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Biofuel: A Sustainable Solution for Energy 

Supply in the 21st Century 

Lawal Nura1*, Karimah M. Rabiu2 and Jibiya S. Abdulkarim 3 

Biofuel has emerged as a viable alternative to fossil fuels, addressing the 

growing need for sustainable energy solutions worldwide. Derived from organic 

sources like biomass and plant matter, biofuels offer numerous benefits, 

including reduced greenhouse gas emissions, enhanced energy security and 

economic gains. This review explores cutting-edge biofuel production 

technologies and their significance as a sustainable energy source. Biofuels 

come in various forms, such as biodiesel, bioethanol and biogas, produced 

through fermentation, gasification and transesterification. Each biofuel type has 

distinct qualities and applications. However, challenges persist, including 

resource competition with food production and technological inefficiencies. To 

overcome these obstacles, innovations and advancements are necessary. 

Supporting policies and legislation must be implemented to ensure sustainable 

biofuel production. Collaboration among scientists, policymakers and industry 

stakeholders is crucial for developing a sustainable biofuel sector. Biofuel 

technology holds great promise for meeting the 21st century's energy demands 

while reducing fossil fuel dependence and environmental harm. Further 

research and innovation are necessary to optimize production processes and 

fully realize biofuel's potential. 
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transesterification.

1. Introduction

Biofuel is a renewable power option that is derived 
from animal manure and biomass (feedstocks), 
which includes plant and algae. Fossil fuel depletion, 
rising fuel costs, increased fuel consumption, and 
global warming are the factors contributing to the 
trending research into alternative energy generation 
possibilities (Jayakumar et al., 2023). Also, the 
human-caused greenhouse gas (GHG) emissions 
from fossil fuel production and use, including the 
release of carbon dioxide (CO2) have recently 
elevated the advancement of clean energy sources 
to a global priority. Unlike traditional energy sources 
(fossil fuels), it can be created quickly from biomass, 
which makes it a renewable energy source. Energy 
for transportation, heating, and power generation are 
all possible with biofuel (Dick, 2014).  

Research on biofuels has progressed significantly 
since 2000. Biomass uniquely offers solid, liquid, 
and gaseous fuels. Wood fuels remain steady, while 
wood chips/pellets for energy have grown 100% and 
will keep rising (Praveena et al., 2024).  

Drop-in transportation fuels, pyrolysis bio-oil, 
bioethanol, and biodiesel are all considered liquid 
biofuels. Commercial manufacturing of bioethanol 
from lignocellulosic compounds has only recently 

begun, augmenting the 22 billion gallons produced 
annually, mostly from agricultural products (Bušić et 
al., 2018). The production capacity of oil seed 
biodiesel has reached 5670 million gallons per year, 
and additional increases are contingent upon the 
development of new feedstock. Drop-in biofuels and 
bio-oil are still in the development stage and face 
difficulties in upgrading and cost-effective 
conversion (Brahma et al., 2022).  

Syngas and biogas are examples of gaseous 
biofuels. In Europe and China, the anaerobic 
digestion process of producing biogas from organic 
matter has been growing quickly. This process has 
the potential to replace 25% of the natural gas 
consumption that occurs now. On the other hand, 
the process of producing syngas by the incineration 
of wood-based biomass is limited in its application 
due to its ineffective cost (Guiot and Frigon, 2012).  

The rationale for this review is centred on biofuels' 
potential to mitigate climate change, ensure energy 
security, and foster sustainable development 
through reduced emissions, energy diversification, 
and rural economic empowerment. Biofuels offer a 
low-carbon alternative to fossil fuels, mitigating 
greenhouse gas emissions. Diversifying energy 
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sources reduces dependence on imported fuels, 
enhancing energy independence. Biofuels support 
rural economies, promote renewable energy, and 
create jobs. Recent advancements in biofuel 
technologies warrant updated analysis. 

2. Types of Biofuels 

2.1. First generation biofuels 

Energy crops like sugarcane, sugar beet, and 
sorghum, starch-based crops like corn, wheat, and 
barley, or oil-based crops like rapeseed, sunflower, 
and canola are used to make first-generation 
biofuels (Dahman et al., 2019). The fermentation or 
chemical processes used to create these biofuels 
transform the oils, sugars, and starches in the 
biomass into liquid fuels (Cavelius et al., 2023). 
First-generation biofuels that are most widely used 
are bioethanol and biodiesel (Hirani et al., 2018). 
Since different feedstocks can be used to 
manufacture these biofuels, production can be 
flexible based on local conditions and resource 
availability (Martin, 2010). Despite availability and 
the fact that they have been in use for a while 
(Nagler and Gerace, 2020) the manufacture of 
biofuel from food crops can raise issues with food 
security and raise the question of whether food 
should be used for fuel or food (Naqvi and Yan, 
2015). Also, it has been shown that the potential for 
first-generation biofuels to reduce overall emissions 
may be limited since they may emit more 
greenhouse gases than other generation biofuels 
(Moodley, 2021). However, first-generation biofuels 
remain a crucial component of the alternative energy 
sector. 

2.1.1. Bioethanol 

The most well-known biofuel is bioethanol, which is 
generally obtained by fermenting crops like 
sugarcane, maize, and wheat (Mohapatra et al., 
2019). And without requiring engine adjustments, it 
can be primarily converted to conventional fuel in 
amounts up to 5% to raise its octane and lower 
pollutants that cause pollution, such as carbon 
monoxide (Ibeto et al., 2011). In addition to being far 
less harmful than fossil fuels, bioethanol is also 
biodegradable, making it a more environmentally 
responsible choice (Balat et al., 2008). 

2.1.2. Biodiesel 

Long-chain fatty acid methyl esters are the main 
component of biodiesel, a type of fuel oil made from 
plants or animals. It is usually generated by lipids 
that react chemically, like lard, soybean oil, or any 
other vegetable oil, with alcohol and microalgae lipid 
through the process of transesterification, and it 
results in the production of methyl, ethyl, or propyl 
ester (Malabadi et al., 2023). Non-edible feedstocks 
have emerged as a sustainable biofuel source, 
leveraging waste land and yielding comparable or 

higher outputs than edible counterparts (Devarajan 
et al., 2022). The energy equilibrium of soybean 
biodiesel is positive, which indicates that the fuel's 
energy content exceeds the energy required to 
create it (Fore et al., 2011). Compared to diesel 
made from petroleum, biodiesel is less harmful to 
the environment, safe, and biodegradable. It can be 
used in its natural state, B100 or blended with 
petroleum-based diesel. Blends such as B5 and 
B20, or B2 (2% biodiesel), are widely utilized. 
Othman et al. (2017) observed that most 
manufacturers are satisfied with mixtures up to B5. 
A few accept mixes up to B20. Biodiesel has less 
carbon and more oxygen and hydrogen than 
conventional fuel. This quality lowers the amount of 
unburned carbon particles and the rate at which 
biodiesel burns (Torkashvand et al., 2022). 

2.1.3. Biogas 

Biogas is generated from waste products such as 
compost, agricultural litter, plant matter, waste water 
and food scraps. Anaerobic microbes, also known 
as methanogens, produce biogas by decomposing 
biological waste in an oxygen-free atmosphere 
(Calero et al., 2023). Methane (CH4) and carbon 
dioxide (CO2) make up the majority of the gas 
composition, with trace amounts of moisture, 
siloxanes, and hydrogen sulfide (H2S) possible 
(Malunga, 2018). The generation of biogas 
contributes to the decrease in methane emissions 
that fuel global warming. Additionally, it can lessen 
the need for waste dumps, which emit the 
hazardous greenhouse gas methane (Harris, 2014). 
Biogas's composition can be difficult to control 
because of its variable methane-to-carbon dioxide 
ratio. Although the ratio can vary from 45% to 75% 
methane and 55% to 95% carbon dioxide, the most 
typical ratio is 60% CH4 (methane) and 40% CO2 
(Al-Timimi and Yaakob, 2022). 

2.2. Second generation biofuels 

These biofuels are produced using lignocellulosic 
biomass a structural substance made primarily of 
lignin, hemicellulose, and cellulose, which makes up 
a large portion of plant mass. In order for cellulose to 
ferment into alcohol, lignin and cellulose in plants 
are separated. This includes both non-food 
agricultural residues (like hulls of rice or corn stalks) 
and non-edible plant biomass (like grasses or trees 
grown specifically for energy) (Naik et al., 2010). 
Cellulosic ethanol is the primary form of second-
generation biofuel now in use or being developed. It 
is made by fermenting carbohydrates (Kowalski et 
al., 2022). The methods for producing them are less 
refined and more complicated than those for first-
generation biofuels (Nagler and Gerace, 2020). The 
development of biofuels of the second generation is 
less harmful to the environment than that of the first 
since it may be used as an efficient waste 
management tool, diversify sources of energy and 
reduce dependency on carbon-based fuels 
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(Kowalski et al., 2022). In line with life-cycle 
assessments, second-generation biofuels will result 
in "net energy increases," circumventing one more 
major drawback of first-generation biofuels (Kumar 
et al., 2022). 

2.2.1. Cellulosic ethanol 

A variety of feedstocks, including maize residue, 
switchgrass, miscanthus, sugarcane bagasse, and 
other grasses or woody crops, can be used to create 
cellulosic ethanol, a second-generation biofuel. 
Since it is capable of being produced from 
unconsumable plant components and doesn't disrupt 
the food chain, this form of ethanol is thought to be 
better for the environment than first-generation 
biofuels (Kumar et al., 2022). However, the 
conversion rate, or the quantity of raw materials 
required to make the same volume of ethanol, is one 
of the difficulties in producing cellulosic ethanol 
(Ziolkowska, 2020). 

Biochemical and thermochemical processes are the 
two main techniques used in the synthesis of 
cellulosic ethanol. The biochemical process includes 
a preliminary step that involves releasing the 
hemicellulose carbohydrates. Cellulose and 
hemicellulose are hydrolyzed by enzymes to yield 
simple sugars. Sugars are subjected to fermentation 
to generate water and ethanol, which are further 
separated by distillation (Guo et al., 2022). 

The thermochemical process involves pretreatment 
to induce swelling of hemicellulose and cellulose. 
Hemicellulose and cellulose are then hydrolyzed 
chemically to produce simple sugars followed by 
fermentation of the sugars into carbon dioxide and 
ethanol. Then a final distillation process to extract 
ethanol from water (Lynd et al., 2017). 

2.2.2. Algal biofuel 

Produced from algae, algal biofuels represent a 
viable renewable energy source (Gajraj et al., 2018). 
Due to their quick biomass production and relatively 
high oil content in the form of triacylglycerol, 
microalgae have long been considered promising 
sources for biofuel generation (Ganesan et al., 
2020). When compared to conventional crops, 
microalgae develop extremely quickly. Algal mass 
production can be carried out on non-arable fields 
using sewage and non-potable saline water 
(Adetunji et al., 2023). Growing the algae, collecting 
the biomass, and extracting the oil, which is 
subsequently converted into biodiesel are the stages 
involved in the manufacturing of algal biofuels 
(Pragya et al., 2013). Currently, the cost of 
producing algae-based biodiesel prevents its 
commercialization, though, and there are issues with 
selecting high lipid-containing algae strains as well 
as high infrastructure, operation, and maintenance 
expenses (Saad et al., 2019). 

2.2.3. Biohydrogen 

A promising sustainable energy source. Numerous 
biological processes can be used to create 
biohydrogen (Kumar Gupta et al., 2013). The 
creation of biohydrogen can be achieved by three 
main technologies; anaerobic dark fermentation, 
light and dark fermentation combined, and 
photosynthetic (Ahmed et al., 2021).  The 
aforementioned techniques use different feedstocks. 
The production of biohydrogen is confronted with 
obstacles for instance, poor output and expensive 
manufacture; nonetheless, research is progressing 
to enhance its efficiency by adjustments in 
processes, physiological manipulations, and genetic 
engineering (Putatunda et al., 2022). 

2.3. Third generation biofuels  

These are more sophisticated and made from 
microalgae or algae (Müller et al., 2023). Algal-
based biofuel output is approximately ten times 
higher than that of biofuels made from second-
generation algae, making them a more effective 
source of energy (Neto et al., 2019). Since algae are 
not consumed by humans or animals, they don't 
endanger the food chain (Behera et al., 2015). 
Because algae can absorb carbon dioxide from the 
atmosphere, they aid in lowering the release of 
greenhouse gases (Bajpai, 2019). However, due to 
the significant energy and infrastructural 
requirements, the generation of biofuels derived 
from algae is more costly than that of conventional 
fossil fuels (Lee and Lavoie, 2013). It is also difficult 
and costly to control the environment for the best 
growth of algae (Alaswad et al., 2015). 

2.3.1. Biobutanol 

The 4-carbon alcohol biobutanol is made from an 
array of feedstocks, such as grain of maize and 
various biomasses (Liu et al., 2022). Because of its 
higher energy content and reduced water 
absorption, it’s thought to be a more effective fuel for 
energy than ethanol (Guo et al., 2022). Better 
blending ability, less corrosiveness, and 
compatibility with the current gasoline distribution 
infrastructure are just a few of the benefits that 
biobutanol has over ethanol (Radloff et al., 2016). 
But there are difficulties in producing it, like high 
production costs, time requirements, and sporulation 
stage (Liu et al., 2022). The production process 
involves; feedstock preparation and pretreatment, 
fermentation process, product recovery and 
purification. Enhancing the fermentation stage's 
efficiency, modifying the raw material's pretreatment, 
creating new substrates, and creating more efficient 
preparation techniques remain the primary area of 
study and development for the biobutanol industry. 
The manipulation of microorganisms, biomass, and 
the substrate necessary for microbial growth has all 
been investigated through recombinant DNA 
technology (García et al., 2011). 
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2.3.2. BioDME 

Bio-dimethyl ether, or BioDME, is a sophisticated 
biofuel made from biomass. It offers various benefits 
for the environment and the economy and suitable 
for usage as a renewable diesel engine fuel (Im-orb 
and Piroonlerkgul, 2023). It has been demonstrated 
that BioDME, which is made from lignocellulosic 
biomass, produces considerably lower greenhouse 
gas emissions compared to fossil fuels (Parvez et 
al., 2018). With better, cleaner combustion, it is 
potentially utilized in a range of vehicles, mainly 
cars, trucks, trains, and ships to replace diesel fuel 
(Himabindu and Ravikrishna, 2010). The process of 
producing BioDME from biomass is very intensive 
and versatile, possibly substituting a large amount of 
fossil fuels and lower carbon dioxide emissions (de 
Jong et al., 2023) 

2.3.3. Synthetic Hydrocarbons 

Hydrocarbon fuels known as synthetic hydrocarbons 
(SHCs) are made from sources of biomass through 
a range of biological and thermochemical methods 
(Konarova et al., 2022). They can be used as 
renewable fuel in diesel engines and are regarded 
as advanced biofuels. Better blending ability, less 
corrosiveness, and compatibility with the current 
gasoline distribution infrastructure are a few benefits 
of SHCs (Willauer and Hardy, 2020). 

2.4. Fourth generation biofuels  

These are a relatively new idea. Their goal is to 
provide a means of capturing and storing CO2 while 
producing sustainable energy. They are made from 
genetically engineered microorganisms and 
feedstocks, such as algae. (Mat Aron et al., 2020). 
In comparison to earlier generations of biofuels, they 
are anticipated to be a lot efficient, and they may 
also be able to lessen harmful emissions and the 
consequences of global warming (Goria et al., 
2022). 

2.4.1. Bioelectricity 

The electrical currents and potentials produced by or 
existing within live cells, tissues, and organisms are 
referred to as bioelectricity. It is involved in a number 
of biological activities, such as nerve impulses, 
muscle contractions, and cell communication. 
Bioelectricity generation, on the other hand, is the 
process of using bioelectricity as a renewable 
energy source (Dessie and Tadesse, 2022). 
Biopower systems use processes including burning, 
bacterial decomposition, and conversion to gas or 
liquid fuel to turn sustainable biomass fuels into heat 
and electricity (Rojas-Flores et al., 2021). 
Bioelectricity may find use in medical devices and 
epidermal regeneration (Martinsen and Heiskanen, 
2023). 

 

2.4.2. Solar fuels 

Solar fuels are synthetic chemical fuels made from 
sun radiation by a variety of mechanisms, including 
photochemical, photobiological, and electrochemical 
reactions (Haussener, 2022). Because they are 
sustainable and renewable, they are viewed as a 
possible replacement for conventional fossil fuels 
(Styring, 2012). Potential solar fuels include 
ammonia and hydrazine, hydrogen, and alcohols 
(such methanol and ethanol) (Detz et al., 2018). 
Solar fuels can be easily stored and transported due 
to their high energy density. The absence of net-
zero carbon emissions is a distinguishing feature of 
solar fuels over fossil fuels, which renders them 
ecologically harmless (Armaroli and Balzani, 2016).  

3. Production Methods of Biofuels 

Nature of feedstock (biomass) and its intended 
application determine production process that is 
employed. For instance, crops with high sugar or 
lipid content can be fermented to produce ethanol, 
and oilseed crops like sunflower or canola are 
capable of generating biofuels (Ruan et al., 2019). 

3.1. Sugar fermentation 

In order to convert biomass into bioenergy, this is 
the method that is most frequently employed. Using 
this method, cellulosic feedstocks, sweet sorghum, 
corn, sugarcane and sugar beet are converted into 
bioethanol (Li and Khanal, 2016 and Pandey, 2011). 
First, the biomass is hydrolyzed by an enzyme or an 
acid to produce sugar, which is subsequently 
metabolized (fermented) by microorganisms like the 
yeast, Saccharomyces cerevisiae to produce 
ethanol. The most common fermentation substrate is 
often 6-carbon sugars (Li and Khanal, 2016). Other 
microorganisms can also ferment five-carbon sugars 
that come from plant material, or lignocellulosic 
biomass (Naveed et al., 2024). The efficiency, 
temperature requirements, pH range, and substrate 
specificity of different microorganisms and 
fermentation processes can differ (Tropea, 2022). In 
contrast to feedstocks derived from sugar, 
feedstocks derived from starch necessitate starch 
hydrolysis, or the liquefaction and saccharification of 
starch, in order to yield fermentable sugars following 
milling and mashing (Rodionova et al., 2017). 

 

 

 

 

 

 

 

 

Feedstock preparation 

Fermentation 

Glycolysis 

Ethanol recovery 

Ethanol conversion 
 

Figure 1. Sugar fermentation process. Integrated from 
Manmai et al. (2020). Illustrated by the authors. 
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3.2. Hydrolysis 

The extraction of sugars from lignocellulosic 
biomass can be accomplished using a variety of 
techniques, including enzymatic, chemical, and 
physical processes. The two most effective 
techniques among them are enzymatic and chemical 
hydrolysis (Ruan et al., 2019). Utilizing concentrated 
mineral acids like HCl and H2SO4, chemical 
hydrolysis can be carried out. More manageable and 
less dangerous cellulose solvents, including ionic 
liquids, can also be used for it. Despite being 
relatively inexpensive, the acid hydrolysis 
approach's utilization is restricted since using 
powerful acids has negative environmental effects 
and low yields (Ho et al., 2014). 

Highly specialized cellulase enzymes are often 
responsible for enzymatic hydrolysis, which results 
in the production reducing sugars, such as glucose. 
Enzymatic hydrolysis is typically carried out under 
milder circumstances than chemical hydrolysis, 
which uses stronger acids (Binod et al., 2011). 

3.3. Digestion 

In order to speed up the breakdown of biomass 
feedstock, biomass digestion uses microorganisms. 
This process can take place in either anaerobic or 
aerobic settings. However, anaerobic digestion has 
a few benefits over aerobic digestion, including 
increased organic removal efficiency, increased 
organic loading rate, decreased nutrient requirement 
and decreased energy requirement (Okoro et al., 
2017). In anaerobic digestion, biogas is produced 
which, depending on the water content, has a 
methane concentration of roughly 55-75% and a 
carbon dioxide level of 25%–45%. Additionally, trace 
gasses like hydrogen sulfide could be created 
(Champagne, 2008). Specialized bacteria break 
down complex organic compounds, such as 
proteins, lipids, and carbohydrates, into smaller 
molecules, such as soluble sugars, amino acids, and 
fatty acids, during the anaerobic digestion process. 
The general reaction is: 

C6H12O6                 3CO2 + 3CH4 

Steps involved include (Gould, 2015): 

i. Hydrolysis: Proteins, lipids, carbohydrates, 
and other big organic polymers are 
hydrolyzed to produce simpler molecules 
like fatty acids, amino acids, and simple 
sugars, and so on. 

ii. Acidogenesis: The process by which acid-
producing bacteria and other microbes 
degrade organic compounds to produce an 
acidic environment. 

iii. Acetogenesis: Acetate-producing break 
down a large number of the chemicals 
generated during acidogenesis into acetic 
acid, CO2, and H2. 

iv. Methanogenesis: The end products of 
acetogenesis as well as some of the 
intermediate products of hydrolysis and 
acidogenesis are converted into methane by 
methanogens via two main routes. 

CO2 + 4H2                  CH4 + 2H2O  

CH3COOH                 CH4 + CO2 

Methanogenesis requires precise conditions to 
occur. Physically, it thrives at temperatures of 25-
40°C, pH 6.5-8.0, pressures up to 100 atm and 
redox potentials of -200 to -400 mV. Chemically, it 
needs nutrients like CO2, H2 and acetate, while 
inhibited by O2, NO3- and heavy metals, tolerating 
freshwater to hypersaline environments. Biologically, 
methanogenesis involves microorganisms like 
Methanobacterium and Methanosarcina in anaerobic 
environments (Ferreira et al., 2022). Optimal 
conditions include temperatures of 35-40°C, pH 7.0-
7.5 and redox potentials of -300 to -350 mV. Factors 
affecting methanogenesis include temperature 
fluctuations, pH shifts, inhibitor presence, nutrient 
limitations and microbial community composition 
(Ghosh and Kar, 2024). Understanding these 
conditions optimizes methanogenesis in biofuel 
production (Zakaria and Dhar, 2019). 

3.4.  Transesterification 

Plant biofuels are made of methyl or ethyl esters of 
long-chain fatty acids. They are often created when 
alcohols (ethanol or methanol) react with mono, di, 
and triglycerides (TAGs) or free fatty acids (FAAs) 
(Barbosa et al., 2022). The process of 
transesterification transforms triglycerides (fats and 
oils) into a mixture of fatty acid methyl esters 
(FAME) in the presence of alcohol, methanol or 
ethanol and a base catalyst usually potassium 
hydroxide or sodium hydroxide to produce biodiesel 
(Baskar et al., 2019; Clifford, 2021). This reaction 
significantly decreases the viscosity of non-edible oil 
(Teo et al., 2022). Oil seed that has more than 20% 
oil content qualifies as an oil feedstock for the 
synthesis of biodiesel (Li and Khanal, 2016). 

3.5. Thermochemical conversion 

Thermochemical conversion routes break 
connections between nearby hydrogen, oxygen, and 
carbon molecules to release the chemical energy 
that was generated in the course of photosynthesis. 
Examples of thermochemical transformation include 
gasification, liquefaction, pyrolysis, and combustion 
(Ram and Mondal, 2022). The amount of O2 

changes the process during every step of the 
thermochemical conversion of biomass. Combustion 
is the thermochemical process that requires an 
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excess of oxygen, while pyrolysis is the process that 
does not require oxygen (Ong et al., 2019). 

3.5.1. Gasification 

Gasification transforms solid biomass into a 
combination of gases called synthesis gas (syngas), 
that consists of carbon dioxide (CO2), hydrogen (H2), 
and carbon monoxide (CO) by employing heat and a 
gasifying agent. After that, the syngas can be 
utilized to make biofuels. By using chemical 
processes like Fischer-Tropsch synthesis, synthesis 
gases can create fuel and other compounds (Brown, 
2019). Reactor design, temperature, gasification 
agent (steam, oxygen, or air), and feedstock 
characteristics are some of the variables that affect 
the complicated process of gasification (Ortiz, 2022). 
Gasification reactions include: 

i. Partial oxidation: The biomass is partially 
oxidized when a specific volume of air or 
oxygen is added to the chamber. In addition 
to producing heat, this supplies oxygen for 
the gasification reactions (Lin and Wu, 
2019).  

ii. Reduction: Reduction reactions occur when 
the oxygen in the chamber interacts with the 
emitted volatile chemicals and char. Tar and 
other complex hydrocarbons are broken 
down by these processes, releasing carbon 
monoxide (CO) and hydrogen (H2) (Singh et 
al., 2022). 

iii. Water-gas shift reaction: In addition to 
carbon dioxide (CO2), the syngas generated 
in the preceding phase also contains H2 and 
CO. Steam is added to the water-gas shift 
process so that it can react with the carbon 
monoxide (CO) and produce more hydrogen 
(H2) and carbon dioxide (CO2). The syngas's 
composition can be adjusted with the aid of 
this shift reaction (Tanger et al., 2013). 

 

3.5.2. Hydrothermal liquefaction (HTL) 

This process turns biomass into biofuels in the 
presence of water while operating at high 
temperatures (200–400°C) and pressures (10–25 
MPa) (Zhang and Chen, 2018). Alkali salts like 
potassium and sodium carbonate can work as a 
catalyst to break down macromolecules like 
cellulose and hemicellulose into tiny fragments. The 
thick heavy oil that is produced during the 
liquefaction process can occasionally be difficult to 
handle. Propanol, methyl ethyl ketone, butanol, 
acetone, ethyl acetate, and other organic solvents 
are introduced to the reaction system to loosen it 
(Ruan et al., 2019). Volatile organic acids, alcohols, 
aldehydes, ethers, esters, ketones, and nonvolatile 
components are typically found in high 
concentrations in biofuels that are produced during 

the liquefaction process. Components might be 
enhanced chemically to create an organic distillate 
product that is abundant in valuable compounds and 
hydrocarbons (Yu et al., 2023). 

3.5.3. Pyrolysis 

This method uses heat in the absence of oxygen to 
turn biomass into biofuels (Su et al., 2022). 
Traditional electrical pyrolysis is categorized into 
three groups depending on the operating features 
include residence time, pyrolysis temperature, and 
heating rate. These three types of pyrolysis are 
flash, rapid, and slow (Ruan et al., 2019 Fast 
pyrolysis, which involves rapidly heating biomass to 
a high temperature in the absence of oxygen, 
produces, depending on the feedstock used, 60%–
75% oily products (oil and other liquids), 15%–25% 
solids (largely charcoal), and 10%–20% gaseous 
phase. (Jahirul et al., 2012). In pyrolysis, the 
biomass feedstock reacts as follows overall: 

Biofuel + heat  liquid + syngas + solid 
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Figure 2. Thermochemical conversion process including 
pyrolysis, gasification and hydrothermal liquefaction. 
Integrated from Ram and Mondal (2022). Illustrated by the 
authors. 

3.6. Electrofuel production 

Utilizing microorganisms to produce liquid 
transportation fuels devoid of photosynthesis is 
known as electrofuel production. These microbes 
convert carbon dioxide (CO2) into liquid fuels by 
using energy from electricity and chemical 
molecules like hydrogen (Hollinshead et al., 2014). 
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Figure 3. Electrofuel production process. Integrated from 
Isaacs et al. (2021). Illustrated by the authors. 

4. Advantages of Biofuel 

4.1. Renewable energy source 

This is due to the fact that it is composed of organic 
materials including algae, crops, and plant waste. 
Unlike fossil fuels, which are scarce and will 
eventually run out, biofuels are abundant. 
(Gebremariam and Marchetti, 2018). 

4.2. Decreased greenhouse gas emissions 

In general, biofuels emit less carbon dioxide (CO2) 
than fossil fuels do. This is so because the carbon 
dioxide those plants take during growth balances out 
the carbon dioxide that is emitted when biofuels are 
consumed. Consequently, the total amount of 
greenhouse gas emissions linked to climate change 
is decreased by biofuels (Abdulkareem-Alsultan et 
al., 2020). 

4.3.  Energy security and independence 

A lot of nations rely mostly on imported fossil fuels. 
Nations can enhance their energy security and 
independence by lowering their dependency on 
imported fossil fuels by cultivating biofuels on their 
own soil (Bento, 2009). 

4.4. Employment creation 

The cultivation, refining, and marketing of biofuels 
generate employment in a number of industries, 
including manufacturing, transportation, and 
agriculture. This has the potential to lower 
unemployment rates and boost economic growth 
(Datta, 2022).  

4.5. Environmental benefits 

Oil spills and air pollution are two issues surrounding 
fossil fuel extraction that biofuels may be able to 
reduce. Since producing biofuel frequently entails 
growing energy crops on degraded or abandoned 
land, it can also encourage efforts at land 
rehabilitation and reforestation (Zhang, 2011). 

4.6. Technological advancement 

The development of biofuel technology encourages 
study and innovation within the realm of sustainable 

energy. This may result in breakthroughs and 
developments in other renewable energy fields, like 
wind and solar energy (Bauer, 2017). 

4.7. Profits for farmers 

Growing energy crops and selling them to 
companies that make biofuel can help farmers make 
money. This can offer another source of money and 
diversify their sources of income (Pahl, 2008). 

4.8. Infrastructure compatibility 

Without requiring significant changes, biofuels can 
be combined with conventional fuels and utilized in 
already-built systems. Since the infrastructure and 
transportation systems now in place may be used, 
the switch from fossil fuels to biofuels is made easier 
(Bhaskar et al., 2011). 

4.9. Development of rural areas 

The production of biofuels can give these areas new 
economic prospects. In rural locations, investing in 
infrastructure and biofuel facilities can boost 
employment and the local economy (Gheewala et 
al., 2018). 

5. Limitations of Biofuels 

5.1. Competition from land use 

Creating biofuels needs an enormous amount of 
land, that might put food crops, forests, and natural 
ecosystems in conflict. In areas where land 
resources are already few, this may exacerbate 
deforestation, biodiversity loss, and food shortages 
(Koh and Ghazoul, 2008). 

5.2. Increased water usage 

The development of numerous biofuel crops, such 
corn and sugarcane, necessitates substantial water 
usage. This could put a burden on water supplies, 
particularly in places where there is currently a 
drought or limited water availability (Datta, 2022). 

5.3. Energy intensive production 

Steps that need a lot of energy are commonly 
included in the manufacture of biofuels, including 
conversion, processing, and cultivation. Concerns 
over overall energy efficiency arise because biofuels 
typically provide a lower total energy gain than their 
production energy. (Torkashvand et al., 2022). 

5.4. Adverse environmental effects 

Although biofuels can lower greenhouse gas 
emissions, there may be additional environmental 
problems associated with their production. Clearing 
land for biofuel crops, for instance, may cause 
ecosystems to be disrupted and stored carbon to be 
released. Furthermore, water contamination and 
biodiversity loss might result from the fertilizer and 
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pesticide used in the generating biofuels (Bessou et 
al., 2011). 

5.5. Limited availability of feedstocks 

If the appetite for biofuels keeps rising, there won't 
be as much supply of suitable feedstocks available 
for the manufacture of biofuels. This may result in 
more competition for available resources and 
possibly higher feedstock and food crop costs 
(Dubey et al., 2023). 

5.6. Technical difficulties 

Producing biofuel frequently calls for sophisticated 
technologies and processing techniques. Enhancing 
the productivity and scalability of biofuel 
manufacturing, which may be a difficult and drawn-
out procedure, requires research and development 
(Ambaye et al., 2021). 

5.7. Socioeconomic effects 

Communities in the area and indigenous individuals 
may be affected by alterations in land ownership and 
usage patterns caused by the emphasis on 
producing biofuels. Concerns over the loss of small 
farmers and the consolidation of power in the hands 
of big businesses might also exist (Aha, and Ayitey, 
2017). 

5.8. Food security issues 

Using food crops to produce biofuels may give rise 
to food security issues, especially in areas where 
access to food is already problematic. It is possible 
that utilizing crops for fuel rather than food may raise 
food costs and worsen poverty and hunger 
(Renzaho et al., 2017). 

5.9. Complex supply chains 

The manufacturing, distribution, and transportation 
of biofuels entail intricate networks that can be prone 
to inefficiencies and logistical difficulties. The 
implementation of biofuels may become less 
financially viable as a result (Awais et al., 2021). 

5.10. Uncertain environmental advantages 

Depending on the particular feedstock, production 
techniques, and total life cycle analysis, biofuels 
may or may not have different environmental 
benefits. Some biofuels may not have a substantially 
less negative environmental impact than fossil fuels, 
according to some research, especially when 
indirect emissions and changes in land use are 
taken into account (Bessou et al., 2011). 

6. Current Situation in Developing 
Countries 

Biofuel technologies are experiencing significant 
growth in developing countries, driven by 
government policies and investments. Countries like 

Brazil, Argentina and Indonesia have implemented 
biofuel blending requirements, driving demand for 
advanced biofuels like ethanol and biodiesel 
produced from sustainable feedstocks, reducing 
greenhouse gas emissions (Bastos et al., 2021). 

In Africa, biofuel technology and usage are 
advancing, albeit unevenly. South Africa leads the 
continent in biofuel production, accounting for 65% 
of Africa's total output, while Nigeria, Egypt, Kenya, 
and others are notable producers (Leela et al., 
2024). Although challenges persist, including the 
food vs. fuel debate, sustainability concerns, and 
infrastructure limitations. The African Union's 
Bioenergy Policy Framework promotes sustainable 
development. Emerging trends include innovative 
feedstocks, advanced conversion technologies, and 
regional cooperation (Dahunsi et al., 2020). Biofuel 
demand is growing, driven by transport sector needs 
(Miftah and Mutta, 2024).  

Nigeria's biofuel industry expands, driven by 
government policies and growing energy demands 
(Ndukwu et al., 2021). Biofuels account for 1% of the 
energy mix, with ethanol from cassava, sugarcane, 
and maize, and biodiesel from jatropha, palm oil, 
and soybeans (Munonye et al., 2023). Despite 
challenges, opportunities lie in agricultural waste 
utilization and rural development. The Nigerian 
National Petroleum Company (NNPC) Limited and 
private investors target 20% biofuel blending by 
2030 (Aderinto, 2023).  

Despite obstacles in scalability, cost and 
sustainability, biofuel technologies offer 
opportunities for developing countries. Utilizing 
agricultural waste, enhancing energy security and 
creating jobs are key benefits (Das and Gundimeda, 
2022). Emerging trends include algae-based 
biofuels and carbon capture. Effective policies, 
infrastructure investments and capacity building will 
propel biofuel technologies, increasing energy 
access, reducing emissions and fostering 
sustainable development (Oloyede et al., 2024). 

 

7. Conclusion 
 
Biofuels provide a cost-effective and environmentally 
friendly energy source. They are a long-term energy 
source because they are renewable resources that 
can be produced continually. Their effectiveness in 
lowering greenhouse gas emissions stems from their 
carbon-neutral or even carbon-negative nature. 
Additionally, biofuels can promote energy 
independence and offer chances for waste 
management. Although there are obstacles to 
overcome, with careful planning and sustainable 
methods, biofuels can be used to meet our energy 
needs while reducing their negative effects on food 
production and fostering a sustainable future. 
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Future directions prioritize research, sustainability 
and scalability. Key areas include efficient 
conversion technologies, advanced feedstock 
breeding and integrated biorefineries. Large-scale 
production, process optimization and stable policies 
will reduce costs and foster growth. Emerging trends 
like algal biofuels, synthetic biology and carbon 
capture will propel biofuel technologies toward 
commercial viability, ensuring a reliable, low-carbon 
energy source, enhanced energy security and 
mitigated climate change through collaboration and 
infrastructure investments. 
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