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1. Introduction 

Humanity is experiencing some environmental dilemmas that challenge human creativity in 
finding sustainable solutions to protect the environment in which it lives. The most prominent of these 
challenges is the need to preserve fresh water and agricultural lands to produce food, in addition to 
combating the phenomenon of global warming (Greenhouse gases) and producing energy from 
renewable sources other than fossil sources [1], [2]. 

The demand for methods of converting biomass into biofuels is expected to increase in the future 
and on a commercial basis as fossil hydrocarbons become scarce and expensive. Therefore, in recent 
years, interest has increased in reducing biofuel production costs and greenhouse gas emissions [3]. 

The term biofuel is defined as “biomass converted to liquid or gaseous fuels such as ethanol, 
methanol, methane, and hydrogen” [4], which are used to provide renewable energy services in the 
form of heating, cooling, electricity, and transportation. Biofuel is more complex than fossil fuels, as 
its chemical composition consists of acids, alcohols, and esters, while fossil fuels consist of 
hydrocarbons. Biofuel is produced from agricultural, domestic, and industrial waste, provided that the 
waste is of biological origin [5]. Therefore, biofuel may be one of the promising alternatives to 
petroleum fuels, as there are two types of global biofuel used in transportation, namely bioethanol and 
biodiesel. Raw materials are also emerging from the growth of some plants, such as the Jatropha plant, 
which can currently be converted into biodiesel in commercial quantities [6]. Fig. 1. and Fig. 2. show 
the possibility of using biofuel instead of fossil fuels used in cooking, which is a potential application 
of wide-ranging global importance. It is also an alternative to petroleum-based fuel, as alcohol fuel 
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 Biomass is a widely popular form of renewables as an alternative to fossil 
fuels, the dwindling oil resources, and escalating environmental issues 
related to climate change. Biofuel has gained significant importance as 
a source of bioenergy due to its two characteristics: sustainability and 
renewal. Biomass is abundantly available in nature and can be converted 
into various types of biofuels. This review provides a summary of biomass 
and its sources, as well as types of biofuels, their generations, and 
technologies for producing biomass (Thermochemical, Biochemical, 
Biological, Physical, Ultrasonic, Microwave, Nanotechnology), 
discussing competitive benefits, disadvantages of these technologies and 
the conversion of biomass and their potential environmental impacts, in 
addition to clarifying biofuel products, which included production of 
bioethanol, biomethanol they can be used fuel for internal combustion 
vehicles, transportation and industry for their role in reducing 
greenhouse gas emissions and producing biodiesel, which is considered 
a good alternative to petroleum diesel. Biogas is not used as fuel unless 
modified, and future research can be directed toward marketing 
sustainable biofuel.  
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can replace gasoline in spark ignition engines. At the same time, green diesel and biodiesel are suitable 
for compression ignition engines [7]. 

 

Fig. 1. Replacing fossil fuels with clean biofuels 

 

Fig. 2. Replacing petroleum-derived fuels with biofuels 

Biomass is of great importance as a source of renewables, with the enormous possibility of 
producing biofuels for various purposes such as transportation, heat, and electricity [8], [9]. Biomass 
can be converted into different bioenergy forms before burning or burning and used in power plants 
[10]. 

In this review, we have reviewed, analyzed, and discussed the conversion of biomass waste to 
biofuel by covering recent information, presenting an overview of biofuel pathways, discussing the 
technologies used in the conversion, and the most crucial biofuel products. 

2. Biomass 

It is a type of organic material that was alive or that lived recently and includes animals and their 
waste, plants, and their remains. The simplest way to obtain energy from heating is by burning solid 
biomass such as wood. One advantage of biomass fuel is that it is often a by-product, residue, or waste 
product of other processes. All are considered renewable sources of biomass and depend on the carbon 
cycle, as shown in Fig. 3. [11], [12]. Environmentalists have found that the energy produced from 
using biomass as fuel has less environmental damage than fossil fuels. However, both release carbon 
in the form of CO2 or CH4 when burned. However, the carbon contained in biofuels disappears 
quickly. It does not cause an imbalance in environmental gases, while the carbon contained in fossil 
fuels leads to climate changes in the environment [13]. 

 

Fig. 3. Represents the worldwide carbon cycle for biofuel production from biomass 
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3. Results and Discussion 

The biomass feedstock from agricultural land and forests is estimated at 1.18 billion tons by the 
US Department of Agriculture, with current US oil consumption expected to be replaced by biofuels 
by 2040 [14]. The properties of biomass rely mainly on properties of raw materials such as physical 
properties (volatile matter, particle size, moisture content, ash, chemical structure, and energy 
content), which significantly affect the produced efficiencies and thus properties of the final product 
[15], [16]. Plants, animals, and microorganisms are all examples of biological resources; the most 
important biological resources are shown in Fig. 4. Straw is the by-product of confined food crops 
(agricultural residues) such as corn, rice, wheat, cotton, sugar crops, and beans. In tropical countries, 
sugarcane bagasse is the primary source of biofuel production [17]. The wood waste resulting from 
the wood processing industry, such as sawdust, sawdust, coffee husks, animal waste (livestock farms 
and poultry waste), and industrial waste resulting from paper and textile industries [18], [19]. Paper is 
classified as (industrial waste) and is a naturally wet raw material. There is an urgent need to treat or 
pre-treat this waste before disposing it into the sewage as sewage sludge contains (It is classified as 
industrial waste) proteins, fibers, fats, inorganic materials, ash, and non-fibrous carbohydrates, which 
are considered an essential source of biomass [20] municipal solid waste consists of newspapers, 
magazines, grass clippings, product packaging, and combustion ash. Although this waste is widely 
present in most countries, it remains a largely untapped energy source because it requires a high cost, 
making it difficult to use it as an intermediate material for most biofuel production technologies. It is 
a heterogeneous raw material with diverse chemical composition and properties and an environmental 
pollutant [21], [22]. As for the crops that are grown specifically for the production of biofuel, they 
include corn, which is the predominant raw material in the production of biofuel based on ethanol 
through fermentation conversion, and soybeans, which are considered an effective alternative to fuel, 
sugarcane is used to produce bioethanol, rapeseed, wheat, sugar beet, willow, palm oil, and jatropha. 
Hemp has also been shown to be effective as a biofuel [23]. In addition to using vegetable oils 
(sunflower, rapeseed, etc.), which are obtained by extraction with simple mechanical pressure, algae 
can be used, including organic algae, green algae, and microalgae, which generate sustainable energy 
[24]. 

 

Fig. 4. Biomass sources 

4. Availability of Biomass for Biofuel Production 

Biomass is a renewable, easily obtained resource [25], and Fig. 5. and Fig. 6. and Fig. 7. show the 
global production of biomass. 
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Fig. 5. Global production of renewable biomass 

 

Fig. 6. Global bioenergy location 

 

Fig. 7. World biofuel production 

Biomass is converted in two ways: directly into biofuel or indirectly by converting it into another 
form of green energy. (50-150 exajoules) It can be saved annually from biomass generated from 
agricultural waste and sewage waste, and it is expected that by 2050, the size of the world’s primary 
energy market will be between (600-1000 exajoules) annually [26]. According to OECD estimates in 
2017, approximately 182 tons of crop residues from  corn, wheat, rice, and sugarcane burned in China, 
India, and the United States, equivalent to 15.77 MT of CO2 [27] by 2050 the amount of biowaste is 

 

 

 



ISSN 2355-8776 Chemica: Jurnal Teknik Kimia 5 
 Vol. 12, No. 1, April 2025, pp. 1-17 

 Semaa Ibraheem Khaleel (Converting Biomass into Biofuel using Production Techniques: A Review) 

expected to increase, as agricultural waste will continue to represent the most significant proportion 
of the total biomass supply [28]. 

5. Availability of Biomass for Biofuel Production 

Biofuel (bio) is the energy produced from any possible use of biological matter. However, its 
definition from an economic perspective is somewhat different, as it is about the fuel that can replace 
oil, which causes significant environmental pollution. Its price is related to the degree of political 
stability in different regions. There are currently two biofuels that can run all common types of 
engines: biodiesel and bioethanol. One of them is based on oils, the other on alcohol. Their advantage 
is that their use is similar to the current use of oil. One of the modern solutions that is constantly 
gaining more supporters and investors is the extraction of oil from unicellular algae, as it has been 
shown that these green microscopic organisms have a high capacity to produce oil [29], [30], [31]. 

5.1. General classification biofuels 

Biofuels can be classified into three types: 

1) Conventional Biofuel:  

This type is produced by implementing specific proven technological processes, such as 
esterification, distillation, and fermentation [32]. 

2) Advanced Biofuel:  

The methods and pathways used to produce this variety are currently under research and 
development; due to the increasing need for agricultural products, a problem or fear has emerged of 
humans exploiting agricultural lands by planting materials that can be converted into biofuel instead 
of planting valuable food crops, as well as disrupting the environmental systems [33], [34] the term 
“advanced biofuel” includes ethanol derived from  sugar, cellulose, hemicellulose, starch, and lignin 
[35]. 

3) Alternative Biofuel:  

The use of sustainable fuel has become urgent and necessary, so many countries are seeking to 
find alternative fuel sources to fossil fuels, and it is essential to develop future services and replace 
traditional energy sources, including liquid fuel, heavy fuel, and coal [35]. 

5.2. Biofuel Generation 

Biofuels are classified based on generation, and Fig. 8 shows the general generations of biofuels. 

 

Fig. 8. Biofuel Generations 

First-Generation Biofuel: The primary material for first-generation biofuels consists mainly of 
sugarcane, starch, vegetable, and animal oils [36]. Bioethanol is derived primarily from sugar and corn 
and is used by biorefineries in the United States. This generation takes several forms depending on 
the technologies used in production, such as solid biofuel, alcohol, green diesel, and biodiesel, which 
are suitable for use in electricity generation or as gasoline, as shown in Fig. 9. [37], [38]. 
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Fig. 9. First-generation biofuel processing 

Second-Generation Biofuel: Biofuel is produced from various shrubs, grasses, and trees, where 
carbohydrates can be extracted from agricultural plant parts, which are inedible materials such as 
cellulose, hemicellulose, and lignin. There are specific chemical methods by which lignin is extracted 
from cellulose and many biofuels, such as cellulose, ethanol, and alcohol, as shown in Fig. 10. [39]. 

 

Fig. 10. Second-generation biofuel processing 

Third-Generation Biofuel: Biofuel production is a promising future industry through algal oil 
esterification technologies and alcohol production through algal biomass fermentation. Algae are 
phototrophic microorganisms and a good source of food, fat, fuel, and oil; algae can produce biogas, 
bioethanol, and biohydrogen. Algae contain large amounts of fats, proteins, and carbohydrates, and 
these organic components can be used in biofuel production. Algae are the most widely used in biofuel 
production, and many methods are used for this, either through dark fermentation, biodegradation, or 
photo-fermentation. The technology of transesterification of algal or vegetable oil is considered more 
efficient than using fermentation technology to produce ethanol, as shown in Fig. 11.[40], [41]. 

 

Fig. 11. Third-generation biofuel processing 
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Fourth-generation biofuel: The raw materials for this generation are derived from genetically 
modified biomass from second, third-generation sources. These modifications allow for the extraction 
of CO2 and the mitigation of emissions into the environment [42]. Unlike third-generation fuels, 
biofuels are produced using non-arable land, which does not require the destruction of biomass. This 
type of biofuel includes the production of solar biofuels and electric fuels, and some of these types of 
fuels are carbon-free, as shown in Fig. 12.[43]. 

 

Fig. 12. Fourth-generation biofuel processing 

6. Biomass Conversion Technologies 

There are many biomass conversion technologies for producing different forms of energy and 
value-added chemicals, fertilizers, and functional materials. The choice of a particular product for 
conversion relies on several factors, such as the desired goal, associated environmental impacts, 
available technologies, and its state of maturity [44]. Table 1 shows the production of different 
bioenergies from bulk raw materials and the method of carrying out these processes [45]. 

Table 1.  Biomass to biofuel conversion technologies 

Thermochemical Biochemical Biological Physical 
Pyrolysis 

Gasification 

Hydrothermal 

Torrefaction 

Liquefaction 

Combustion 

Incineration 

Transesterification 

Hydrolysis 

Supercritical water 

Aerobic composting 

Anaerobic digestion 

Fermentation 

Drying 

Extraction 

Crushing 

Distillation 

Grinding 

Briquetting 

7. Biomass Conversion Technologies 

Many studies have dealt with how to convert biomass into biofuel, as follows: 

Limayem and Ricke [46] reviewed large-scale biofuel production and noted that interest in 
biomass-derived biofuels increases every time oil prices rise. Jacobson et al. [47] reviewed 
technologies for developing the production of gas, diesel, and chemicals from waste biomass and 
concluded that there is great potential for converting it into transportation fuel. Sheldon [48] reviewed 
the potential for converting biomass using various technologies into chemicals and fuels. He found 
that the amount of lignocellulosic waste, estimated at (2x1011t) per year, is classified into two groups: 
the first is related to residual waste, and the second is related to product processing. He described some 
uses beyond energy valuation, especially bulky chemicals such as surfactants, industrial solvents, and 
lubricants. Passos et  al. [49] converted sewage sludge by anaerobic digestion to biofuel and recovered 
181 ml for CH4/g at 35°C, pH=7. 

Molinuevo-Salces et al. [50] converted algae biomass and obtained methane amounting to 325 
ml/g of solid mass by anaerobic digestion at 35 and a reaction time of 14 h. Hwang et al. [51] converted 
microalgae biomass to biofuel and recovered ethanol amounting to 0.18 Kg/Kg of biomass, and the 
process was carried out at 37°C by pretreatment and hydrolysis method. Sengmee et al. [52] converted 
algae (Chlorella Sp.) to biofuel by the Biological H2-Production method at 30°C, pH=6.8, and 
fermentation time of 24 h. Lu et al. [53] converted Jatropha Curcas seed to Crude bio-oil with a yield 
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of 41.5% using a liquefaction technique at 250°C and a reaction time of 40min. Couto et al. [54] 
converted domestic sewage to crude bio-oil with a yield of 44.4% using a liquefaction technique at 
300°C and a reaction time of 15min. Jahromi and Algblevor [55] converted pinyon wood chips (HDO) 
to bio-oil using the pyrolysis technique at 350°C and in the presence of a nickel/red clay catalyst. 

Cho et al. [56] converted coffee waste (coffee syngas) to bio-fuel using the pyrolysis technique at 
700°C and in the presence of a catalyst, and the reaction lasted for 110 minutes. Liu et al. [57] 
produced fuel from Rice straw by gasification technique at 600-800°C with an O2 content of 33% and 
airflow of 0.6 Nm3/hr. Martin-Pascual et al. [58] converted olive tree waste to biofuel by torrefaction 
technique at 275°C and a reaction time of 30 min. Liu et al. [59] converted sorghum straw powder 
and pellets to biofuel by torrefactions technique at 280°C for 5 min. Prasad et al. [60] were able to 
convert pretreated and saccharified rice straw to biofuel by pretreatment of alkali NaOH and 
microwave, and the reaction was catalyzed using P. Stripitis NCIM3499 and the catalyzed time took 
about 72 hr. 

 Shi et al. [61] produced biochar, bio-oil, and syngas from gumwood and bamboo using microwave 
pyrolysis technology at 600-800°C. The production process was very successful, as biochar yielded 
22.2-14.5%, bio-oil 11.4-3.2%, and syngas yield 81.1-66.7%. Foong et al. [62] explained that biomass 
waste is an alternative to fossil fuels, and the best process used for conversion is pyrolysis rather than 
chemical conversion due to lower pollutant emissions and less waste formation. Different types of 
pyrolysis were also explained: solar pyrolysis as a heating source and vacuum pyrolysis, carried out 
under repeated vacuum conditions in an inert atmosphere. Cho et al. [63] also reviewed the application 
of biochemical processes to different types of biomass wastes generated from agricultural activities. 
They concluded enzyme technology is more efficient for converting biomass into valuable products 
used in the pharmaceutical, chemical, food, and cosmetic sectors. 

In general, many technologies are used to convert biomass into biofuel, and each technology has 
advantages and disadvantages. Still, one thing is agreed upon, which is the use of biomass to generate 
energy from a bio-economy perspective, which is related to understanding the sustainable 
performance of biomass as a biofuel resource. 

8. Biomass Conversion Technologies 

8.1. Thermochemical Method 

Pyrolysis: Technology is the decomposition of biomass at temperatures ranging from (200-600°C) 
to produce medium-energy gas, solid residues, and liquid materials. The solid residue is called biochar, 
a porous carbon compound, while the liquid materials include pyrolysis oils and aromatic compounds, 
which may be valuable as chemical raw materials. The advantages of this technology are that it is 
highly efficient and flexible, but its disadvantage is its high operating cost. Fig. 13. illustrates the 
pyrolysis process [64]. 

 

Fig. 13. Represents thermal decomposition 

Gasification: The chemical process by which carbonaceous materials are converted into synthetic 
gas through molecular oxidation with oxygen, air, or steam at high temperatures (800-900°C). 
Gasification is a promising method for producing materials (energy sources) derived from agricultural 
waste. Synthetic gas consists of carbon monoxide, hydrogen in low proportions, carbon dioxide, 
water, hydrogen sulfide, methane, and ammonia under certain conditions. In gasification technology, 
it is preferable to use dry biomass compared to wet biomass because it does not require further drying. 
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Its advantages include flexibility and reduced emissions, and the resulting industrial gas has various 
uses [65]. 

Liquefaction: Thermal liquefaction technology converts biomass into bio-oil with high quality and 
productivity, reaching about 33.5% with less oxygen content and water. However, this process uses 
high pressure, which leads to an increase in the cost of the equipment required for the procedures at 
the industrial level. Fig. 14. represents the liquefaction process [66]. 

 

Fig. 14. Liquefaction process 

Torrefaction: This technology represents a thermal chemical treatment system (200-300°C) in an 
inert environment, which produces solid char. The process is carried out in the laboratory using 
thermogravimetric analysis (TGA), a small tubular reactor, and a furnace. This technology has 
significant benefits. However, the technology needs to be solved before it can be commercialized. The 
pyrolysis technology is determined by the factors of temperature, heating rate, reactor bed height and 
type, pressure, residence time, feedstock type, and feedstock mixing ratio as factors that had the 
highest impact on yield, stability, and carbon content of biochar [67]. 

Combustion: Combustion is the only way to produce thermal and electrical energy. Three steps 
occur during biomass combustion: drying, pyrolysis, and reduction. Although this process can be used 
for most forms of biomass and has a high efficiency in heat production, making it economically viable, 
it has been found to require complex reactions and requires air, fuel, and heat [68]. 

Incineration: Oxidative combustion process in aerobic conditions at high temperatures between 
900-1100oC. The final products of this method are ash, combustion gas, and solids. The most critical 
steps of this process are evaporation, discharge, pyrolysis, and gasification. Still, its disadvantage is 
that it generates many harmful gases, leading to water and air pollution [69]. 

8.2. Biochemical 

Biochemical processes allow the conversion of biomass by its decomposition into available 
carbohydrates into biogas and liquid fuels in addition to many other bioproducts. This is done using a 
combination of biological and chemical pathways, such as biological catalysts and microbes, which 
provide a high selectivity for converting biomass into final products [70]. Table 2 shows these 
techniques. 

Table 2.  Biochemical technologies 

Technology Biomass Type Advantages Disadvantages Product Ref. 
Transesterification Microalgal low process 

temperature, 

environmentally 

friendly 

purification of 

products requires 

high cost; the 

process time 

conversion is long 

Biodiesel  

liquid fuel 

[71] 

Hydrolysis Lignocellulosic 

such as softwoods, 

agricultural waste 

The temperature used 

by the process is 

moderate; you do not 

need to use expensive 

enzyme materials 

This leads to 

corrosion, 

dangerous, toxic 

Ethanol 

Sugars 

[72] 

Supercritical Water 

Gasification 

Waste plastics Highly selective H2, 

high efficiency 

It causes corrosion 

because it operates 

under high-pressure 

Hydrogen  [73] 
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8.3. Biological technologies 

It is considered environmentally friendly, and it is enhanced to a specific chemical product through 
a set of reactions in the metabolic pathway. It has many advantages for using biological catalysts to 
convert carbohydrate raw materials into chemical products without intermediate separation processes. 
As for its disadvantages, it uses high-cost hydrolytic enzymes and some microorganisms' sensitivity 
to issues such as growth settings, nutrients, and inhibitors, which takes a long time [74]. Table 3 shows 
the biological techniques. 

Table 3.  Biological technologies 

Technology Biomass Type Advantages Disadvantages Product Ref. 
Fermentation Microalgae Short processing time, 

high ethanol production, 

low production cost 

Microorganism 

instability 

Grain 

Alcohol 

[75] 

Aerobic 

composting 

Organic waste It kills microorganisms, 

reduces the amount of 

animal manure 

This leads to 

environmental 

pollution 

Heat [76] 

Anaerobic 

digestion 

Livestock 

Manure 

Sewage sludge 

Safe disposal of 

materials through 

digestion, its economic 

costs are low 

Additional 

processing is 

required to produce 

refined products, 

and processing and 

storage problems 

CO2 

CH4 

[77] 

 

Fermentation: The series of biological reactions that convert monosaccharides into ethanol and 
carbon dioxide under anaerobic conditions using yeasts is called fermentation. The targeted raw 
materials for this type are sugars and starch. Carboxylic acids and Glycerin are produced as by-
products with CO2 and ethanol. The advantages of the process are that in addition to obtaining ethanol 
as a concentrated alcohol, solid residues are obtained that are used as fuel in production boilers [78]. 

Aerobic composting: C, N2 compounds are easily converted into energy & protein sources by 
microbes, ammonia, organic acids, water, and improved compost products. This technology's 
advantages are reducing animal manure and converting waste into nutritious organic substances to 
enhance soil fertility. However, composting procedures contribute to additional environmental 
pollution [76]. 

Anaerobic digestion: An excellent benefit for generating renewable energy and proper waste 
management. This technology is carried out in four stages: Acidogenesis, hydrolysis, acetogenesis, 
and methanogenesis, and a set of chemical reactions in metabolic pathways. The raw materials used 
here include municipal solid waste, animal manure, and agricultural waste [79]. 

8.4. Physical technologies 

This pre-processing process is carried out to convert biomass and includes size fragmentation, 
condensation, drying, and obtaining biomass with improved properties. Extraction, distillation, and 
molding are commonly used techniques. Table 4 represents the physical techniques. 

Table 4.  Physical technologies 

Technology Biomass Type Advantages Disadvantages Product Ref. 
Extraction Seeds Low energy 

consumption 

Safe, environmentally 

friendly 

Widespread 

application 

problems 

Oil  [80] 

Distillation Seeds High yield, separate the 

components completely 

Power consumption 

is high 

Bio-oil [81] 

Briquetting Agricultural waste Its prices are 

reasonable, it has 

storage capability, and 

it can be transported 

long distances. 

There is a great 

need for trained 

staff, expensive, 

high energy 

consumption. 

Fuel  [82] 
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8.5. Ultrasonic 

Ultrasound stimulates the response mixture to produce bubbles and break them up uniformly, 
forming what is called (cavitation). The use of this technique significantly reduces the reaction time, 
temperature, and energy input; heat is generated once a sufficient depth is applied throughout 
ultrasonic cell disruption, which enhances the efficiency of biomass cell disruption, which in turn is 
affected by the use of ultrasonic cavitation through the temperature of the liquid medium, viscosity 
and additional temperature [83]. 

8.6. Microwave 

Microwave technology uses microwave energy to process materials, reducing processing time and 
conserving energy. This technology has received wide attention as a valuable technology as 
microwave irradiation provides excellent safety and convenience for heating reaction mixtures to 
achieve the required temperatures for the application [84]. 

8.7.  Nanotechnology 

Nanotechnology uses a variety of metal nanoparticles and metal oxides. There are many such 
materials, such as the use of iron oxide NPs to produce biodiesel from waste cooking oil, 
Ca/Fe3O4@SiO2 to produce it from sunflower and soybean oil, and the use of Pd on C, Pd on alumina, 
and Fe3O4NPs to produce bioethanol from syngas [85], [86]. 

9. Biofuel Products 

9.1.  Biomethanol 

Methanol production relies exclusively on biomass waste (old wood or biowaste) and is a costly 
chemical reaction procedure. It is likely to be used as fuel for internal combustion engines in the future 
because, during combustion, it does not cause carbon emissions [87]. 

9.2.  Bioethanol 

Bioethanol or (ethyl alcohol) is one of the sustainable renewable fuels due to its economic and 
environmental benefits. It is produced from lignocellulosic biomass by using advanced fermentation 
or hydrolysis techniques. It is used as fuel in vehicles, industry, and transportation, and its production 
reduces greenhouse gas emissions [87]. 

9.3. Biodiesel 

Biodiesel is produced by converting fat sources (animal and lignocellulosic biomass such as (corn, 
vegetable oils, wheat), and edible fats) into mono-alkyl esters using transesterification technology. It 
can be used as a good alternative to petroleum diesel. This replacement has led to a decrease in CO2 
emissions and a decrease in fuel use [88]. 

9.4. Biogas 

Biogas is produced by anaerobic digestion of biomass, a complex biological process with a high 
energy efficiency and biomass conversion compared to ethanol. Biogas mainly consists of methane 
(CH4) (40-75%), CO2 (15-60%), and small amounts of H2O (5-10%), H2S (0.005-2%), NH3 (less than 
1%), and CO (less than 0.6%). There are two basic steps in processing biogas before its final use: 
cleaning and upgrading, and it cannot be used as vehicle fuel without making any modifications [88]. 

10. Conclusion 

This review examined the utility of using biomass to produce different biofuels. The review 
showed that abundant waste and biomass residues are produced from various sources worldwide. 
Thermochemical, biological, and physical conversion technologies have been used to process multiple 
primary materials to produce different bioenergy sources. Both product specifications and the nature 
of raw materials determine the choice of appropriate production technology, and it can be concluded 
that biomass production technologies have significant potential for sustainable energy production 
despite the operational limitations that hinder their limited scalability and infrastructure challenges. 
Thermochemical technologies are the most widely used and are more efficient and commercially 
viable for biofuel production. Chemical and bio-biological technologies are environmentally friendly 
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and economically feasible. These conversion technologies are known to rely on raw materials such as 
agricultural waste, solid waste, and animal manure, making them an excellent choice in developing 
countries, mainly rural areas where this type of biomass is available. Physical techniques have 
advantages in varying energy consumption from one method to another, but they have broad 
application problems. Emerging technologies such as Ultrasonic, nanotechnology, and microwave-
assisted processing promise to improve biofuel production efficiency and selectivity. Still, their high 
costs and technical complexity currently limit large-scale deployment. With continued advancements 
in conversion technologies and supportive policy frameworks, biomass-based biofuels can be pivotal 
in transitioning to a low-carbon energy future. 

Acknowledgment  

At the end of this work, I thank the University of Mosul. 

References 

[1] M. Yumurtaci, and A. Kecebas, “Renewable energy and its university level education in Turkey,” Energy 

Edu. Sci. Technol. Part B, vol. 3, pp. 143-152, Jan 2011. 

[2] Y. Sahin, “Environmental impacts of biofuels,” Energy Edu. Sci. Technol. Part A, vol. 26, pp. 129-142, 

2011.  

[3] A. Demirbas, “Biodiesel from algae, fixation of carbon dioxide by microalgae: A solution to pollution 

problems”, Applied Energy, vol. 88, pp. 3541-3547, Oct 2011, doi:10.1016/j.apenergy.2010.12.050. 

[4] R. R. Tan, D. C. Foo, K. B. Aviso, and D. K. Ng, “The use of graphical pinch analysis for visualizing 

water footprint constraints in biofuel production,” Applied Energy, vol. 86, no. 5, pp. 605-609, May 2009, 

doi: 10.1016/j.apenergy.2008.10.004.  

[5] G. James, J.G. Speight, and Singh K., “Environmental management of energy from biofuels and 

biofeedstocks,” Hoboken: John Wiley & Sons, ISBN: 9781118915127, 2014, doi: 

10.1002/9781118915141.    

[6] F. Aksoy, H. Bayrakceken, T. Eryilmaz, and L. Aksoy, “Analyzing the impact of using different methyl 

esters in a diesel engine on engine performance and emissions,” Energy Edu. Sci. Technol. Part A., vol. 

27, no. 1, pp. 25-34, 2011. 

[7] J. Goldemberg, T. B. Johansson, A. K. N. Reddy, and R. H. Williams, “A global clean cooking fuel 

initative,” Energy Sustain. Develop., vol. 8, no. 3, pp. 5-12, Sep 2004, doi: 10.1016/S0973-0826(08)60462-

7. 

[8]  P. Lauri, P. Havlik, G. Kindermann, N. Forsell, H. Bottcher, and M. Obersteiner, “Woody biomass energy 

potential in 2050,” Energy Policy, vol. 66, pp. 19-31, Mar 2014, doi: 10.1016/j.enpol.2013.11.033. 

[9]  L.V. Reddy, “Potential bioresources as future sources of biofuels production: an overview,” Biofuel 

Technologies, vol. 3, pp. 223-258, Aug 2013, doi: 10.1007/978-3-642-34519-7_9. 

[10] S. V. Archonotoulis, J. Vos, X. Yin, L. Bastiaans, N. G. Danalatos, and P. C. Struik, “Temporal dynamics 

of light and nitrogen vertical distributions in canopies of sunflower, kenaf and Cynara,” Field Crops 

Resarch, vol. 122, no. 3, pp. 186-198, Jun 2011, doi: 10.1016/j.fcr.2011.03.008. 

[11]  M. Kaltschmitt, N.J. Themelis, L. Y. Bronicki, L. Soder, and L. A. Vega, “Renewable energy from 

biomass, introduction,” Renew. Energy Systems, pp. 1393-1396, 2013, doi: 10.007/978-1-4614-5820-

3_924.  

[12]  D. Chen, L. Yin, H. Wang, and P. He, “Reprint of: pyrolysis technologies for municipal solid waste: a 

review,” Waste Management, vol. 37, pp. 116-136, Mar 2015, doi: 10.1016/j.wasman.2015.01.022.   

[13]  R. Lemus and R. Lal, “Bioenergy crops and carbon sequestration,” Criti. Rev. Pla. Sci., vol. 24, pp. 1-21, 

Feb 2005, doi: 10.1080/07352680590910393.  

[14]  M. H. Langholtz, B. J. Stokes, and L. M. Eaton, “2016 Billion-Ton Report: Advancing Domestic 

Resources for a Thriving Bioeconomy (exective summary),” Industrial Biotechnology, vol. 12, pp. 282-

289, Oct 2016, doi:10.1089/ind.2016.29051.doe.  

[15]  J. A. Libra, K. S. Ro, C. Kammann, A. Funke, N. D. Berge, Y. Neubauer, M. Titirici, C. Fuhner, O. Bens, 

J. Kern, and K. Emmerich, “Hydrothermal carbonization of biomass residuals: a comparative review of 

http://dx.doi.org/10.1016/j.apenergy.2010.12.050
https://doi.org/10.1016/j.apenergy.2008.10.004
http://dx.doi.org/10.1007/978-3-642-34519-7_9
http://dx.doi.org/10.1089/ind.2016.29051.doe


ISSN 2355-8776 Chemica: Jurnal Teknik Kimia 13 
 Vol. 12, No. 1, April 2025, pp. 1-17 

 Semaa Ibraheem Khaleel (Converting Biomass into Biofuel using Production Techniques: A Review) 

chemistry, processes and application of wet and dry pyrolysis,” Biofuels, vol. 2, no. 1, pp. 71-106, Jan 

2011, doi: 10.4155/bfs.10.81.  

[16]  E. Danso-Boateng, R. G. Holdich, G. Shama, A. D. Wheatley, M. Sohail, and S. J. Martin,  “Kinetics of 

faecal biomass hydrothermal carbonization for hydrochar production,” Applied Energy, vol. 111, pp. 351-

357, Nov 2013, doi: 10.1016/j.apenergy.2013.04.090.  

[17] M. Inyang, B. Gao, P. Pullammanappallil, W. Ding, and A. R. Zimmerman, “Biochar from anaerobically 

digested sugarcane bagasse,” Bioresource Technology, vol. 101, no. 22, pp. 8868-8872, Nov 2010, doi: 

10.1016/j.biortech.2010.06.088.  

[18] A. J. Ragauskas, M. Nagy, D.H. Kim, C. A. Eckert, J. P. Hallett, and C. L. Liotta, “From wood to fuels: 

integrating biofuels and pulp production,” Industrial Biotechnology, vol. 2, no. 1, pp. 55-65, Jan 2006, doi: 

10.1089/ind.2006.2.55.  

[19] J. Ren, P. Yu, and X. Xu, “Straw utilization in china-status and recommendations”, Sustainability, vol. 11, 

no. 6, pp. 1762, Mar 2019, doi: 10.3390/su11061762.  

[20]  L. Wei, F. Zhu, Q. Li, C. Xue, X. Xia, H. Yu, Q. Zhao, J. Jiang, and S. Bai, “Development, current state 

and future trends of sludge management in china: based on exploratory data and CO2 – equivalent 

emissions analysis,” Environmental International, vol. 144, pp. 106093, Nov 2020, doi: 

10.1016/j.envint.2020.106093.  

[21]   A. C. Caputo and P. M. Pelagagge, “RDF production plants: I design and costs,” Appl. Therm. Eng., vol. 

22, no. 4, pp. 423-437, Mar 2002, doi: 10.1016/S1359-4311 (01)00100-4.  

[22]  S. Luo, B. Xiao, Z. Hu, and S. Liu, “Effect of particle size on pyrolysis of single-component municipal 

solid waste in fixed bed reactor,” Int. J. Hyd. Eng., vol. 35, no. 1, pp. 93-97, Jan 2010, doi: 

10.1016/j.ijhydene.2009.10.048.  

[23]  T. V. Ramachandra, D. M. Madhab, S. Shilpi, and N. V. Joshi, “Algal biofuel from urban wastewater in 

India: scope and challenges,” Renew. Sustain. Energy Rev., vol. 21, pp. 767-777, May 2013, doi: 

10.1016/j.rser.2012.12.029.  

[24]  N. Gaurav, S. Sivasankari, G. S. Kiran, A. Ninawe, and J. Selvin, “Utilization of bioresources for 

sustainable biofuels: a review,” Renew. Sustain. Energy Rev., vol. 73, pp. 205-214, Jun 2017, doi: 

10.1016/j.rser.2017.01.070. 

[25]  T. G. Ambaye, M. Vaccari, A. Bonilla-Petriciolet, S. Prasad, E. D. Hullebusch, and S. Rtimi, “Emerging 

technologies for biofuel production: a critical review on recent progress, challenges and perspectives,” J. 

Envir. Manag., vol. 290, pp. 112627, May 2021, doi: 10.1016/j.jenvman.2021.112627.  

[26]  J. Popp, Z. Lakner, M. Rakos, and M. Fari, “The effect of bioenergy expansion: food, energy, and 

environment,” Renew. Sustain. Energy Rev., vol. 32, pp. 559-578, Apr 2014, 

doi:10.1016/j.rser.2014.01.056. 

[27]  S. Prasad, S. Kumar, K. K. Yadav, J. Choudhry, H. Kamyab, Q. Bach, K. R. Sheetal, S. Kannojiya, and 

N. Gupta, “Screening and evaluation of cellulytic fungal strains for saccharification and bioethanol 

production from rice residue,” Energy, vol. 25, pp. 116422, Jan 2020, doi: 10.1016/j.energy.2019.116422. 

[28]  A. Talebian-Kiaklaieh, N. A. S. Amin, and H. Mazaheri, “A review on novel processes of biodiesel 

production from waste cooking oil,” Applied Energy, vol. 104, pp. 683-710, Apr 2013, doi: 

10.1016/j.apenergy.2012.11.061. 

[29]  A. E. M. R. Afify, E. A. Shalaby, and S. M. M. Shanab, “Enhancement of biodesel production from 

different species of algae,” Grasas y Aceites, vol. 4, pp. 416-422, Dec 2010, doi: 10.3989/gya.021610. 

[30]  L. Brennan, and P. Owende, “Biofuels from microalgae-a review of technologies from production, 

processing, and extractions of biofuels and co-products,” Renew. Sustain. Energy Rev., vol. 14, no. 2, pp. 

557-577, Feb 2010, doi: 10.1016/j.rser.2009.10.009. 

[31]  Z. Baicha, M. J. Salar-Garcia, V. M. Ortiz-Martine, F. J. Hernandez-Fernandez, A. P. Delos Rios, N. 

Labjar, E. Lotfi, and M. Elmahi, “A critical review on microalgae as an alternative source for bioenergy 

production: a promising low-cost substrate for microbial fuel cells,” Fuel Process. Technol., vol. 154, pp.  

104-116, Dec 2016, doi: 10.1016/j.fuproc.2016.08.017. 

https://doi.org/10.1016/j.apenergy.2013.04.090
http://dx.doi.org/10.1016/j.rser.2014.01.056
http://dx.doi.org/10.1016/j.apenergy.2012.11.061


14 Chemica: Jurnal Teknik Kimia   ISSN 2355-8776 

 Vol. 12, No. 1, April 2025, pp. 1-17 

 Semaa Ibraheem Khaleel (Converting Biomass into Biofuel using Production Techniques: A Review) 

[32]  K. H. Jeswani, A. Chilvers, and A. Azapagic, “Environmental sustainability of biofuels: a review,” Proc. 

Math. Phys. Eng. Soc. A., vol. 476, pp. 2243, 2020, doi: 10.1098/rspa.2020.0351.  

[33]  B. M. Berla, R. Saha, C. M. Immethun, C. D. Maranas, T. S. Moon, and H. B. Pakrasi, “Synthetic biology 

of cyanobacteria: unique challenges and opportunities,” Front. Microbiol., vol. 4, pp. 246, 2013, doi: 

10.3389/fmicb.2013.00246. eCollection 2013. 

[34]   N. Binhayeeding, T. Yunu, N. Pichid, S. Klomklao, and K. Sangkharak, “Immobilisation of candida 

rugosa lipase on polyhydrxybutyrate via a combination of a dsorption and cross-linking agents to enhance 

acylglycerol production,” Process Biochemistry, vol. 95, pp. 174-185, Aug 2020, doi: 

10.1016/j.procbio.2020.02.007. 

[35]  J. Lewandrowski, J. Rosenfeld, D. Pape, T. Hendrickson, K. Jaglo, and K. Moffroid, “The greenhouse 

gas benefits of corn ethanol-assessing recent evidence,” Biofuels, vol. 11, pp. 361-375, Mar 2019, doi: 

10.1080/17597269.2018.1546488. 

[36]  C. Boutesteijn, D. Drabik, and T.J. Venus, “The interaction between EU biofuel policy and first-and 

second-generation biodiesel production,” Ind. Crop. Produ., vol. 106, pp. 124-129, Nov 2017, doi: 

10.1016/j.indcrop.2016.09.067.  

[37]  M. M. Rahman, M. Rasul, and N. M. S. Hassan, “Study on the tribological characteristics of Australian 

native first generation and second generation biodiesel fuel,” Energies, vol. 10, pp. 55, Jan 2017, doi: 

10.3390/en10010055. 

[38] M. Kowalska, A. Wegierek-Ciuk, K. Brzoska, M. Wojewodzka, S. Meczynska-Wielgosz, J. Gromadzka-

Ostrowska, R. Mruk, J. Qvervik, M. Kruszewski, and A. Lankoff, “Genotoxic potential of diesel exhaust 

particles from the combustion of first-and second-generation biodiesel fuels-the fuelhealth project,” Envir. 

Sci. Pollu. Res., vol. 24, pp.  24223-24234, Sep 2017, doi:10.1007/s11356-017-9995-0.  

[39] Erdiwansyah, R. Mamat, M. S. M. Sani, K. Sudhakar, A. Kadarohman, and R. E. Sardjono, “An overview 

of higher alcohol and biodiesel as alternative fuels in engines,” Energy Reports, vol. 5, pp. 467-479, Nov 

2019, doi: 10.1016/j.egyr.2019.04.009.  

[40] M. Ertas and M. H. Alma, “Slow pyrolysis of chinaberry (Melia azedarach L.) seeds: characterization of 

bio-oils and bio-chars,” Edu. Sci. Technolo. Part C, vol.  2, pp. 149-170, 2010. 

[41]  S. Ban, W. Lin, F. Wu, and J. Luo, “Algal-bacterial cooperation improves algal photolysis-mediated 

hydrogen production,” Bioresour Technology, vol. 251, pp. 350-357, Mar 2018, 

doi: 10.1016/j.biortech.2017.12.072. 

[42] M. A. Scaife, G. T. D. T. Nguyen, J. Rico, D. Lambert, K. E. Helliwell, and A. G. Smith, “Establishing 

chlamydomonas reinhardtii as an industrial biotechnology host,” The Plant Journal, vol. 82, pp. 532-546, 

Mar 2015, doi: 10.1111/tpj.12781. 

[43] O. Inganas and V. Sundstrom, “Solar energy for electricity and fuels,” Ambio., vol. 45, pp. 15-23, Dec 

2016, doi: 10.1007/s13280-015-0729-6. 

[44] P. Azadi, O. R. Inderwildi, R. Farnood, and D. A. King, “Liquid fuels, hydrogen and chemicals form 

lignin: a critical review,” Renew. Sustain. Energy Rev., vol. 21, pp. 506-523, May 2013, doi: 

10.1016/j.rser.2012.12.022. 

[45] R. M. Jingura, D. Musademba, and R. Kamusoko, “A review of the state of biomass energy technologies 

in Zimbabwe”, Renew. Sustain. Energy Rev., vol. 26, pp. 652-659, Oct 2013, doi: 

10.1016/j.rser.2013.05.036. 

[46] A. Limayem and S. Ricke, “Lignocellulosic biomass for bioethanol production: current perspectives, 

potential issues and future prospects,” Prog. Eng. Combus. Sci., vol. 38, no.4, pp. 449-467, Aug 2012, 

doi:10.1016/j.pecs.2012.03.002. 

[47] K. Jacobson, K. C. Maheria, and A. K. Dalai, “Bio-oil valorization: a review,” Renew. Sustain. Energy 

Rev., vol. 23, pp. 91-106, Jul 2013, doi: 10.1016/j.rser.2013.02.036.  

[48]  R. A. Sheldon, “Green and sustainable manufacture of chemicals from biomass: state of the art,” Green 

Chemistry, vol. 16, pp. 950-963, 2014, doi: 10.1039/C3GC41935E. 

https://doi.org/10.1098%2Frspa.2020.0351
http://dx.doi.org/10.1016/j.procbio.2020.02.007
https://doi.org/10.1016/j.egyr.2019.04.009
https://doi.org/10.1016/j.biortech.2017.12.072
https://doi.org/10.1007%2Fs13280-015-0729-6
http://dx.doi.org/10.1016/j.pecs.2012.03.002


ISSN 2355-8776 Chemica: Jurnal Teknik Kimia 15 
 Vol. 12, No. 1, April 2025, pp. 1-17 

 Semaa Ibraheem Khaleel (Converting Biomass into Biofuel using Production Techniques: A Review) 

[49] F. Passos, J. Carretero, and I. Ferrer, “Comparing pretreatment methods for improving microalgae 

anaerobic digestion: thermal, hydrothermal, microwave, and ultrasound,” Chem. Eng. J., vol. 279, pp. 667-

672, Nov 2015, doi: 10.1016/j.cej.2015.05.065. 

[50] B. Molinuevo-Salces, A. Mahdy, M. Ballesteros, and C. Gonzalez-Fernandez, “From piggery wastewater 

nutrients to biogas: microalgae biomass revalorization through anaerobic digestion,” Renew. Energy, vol. 

96, pp. 1103-1110, Oct 2016, 10.1016/j.renene.2016.01.090. 

[51] J. H. Hwang, A. N. Kabra, M. K. Ji, J. Choi, M. M. El-Dalatong, and B.H. Jeon, “Enhancement of 

continuous fermentative bioethanol production using combined treatment of mixed microalgae biomass,” 

Algal Res., vol. 17, pp. 14-20, Jul 2016, doi: 10.1016/j.algal.2016.03.029. 

[52] D. Segmee, B. Cheirsilp, T. T. Suksaroge, and P. Prasertsan, “Biophotolysis-based hydrogen and lipid 

production by oleaginous microalgae using crude glycerol as exogenous carbon source”, Int. J. Hydrogen 

Energy, vol. 42, no. 4, pp. 1970-6, Jan 2017, doi: 10.1016/j.ijhydene.2016.10.089. 

[53]  J. Lu, J. Zhang, Z. Zhu, Y. Zhang, Y. Zhao, R. Li, J. Watson, B. Li, and Z. Liu, “Simultaneous production 

of biocrude oil and recovery of nutrients and metals from human feces via hydrothermal liquefaction,” 

Energy Convers. Manag., vol. 134, pp. 340-346, Feb 2017, doi: 10.1016/j.enconman.2016.12.052. 

[54] E. A. Couto, F. Pinto, F. Varela, A. Reis, P. Costa, and M. L. Calijuri, “Hydrothermal liquefaction and 

biomass produced from domestic sewage treatment in high-rate ponds,” Renew. Energy, vol. 118, pp. 644-

653, Apr 2018, doi: 10.1016/j.renene.2017.11.041.  

[55] H. Jahromi and F. A. Agblevor, “Hydrodeoxgenation of aqueous-phase catalytic pyrolysis oil to liquid 

hydrocarbons using multifunctional nickel catalyst,” Ind. Eng. Chem. Res., vol. 57, no. 39, pp. 13257-

13268, Sept 2018, doi: 10.1021/acs.iecr.8b02807. 

[56] D. W. Cho, D. C. Tsang, S. Kim, E. E. Kwon, G. Kwon, and H. Song, “Thermochemical conversion of 

cobalt-loaded spent coffee grounds for production of energy resource and environment catalyst,” 

Bioresour. Technol., vol. 270, pp. 346-351, Dec 2018, doi: 10.1016/j.biortech.2018.09.046. 

[57] L. Liu, Y. Huang, J. Cao, C. Liu, L. Dong, L. Xu, and J. Zha, “Experimental study of biomass gasification 

with oxygen-enriched air in fluidized bed gasifier,” Sci. Total Environ., vol. 626, pp.423-433, Jun 2018, 

doi: 10.1016/j.scitotenv.2018.01.016. 

[58] J. Martin-Pascual, J. Jodar, M. L. Rodriguez, and M. Zamorano, “Determination of the optimal operative 

conditions for the torrefaction of olive waste biomass,” Sustainability, vol. 12, no. 16, pp. 6411, Aug 2020, 

doi: 10.3390/su12166411. 

[59] X. Liu, Z. Yao, H. Cong, L. Zhao, L. Huo, and J. Song, “Effects of operating conditions and pre-

densification on the torrefaction products of sorghum strow,” Int. J. Agric. Biol. Eng., vol. 13, pp. 219-

225, Jul 2020. 

[60]  S. Prasad, A. Singh, N. E. Korres, D. Rathore, S. Sevda, and D. Pant, “Sustainable utilization of crop 

residues for energy generation: a life cycle assessment (LCA) perspective,” Bioresour. Technol., vol. 303, 

pp.  122964, 2020. 

[61] K. Shi, J. Yan, J. A. Menendez, X. Luo, G. Yang, Y. Chen, E. Lester, and T. Wu, “Production of H2-rich 

syngas from ligncellulosic biomass using microwave-assisted pyrolysis coupled with activated carbon 

enabled reforming,” Front Chem., vol. 8, pp. 3, Jan 2020, doi: 10.3389/fchem.2020.00003. 

[62]  S. Y. Foong, R. K. Liew, Y. Yang, Y. W. Cheng, P. N. Y. Yek, W.A.W. Mahari, X. Y. Lee, C. S. Han, 

D. N. Vo, Q. Van Le, M. Aghbashlo, M. Tabatabaei, C. Sonne, W. Peng, and S. Lam, “Valorization of 

biomass waste to engineered activated biochar by microwave pyrolysis: progress, challenges and future 

directions”, Chem. Eng. J., vol. 389, pp. 124401, Jun 2020, doi: 10.1016/j.cej.2020.124401. 

[63] E. J. Cho, L. T. P. Trinh, Y. Song, Y. G. Lee, and H. J. Bae, “Bioconversion of biomass waste into high 

value chemicals,” Bioresource Technology, vol. 298, pp. 122386, Feb 2020, doi: 

10.1016/j.biortech.2019.122386. 

[64] H. Kerckhoffs and R. Renquist, “Biofuel from plant biomass,” Agro. Susta. Develop., vol. 33, pp. 1-19, 

2013, doi: 10.1007/s13593-012-0114-9.  

https://doi.org/10.3389/fchem.2020.00003


16 Chemica: Jurnal Teknik Kimia   ISSN 2355-8776 

 Vol. 12, No. 1, April 2025, pp. 1-17 

 Semaa Ibraheem Khaleel (Converting Biomass into Biofuel using Production Techniques: A Review) 

[65]   N. Canabarro, J. F. Soares, C. G. Anchieta, C. S. Kelling, and M. A. Mazutti, “Thermochemical processes 

for biofuels production from biomass,” Sustain. Chem. Process, vol. 1, pp. 22, Nov2013, doi: 

10.1186/2043-7129-1-22.  

[66] R. Saidur, G. Boroumandjazi, S. Mekhilef, and H. A. Mohammed, “A review on energy analysis of 

biomass-based fuels”, Renew. Sustain. Energy Rev., vol. 16, no. 2, pp. 1217-1222, Feb 2012, doi: 

10.1016/j.rser.2011.07.076.  

[67] B. Batidzirai, M. Valk, B. Wicke, M. Junginger, V. Daioglou, W. Euler, and A. P. C. Faaij, “Current and 

future technical, economic and environmental feasibility of maize and wheat residues supply for biomass 

energy application: Illustrated for South Africa,” Biomass Bioenergy, vol. 92, pp. 106-129, Sep 2016, doi: 

10.1016/j.biombioe.2016.06.010. 

[68] L. J. R. Nunes, J. C. O. Matias, and J. P. S. Catalao, “Mixed biomass pellets for thermal energy production: 

a review of combustion models,” Applied Energy, vol. 127, pp. 135-140, 2014, doi: 

10.1016/j.apenergy.2014.04.042. 

[69] S. S. Siwal, Q. Zhang, N. Devi, A.K. Saini, V. Saini, B. Pareek, S. Gaidukovs, and V. K. Thakur, 

“Recovery processes of sustainable energy using different biomass and wastes,” Renew. Sustain. Energy 

Rev., vol. 150, pp. 111483, Oct 2021, doi: 10.1016/j.rser.2021.111483. 

[70] S. Brethauer and M. H. Studer, “Biochemical conversion processes of lignocellulosic biomass to fuels and 

chemicals-a review,” Chimia (Aarau), vol. 69, pp. 572-81, 2015,  doi: 10.2533/chimia.2015.572. 

[71] V. Makareviciene and E. Sendzikiene, “Application of microalgae biomass for biodiesel fuel production,” 

Energies, vol. 15, no. 11, pp. 4178, Jun 2022, doi: 10.3390/en15114178.  

[72] H. Zabed, J. N. Sahu, A. N. Boyce, and G. Faruq, “Fuel ethanol production from lignocellulosic biomass: 

an overview on feedstocks and technological approaches,” Renew. Sustain. Energy Rev., vol. 66, pp. 751-

774, Dec 2016, doi: 10.1016/j.rser.2016.08.038. 

[73] I. Okajima and T. Sako, “Energy conversion of biomass with supercritical and subcritical water using 

large-scale plants,” J. Biosci. Bioeng., vol. 117, no. 1, pp. 1-9, Jan 2014, doi: 10.1016/j.jbiosc.2013.06.010.  

[74] T. R. Sarker, F. Pattnaik, S. Nanda, A. K. Dalai, V. Meda, and S. Naik, “Hydrothermal pretreatment 

technologies for lignocellulosic biomass: a review of steam explosion and subcritical water hydrolysis,” 

Chemosphere, vol. 284, pp. 131372, Dec 2021, doi: 10.1016/j.chemosphere.2021.131372. 

[75] F. Dziike, L. Z. Linganiso, N. Mpongwana, L. M. Legodi, P. Support, S. Africa, S. Africa, and F. Dziike, 

“Biomass conversion into recyclable strong materials,” South African J. Sci., vol. 118: pp. 7-8, 2022, doi: 

10.17159/sajs.2022/9747.  

[76] W. Lu, M. A. Alam, W. Luo, and E. Asmatulu, “Integrating spirulina platensis cultivation and aerobic 

composting exhaust for carbon mitigation and biomass production,” Bioresource Technology, vol. 271, 

pp. 59-65, Jan 2019, doi: 10.1016/j.biortech.2018.09.082. 

[77]  K. Chojnacka, K. Moustakas, and A. Witek-Krowiak, “Bio-based fertilizers: a practical approach towards 

circular economy,” Bioresource Technology, vol. 295, pp. 122223, Jan 2020, doi: 

10.1016/j.biortech.2019.122223. 

[78]   A. A. Mariod, “Extraction, purification, and Modification of Natural polymers,” In book: Natural 

Polymers, pp. 63-91, 2016, doi: 10.1007/978-3-319-26414-1_3. 

[79] V. K. Sharma, A. Sharma, and S. Kar, “Technology development and innovation for production of next-

generation biofuel from lignecellulosic wastes, Energy sustainability through green energy,” Green 

Energy Technology, pp. 315-350, Apr 2015, doi: 10.1007/978-81-322-2337-5_13. 

[80]  G. D. Sorita, S. Favaro, A. Ambrosi, and M. Di Luccio, “Aqueous extraction processing: an innovative 

and sustainable approach for recovery of unconventional oils,” Trends Food Science & Technology, vol. 

133, pp.  99-113, Mar 2023, doi: 10.1016/j.tifs.2023.01.019. 

[81] Z. L. Xiu and A. P. Zeng, “Present state and perspective of downstream processing of biologically 

produced 1,3-propanediol and 2,3-butanediol,” Appl. Microbiol. Biotechnol., vol. 78, pp. 917-926, Apr 

2008, doi: 10.1007/s00253-008-1387-4. 

https://doi.org/10.2533/chimia.2015.572
https://doi.org/10.3390/en15114178
http://dx.doi.org/10.1007/978-3-319-26414-1_3
http://dx.doi.org/10.1016/j.tifs.2023.01.019
https://doi.org/10.1007/s00253-008-1387-4


ISSN 2355-8776 Chemica: Jurnal Teknik Kimia 17 
 Vol. 12, No. 1, April 2025, pp. 1-17 

 Semaa Ibraheem Khaleel (Converting Biomass into Biofuel using Production Techniques: A Review) 

[82] A. A. Adeleke, P. P. Ikubanni, T. A. Orhadahwe, C. T. Christopher, J. M. Akano, O. O. Agboola, S. O. 

Adegoke, A.O. Balogun, and R. A. Ibikunle, “Sustainability of multifaceted usage of biomass: a review,” 

Heliyon, vol. 7, no. 9, pp. e08025, Sep 2021, doi: 10.1016/j.heliyon.2021.e08025.  

[83]   C. Onumaegbu, J. Mooney, A. Alaswad, and A. G. Olabi, “Pre-treatment methods for production of 

biofuel from microalgae biomass,” Renew. Sustain. Energy Rev., vol. 93, pp. 16-26, Oct 2018, doi: 

10.1016/j.rser.2018.04.015. 

[84] F. Motasemi and F. N. Ani, “A review on microwave-assisted production of biodiesel,” Renew. Sustain. 

Energy Rev., vol. 16, no. 7, pp. 4719-4733, Sep 2012, doi: 10.1016/j.rser.2012.03.069. 

[85] M. Feyzi and L. Norouzi, “Preparation and kinetic study of magnetic Ca/Fe3O4@SiO2 nanocatalysts for 

biodiesel production,” Renew. Energy, vol. 94, pp. 579-586, Aug 2016, doi: 10.1016/j.renene.2016.03.086. 

[86] Y. K. Kim, S. E. Park, H. Lee, and J. Y. Yun, “Enhancement of bioethanol production in syngas 

fermentation with clostridium ljungdahlii using nanoparticles,” Bioresource Technology, vol. 159, pp. 

446-450, May 2014, doi: 10.1016/j.biortech.2014.03.046. 

[87] P. Vasudevan, S. Sharma, and A. Kumar, “Liquid fuel from biomass: an overview,” J. Sci. Indust. Res., 

vol. 64, no. 11, pp. 822-831, Dec 2005. 

[88] V. Passoth and M. Sandgren, “Biofuel production from straw hydrolysates: current achievements and 

perspectives,” Appl. Microbiol. Biotechnol., vol. 103, pp. 5105-5116, Jul 2019, doi:10.1007/s00253-019-

09863-3.  

 

https://doi.org/10.1016/j.biortech.2014.03.046

