lowers greenhouse gas emissions. Agricultural residues produced as 
wastes after each step of agricultural production are used as sustainable biomass assets for bioenergy production. 
Nevertheless, agro waste biomass needs to go through a few cyclic changes, among which biomass pre-treatment 
contributes to the removal of lignin and has a significant role in the efficiency and yield of bioenergy production. 
As a result of rapid innovation in the utilization of agro waste for biomass-derived bioenergy, a comprehensive 
overview of the thrilling highlights and necessary advancements, in addition to a detailed analysis of feedstock, 
characterization, bioconversion, and contemporary pre-treatment procedures, appear to be vital. To this end, the 

* Corresponding author. 
** Corresponding author. 
*** Corresponding author. 

E-mail addresses: arvindhjsbu@gmail.com (J.A. Kumar), anish.2010me@gmail.com (M. Anish), ahoseinib@yahoo.com (A. Hosseini-Bandegharaei).   
1 Equal Contribution of mentioned authors. 

Contents lists available at ScienceDirect 

Chemosphere 

journal homepage: www.elsevier.com/locate/chemosphere 

https://doi.org/10.1016/j.chemosphere.2023.138680 
Received 3 November 2022; Received in revised form 4 April 2023; Accepted 11 April 2023   

i An update to this article is included at the end

mailto:arvindhjsbu@gmail.com
mailto:anish.2010me@gmail.com
mailto:ahoseinib@yahoo.com
www.sciencedirect.com/science/journal/00456535
https://www.elsevier.com/locate/chemosphere
https://doi.org/10.1016/j.chemosphere.2023.138680
https://doi.org/10.1016/j.chemosphere.2023.138680
https://doi.org/10.1016/j.chemosphere.2023.138680
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chemosphere.2023.138680&domain=pdf


Chemosphere 331 (2023) 138680

2

current status in the generation of bioenergy from agro biomass through various pre-treatment procedures was 
examined in this study, along with presenting relevant challenges and a perspective for future investigations.   

1. Introduction 

Nobody is questioning the fact that energy is of the most important 
parameters for global prosperity. Interconnection of rapid population 
expansion and advancement in industrialization and modernization has 
led to a hike in the demand of energy in recent years (Paramati et al., 
2022). Therefore, the depletion of conventional resources such as oil, 
natural gas and coal have started and, on the other hand, a drastic 
ecological pollution, specifically the pollution of air and water re
sources, has been resulted, along with increase in global temperature 
and ozone layer depletion (Xu et al., 2022). Today, most of the energy is 
obtained from fossil fuels that cannot be reproduced again and pose 
negative impact on ecosystem owing to high emission of carbon dioxide 
(Baz et al., 2021; Anyaoha and Zhang, 2022). The realised CO2 can alter 
permeability of atmosphere, allowing radiations to pass through easily, 
which causes changes in climatic conditions to occur at higher rates. 
Hence, developed and developing nations are focusing on minimizing 
the utilization of fossil fuels and increasing the production of renewable 
energy from available sources (Fathi et al., 2021). 

A crucial component of producing renewable energy while keeping 
sustainability in mind for utilizing waste from the agricultural sector can 
serve as a suitable, environmentally-benign alternative to fossil fuels 
(Saleem, 2022; Yana et al., 2022). Depending on their origin, character, 
and heterogeneity, biomass and feedstock differ from one another and 
all organic substance that is obtained directly or indirectly through the 
process of photosynthesis is biomass. Rice straw, rice husk, wood, sug
arcane, sugar beet, municipal solid waste, sewage, manure, and other 
materials are examples of them (Macri et al., 2020; Wang et al., 2021). 
Biomass resources are organic matter that is obtained from four major 
types: First-generation biomass feedstock is crop plants. However, due to 
interference with the food chain and food supply the focus has been 
moved to second-generation biomass feedstock for bioenergy produc
tion, which includes lignocellulosic materials (Esmaeili et al., 2020). 
Subsequently, the drawbacks of second generation resulted in exploi
tation of third and fourth-generation biomass feedstock that utilizes 
microbial community (Miret et al., 2016; Low and Yee, 2021; Ebho
daghe et al., 2022). By putting biomass through a variety of analytical 
methods, one can provide extensive data on the features of biomass for 
enhancing production and recovery (Hoang et al., 2021). Characterizing 
biomass both before and after pre-treatment is essential to understand 
more about the conversion process, mechanism, and design (Zhou and 
Tian, 2022). Identifying and locating the mechanism involved in the 
conversion process continue to be difficult tasks. The inability of the 
technologies employed to evaluate and identify the components of 
biomass that are relevant to the production of bioenergy and 
value-added products continues to be a significant obstacle to studying 
the impact of pre-treating biomass and the factors that affect the chosen 
method (Yiin et al., 2018; Ha et al., 2020). 

This review focuses on importance of agricultural biomass for pro
ducing renewable energy production. The various types of agricultural 
biomass and their utilization methods for bioenergy production are 
discussed in detail. Importance of biomass pre-treatment and their types, 
i.e. physical, chemical and biological methods, are explained and 
brought to under scrutinization. In addition, characterization of biomass 
using different analytical tools is described in brief. The challenges and 
difficulties in the way of using agricultural biomass as a potential sub
stance for producing various bioenergy and value-added products, by 
appropriate pre-treatment methods, are implied and a perspective for 
the future studies is presented. 

2. Agro-waste biomass 

Agricultural waste indicates the leftover residues from agricultural 
activities such as production and processing of agricultural products 
such as crops, vegetables, fruits, dairy products, etc. Biomass of plant 
wastes and their components such as cellulose, hemicellulose and lignin 
are included in agrowaste biomass that can be differentiated into paper 
waste, wood residues, grasses etc. (Fermanelli et al., 2020; Mukho
padhyay et al., 2022). Polymeric materials such as polypropylene and 
polyester are also included in agrowaste. Research have been focused on 
production of biofuels and other forms of bioenergy from agro-waste 
biomass. Nevertheless, owing to increased demand for food crops, re
strictions have been made in utilizing food crops for being utilized as 
alternative source for producing energy (Zheng et al., 2022). Due to the 
copious availability, it is significant to connect waste biomass to biomass 
economy, since most of the biomass can be spent as waste in 
pre-treatment and energy-production processes. Interest has been 
developed particularly in utilizing lignocellulosic biomass for producing 
various biofuels and other value-added products (Kumar et al., 2022; 
Saravanan et al., 2022). Generally agricultural waste biomass can be 
classified into crop residues, fruits and vegetable wastes, and livestock 
wastes. 

The waste residues that are obtained directly from the agricultural 
field during production process are termed under crop residues and 
include leaves, straws, seed pods, etc., and Fig. 1 shows different types of 
agro waste. These crop residues are considered as the most abundant 
and cheapest organic waste materials that can be utilized for producing 
valuable products (Anand et al., 2022). Wheat straw, corn straw, and 
rice straw are commonly available crop residues which can be utilized 
for biofuel production (Panagiotopoulos et al., 2013; Qureshi et al., 
2013). These residues are readily available all over the year and, till 
now, a minimum portion of them have been used for biofuel production, 
while remaining portions are left unused. 

2.1. Primary food crop residue 

Rice straw is a value-added promising biomass available worldwide. 
Rice is an essential and important agricultural product grown in many 
area of the world. Husk, bran and straw are by-products which are 
released during rice production. Amongst them, rice straw is a rich 
source of cellulose material that could be effectively utilized for pro
ducing value added products such as biofuels, biomaterials and other 
biological products (Ranjan and Moholkar, 2013; Tsegaye et al., 2020). 
Rice straw consists of cellulose, hemicellulose and lignin components. 
Producing biofuels from rice straw has been challenging due to presence 
of cellulose and lignin that possess high rate of polymerization. 

Rice straw can be utilized for milk production by treating with either 
calcium hydroxide or urea (Dev et al., 2022; Singh and Patel, 2022). The 
removal of lignin and hemicellulose were done by breaking the ester 
bonds present in their structure through chemical and physical pre
treatment approaches. Rice straw was also utilized for producing 
ceramic materials. Rice husk and bran can be separated from rice straw 
and can be used as food supplements that bestow another source of in
come. Rice husk comprises of a majority of volatile substances, carbon 
and ash content (Elimbinzi et al., 2020; Halim et al., 2022). Rice husk 
can be used for biofuels production. Rice husk must be hydrolysed prior 
to its application in biofuel generation. It has been found that, using rice 
straw as raw material, biofuel production was more, compared to using 
rice husk as the raw material. Rice bran is a source of vitamins B and E 
and is natural source of oryzanol. 

Next to rice, wheat is another important crop and nearly half of 
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population consume wheat equally to rice worldwide. Wheat straw is a 
by-product obtained after removal of scrap from the grain. Wheat straw 
is rich source of carbohydrates, i.e., cellulose (10–20%), hemicellulose 
(30–40%), and lignin (10–20%), and some proteins, silica, minerals, and 
ash contents are also present in the straw structure. It is a wide source of 
phytosterols which is obtained with noncellulosic compounds and, 
additionally, ferulic acids and bioactive components are also extracted 
from this agro waste (Gao and Goldfarb, 2019; Rani et al., 2022). Phy
tosterols are highly noticed in cell wall region as temperature stabilizer, 
as they bring about greater physical strength, and used as animal feed 
and in the biomedical field (Tufail et al., 2021). Few enzymes have also 
been isolated, using wheat straw as raw material catalysed by fungal 
species. Wheat straw can also be utilized as adsorbent materials for 
removal of environmental pollutants. Owing to presence of enormous 
amount of fibre in it, wheat bran has found a valuable application in 
animal supplements. Enzyme production and biocomposite synthesis is 
also possible using wheat bran (Chancharoonpong et al., 2012; Ma et al., 
2022). Wheat bran is also loaded with lipids that are essential source of 
phytochemicals for prevention of various diseases. 

2.2. Maize and vegetable residues 

Maize is regarded as a wonderful and paramount staple crop from the 
global nutrition point of view. Corn stover is the leftover that remain 
after harvesting maize. This biomass is readily available and doesn’t call 
for additional investment. The bare minimum is left on the earth to stop 
soil erosion. By biochemical and thermochemical conversion proced
ures, corn wastes can also be employed for the production of energy and 
the average yield is 20–25 MJ per kg (García-Condado et al., 2019). Corn 
stover is a main source of organic carbon in soil for maintaining soil 
quality and productivity (Croce et al., 2016; Yang et al., 2020). It is 
loaded with hemicellulose and cellulose and its biodegradability is 
limited by small portion of lignin. Maize straw, chaff and cobs are 
by-products of maize. Maize straw consists of cellulose, lignin and 
hemicellulose. Maize straw can be digested through various pretreat
ment processes such as chemical, heat and mechanical methods (Li et al., 
2022). A fungal treatment that increases the digestion of protein and 
minimizes fibre can enhance the nutritional value of maize husk. Maize 
husk is a viable and affordable precursor that can be utilized to make 
adsorbents that remove pollutants from effluents. Auricularia auricula is 
cultivated separately and it is used in the pre-treatment method and is 
great in lignin digestion. it removes almost 29% of the lignin for pro
ducing pure biomass (Intani et al., 2016; Lu et al., 2022). 

Another food crop that is grown in great quantities and that produces 
a lot of trash in the preparation is cassava. Cassava’s peel is unusable 
waste that can be used as manure, and its stem can be used as a base for 
the generation of bioenergy where 253L biogas is obtained from 10 tons 
of waste (Cruz et al., 2021; Padi et al., 2022). Cassava peel is a rich 
source of carbohydrates and annually several billion tons of it are 
thrown away as waste. It can also be used as a spawn for mushroom 
cultivation that can be prepared using either as a mixture or as a product 
isolated from cassava peel. Cassava peel requires pre-treatment pro
cesses in which hydrolysis is important for producing bioethanol (Ade
kunle et al., 2016; Amalia et al., 2021). It can also be utilized as 
adsorbent material for the removal of heavy metals and other contam
inants from polluted water. Cassava stalks can be used for producing 
boards, polymeric products and plastic composites (Olukanni and Ola
tunji, 2018). 

Groundnuts are filled with carbohydrates that comprise an outer 
shell. These shells are thrown away as waste after the consumption of 
inner seeds which is the main food. These shells are thrown away and a 
small percentage is dried and powdered for their utilization as adsorbent 
material and as a carrier for fungal inoculation. Groundnut shells can be 
used as soil stabilizers in maintaining soil moisture and strength and is 
used as wonderful biomass for biofuels energy of 120–140 kJ/m3 (Yal
lappa et al., 2017; Deivajothi et al., 2018). 

Sugarcane bagasse is rich in polysaccharides and is composed of 
cellulose, hemicellulose and lignin. It can be used for producing valuable 
products and electricity generation. Pre-treating bagasse will help in 
maximum conversion of sugar molecules to bioethanol (H. Huang et al., 
2020). 

Another important crop is soybean that is directly consumed and is 
infused with protein. Pod husk and straw are by-products from soybean. 
Soybean straw comprises of dried leaves, stems, protected by hairs. It is 
cost-effective and considered as renewable source for producing energy 
and chemicals. Soybean is loaded with cellulose, hemicellulose, ash, 
lignin and proteins. Soybean straw is considered as a promising material 
for biofuel production (Vedovatto et al., 2021). 

Next category of using agro-waste biomass includes the usage of 
obtained wastes from agriculture industrial processing. It comprises of 
residues and by-products that are obtained from food processing sectors 
such as vegetables and fruit peels, meat eggs, animal fat, sugarcane 
bagasse, starch obtained from starch producing industries, molasses 
from sugar manufacturing industries, etc. Sugarcane bagasse is the 
commonly and abundantly available agro-industrial waste (Chatterjee 
and Mohan, 2021; Siddiqui et al., 2022). It is the dry fibrous material 

Fig. 1. Different types of agro waste biomass.  
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obtained after complete extraction of juice. Peels of fruits such as or
ange, pomegranate and other fruits are also categorized under 
agro-industrial biomass. Cultivating crops and livestock production 
provide income to farmers worldwide. Vegetable and fruit waste com
prises of unprocessed vegetables and fruits including mango, orange, 
banana, pineapple, tomatoes, etc. Fruits and vegetable waste generated 
from food processing industries are numerous. These organic wastes 
pose serious threat to ecological systems by causing pollution and 
contamination, due to their perishable nature (Kebaili et al., 2021; 
Sharma et al., 2022). Enormous waste has been generated from pro
cessing, packaging, distributing and consuming fruits and vegetables. 

In the past years, agro waste resulted in over 935 million tonnes and 
they are from variant forms like those mentioned above. When thrown 
away on land, these wastes cause pollutants and their adverse effects 
bring about harms to living organisms and ecosystems, either directly or 
indirectly. Naturally, these are greater sources of agro wate and their 
exploitation can lead to a stunning yield of bioenergy production. The 
waste is converted into zero waste and wealth is regenerated by pre
treatment and conversion to give quality biomass for energy production. 

3. Feedstock for bioenergy production 

Biomass from agricultural field can be utilized as feedstock for pro
ducing value-added products. This comprises of biomass from plants, 
field crops, fruits, vegetables and biomass from fisheries and livestocks 
(Li et al., 2018; Cai et al., 2021). Terrestrial and aquatic plants can be 
utilized as feedstock for producing energy. Unused biomass that is 
disposed as waste from agricultural sector, forest and municipal waste 
also acts as valuable feedstock for bioenergy production (Zhang et al., 
2022). Agricultural feedstock can be divided as food and non-food raw 
materials, depending on whether they are utilized as animal feed. 
Feedstock can also be divided based on their yield or products obtained 
from them (Srinivasan et al., 2015). Sugars, wheat, corn, sorghum, sugar 
beet, barley, etc. can be utilized as feedstock for producing biofuels such 
as ethanol. In addition, oil producing crops such as palm oil, mustard, 
coconut, hemp, flax seeds, sunflower, etc. can also be used as feedstock 

materials. Few plant species show adaptability to various ecological 
conditions and those plants suit more for utilizing as feedstock (Liao 
et al., 2013). Few plants include Panicum turgidum, Phragmites karta, 
Halopyrum mucronatum, etc. Waste biomasses and agricultural residues 
from oil, starch and sugar producing crops also can be utilized as feed
stock. In addition, waste biomasses from rice, corn, wheat, sugar beet 
and sugar cane are potential and suitable sources for bioenergy pro
duction. Table 1 displays a summary of various agricultural biomasses 
for bioenergy production. 

For producing biofuels such as methanol and ethanol, corn oil and 
hybrid sugarcane are gaining attention, owing to their vast potency and 
productivity. Microorganisms and plants liberate lignocellulose contin
uously in huge quantities. Glucose is produced form cellulose through 
the action of enzymes and can be utilized in feed or food sectors. 
Lignocellulosic energy crops such as Miscanthus sp produces high yield 
of biomass and conditions for cultivation of those crops are very limited. 
Similarly, red giant grass is another crop family with high and long-term 
yield (Zhou and Tian, 2022). Though, municipal solid waste, animal 
manures, sewage and poultry manures can also be transformed for en
ergy production, residues from agricultural sectors such as husk, stalk, 
stem, shells, etc., and from forest such as leaves, timbers, dry leaves, 
branches, etc. are widely utilized for conversion and production of 
biofuels and bioenergy (Alam et al., 2022; Pocha et al., 2022). Apart 
from plant species, aquatic plants and weed varieties are another group 
which possess potency for utilizing as feedstock for bioenergy genera
tion. High adaptability, more biomass amount and yield of oil produces 
benefits of using these materials as feedstock in agricultural industries. 
The microbes present in the field and nearby water sources are helping 
and can be captured for conversion of biomass into energy resources 
(Koul et al., 2022; Zhang et al., 2021; Wu et al., 2022). The feedstock 
that is obtained from agricultural sectors possesses various features. Few 
demerits of agricultural biomass include collection, transportation and 
handling. Though there are few issues and problems related to the uti
lizations of microbial species and agricultural residue, there are benefits, 
necessities and demands which raise the importance of their usages as 
feedstock in bioenergy production (Kumari and Singh, 2018). Advanced 

Table 1 
Various agricultural biomass for bioenergy production.  

Feedstock Residues Process Ash 
content 
(%) 

Parameters Energy Yield product References 

Plant & Tree Crop & 
Pruning 

Anaerobic digestion – – Bioelectricity & 
Thermal 

619 GWh & 895 
GWh 

Moustakas et al. 
(2020) 

Rice Straw & husk Direct combustion 0.22 400 kg/h of steam, 95% thermal 
efficiency 

Bioelectricity 3.8 billion (kW)h 
per year 

Matsumura et al. 
(2005) 

Corn Stalk Hydrolysis & 
Gasification 

– – Bio-jet fuel 107.7 kg/t-bio Zhang et al. (2022) 

Pine tree Saw dust Microwave plasma 
gasification  

Air supply: 100 sL/min, Power: 
3–6 kW, Temp:621–1024 ◦C 

Biohydogen 0.1–0.4% Sanlisoy and 
Carpinlioglu (2019) 

Micro algae Dry spirulina 
algae 

Microwave plasma 
system 

– Power: 700–1100 W, Temp: 
700–900 ◦C 

Hydrogen gas 31–36% Chang et al. (2020) 

Jatropha 
curcas 

Dried sludge - 
Pruning 

Stirred tank reactor – pH: 5.5, Temp: 37 ◦C for 4 h, Hydrogen 66.6 mL H2.g− 1 Serrato-Nerio et al. 
(2020) 

Chlorella sp Granular 
sludge 

Dark fermentation 5.0 pH: 5.0–7.0; Feedstock to inoculum 
ratio: 3.0 in 60 mL 

Hydrogen 47.2 mL g-VS− 1 Phanduang et al. 
(2019) 

Chlorella 
vulgaris 

– Anaerobic membrane 
bioreactor 

– Temp: 35 ◦C for 24 h, pH: 7.0, 
Volume: 2 L, Flow rate: 1.4 mL/min 

Biogas 2.4 kWh. 
kg− 1COD(feed).d− 1 

Vu et al. (2020) 

Corn Cob residue Anaerobic co- 
digestion 

2.5 pH: 9.0; Temp: 35 ◦C; Shaking at 
180 rpm for 20 days 

Methane 126.02 Nm3. 
tonresidue

− 1 
de Oliveira et al., 
2020 

Kernel Shell Pyrolysis gas 
combustion 

2.4 Load capacity: 30 kg/h; Temp: 
450 ◦C; Residence time: 15 min 

Thermal energy 197 mg/Nm3 Salgado et al. (2020) 

Silybum 
marianum 

Seeds Anaerobic digestion – – Biogas 194–223 mL g− 1 Hunce et al. (2019) 

Sugar beet Leaf Anaerobic digestion – Temp: 37 ◦C, Incubation: 25 days Methane 1200 Nm3ha− 1 Shilpi et al. (2019) 
Microalgal Seashell Direct 

transesterification 
– Temp: 80 ◦C for 2 h Biodiesel 95% Karpagam et al. 

(2020) 
Napier grass Bagasse Pyrolysis, gasification – Pyrolytic oil at 480 ◦C Liquid biofuel 5.35 kg/h Mohammed et al. 

(2019) 
Cocoa waste  Feb batch reactor – pH: 7.0, Temp: 4 ◦C Methane 107 L kg− 1 Acosta et al. (2018)  
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approaches are needed to be developed for increasing the biomass 
productivity and yield in producing bioenergy. 

The presence of high nutritional components in agricultural waste 
materials also compels the researchers more to focus for maximum 
utility. Food industry also liberates enormous amount of food waste and 
is considered as one of major reasons for ecological pollution (Mohanty 
et al., 2022). There are various sectors available generating huge 
quantities of waste residues possessing distinct characteristics and those 
residues have to be categorized according to their nature and properties 
for better understanding and utilization. Agricultural residues can be 
classified as process and field residues. Field residues are those that are 
left unused or unutilized in the agricultural fields after crop harvesting. 
Those materials include stems, seeds, dry leaves and stalks. The quantity 
of field residues are so high such that when left unnoticed or no managed 
properly causes serious environmental issues and pollution and making 
the agricultural land unfit for subsequent cultivation. Process residue 
includes the left over crops after extracting valuable resources. One 
example is rice cultivation where husk and paddy are process residues. 
The process residues can be utilized for producing biofertilizer, 
improving soil characteristics, as feed for animals, etc., (Wang et al., 
2015; Kumar et al., 2022). The residues of other industries, such as food 
industry, contains wastes that are loaded with components such as cel
lulose, lignin, moisture, ash, hemicellulose, etc. These rich-value com
ponents serve more benefits when are utilized for producing biofuels 
and bioenergy. Fruit and vegetable processing sectors has grown with 
increasing demand with liberation of enormous residues such as seeds, 
pulps, peels, leaves, etc. Peels of citrus fruits from citrus processing 
sector can serve as an efficient substrate during any fermentation pro
cess, since they are rich of bioactive components. Studies have suc
cessfully shown the feasibility of production of biofuels utilizing various 
fruit peels (Santos et al., 2015; Lin et al., 2021). 

Oil seed production is another important sector contributing to 
economy. Mustard, soybean, groundnut, etc. are few major sources of 
vegetable oil. Studies showed that biofuel can be produced using soap 
stock from oil refineries (Dhanke and Wagh, 2020). The cake that is 
obtained after pressing for expelling oil is loaded with antioxidants, 
vitamins, proteins, fibres and minerals. They can be used as food sup
plements as well as animal feed. For maximum utilization of bio
materials, agricultural industries must focus on advanced developments 
(Landucci et al., 2013). Increased demand has forced conflict among 
bio-resources and food production. The utilization of lignocellulosic 
biomass from trees, crop residues, and grasses with genetically modified 
crops shows positive pathway for meeting demand and requires more 
advanced approaches. The utilization of genetically engineered crops 
and adequate evacuation of crop residues may face problems such as 
increased soil erosion, depleted soil quality and pollution due to wider 
application of chemical pesticides and fertilizers. With advancements of 
genetic engineering approaches, techniques for minimizing the limita
tions must be developed. 

4. Characterization of agro-waste biomass 

Heterogeneity is a significant feature of agro-waste biomass. The 
possibility and ability to recover products from biomass depends on the 
biomass properties. Thermochemical and biochemical conversion are 
primarily available methods for product recovery from biomass (Khoo 
et al., 2013; Fasahati et al., 2022). The selection of conversion ap
proaches is based on the biomass features and hence characterization of 
biomass is important for better understanding of physico-chemical 
properties of biomass that helps in determining the biomass suitable 
for type of conversion. These properties are essential for effective utili
zation of biomass during biochemical conversion processes. The char
acteristics of biomass are completely dependent on the organic 
constituents such as hemicellulose, cellulose and lignin that vary from 
biomass to biomass, depending on the origin, source, climatic condi
tions, etc. (Singh et al., 2017). Based on the application of biomass, 

characterization may be performed by means of proximate or ultimate 
analysis, utilizing many different tools, or by both. Proximate analysis 
determines the biomass physical properties that affect the combustible 
properties of biomass. Ultimate analysis gives both qualitative and 
quantitative determination of chemical properties of biomass by means 
of elemental composition and constitutes some parameters like heating 
rate of biomass (Shen et al., 2010; Nimmanterdwong et al., 2021). 
Table 2 shows elemental components and composition of agricultural 
biomasses and their application in bioenergy generation. 

4.1. Techniques for biomass characterization 

Characterization of biomass requires utilization of variety of 
analytical approaches and provides information on composition as well 
as on the optimization of pre-treatment process. Fig. 2 shows different 
characterization studies of agro-waste biomasses for bioenergy pro
duction. However, the choice of analytical approach used for charac
terization is determined by the intended application of biomass, so that 
the results are accurate and specifically needed for the desired 
application. 

4.1.1. Organic compounds characterization 
This is a sensitive approach for quantitative and qualitative method 

of determining the organic materials present in the biomass. Chemical 
bonds are being found by generating transmittance percentage peaks 
represented in spectra. This technique is particularly used for finding 
modifications in structure of biomass (J. Huang et al., 2020). Fourier 
transform infrared (FTIR) can also be used for finding difference among 
the functional groups. This method is widely utilized for biomass char
acterization for various applications including thermochemical and 
biochemical conversion. FTIR can be utilized for examining the removal 
of components such as lignin and hemicellulose from pre-treated 
biomass and can be used for analysing the reactive components pre
sent in the biomass and understand how these components influence 
thermochemical conversion of biomass. FTIR works on the principle that 
organic compounds absorb light within the infrared region in the range 
400 and 4000 cm− 1. 

4.1.2. Structural characterization 
Information regarding the structural components of the biomass can 

be found using x-Ray diffraction (XRD) instruments. Crystalline size and 
structure, chemical composition, thickness and orientation are the 
structural information that can be obtained using XRD analyses (Kataki 
et al., 2017). Various materials including nanomaterials can be analysed 
with the help of x-ray diffraction analyser. This technique is specifically 
utilized for analysing the efficacy of hydrolysis process for chemically 
pre-treated biomass that is utilized for producing many sugar com
pounds such as oligosaccharides. 

Nuclear Magnetic Resonance (NMR) is an appropriate technique for 
examining biomass materials that are utilized for production of biofuels 
or any value-added products. Detailed information on structural analysis 
of biomass, specifically lignocellulosic biomass materials, can be ob
tained by exploitation of NMR technique. Cellulose crystallinity can also 
be found using this technique. While XRD is based on the scattering of X- 
ray that can be classified into two components, i.e. crystalline and 
amorphous structures, NMR is based on the orientation that gives 
complete information on structure and chemistry of the biomass mate
rial in its solid state. Production of value-added products using ligno
cellulosic biomass require huge content of cellulose and hemicellulose 
and NMR can be used for facilitating biomass conversion effectively. 

Scanning electron microscope (SEM) produces pictorial representa
tion of an object through scanning the sample surface by focusing 
electron beam that connects with the sample for producing signals, in 
order to obtain information regarding to surface morphology and 
composition. Prior to analysis, using SEM, biomass materials require 
pre-treatment for minimizing the size of the biomass particles, for 
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facilitating any type of micro or nanoscopic examinations. The physical 
and chemical morphological structure of the biomass can be analysed 
using SEM. The acquired data can be utilized for deciding about the type 
of pre-treatment process for biomass, in order to obtain maximum sus
ceptibility to thermochemical or biochemical conversion processes. The 
main drawback is the existing limitations with complete analysis of 
samples with moisture, since most of these analytical tools go perfect 
with dry samples only. Hence, moisture content in samples must be 
completely removed before examination, in order to prevent any 
interference of structural alterations that may influence the SEM images 
of the given sample (Munawar et al., 2021). 

4.1.3. Thermochemical characterization 
Thermal gravimetric analysis (TGA) can be used for determining the 

combustible behaviour of the biomass material. This approach is used 
for determining the thermal properties and parameters related to ther
mochemical conversion processes. TGA helps in analysing the proximal 
data. The desired samples are heated to particular temperature at spe
cific heating rate in presence of inactive nitrogen or argon so as to 
monitor and identify the sample at increasing temperature. The mass of 
the sample varies as temperature gets varied and is plotted against time 
or temperature (Ahmad et al., 2021). TGA works in high temperature 
that resembles thermal energy production unit. Studies relating to 
determining the thermal kinetics of biomass decomposition are quite 
helpful in determining the qualitative data that helps to understand the 
operating conditions and factors involved in thermochemical conversion 
processes. TGA is performed at various temperatures and at different 
heating rates and the peak that is obtained shows the changes in the 
mass against time/temperature. 

Differential scanning calorimetry (DSC) is an analytical tool that is 

utilized to uptake the heat energy in the sample under controlled tem
perature increase (or decrease). The heat flow occurs due to phase 
transitions among the crucibles and is monitored by DSC (Musellim 
et al., 2018). The process includes heating of two crucibles: one is as 
reference without sample present in it and the other is the one in which 
the sample to be measured is placed. The heat flow or energy is deter
mined as function of temperature that helps in finding the thermal ac
tivity of the biomass material to be analysed. DSC is more valuable for 
examining the biomass designed as raw material for thermochemical 
conversion and the information from DSC helps in enhancing the effi
ciency of activation energy on the biomass conversion rate. 

Gas chromatography GC/MS tool is used for analyzing non-volatile 
compounds and utilizes high temperature for heating the sample to 
decompose it into smaller components. Those molecules are separated 
by GC and are finally identified using mass spectroscopy. This analytical 
tool is specifically utilized for examining biomass materials that are 
designed as raw material in hydrothermal liquefaction or pyrolysis 
process for production of value-added products or biofuels (Shahbeig 
and Nosrati, 2020). Pyrolysing biomass is a complex process that in
volves chemical reactions when biomass material is subjected to 
controlled temperatures. As different biomass varies in structure and 
composition, the degradation of compounds occurs at varied tempera
tures and heating rate. 

5. Pre-treatment methodologies 

Pre-treatment is an important process for thermochemical and 
biochemical conversion of agricultural biomass and includes structural 
modifications focusing on the recalcitrant nature of biomass (Mozhiar
asi, 2022; Zhao et al., 2022). Pre-treatment is necessary for enhancing 

Table 2 
Elemental compounds and composition of agricultural biomass and its application in bioenergy generation.  

S.No Agro biomass Elemental Compounds Composition (wt %) Bioenergy References 

C H N O Ash Moisture Volatile matter Fixed carbon 

1. Palm Kernel Shell 43.20 6.84 0.92 38.03 10.67 3.03 69.66 16.64 Bio-oil Sohni et al. (2018) 
2. Peanut 59.27 8.18 3.30 22.39 6.86 – 93.95 0.81 Biomethane Ugwu and Enweremadu (2020) 
3. Wood pellet 51.0 6.0 0.4 42.5 0.3 8.0 76.5 15.2 Biofuel Kim et al. (2021) 
4. Rice husk 44.2 6.2 – 52.4 14.2 7.0 59.5 20.8 Bioenergy Naqvi et al. (2020) 
5. Groundnut shell 51.1 5.9 1.1 41.9 4.4 6.7 61.7 27.2 Bio-oil Bhatnagar et al. (2020) 
6. Coffee husk 46.41 6.33 2.66 44.51 3.55 9.06 77.09 19.36 Bio-oil Setter et al. (2020) 
7. Neem Press Seed Cake 44.71 4.22 3.7 42.08 4.95 12.5 75.05 7.5 Bio-oil Dhanavath et al. (2019) 
8. Lignin 61.3 6.23 0.70 31.4 0.3 3.4 74.0 26.1 Biofuel Farrokh et al. (2018) 
9. Corn straw 50.80 6.24 1.21 41.54 9.40 8.7 75.1 15.5 Bio-oil Delgado et al. (2013) 
10. Wheat straw 46.3 5.7 2.0 – 8.0 8.9 16.0 56.0 Agglomerates Funke et al. (2018) 
11. Rice husk 38.23 5.46 0.32 39.44 16.53 – 70.60 12.87 Bio-oil Zhang and Xiong (2016) 
12. Corn stalk 72.28 3.14 1.09 22.47 16.73 4.36 23.79 55.12 Biochar Wang et al. (2014) 
13. Pine sawdust 70.68 3.60 2.40 23.11 12.33 – 23.95 63.72 Biosorption Peng et al. (2012) 
14. Sugarcane Bagasse 32.5 5.0 0.36 61.5 – – 49.61 42.79 Bioelectricity Kanwal et al. (2019) 
15. Spent coffee grounds 52.99 7.29 2.50 37.22 0.74 3.16 86.0 10.1 Biofuel Zhang et al. (2018)  

Fig. 2. Different characterization studies of agro waste biomass for bioenergy production.  
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characteristics and nature of biomass for increasing the efficient energy 
utilization of biomass. There are various methods of pre-treatment 
processes. Fig. 3 demonstrates various methods of pre-treatment pro
cesses for the conversion of agro-waste biomass. There are various 
pre-treatment processes involving heat for degrading of lignocellulosic 
biomass and release of sugar contents. The major demerits of 
pre-treatment processes include cost and optimizing process so as to 
obtain minimum degradation of other necessary elements (Ma et al., 
2018; Yoruklu et al., 2020). These drawbacks have to be solved by 
analysing the researchers’ efforts and identifying novel approaches that 
will further accomplish conventional (physical, biological, chemical, 
mechanical and thermo-chemical) and non-conventional (ionic liq
uid/electrical) pre-treatment, as required. The choice of type of 
pre-treatment process must focus and depend on the type, nature and 
origin of biomass and its wide applicability in biorefinery and biocon
version processes. 

5.1. Conventional treatment 

5.1.1. Physical pre-treatment 
The main aim of physical pre-treatment process is to minimize the 

size of the biomass particle through mechanical methods for increasing 
the morphological characteristics such as surface area and pore size. 
When Lignocellulosic materials are subjected to physical pre-treatment 
processes, it decreases the crystallinity of cellulose and degree of poly
merization (Sidana and Yadav, 2022). However, these two properties 
are important before thermochemical and biochemical conversion of 
biomass. There is no detailed information regarding the mode of action 
of physical pre-treatment method, specifically with how the chemical 
composition of biomass is altered and affect the morphology. Depending 
on the application of biomass, the physical pretreatment method is 
chosen. For biochemical conversion of Lignocellulosic biomass, milling 
process is employed for reducing the biomass size that enhances the 
digestion of Lignocellulosic biomass by involving enzymes (Amin et al., 
2017). Similarly for thermochemical conversion, milling process is 
required for torrefaction, pelletization before thermochemical conver
sion. In addition to milling, chipping is also another method used before 
thermochemical conversion. Since thermochemical conversion are very 
size specific, selection of a suitable physical pre-treatment process is 
vital for obtaining higher efficacy. These methods involve heat or high 
temperatures for making alterations that result in biomass with 
improved characteristics. The primary drawback of mechanical 
pre-treatment is the possible loss of lignocellulosic materials in ligno
cellulosic biomass sources, which makes the cellulosic content 

inaccessible. The merit of this is that any kind of material can be used 
and the method doesn’t affect the chemical and original nature of the 
raw source so the properties of raw material remain unchanged (Khan 
et al., 2022). 

5.1.2. Chemical pretreatment 
Chemical pre-treatment process constitutes the utilization of organic 

and inorganic compounds for disrupting the morphology of biomass by 
interacting with polymeric bonds present in organic compounds. Agro- 
waste, biomass specifically lignocellulosic materials, cannot be broken 
down using chemical pre-treatment and can be considered as recalci
trant (Sun et al., 2020). This may be due to complexity in structure, 
cellulose crystallinity, lignification and biomass heterogeneity. During 
chemical pre-treatment process, structural complexity of lignocellulosic 
biomass is destroyed, resulting in minimizing the crystalline nature of 
cellulose, depolymerization, cellulose degradation and lignin break
down (Galbe and Wallberg, 2019). Chemical pre-treatment is performed 
for isolating specific biopolymeric composition of the biomass material. 
Chemicals such as acids, alkalis, ionic liquids and organic solvents are 
utilized for chemical pre-treatment processes and this is a highly prac
ticed method because of the easily existing, high treatment capacity, and 
the low-price production. Even low concentrations of the diluted acids 
are enough for high effective treatment maximum, and 100% efficiency 
is achieved in this method (Saravanan et al., 2021). 

5.1.3. Biological pre-treatment 
Biological method of pre-treatment involves utilization of enzymes 

that are produced by microbes particularly fungi for degrading, depo
lymerizing and cleaving biomass components such as cellulose, hemi
cellulose and lignin. This kind of pre-treatment possess has various 
advantages, compared to other two aforementioned methods, since it 
does not produce any toxic by-products, increased productivity of 
required products, minimal energy consumption, substrate specificity 
and reaction process (Karami et al., 2022). However, slow process, 
requirement of huge space and maintaining optimum conditions for 
microbial growth are few limitations that limits biological pre-treatment 
processes. Normally, residence time is nearly 14 days for this process 
and, as microbes consumes organic content in biomass, biological 
pre-treatment process needs to be considered from other aspects, like 
techno-economic issues (Ahmad et al., 2022; Chan et al., 2022). Hence, 
this method is not commonly utilized by researchers and is less attrac
tive, compared to other approaches. Commonly utilized microorganisms 
for pre-treatment process include white-rot fungi, actinomycetes, brown 
and soft-rot fungi, and sometimes bacterial community. These fungi are 
known for their efficacy in removing lignin and hemicellulose as well as 
minimal effect on cellulose. Though many pre-treatment methods have 
been examined, many methods are in stage of development and require 
comparison and checking availability, compared to other pre-treatment 
methodologies. Most of the pre-treatment techniques involve down
stream and upstream processing cost related to operation, initial in
vestment, recycling and waste treatment methods. This method uses no 
chemical substances for treatment but makes use of the enzymes 
released from microbes for lignin removal, and its efficiency varies from 
78 to 99% and the efficiency sometimes relays on some parameters 
(Deivayanai et al., 2022). 

5.1.4. Thermal technique 
Treatment option for biomass within a selective temperature range 

from 50 to 300 ◦C successfully hikes the anaerobic digestive rates. It also 
delineates the microbial count from waste components. Hence, such pre- 
treatment ranks as most utilized technique so far, indeed being chosen as 
a massive pre-treatment strategy for agricultural outcomes, sewage 
sludge as well as municipal organic waste fractions. Microwave heating, 
hydrothermal and steam explosion are usual treatment techniques 
involved for incrementing complete biodegradation of agricultural 
biomasses (Cesaro and Belgiorno, 2014). Though such thermal method 

Fig. 3. Various methods of pre-treatment process for the conversion of agro 
waste biomass. 
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possess more merits of easy digestion of organic biomasses, higher 
ranges or lengthier thermal processes can unevenly trigger component 
reactions. This could lead to complex recalcitrant formation or inhibit 
substrate components that thwart bioenergy generation. Hence, tem
perature as well time adopted for such technique must be carefully 
chosen depending on the characteristic constituents of biomass (Elliot 
and Mahmood, 2012). Apart from hydrothermal mechanism, steam 
dependent or explosion treatment is well chosen to attain definitive 
depolymerization of agricultural biomass. At higher heating levels, 
steam aids as an acid media and assists water hydrolysis. In such 
treatment, the agricultural biomass is well exposed to hot fluid of steam 
along with higher pressure rates for certain minutes and then followed 
by lowering of both parameters, resulting in biomass explosion beneath 
the component (Hendriks & Zeeman et al., 2009). Steam available at 
higher heating ranges dissolves lignin/hemi-cellulosic constituent fol
lowed by secondary explosion mechanism for further structural 
breakage of residual agricultural biomass producing finer materials. 

5.1.5. Mechanical pre-treatment 
This method involves several comminutive actions of milling, 

grinding, chipping etc., The main objective of such methodology is to 
break the solid components completely, simultaneously liberating 
biomass fragments possessing smaller sizes and porous permeability 
beneath its overall structural arrangement (Paudel et al., 2017). By such 
method, the enlargement in surface coverage is more acceptable to 
biomass constituents and enhances complete digestion much effectively 
(Esposito et al., 2011). Several demonstrations have deployed that 
component size is indirectly proportional to biomass utilization in
tensity. Deduction in component size range of agricultural crop residues 
increments the exposure of biomass substrate for further hydrolysis 
procedure (Elliot and Mahmood, 2012). More interestingly, the shear
ing/cutting action of biomass fibre components is the most predominant 
mechanism to render positive impact on the digestive performance by 
incrementing surface coverage. 

5.2. Non-conventional pre-treatment 

5.2.1. Ionic solution treatment 
Ionic solutions technique employs ionic solvents containing lesser 

melting rates along with non-volatile features that dominate with 
lignocellulosic components for hydrogen linkages. Such treatments are 
designated to be much efficient than earlier chemical approach, in 
specific for lignocellulosic wastages including wheat, corn and wood 
(Gao et al., 2013). Biogas generation through rice straw, water hyacinth, 
spruce needles and other leaves was substantially hiked aftermath 
pre-treatment step with 1-N-butyl-imidazolium chloride. Owing to 
higher cost of such technique utilizing above solvent alone as a single 
component, it is reformed by merging with ammonia (Nguyen et al., 
2010). Such improvisation enhanced more than 80% cellulose recovery 
along with 95% rice straw conversion inclusive of reduced processing 
duration. Mostly this technique has been utilized for ethanol processing 
and thereby its efficacy towards biomass has been not yet discovered. 
Anyhow, it forecasts to possess maximum potential to be recommended 
for residues with lignocellulosic components such as agricultural 
feed-stocks owing to its delignification capability (Hartmann et al., 
2000). 

5.2.2. Electrical technique 
Pulsed electrical methodology has been involved for wastewater, 

bio-solids along with biomasses adopting high magnitude electrical 
fields. This leads to an electrical decomposition and enhanced surface 
distribution and also permeating capacity beneath the biomass (Singh 
et al., 2016). Biogas generation procured from vegetable and fruit waste 
of agricultural fields was selectively incremented after such electrical 
technique compared to hydrolysis step. Porous nature of woodchips and 
switch-grass also get increased, anyhow lignin component is somewhat 

persistent to such pre-treatment. Additionally, electron radiations can be 
aided to pre-treat biomasses of lignocellulose (Safavi and Unnthorsson, 
2017). Such technique involves ionizing energy to vary chemical/bio
logical linkages of the target component and also has shown to enhance 
enzymatic hydrolysis step of rice straw. 

5.3. Impacts of pre-treatment procedures 

The essential objective of such review is designed on the concept that 
pretreatment techniques for agricultural residues of biomass are much 
selective to feedstock variety and its salient chemical/physical compo
sition. Vegetable/fruit wastes (starch rich) are maximum digestible 
whereas cereal components/animal manure consisting lignocellulosic 
constituents as dominative features are intolerant to aromatic hydrolysis 
owing to hindrance of lignin assembly along with its carbohydrate 
bonding, for e.g., the strong affinity betwixt cellulose/hemicellulose 
along with the inclusion of crystalline cellulosic components (Kumar 
and Murthy, 2011). It is tough to justify the feasible pretreatment 
technique for individual agricultural feedstock owing to diversified 
outcomes ranked so far. Nevertheless, certain pretreatment techniques 
have rated to acquire better working performance for selective agri
cultural feedstock components when compared to other techniques of 
pre-treatments (Paudel et al., 2017). 

6. Challenges and future scope 

Though researchers are focusing on agricultural biomass as alternate 
source to fossil fuels for producing bioenergy and biofuels, challenge 
remains in making the process economically feasible as energy crops are 
utilized for consumption. During the pre-treatment process, inhibitory 
compounds such as weak acids produced form phenolic compounds and 
other derivatives interferes with the process of fermentation and 
saccharification. These components limit the yield and productivity, 
influencing the expense of the whole process, that is major challenge. It 
is estimated that nearly 33% of the total cost accounts for pre-treatment 
process alone and present approaches available for lignocellulosic 
biomass needs high capital investment for maintaining stable perfor
mance when genetically engineered microorganisms are utilized for 
commercial operations and developing more suitable and efficient pre- 
treatment methods for lignocellulosic biomass. As surveys state that 
demand for energy has increased tremendously in recent years, there 
exists a great requirement for renewable energy that should not interfere 
with the food supply. Biofuels and bioenergy produced from lignocel
lulosic biomass offers more economic and feasible production of bio
energy from wastes. 

More efforts and technological innovations are required for making 
the process cost-effective and east to use. There is insufficient knowledge 
of the analytical tools employed for identification and characterisation 
techniques, so more manuals and educations are needed for usage (Chia 
et al., 2022). The major drawback is that there is a problem in complete 
dissolving of the lignin and its breaking down, therefore enzyme 
degradation method is being used. The pH is regulated at 7 and it in
creases the yield rate when the bacteria species are exploited. Nano
particles are used in enhancing the fermentation process and helps in 
boosting the biomass production. It is known that single analytical tool 
or technique could not provide all necessary information regarding 
physical and chemical nature of biomass with high resolution and 
sensitivity Ackom et al., 2013. This may resolve the challenges related to 
experimental analysis. Characterization approaches possess their own 
merits and demerits and selection of specific method must depend on the 
characteristics of biomass. Based on recommendations from previous 
review articles, pretreatment strategy for agricultural waste biomass, 
the effectiveness is reliant on feedstock properties and in specific 
lignocellulosic contents. Heavier quantities of lignocellulosic waste ac
quires a severe pretreatment methodology such as thermal, alkali and 
thermochemical processes. Anyhow, such techniques can create 
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negative effects on such biomass wastes if not suitably implemented. 
Hence, nonconventional methodology could be an alternative choice 
which overcomes the drawbacks of conventional treatment processes 
owing to its positive background features. 

7. Conclusion 

Agro and forestry are the major sources of environmental waste and 
they can be used as sources for bioenergy production. Such resources 
have been utilized in developing countries after conduction pre- 
treatment methods for the best effective availability of biomass. Many 
detailed explanations of pre-treatment and various characterization 
processes with lignin removal efficiency have been detailed. The study 
reveals that biomass characteristics can be enhanced using genetic en
gineering approaches. In addition, pre-treatment techniques like the 
enzymatic method are very high-yielding and good method for future 
bioenergy production. In this work, the drawbacks of the methods used 
for bioenergy production from agro waste were also indicated and 
awareness was provided to overcome the obstacle, Overall, a compre
hensive study was reported on feedstock, characterization and pre- 
treatment methodologies which are exploited in bioenergy production 
from agro waste. 
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García-Condado, S., López-Lozano, R., Panarello, L., Cerrani, I., Nisini, L., Zucchini, A., 
Van der Velde, M., Baruth, B., 2019. Assessing lignocellulosic biomass production 
from crop residues in the European Union: modelling, analysis of the current 
scenario and drivers of interannual variability. GCB Bioenergy 11, 809–831. https:// 
doi.org/10.1007/s12155-019-10058-x. 

Ha, G.-S., El-Dalatony, M.M., Kurade, M.B., Salama, E.-S., Basak, B., Kang, D., Roh, H.-S., 
Lim, H., Jeon, B.-H., 2020. Energy-efficient pretreatments for the enhanced 
conversion of microalgal biomass to biofuels. Bioresour. Technol. 309 (123333) 
https://doi.org/10.1016/j.biortech.2020.123333. 

Halim, S.A., Mohd, N.A., Razali, N.A., 2022. A comparative assessment of biofuel 
products from rice husk and oil palm empty fruit bunch obtained from conventional 
and microwave pyrolysis. J. Taiwan Inst. Chem. Eng. 134 (104305) https://doi.org/ 
10.1016/j.jtice.2022.104305. 

Hartmann, H., Angelidaki, I., Ahring, B.K., 2000. Increase of anaerobic degradation of 
particulate organic matter in full-scale biogas plants by mechanical maceration. 
Water Sci. Technol. 41, 145–153. 

Hendriks, A.T.W.M., Zeeman, G., 2009. Pretreatments to enhance the digestibility of 
lignocellulosic biomass: a review. Bioresour. Technol. 100, 10–18. 

Hoang, A.T., Nizetic, S., Ong, H.C., Mofijur, M., Ahmed, S.F., Ashok, B., Bui, V.T.V., 
Chau, M.Q., 2021. Insight into the recent advances of microwave pretreatment 
technologies for the conversion of lignocellulosic biomass into sustainable biofuel. 
Chemosphere 281 (130878). https://doi.org/10.1016/j.chemosphere.2021.130878. 

Huang, H., Liu, J., Liu, H., Evrendilek, F., Buyukada, M., 2020. Pyrolysis of water 
hyacinth biomass parts: bioenergy, gas emissions, and by-products using TG-FTIR 
and Py-GC/MS analyses. Energy Convers. Manag. 207 (112552) https://doi.org/ 
10.1016/j.enconman.2020.112552. 

Huang, J., Khan, M.T., Perecin, D., Coelho, S.T., Zhang, M., 2020. Sugarcane for 
bioethanol production: potential of bagasse in Chinese perspective. Renew. Sustain. 
Energy Rev. 133 (110296) https://doi.org/10.1016/j.rser.2020.110296. 

Hunce, S.Y., Clemente, R., Bernal, M.P., 2019. Energy production potential of 
phytoremediation plant biomass: Helianthus annuus and Silybum marianum. Ind. 
Crop. Prod. 135, 206–216. https://doi.org/10.1016/j.indcrop.2019.04.029. 

Intani, K., Latif, S., Kabir, A.K.M.R., Muller, J., 2016. Effect of self-purging pyrolysis on 
yield of biochar from maize cobs, husks and leaves. Bioresour. Technol. 218, 
541–551. https://doi.org/10.1016/j.biortech.2016.06.114. 

Kanwal, S., Chaudhry, N., Munir, S., Sana, H., 2019. Effect of torrefaction conditions on 
the physicochemical characterization of agricultural waste (sugarcane bagasse). 
Waste Manag. 88, 280–290. https://doi.org/10.1016/j.wasman.2019.03.053. 

Karami, K., Karimi, K., Mirmohamadsadeghi, S., Kumar, R., 2022. Mesophilic aerobic 
digestion: an efficient and inexpensive biological pretreatment to improve biogas 
production from highly-recalcitrant pinewood. Energy 239 (122361). https://doi. 
org/10.1016/j.energy.2021.122361. 

Karpagam, R., Rani, K., Ashokkumar, B., Moorthy, I.G., Dhakshinamoorthy, A., 
Varalakshmi, P., 2020. Green energy from Coelastrella sp. M-60: bio-nanoparticles 
mediated whole biomass transesterification for biodiesel production. Fuel 279 
(118490). https://doi.org/10.1016/j.fuel.2020.118490. 

Kataki, S., Hazarika, S., Baruah, D.C., 2017. Investigation on by-products of bioenergy 
systems (anaerobic digestion and gasification) as potential crop nutrient using FTIR, 
XRD, SEM analysis and phyto-toxicity test. J. Environ. Manag. 196, 201–216. 
https://doi.org/10.1016/j.jenvman.2017.02.058. 

Kebaili, H., Kameche, M., Innocent, C., Ziane, F.Z., Sabeur, S.A., Sahraoui, T., Ouis, M., 
Zerrouki, A., Charef, M.A., 2021. Treatment of fruit waste leachate using microbial 
fuel cell: preservation of agricultural environment. Acta Ecol. Sin. 41, 97–105. 
https://doi.org/10.1016/j.chnaes.2020.09.004. 

Khan, M.U., Usman, M., Ashraf, M.A., Dutta, N., Luo, G., Zhang, S., 2022. A review of 
recent advancements in pretreatment techniques of lignocellulosic materials for 
biogas production: opportunities and Limitations. Chem. Eng. J. Adva. 10 (100263) 
https://doi.org/10.1016/j.ceja.2022.100263. 

Khoo, H.H., Koh, C.Y., Shaik, M.S., Sharratt, P.N., 2013. Bioenergy co-products derived 
from microalgae biomass via thermochemical conversion – life cycle energy balances 
and CO2 emissions. Bioresour. Technol. 143, 298–307. https://doi.org/10.1016/j. 
biortech.2013.06.004. 

Kim, S.J., Park, S., Oh, K.C., Ju, Y.M., Cho, L.h., Kim, D.H., 2021. Development of surface 
torrefaction process to utilize agro by-products as an energy source. Energy 233 
(121192). https://doi.org/10.1016/j.energy.2021.121192. 

Koul, B., Yakoob, M., Shah, M.P., 2022. Agricultural waste management strategies for 
environmental sustainability. Environ. Res. 206 (112285) https://doi.org/10.1016/ 
j.envres.2021.112285. 

Kumar, D., Murthy, G.S., 2011. Impact of pretreatment and downstream processing 
technologies on economics and energy in cellulosic ethanol production. Biotech. 
Biofuels, 4-27.  

Kumar, R., Kim, T.H., Basak, B., Patil, S.M., Kim, H.H., Ahn, Y., Yadav, K.K., Cabral- 
Pinto, M.M.S., Jeon, B.-H., 2022a. Emerging approaches in lignocellulosic biomass 
pretreatment and anaerobic bioprocesses for sustainable biofuels production. 
J. Clean. Prod. 333 (130180) https://doi.org/10.1016/j.jclepro.2021.130180. 

Kumar, S., Diksha, Sindhu, S.S., Kumar, R., 2022b. Biofertilizers: an ecofriendly 
technology for nutrient recycling and environmental sustainability. Curr. Res. 
Microb. Sci. 3 (100094) https://doi.org/10.1016/j.crmicr.2021.100094. 

Kumari, D., Singh, R., 2018. Pretreatment of lignocellulosic wastes for biofuel 
production: a critical review. Renew. Sustain. Energy Rev. 90, 877–891. https://doi. 
org/10.1016/j.rser.2018.03.111. 

Landucci, G., Pannocchia, G., Pelagagge, L., Nicolella, C., 2013. Analysis and simulation 
of an industrial vegetable oil refining process. J. Food Eng. 116, 840–851. https:// 
doi.org/10.1016/j.jfoodeng.2013.01.034. 

Li, C., Hayes, D.J., Jacobs, K.L., 2018. Biomass for bioenergy: optimal collection 
mechanisms and pricing when feedstock supply does not equal availability. Energy 
Econ. 76, 403–410. https://doi.org/10.1016/j.eneco.2018.10.006. 

Li, H., Yu, Y., Yi, F., Qiang, J., Li, C., Zhao, N., Lu, J., Jia, Z., Zhou, L., 
Mperejekumana, P., Elshareef, H., Zhou, Y., Dong, R., 2022. Characteristics and 
formation of nitrogen-containing products from the pyrolysis of maple wood and 
maize straw. J. Anal. Appl. Pyrol. 163 (105462) https://doi.org/10.1016/j. 
jaap.2022.105462. 

Liao, R., Gao, B., Fang, J., 2013. Invasive plants as feedstock for biochar and bioenergy 
production. Bioresour. Technol. 140, 439–442. https://doi.org/10.1016/j. 
biortech.2013.04.117. 

Lin, Y.-L., Zheng, N.-Y., Hsu, C.-H., 2021. Torrefaction of fruit peel waste to produce 
environmentally friendly biofuel. J. Clean. Prod. 284 (124676) https://doi.org/ 
10.1016/j.jclepro.2020.124676. 

Low, Y.W., Yee, K.F., 2021. A review on lignocellulosic biomass waste into biochar- 
derived catalyst: current conversion techniques, sustainable applications and 
challenges. Biomass Bioenergy 154 (106245). https://doi.org/10.1016/j. 
biombioe.2021.106245. 

Lu, X., Li, F., Zhou, X., Hu, J., Liu, P., 2022. Biomass, lignocellulolytic enzyme production 
and lignocellulose degradation patterns by Auricularia auricula during solid state 
fermentation of corn stalk residues under different pretreatments. Food Chem. 384 
(132622) https://doi.org/10.1016/j.foodchem.2022.132622. 

Ma, C., Liu, J., Ye, M., Zou, L., Qian, G., Li, Y.-Y., 2018. Towards utmost bioenergy 
conversion efficiency of food waste: pretreatment, co-digestion, and reactor type. 
Renew. Sustain. Energy Rev. 90, 700–709. https://doi.org/10.1016/j. 
rser.2018.03.110. 

Ma, S., Wang, Z., Liu, H., Li, L., Zheng, X., Tian, X., Sun, B., Wang, X., 2022. 
Supplementation of wheat flour products with wheat bran dietary fiber: purpose, 
mechanisms, and challenges. Trends Food Sci. Technol. 123, 281–289. https://doi. 
org/10.1016/j.tifs.2022.03.012. 

Macri, D., Catizzone, E., Molino, A., Migliori, M., 2020. Supercritical water gasification 
of biomass and agro food residues: energy assessment from modelling approach. 
Renew. Energy 150, 624–636. https://doi.org/10.1016/j.renene.2019.12.147. 

Matsumura, Y., Minowa, T., Yamamoto, H., 2005. Amount, availability, and potential 
use of rice straw (agricultural residue) biomass as an energy resource in Japan. 
Biomass Bioenergy 29, 347–354. https://doi.org/10.1016/j.biombioe.2004.06.015. 

Miret, C., Chazara, P., Montastruc, L., Negny, S., Domenech, S., 2016. Design of 
bioethanol green supply chain: comparison between first and second generation 
biomass concerning economic, environmental and social criteria. Comput. Chem. 
Eng. 85, 16–35. https://doi.org/10.1016/j.compchemeng.2015.10.008. 

Mohammed, I.Y., Abakr, Y.A., Mokaya, R., 2019. Integrated biomass thermochemical 
conversion for clean energy production: process design and economic analysis. 
J. Environ. Chem. Eng. 7 (103093) https://doi.org/10.1016/j.jece.2019.103093. 

Mohanty, A., Mankoti, M., Rout, P.R., Meena, S.S., Dewan, S., Kalia, B., Varjani, S., 
Wong, J.W.C., Banu, J.R., 2022. Sustainable utilization of food waste for bioenergy 
production: a step towards circular bioeconomy. Int. J. Food Microbiol. 365 
(109538) https://doi.org/10.1016/j.ijfoodmicro.2022.109538. 

J.A. Kumar et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/j.micromeso.2019.109868
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref31
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref31
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref31
https://doi.org/10.1016/j.enpol.2019.111222
https://doi.org/10.1016/j.enpol.2019.111222
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref33
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref33
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref33
https://doi.org/10.1016/j.energy.2018.08.161
https://doi.org/10.1016/j.rser.2021.112011
https://doi.org/10.1016/j.spc.2020.12.030
https://doi.org/10.1016/j.spc.2020.12.030
https://doi.org/10.1016/j.wasman.2019.10.057
https://doi.org/10.1016/j.wasman.2019.10.057
https://doi.org/10.1016/j.fuproc.2018.02.013
https://doi.org/10.1186/s13068-019-1634-1
https://doi.org/10.1016/j.jaap.2018.11.014
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref41
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref41
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref41
https://doi.org/10.1007/s12155-019-10058-x
https://doi.org/10.1007/s12155-019-10058-x
https://doi.org/10.1016/j.biortech.2020.123333
https://doi.org/10.1016/j.jtice.2022.104305
https://doi.org/10.1016/j.jtice.2022.104305
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref45
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref45
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref45
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref46
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref46
https://doi.org/10.1016/j.chemosphere.2021.130878
https://doi.org/10.1016/j.enconman.2020.112552
https://doi.org/10.1016/j.enconman.2020.112552
https://doi.org/10.1016/j.rser.2020.110296
https://doi.org/10.1016/j.indcrop.2019.04.029
https://doi.org/10.1016/j.biortech.2016.06.114
https://doi.org/10.1016/j.wasman.2019.03.053
https://doi.org/10.1016/j.energy.2021.122361
https://doi.org/10.1016/j.energy.2021.122361
https://doi.org/10.1016/j.fuel.2020.118490
https://doi.org/10.1016/j.jenvman.2017.02.058
https://doi.org/10.1016/j.chnaes.2020.09.004
https://doi.org/10.1016/j.ceja.2022.100263
https://doi.org/10.1016/j.biortech.2013.06.004
https://doi.org/10.1016/j.biortech.2013.06.004
https://doi.org/10.1016/j.energy.2021.121192
https://doi.org/10.1016/j.envres.2021.112285
https://doi.org/10.1016/j.envres.2021.112285
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref62
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref62
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref62
https://doi.org/10.1016/j.jclepro.2021.130180
https://doi.org/10.1016/j.crmicr.2021.100094
https://doi.org/10.1016/j.rser.2018.03.111
https://doi.org/10.1016/j.rser.2018.03.111
https://doi.org/10.1016/j.jfoodeng.2013.01.034
https://doi.org/10.1016/j.jfoodeng.2013.01.034
https://doi.org/10.1016/j.eneco.2018.10.006
https://doi.org/10.1016/j.jaap.2022.105462
https://doi.org/10.1016/j.jaap.2022.105462
https://doi.org/10.1016/j.biortech.2013.04.117
https://doi.org/10.1016/j.biortech.2013.04.117
https://doi.org/10.1016/j.jclepro.2020.124676
https://doi.org/10.1016/j.jclepro.2020.124676
https://doi.org/10.1016/j.biombioe.2021.106245
https://doi.org/10.1016/j.biombioe.2021.106245
https://doi.org/10.1016/j.foodchem.2022.132622
https://doi.org/10.1016/j.rser.2018.03.110
https://doi.org/10.1016/j.rser.2018.03.110
https://doi.org/10.1016/j.tifs.2022.03.012
https://doi.org/10.1016/j.tifs.2022.03.012
https://doi.org/10.1016/j.renene.2019.12.147
https://doi.org/10.1016/j.biombioe.2004.06.015
https://doi.org/10.1016/j.compchemeng.2015.10.008
https://doi.org/10.1016/j.jece.2019.103093
https://doi.org/10.1016/j.ijfoodmicro.2022.109538


Chemosphere 331 (2023) 138680

11

Moustakas, K., Parmaxidou, P., Vakalis, S., 2020. Anaerobic digestion for energy 
production from agricultural biomass waste in Greece: capacity assessment for the 
region of Thessaly. Energy 191 (116556). https://doi.org/10.1016/j. 
energy.2019.116556. 

Mozhiarasi, V., 2022. Overview of pretreatment technologies on vegetable, fruit and 
flower market wastes disintegration and bioenergy potential: Indian scenario. 
Chemosphere 288 (132604). https://doi.org/10.1016/j.chemosphere.2021.132604. 

Mukhopadhyay, S., Masto, R.E., Sarkar, P., Bari, S., 2022. Biochar washing to improve 
the fuel quality of agro industrial waste biomass. J. Energy Inst. 102, 60–69. https:// 
doi.org/10.1016/j.joei.2022.02.011. 

Munawar, M.A., Khoja, A.H., Hassan, M., Liaquat, R., Naqvi, S.R., Mehran, M.T., 
Abdullah, A., Saleem, F., 2021. Biomass ash characterization, fusion analysis and its 
application in catalytic decomposition of methane. Fuel 285 (119107). https://doi. 
org/10.1016/j.fuel.2020.119107. 

Musellim, E., Tahir, M.H., Ahmad, M.S., Ceylan, S., 2018. Thermokinetic and TG/DSC- 
FTIR study of pea waste biomass pyrolysis. Appl. Therm. Eng. 137, 54–61. https:// 
doi.org/10.1016/j.applthermaleng.2018.03.050. 

Naqvi, S.R., Ali, I., Nasir, S., Taqvi, S.A.A., Atabani, A.E., Chen, W.-H., 2020. Assessment 
of agro industrial residues for bioenergy potential by investigating thermo-kinetic 
behavior in a slow pyrolysis process. Fuel 278 (118259). https://doi.org/10.1016/j. 
fuel.2020.118259. 

Nimmanterdwong, P., Chalermsinsuwan, B., Piumsomboon, P., 2021. Prediction of 
lignocellulosic biomass structural components from ultimate/proximate analysis. 
Energy 222 (119945). https://doi.org/10.1016/j.energy.2021.119945. 

Nguyen, T.-A.D., Kim, K.-R., Han, S.J., Cho, H.Y., Kim, J.W., Park, S.M., Park, J.C., 
Sim, S.J., 2010. Pretreatment of rice straw with ammonia and ionic liquid for 
lignocellulose conversion to fermentable sugars. Bioresour. Technol. 101, 
7432–7438. 

Olukanni, D.O., Olatunji, T.O., 2018. Cassava waste management and biogas generation 
potential in selected local government areas in Ogun State, Nigeria. Recycling 3 (58). 
https://doi.org/10.3390/recycling3040058. 

Padi, R.K., Chimphango, A., Roskilly, A.P., 2022. Economic and environmental analysis 
of waste-based bioenergy integration into industrial cassava starch processes in 
Africa. Sustain. Prod. Consum. 31, 67–81. https://doi.org/10.1016/j. 
spc.2022.02.002. 

Panagiotopoulos, I.A., Bakker, R.R., de Vrije, T., Claassen, P.A.M., Koukios, E.G., 2013. 
Integration of first and second generation biofuels: fermentative hydrogen 
production from wheat grain and straw. Bioresour. Technol. 128, 345–350. https:// 
doi.org/10.1016/j.biortech.2012.09.083. 

Paramati, S.R., Shahzad, U., Dogan, B., 2022. The role of environmental technology for 
energy demand and energy efficiency: evidence from OECD countries. Renew. 
Sustain. Energy Rev. 153 (111735) https://doi.org/10.1016/j.rser.2021.111735. 

Paudel, S.R., Banjara, S.P., Choi, O.K., Park, K.Y., Kim, Y.M., Lee, J.W., 2017. 
Pretreatment of agricultural biomass for anaerobic digestion: current state and 
challenges, Bioresource Technology. https://doi.org/10.1016/j.biortech.2017.08.1 
82. 

Peng, F., He, P.-W., Luo, Y., Lu, X., Liang, Y., Fu, J., 2012. Adsorption of phosphate by 
biomass char deriving from fast pyrolysis of biomass waste. Clean: Soil, Air, Water 
40, 493–498. https://doi.org/10.1002/clen.201100469. 

Phanduang, O., Lunprom, S., Salakkam, A., Liao, Q., Reungsang, A., 2019. Improvement 
in energy recovery from Chlorella sp. biomass by integrated dark-photo biohydrogen 
production and dark fermentation-anaerobic digestion processes. Int. J. Hydrogen 
Energy 44, 23899–23911. https://doi.org/10.1016/j.ijhydene.2019.07.103. 

Pocha, C.K.R., Chia, S.R., Chia, W.Y., Koyande, A.K., Nomanbhay, S., Chew, K.W., 2022. 
Utilization of agricultural lignocellulosic wastes for biofuels and green diesel 
production. Chemosphere 290 (133246). https://doi.org/10.1016/j. 
chemosphere.2021.133246. 

Qureshi, N., Saha, B.C., Cotta, M.A., Singh, V., 2013. An economic evaluation of 
biological conversion of wheat straw to butanol: a biofuel. Energy Convers. Manag. 
65, 456–462. https://doi.org/10.1016/j.enconman.2012.09.015. 

Rani, P., Bansal, M., Pathak, V.V., 2022. Experimental and kinetic studies for 
improvement of biogas production from KOH pretreated wheat straw. Curr. Res. 
Green Sustain. Chem. 5 (100283) https://doi.org/10.1016/j.crgsc.2022.100283. 

Ranjan, A., Moholkar, V.S., 2013. Comparative study of various pretreatment techniques 
for rice straw saccharification for the production of alcoholic biofuels. Fuel 112, 
567–571. https://doi.org/10.1016/j.fuel.2011.03.030. 

Safavi, S.M., Unnthorsson, R., 2017. Methane yield enhancement via electroporation of 
organic waste. Waste Manage. (Tucson, Ariz.) 66, 61–69. 

Saleem, M., 2022. Possibility of utilizing agriculture biomass as a renewable and 
sustainable future energy source. Heliyon. https://doi.org/10.1016/j.heliyon.2022. 
e08905, 8, e08905.  

Salgado, M.A.H., Coba, S., J.A., Tarelho, L.A.C., 2020. Simultaneous production of 
biochar and thermal energy using palm oil residual biomass as feedstock in an auto- 
thermal prototype reactor. J. Clean. Prod. 266 (121804) https://doi.org/10.1016/j. 
jclepro.2020.121804. 

Sanlisoy, A., Carpinlioglu, M.O., 2019. Microwave plasma gasification of a variety of fuel 
for syngas production. Plasma Chem. Plasma Process. 39, 1211–1225. https://doi. 
org/10.1007/s11090-019-10004-x. 

Santos, C.M., Dweck, J., Viotto, R.S., Rosa, A.H., de Morais, L.C., 2015. Application of 
orange peel waste in the production of solid biofuels and biosorbents. Bioresour. 
Technol. 196, 469–479. https://doi.org/10.1016/j.biortech.2015.07.114. 

Saravanan, A., Kumar, P.S., Jeevanantham, S., Karishma, S., Vo, D.-V.N., 2022. Recent 
advances and sustainable development of biofuels production from lignocellulosic 
biomass. Bioresour. Technol. 344 (126203) https://doi.org/10.1016/j. 
biortech.2021.126203. 

Saravanan, A., Kumar, P.S., Khoo, K.S., Show, P.L., Carolin, C.F., Jackulin, C.F., 
Jeevanantham, S., Karishma, S., Show, K.Y., Lee, D.J., Chang, J.S., 2021. 
Biohydrogen from organic wastes as a clean and environment-friendly energy 
source: production pathways, feedstock types, and future prospects. Bioresour. 
Technol. 342 (126021) https://doi.org/10.1016/j.biortech.2021.126021. 

Serrato-Nerio, H.E., Diaz-Hinojosa, A., Cervantes, F.J., 2020. Vacuum-assisted 
production of hydrogen and volatile fatty acids from lignocellulosic biomass derived 
from energy-crops pruning. Int. J. Hydrogen Energy 45, 28499–28504. https://doi. 
org/10.1016/j.ijhydene.2020.07.139. 

Setter, C., Silva, F.T.M., Assis, M.R., Ataide, C.H., Trugilho, P.F., Oliveira, T.J.P., 2020. 
Slow pyrolysis of coffee husk briquettes: characterization of the solid and liquid 
fractions. Fuel 261 (116420). https://doi.org/10.1016/j.fuel.2019.116420. 

Shahbeig, H., Nosrati, M., 2020. Pyrolysis of biological wastes for bioenergy production: 
thermo-kinetic studies with machine-learning method and Py-GC/MS analysis. Fuel 
269 (117238). https://doi.org/10.1016/j.fuel.2020.117238. 

Sharma, S., Rana, V.S., Rana, N., Prasad, H., Sharma, U., Patiyal, V., 2022. Biochar from 
fruit crops waste and its potential impact on fruit crops. Sci. Hortic. 299 (111052) 
https://doi.org/10.1016/j.scienta.2022.111052. 

Shen, J., Zhu, S., Liu, X., Zhang, H., Tan, J., 2010. The prediction of elemental 
composition of biomass based on proximate analysis. Energy Convers. Manag. 51, 
983–987. https://doi.org/10.1016/j.enconman.2009.11.039. 

Shilpi, S., Lamb, D., Bolan, N., Seshadri, B., Choppala, G., Naidu, R., 2019. Waste to watt: 
anaerobic digestion of wastewater irrigated biomass for energy and fertiliser 
production. J. Environ. Manag. 239, 73–83. https://doi.org/10.1016/j. 
jenvman.2019.02.122. 

Singh, R., Krishna, B.B., Kumar, J., Bhaskar, T., 2016. Opportunities for utilization of 
non-conventional energy sources for biomass pretreatment. Bioresour. Technol. 199, 
398–407. 

Sidana, A., Yadav, S.K., 2022. Recent developments in lignocellulosic biomass 
pretreatment with a focus on eco-friendly, non-conventional methods. J. Clean. 
Prod. 335 (130286) https://doi.org/10.1016/j.jclepro.2021.130286. 

Siddiqui, M.F., Khan, S.A., Hussain, D., Tabrez, U., Ahamad, I., Fatma, T., Khan, T.A., 
2022. A sugarcane bagasse carbon-based composite material to decolor and reduce 
bacterial loads in waste water from textile industry. Ind. Crop. Prod. 176 (114301) 
https://doi.org/10.1016/j.indcrop.2021.114301. 

Singh, R., Patel, M., 2022. Effective utilization of rice straw in value-added by-products: 
a systematic review of state of art and future perspectives. Biomass Bioenergy 159 
(106411). https://doi.org/10.1016/j.biombioe.2022.106411. 

Singh, Y.D., Mahanta, P., Bora, U., 2017. Comprehensive characterization of 
lignocellulosic biomass through proximate, ultimate and compositional analysis for 
bioenergy production. Renew. Energy 103, 490–500. https://doi.org/10.1016/j. 
renene.2016.11.039. 

Sohni, S., Norulaini, N.A.N., Hashim, R., Khan, S.B., Fadhullah, W., Omar, A.K.M., 2018. 
Physicochemical characterization of Malaysian crop and agro industrial biomass 
residues as renewable energy resources. Ind. Crop. Prod. 111, 642–650. https://doi. 
org/10.1016/j.indcrop.2017.11.031. 

Srinivasan, P., Sarmah, A.K., Smernik, R., Das, O., Farid, M., Gao, W., 2015. A feasibility 
study of agricultural and sewage biomass as biochar, bioenergy and biocomposite 
feedstock: production, characterization and potential applications. Sci. Total 
Environ. 512–513, 495–505. https://doi.org/10.1016/j.scitotenv.2015.01.068. 

Sun, D., Yang, Q., Wang, Y., Gao, H., He, M., Lin, X., Lu, J., Wang, Y., Kang, H., Alam, A., 
Tu, Y., Xia, T., Peng, L., 2020. Distinct mechanisms of enzymatic saccharification 
and bioethanol conversion enhancement by three surfactants under steam explosion 
and mild chemical pretreatments in bioenergy Miscanthus. Ind. Crop. Prod. 153 
(112559) https://doi.org/10.1016/j.indcrop.2020.112559. 

Tufail, T., Saeed, F., Afzaal, M., Ain, H.B.U., Gilani, S.A., Hussain, M., Anjum, F.M., 2021. 
Wheat straw: a natural remedy against different maladies. J. Food Sci. Nutrit. 9, 
2335–2344. https://doi.org/10.1002/fsn3.2030. 

Tsegaye, B., Balomajumder, C., Roy, P., 2020. Organosolv pretreatments of rice straw 
followed by microbial hydrolysis for efficient biofuel production. Renew. Energy 
148, 923–934. https://doi.org/10.1016/j.renene.2019.10.176. 

Ugwu, S.N., Enweremadu, C.C., 2020. Ranking of energy potentials of agro industrial 
wastes: bioconversion and thermo-conversion approach. Energy Rep. 6, 2794–2802. 
https://doi.org/10.1016/j.egyr.2020.10.008. 

Vedovatto, F., Bonatto, C., Bazoti, S.F., Venturin, B., Alves Jr., S.L., Kunz, A., 
Steinmetz, R.L.R., Treichel, H., Mazutti, M.A., Zabot, G.L., Tres, M.V., 2021. 
Production of biofuels from soybean straw and hull hydrolysates obtained by 
subcritical water hydrolysis. Bioresour. Technol. 328 (124837) https://doi.org/ 
10.1016/j.biortech.2021.124837. 

Vu, M.T., Vu, H.P., Nguyen, L.N., Semblante, G.U., Johir, M.A.H., Nghiem, L.D., 2020. 
A hybrid anaerobic and microalgal membrane reactor for energy and microalgal 
biomass production from wastewater. Environ. Technol. Innovat. 19 (100834) 
https://doi.org/10.1016/j.eti.2020.100834. 

Wang, H-y., Liu, S., Zhai, L-m., Zhang, J-z, Ren, T-z., Fan, B-q, Liu, H-b, 2015. 
Preparation and utilization of phosphate biofertilizers using agricultural waste. 
J. Integr. Agric. 14, 158–167. https://doi.org/10.1016/S2095-3119(14)60760-7. 

Wang, S., Wang, S., Wu, J., Zhang, B., Lv, L., 2021. A multi-objective nonlinear planning 
model of biomass power generation for supporting subsidy policies optimization. 
Energy Rep. 7, 7060–7071. https://doi.org/10.1016/j.egyr.2021.09.069. 

Wang, Z., Wu, J., He, T., Wu, J., 2014. Corn stalks char from fast pyrolysis as precursor 
material for preparation of activated carbon in fluidized bed reactor. Bioresour. 
Technol. 167, 551–554. https://doi.org/10.1016/j.biortech.2014.05.123. 

Wu, W., Tan, L., Chang, H., Zhang, C., Tan, X., Liao, Q., Zhong, N., Zhang, X., Zhang, Y., 
Ho, S.H., 2022. Advancements on process regulation for microalgae-based carbon 
neutrality and biodiesel production. Renew. Sustain. Energy Rev. 112969 https:// 
doi.org/10.1016/j.rser.2022.112969. 

J.A. Kumar et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/j.energy.2019.116556
https://doi.org/10.1016/j.energy.2019.116556
https://doi.org/10.1016/j.chemosphere.2021.132604
https://doi.org/10.1016/j.joei.2022.02.011
https://doi.org/10.1016/j.joei.2022.02.011
https://doi.org/10.1016/j.fuel.2020.119107
https://doi.org/10.1016/j.fuel.2020.119107
https://doi.org/10.1016/j.applthermaleng.2018.03.050
https://doi.org/10.1016/j.applthermaleng.2018.03.050
https://doi.org/10.1016/j.fuel.2020.118259
https://doi.org/10.1016/j.fuel.2020.118259
https://doi.org/10.1016/j.energy.2021.119945
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref87
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref87
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref87
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref87
https://doi.org/10.3390/recycling3040058
https://doi.org/10.1016/j.spc.2022.02.002
https://doi.org/10.1016/j.spc.2022.02.002
https://doi.org/10.1016/j.biortech.2012.09.083
https://doi.org/10.1016/j.biortech.2012.09.083
https://doi.org/10.1016/j.rser.2021.111735
https://doi.org/10.1016/j.biortech.2017.08.182
https://doi.org/10.1016/j.biortech.2017.08.182
https://doi.org/10.1002/clen.201100469
https://doi.org/10.1016/j.ijhydene.2019.07.103
https://doi.org/10.1016/j.chemosphere.2021.133246
https://doi.org/10.1016/j.chemosphere.2021.133246
https://doi.org/10.1016/j.enconman.2012.09.015
https://doi.org/10.1016/j.crgsc.2022.100283
https://doi.org/10.1016/j.fuel.2011.03.030
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref99
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref99
https://doi.org/10.1016/j.heliyon.2022.e08905
https://doi.org/10.1016/j.heliyon.2022.e08905
https://doi.org/10.1016/j.jclepro.2020.121804
https://doi.org/10.1016/j.jclepro.2020.121804
https://doi.org/10.1007/s11090-019-10004-x
https://doi.org/10.1007/s11090-019-10004-x
https://doi.org/10.1016/j.biortech.2015.07.114
https://doi.org/10.1016/j.biortech.2021.126203
https://doi.org/10.1016/j.biortech.2021.126203
https://doi.org/10.1016/j.biortech.2021.126021
https://doi.org/10.1016/j.ijhydene.2020.07.139
https://doi.org/10.1016/j.ijhydene.2020.07.139
https://doi.org/10.1016/j.fuel.2019.116420
https://doi.org/10.1016/j.fuel.2020.117238
https://doi.org/10.1016/j.scienta.2022.111052
https://doi.org/10.1016/j.enconman.2009.11.039
https://doi.org/10.1016/j.jenvman.2019.02.122
https://doi.org/10.1016/j.jenvman.2019.02.122
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref112
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref112
http://refhub.elsevier.com/S0045-6535(23)00947-5/sref112
https://doi.org/10.1016/j.jclepro.2021.130286
https://doi.org/10.1016/j.indcrop.2021.114301
https://doi.org/10.1016/j.biombioe.2022.106411
https://doi.org/10.1016/j.renene.2016.11.039
https://doi.org/10.1016/j.renene.2016.11.039
https://doi.org/10.1016/j.indcrop.2017.11.031
https://doi.org/10.1016/j.indcrop.2017.11.031
https://doi.org/10.1016/j.scitotenv.2015.01.068
https://doi.org/10.1016/j.indcrop.2020.112559
https://doi.org/10.1002/fsn3.2030
https://doi.org/10.1016/j.renene.2019.10.176
https://doi.org/10.1016/j.egyr.2020.10.008
https://doi.org/10.1016/j.biortech.2021.124837
https://doi.org/10.1016/j.biortech.2021.124837
https://doi.org/10.1016/j.eti.2020.100834
https://doi.org/10.1016/S2095-3119(14)60760-7
https://doi.org/10.1016/j.egyr.2021.09.069
https://doi.org/10.1016/j.biortech.2014.05.123
https://doi.org/10.1016/j.rser.2022.112969
https://doi.org/10.1016/j.rser.2022.112969


Chemosphere 331 (2023) 138680

12

Xu, F., Xie, Y., Zhou, D., 2022. Air pollution’s impact on the settlement intention of 
domestic migrants: evidence from China. Environ. Impact Assess. Rev. 95 (106761) 
https://doi.org/10.1016/j.eiar.2022.106761. 

Yallappa, S., Deepthi, D.R., Yashaswini, S., Hamsanandini, R., Chandraprasad, M., 
Kumar, S.A., Hegde, G., 2017. Natural biowaste of Groundnut shell derived nano 
carbons: synthesis, characterization and itsin vitro antibacterial activity. Nano- 
Struct. Nano-Objects 12, 84–90. https://doi.org/10.1016/j.nanoso.2017.09.009. 

Yana, S., Nizar, M., Irhamni, Mulyati, D., 2022. Biomass waste as a renewable energy in 
developing bio-based economies in Indonesia: a review. Renew. Sustain. Energy Rev. 
160 (112268) https://doi.org/10.1016/j.rser.2022.112268. 

Yang, Y., Ni, J.-Q., Zhou, S., Xie, G.H., 2020. Comparison of energy performance and 
environmental impacts of three corn stover-based bioenergy pathways. J. Clean. 
Prod. 272 (122631) https://doi.org/10.1016/j.jclepro.2020.122631. 

Yiin, C.L., Quitain, A.T., Yusup, S., Uemura, Y., Sasaki, M., Kida, T., 2018. Sustainable 
green pretreatment approach to biomass-to-energy conversion using natural hydro- 
low-transition-temperature mixtures. Bioresour. Technol. 261, 361–369. https://doi. 
org/10.1016/j.biortech.2018.04.039. 

Yoruklu, H.C., Koroglu, E.O., Ozdemir, O.K., Demir, A., Ozkaya, B., 2020. Bioenergy 
production from cotton straws using different pretreatment methods. Int. J. 
Hydrogen Energy 45, 34720–34729. https://doi.org/10.1016/j. 
ijhydene.2020.02.104. 

Zhang, C., Ho, S.-H., Chen, W.-H., Xie, Y., Liu, Z., Chang, J.-S., 2018. Torrefaction 
performance and energy usage of biomass wastes and their correlations with 
torrefaction severity index. Appl. Energy 220, 598–604. https://doi.org/10.1016/j. 
apenergy.2018.03.129. 

Zhang, C., Li, S., Ho, S.H., 2021. Converting nitrogen and phosphorus wastewater into 
bioenergy using microalgae-bacteria consortia: a critical review. Bioresour. Technol. 
342 (126056) https://doi.org/10.1016/j.biortech.2021.126056. 

Zhang, Q., Xiao, J., Hao, J., Wu, Q., Song, G., 2022. Energy and exergy analyses of bio-jet 
fuel production from full components in lignocellulosic biomass via aqueous-phase 
conversion. Appl. Therm. Eng. 201 (117723) https://doi.org/10.1016/j. 
applthermaleng.2021.117723. 

Zhang, S., Xiong, Y., 2016. Washing pretreatment with light bio-oil and its effect on 
pyrolysis products of bio-oil and biochar. RSC Adv. 6, 5270–5277. https://doi.org/ 
10.1039/C5RA22350D. 

Zhang, X., Wang, J., Strager, M.P., 2022. Industrial development and economic impacts 
of forest biomass for bioenergy: a data-driven holistic analysis framework. 
Resources,. Conserv. Recycl. 182 (106296) https://doi.org/10.1016/j. 
resconrec.2022.106296. 

Zhao, L., Sun, Z.-F., Zhang, C.-C., Nan, J., Ren, N.-Q., Lee, D.-J., Chen, C., 2022. Advances 
in pretreatment of lignocellulosic biomass for bioenergy production: challenges and 
perspectives. Bioresour. Technol. 343 (126123) https://doi.org/10.1016/j. 
biortech.2021.126123. 

Zheng, Z., Ji, L., Xie, Y., Huang, G., Pan, J., 2022. Synergic management of crop planting 
structure and biomass utilization pathways under a food-energy-water nexus 
perspective. J. Clean. Prod. 335 (130314) https://doi.org/10.1016/j. 
jclepro.2021.130314. 

Zhou, M., Tian, X., 2022. Development of different pretreatments and related 
technologies for efficient biomass conversion of lignocellulose. Int. J. Biol. 
Macromol. 202, 256–268. https://doi.org/10.1016/j.ijbiomac.2022.01.036. 

J.A. Kumar et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/j.eiar.2022.106761
https://doi.org/10.1016/j.nanoso.2017.09.009
https://doi.org/10.1016/j.rser.2022.112268
https://doi.org/10.1016/j.jclepro.2020.122631
https://doi.org/10.1016/j.biortech.2018.04.039
https://doi.org/10.1016/j.biortech.2018.04.039
https://doi.org/10.1016/j.ijhydene.2020.02.104
https://doi.org/10.1016/j.ijhydene.2020.02.104
https://doi.org/10.1016/j.apenergy.2018.03.129
https://doi.org/10.1016/j.apenergy.2018.03.129
https://doi.org/10.1016/j.biortech.2021.126056
https://doi.org/10.1016/j.applthermaleng.2021.117723
https://doi.org/10.1016/j.applthermaleng.2021.117723
https://doi.org/10.1039/C5RA22350D
https://doi.org/10.1039/C5RA22350D
https://doi.org/10.1016/j.resconrec.2022.106296
https://doi.org/10.1016/j.resconrec.2022.106296
https://doi.org/10.1016/j.biortech.2021.126123
https://doi.org/10.1016/j.biortech.2021.126123
https://doi.org/10.1016/j.jclepro.2021.130314
https://doi.org/10.1016/j.jclepro.2021.130314
https://doi.org/10.1016/j.ijbiomac.2022.01.036


Update

Chemosphere
Volume 356, Issue , May 2024, Page 

 https://doi.org/10.1016/j.chemosphere.2024.142009DOI:

 https://doi.org/10.1016/j.chemosphere.2024.142009


Chemosphere 356 (2024) 142009

Available online 11 April 2024
0045-6535/© 2024 Elsevier Ltd. All rights reserved.

Expression of Concern: Agricultural waste biomass for sustainable bioenergy production: 
Feedstock, characterization and pre-treatment methodologies 

This temporary Expression of Concern relates to the above article. 
Concerns have been brought to the attention of the journal 

regarding:  

• unusual changes to the authorship of the article prior to publication  
• potential citation manipulation within the article 

The journal editors are investigating the article, including contacting 

the authors, in line with Committee on Publication Ethics (COPE) 
guidelines and Elsevier’s policies. 

The Expression of Concern will remain appended to the article until 
the investigation has been completed. If the editors can reach a 
conclusion, they will take any action that is deemed necessary. If the 
editors have determined that they cannot reach a satisfactory conclusion 
with the information available to them, a further notification will be 
published to update the community. 

DOI of original article: https://doi.org/10.1016/j.chemosphere.2023.138680. 

Contents lists available at ScienceDirect 

Chemosphere 

journal homepage: www.elsevier.com/locate/chemosphere 

https://doi.org/10.1016/j.chemosphere.2024.142009    

mailto:https://doi.org/10.1016/j.chemosphere.2023.138680
www.sciencedirect.com/science/journal/00456535
https://www.elsevier.com/locate/chemosphere
https://doi.org/10.1016/j.chemosphere.2024.142009
https://doi.org/10.1016/j.chemosphere.2024.142009
https://doi.org/10.1016/j.chemosphere.2024.142009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chemosphere.2024.142009&domain=pdf

	Agricultural waste biomass for sustainable bioenergy production: Feedstock, characterization and pre-treatment methodologies
	1 Introduction
	2 Agro-waste biomass
	2.1 Primary food crop residue
	2.2 Maize and vegetable residues

	3 Feedstock for bioenergy production
	4 Characterization of agro-waste biomass
	4.1 Techniques for biomass characterization
	4.1.1 Organic compounds characterization
	4.1.2 Structural characterization
	4.1.3 Thermochemical characterization


	5 Pre-treatment methodologies
	5.1 Conventional treatment
	5.1.1 Physical pre-treatment
	5.1.2 Chemical pretreatment
	5.1.3 Biological pre-treatment
	5.1.4 Thermal technique
	5.1.5 Mechanical pre-treatment

	5.2 Non-conventional pre-treatment
	5.2.1 Ionic solution treatment
	5.2.2 Electrical technique

	5.3 Impacts of pre-treatment procedures

	6 Challenges and future scope
	7 Conclusion
	Author contributions statement
	Declaration of competing interest
	Data availability
	Acknowledgement
	References

	Update
	Expression of Concern: Agricultural waste biomass for sustainable bioenergy production: Feedstock, characterization and pre ...


