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Several researchers have reported the prospects of biofuel commercialization in several countries across the
globe. With over 400 million tons of biomass and 150 million tons of agro-waste produced annually in most
developing countries, the prospect of biofuel commercialization looks promising. However, it is crucial to adopt
a forward-thinking approach and anticipate potential challenges that may arise, building upon the lessons learned
from current obstacles. This paper review addresses the current issues that have discouraged some developing
K . countries against embracing biofuels as an economical tool to mitigate poverty. Also, future challenges that may
eywords: . e : . . . -
Biofuel, scuttle biofuel commercialization in developing countries was discussed to provide a workable blueprint towards
Energy, wealth creation. This review identified policies and political unwillingness as fundamental challenges that must
be overcome in developing countries to attract investors. Other identified salient challenges include mono-
economy, poor technical know-how, poor technology, government hypocrisy, lack of funds, sustainable biomass
resources, inadequate farmland, poor policies, and weak infrastructure. It is recommended that conscious short-
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and long-term planning be implemented to actualize biofuel commercialization in developing countries.

https://doi.org/10.30501/jree.2023.379263.1533

1. INTRODUCTION

Biofuel is a form of renewable source of energy that refers to
liquid fuel (such as biodiesel, bioethanol, etc.) or gaseous fuel
(such as biogas) produced from biomass which is mainly plant
or animal waste or oil. Currently, the production of biofuel has
attracted African countries on a global scale, indicating
thoughtful interest in ambiguous and scale-large production. In
some developed countries, biofuels are sold on a commercial
scale, such that users visit a filing station to purchase whatever
quantity of biofuel they desire. Economically, the cost of
producing biofuel is relatively low because it does not require
complex processes. Few countries (such as the United States of
America, Japan, Brazil, and some parts of Europe) around the
globe have taken biofuel to a commercial scale. Brazil produces
an estimation of 21 billion liters of bioethanol every year, while
Japan and China are aiming for a biofuel capacity of 6.3 billion
liters (Zhou and Elspeth, 2009). The United States of America
has proven that the biofuel project is lucrative and has created
70,000 direct jobs that generated $20 billion and 200,000
indirect and induced jobs that generated $23 billion (€21.1
billion) in 2019 (Biofuel, 2020). Before biofuel became
commercial, individuals and local communities in some parts
of the world engaged in various feedstocks for energy
production (Kemausuor et al., 2013).

Feedstocks are categorized into three main classes:
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homogeneous (wood chips), quasi-homogeneous (agricultural
and forest residues), and non-homogeneous (solid waste), with
average economic values of around $110/ton, $62/ton, and
$31/ton, respectively (Elegbede and Guerrero, 2016). In light
of the raw materials (biomasses) used for biofuel production, it
is clear that huge resources are wasted on a yearly basis. If half
of the wasted resources are fully utilized, developing countries
could potentially generate over 80 billion liters of biofuel. This
possibility can be substantiated by considering factors such as
population (e.g., human biogas production), arable land
(biomasses, e.g., inedible seeds, dead tree trunks, and fallen
leaves), and agricultural practices that incorporate agro-waste
(Emetere et al., 2018; Emetere and Adesina, 2019).

The most common biofuels are bioethanol, biogas, and
biodiesel. Bioethanol is synthesized from carbohydrates like
cellulose biomass. Coarse grain and sugarcane are two of the
most common ethanol feedstocks, but their prevalence may
vary depending on the region. Biodiesel is generated from fats
and oils. Vegetable oil is one of the most common feedstocks
used in biodiesel production, while non-agricultural feedstocks
like waste are becoming more relevant in regions like the
United States and Europe. The biogas largely depends on agro-
waste, human excreta, and a few biomasses as its feedstock.
The above information further corroborates the importance of
this review to address Items 1 and 7 in Sustainable
Development Goals (SDG) in developing countries.
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The main hindrance to unlocking the business potential of
biofuel commercialization is the sentiment toward fossil fuels.
The use of fossil fuels in developing countries will continue for
a long time because their main source of income and the
lifestyle of their populace revolve around fossil fuels. For
example, fossil-fuel generators have been given substantial
credit in terms of powering organizations and houses in most
developing countries. In other words, dissociating the mental
attachments or sentiments of its population from fossil fuels is
a difficult task. A broad spectrum of energy requirements in
rural and urban settlements in Africa is presented in Figure 1.
Over 80% of the energy usage in both rural and urban
settlements comes from fossil-fuel generators or automobiles.
This reality further corroborates the huge pollution from fossil
fuels in its atmosphere. The commercialization of biofuel in
developing countries will lead to a reduction in overdependence
on fossil fuels and promote lower carbon emission into the
atmosphere. Renewables have a lower carbon footprint and can
lead to a reduction of over 90% of the carbon footprint (IRENA
2019). Szetela et al. (2022) reported that the carbon footprint of
more than forty-three countries, which had significantly
invested in renewable energy projects, resulted in reduced
carbon dioxide emissions during the period 2000-2015.

Some accruable benefits of biofuel commercialization to
developing countries include poverty reduction, increase in
employment rate, conversion of waste into wealth, a safer
environment, diversification of the economy, and social
emancipation. Recent biofuel projects in Africa are basically
tailored towards automobiles or domestic cooking alone.
However, its further applications include providing heat for
homes, generation of energy, and removal of paint and
adhesives, lubrication, etc.
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Figure 1. Energy consumption in rural and urban areas in Africa

In the past ten years, there has been a noticeable presence of
biofuel companies in some developing countries. For example,
in Nigeria, the Green Energy and Biofuels (Geb) Bio-Refinery
Project was developed by Small and Medium Entrepreneurship
Fundamentals (SMEFunds). Their product was bio-ethanol gel
cooking fuel made from waste products such as sawdust and
water hyacinth. Within the two-year pilot phase, the company
produced 700,000 liters of biofuel (ADBG, 2021). Contec
Global Energy is a biofuel company that produces ethanol from
edible cassava tubers. In recent years, little has been heard from
these companies. According to the Nigerian national newspaper
titled ‘Nigeria puts brakes on ambitious biorefinery plan’, the
bottlenecks facing the commercialization of biofuels are poor

infrastructure, lack of funding for private companies, and
government hypocrisy (Aduloju, 2021). Business_list (2022)
flagged the fourteen best biomass fuel companies in Nigeria.
Not much progress had been observed in their operations,
except for the company's proposal to scale up production,
which poses significant challenges due to the unique problems
that exist in developing countries. Overcoming these challenges
would require considerable effort.

Biofuel is an extremely important commaodity for developing
countries as it contributes to the following: combating climate
change through its low-carbon content; addressing higher
energy consumption due to an expected world population
increase of 8 - 10.5 billion by 2050; securing energy supply by
reducing reliance on fossil fuel sources; creating job
opportunities for rural and urban women and youths; and
making the most of scarce resources such as waste and residue.
Canabarro et al. (2023) have extensively elaborated on the
immense benefits of biofuels for developing countries,
including Argentina, Brazil, Colombia, and Guatemala. As
biofuel commercialization progresses, and countries identify
bioresources, certain peculiar problems have emerged. These
issues, observed in countries that have already commercialized
biofuels, may be a source of concern for emerging economies.
In this review, the common challenges against biofuel
commercialization are discussed. Also, the observed challenges
of countries with commercialized biofuel are examined in light
of their political framework. This review serves as the blueprint
for overcoming energy poverty in most developing countries.

2. GLOBAL VIEW ON BIOFUEL COMMERCIALIZATION
AS A GAME CHANGER

Global adoption of biofuel as an economic and energy tool is
unprecedented. Most developed countries have already
overcome the bottlenecks of funding and consumer patronage.
With the active participation of the industry, there are
customized machinery, automobiles, or devices that work on
biofuels. However, the challenge remains the sustainability of
the biofuel project due to the limited feedstock. Agro-waste was
used as feedstock in Europe and the United States of America
(Guyomard et al., 2011); however, this type of feedstock cannot
sustain a large consumer base. Cellulosic biomass, e.g.,
hemicellulose and lignin, became another potential source of
feedstock for bioethanol production (GAIN, 2019). Some
developing countries use rotten fruits from the market as
feedstock (Tiwari et al., 2014). Also, sawdust was adopted for
bioethanol production using fermentative bacteria to achieve
accurate fermentation. Scientists have proffered ways of
adopting other feedstocks so that food security would not be
threatened. Algae became a novel feedstock as the global
production rate of algae biomass was around 10,000 tons in
2007 (DOE, 2010). At the moment, China leads the world in
algae biodiesel production. The USA and Australia are also
recognized for their adoption of algae biodiesel.

At the moment, the United States of America (USA) has
optimized bioethanol production using domestically grown
maize to about 132.6 billion liters (Biofuel International, 2020).
Like the USA, Brazil has a tremendous bioethanol production
of over 21 billion liters on a yearly basis. The governments of
nations are currently funding the biofuel project (GAIN, 2019).
This funding development has made countries like the
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Netherlands, the United Kingdom, Indonesia, Japan, Malaysia,
the Philippines, Thailand, China, India, Argentina, and France
large producers of biofuel (Guyomard et al., 2011). Wang
(2019) reported the geographical distribution of world biofuel
production in 2019. Most of the countries (e.g., the US, Brazil,
China, etc.) that invested in the biofuel project are reaping huge
proceeds. For example, in 2019, ABF Economics, on behalf of
the Renewable Fuels Association (RFA), reported that the
bioethanol industry supported almost 350,000 jobs and
generated almost $43 billion (€39.6 billion) in gross domestic
product. More so, 280,000 of the employees came from indirect
and induced jobs that generated $23 billion (€21.1 billion) in
income for American households (biofuels, 2020). Brazil’s
total 2019 ethanol production is estimated at 34.45 billion liters,
an increase of four percent compared to the revised figure for
2018 (Biofuel International, 2020). The global market
performance for biofuels is presented in Figure 2.
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Figure 2. Biofuel production by region (IRENA, 2019)

Figure 2 shows that countries in Latin America, North America,
Europe, and Asia have consistently invested into biofuel. What
implications does this data hold for oil-dependent economies in
developing countries? It means that crude oil prices will
eventually crash beyond expected (Defterios, 2020), leading to
inflation, poverty, loss of job, and criminality amongst other
dangerous outcomes. With the importation of fossil-fuel
ethanol of about $33 million in 2018, it is clear that the biofuel
market in developing countries is huge, judging by its
bioresources.

3. POTENTIALS AND PROSPECTS OF BIOFUEL IN
DEVELOPING COUNTRIES

Developing countries have access to unquantifiable feedstock
resources. For example, there are large-scale farmers scattered
all over the countries due to their agrarian occupation. The
database on small-medium farmers in developing countries is
large and can be extrapolated to accurately estimate the
quantity of agro-waste that can be obtained from larger and
smaller farmers (Agricdemy, 2020). Lee (2017) claimed that
there were about sixteen million small and medium farmers in
some developing countries. In addition, there are a large
number of local farmers whose names are not in the existing
database. This fact can be substantiated by the diverse trainings
and workshops on piggery, poultry, snail, and fishery farming
organized for graduates, jobless, and retirees (Oji, 2020). The
accumulation of agro-waste from these sources is enormous.
The agro-wastes include post-harvest waste such as rice husk,
Guinea corn husk, corn stalk, millet stalk, cassava peelings,
coconut shell, tomato or pepper stalk, withered vegetables,
feathers, cow dung, poultry droppings, pig dung, horse dung,

rabbit dung, fish bones, bean peels, palm fruit waste, palm
kernel, etc. Aside from the post-harvest wastes, there are
abundant biomasses such as inedible seeds for biodiesel
production, broken branches of trees for bioethanol production,
seedpods for ethanol production, inedible leaves for biodiesel
production, dried leaves for bioethanol, sawdust, etc. Energy
sources and prospects in developing countries have been
analyzed by the IEA (2012), with biomass accounting for over
84.9% of its total renewable resources. The biomass sources
include wood fuel and charcoal, which accounted for 85% of
total energy consumption. Garba and Umar (2015) reported that
Nigeria had the potential to produce 434.6 million metric tons
of rice straw and 0.9 million metric tons of rice husk. Ogbonna
et al. (2015) reported that Nigeria's potential for large-scale
microalgae cultivation was a good sign for biofuel
commercialization. More so, the inedible seeds namely
Jatropha, Cassia fistula, Abrus precatorius, etc. can serve as
sources of oil, starch, and cellulose. Starch and cellulose can
serve as feedstock for bioethanol, while oil can be used for
biodiesel production (Biofuel, 2020).

There are tropical crops in developing countries that can be
adopted for bioethanol production. A typical example of such a
crop is sugarcane. Moses et al. (2017) reported that there were
over 400,000 hectares of land in rural communities in sub-
Saharan Africa that could enhance sugarcane cultivation.
Another tropical crop is cassava. Cassava is high in starch and
cellulose and can be cultivated easily. There are tropical weeds,
such as tiger nuts (Cyperus esculentus), that grow with minimal
supervision. It is a tough, erect, fibrous-rooted perennial plant
that has found relevance in medicine and the food industry as a
flavoring agent for ice cream and biscuits, etc. Oyedele et al.
(2015) reported that tiger nut oil possessed a high level of
commercial value. In other words, there are several tropical
weeds and crops that can sustain the biofuel project in
developing countries.

Sustainable agricultural production and utilization of resources
are among the added values of the advancements in biofuel
industries in most developed countries. In 2016, the value of
arable land (hectares) in Nigeria was 34,000,000. At the
moment, only 41% of the arable land is being cultivated. It is
believed that cultivated lands are still underutilized. This is
evident in the Nigerian agriculture sector’s contribution to GDP
between 2013 and 2016, which was between 22 and 25%. The
Nigerian agriculture sector's contribution to GDP shows no
significant improvement.

India's biofuel project already has a list of biomasses accruable
for agriculture (Figure 3). With this estimate, both the
government and investors can fund agricultural activities to
empower biofuel distillers and plants. The starch and cellulose
crops can serve as feedstock for bioethanol, while the oil-rich
crops can be used for biodiesel production. Examples of starch
and cellulose crops that can be found in sub-Saharan Africa
include millet, sorghum, sugarcane, maize, guinea corn,
cassava, cotton, paddy, rice, etc. According to the World Bank
(2020 _, maize production in Nigeria is about 9180270 metric
tons; millet production is 1271100 metric tons; and sorghum
production is 6897060 metric tons (World Bank, 2020). In
2018, farmers in four local government areas of Kebbi State
(Zuru, Danko-Wasagu, Fakai, and Sakaba) in northern Nigeria
were reported to have massive cultivation and production of
millet, guinea corn, and maize.
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In 2010, Nigeria produced approximately 45 million metric
tons of cassava, which is almost 19% of the world's production
(ITA, 1990). The average yield per hectare is 10.6 tons.
Fortunately, the crop is produced in 24 of the country's 36 states
(Kristen and Jerrod, 2015). Analysis proves that the present
average national yield of cassava of about 15 tons per hectare
is suitable to meet the demand for bioethanol plants.

The oil-rich crops or plants that are cultivated in Asia, Africa,
and Latin America include palm trees, soy beans, groundnuts,
coconuts, sunflowers, etc. AMREC (2017) reported that 13 out
of the 36 states in Nigeria are the main producers of soy beans,
i.e., Benue, Kaduna, Plateau, Niger, Nasarawa, Kebbi, Kwara,
Oyo, Jigawa, Borno, Bauchi, Sokoto, Taraba, and the FCT.
Ajeigbe et al. (2015) reported that China, India, Nigeria, the
USA, and Myanmar are the leading groundnut-producing
countries in the world. The chaff of the oil crop can also be used
for bioethanol production. Aside from the known crops, there
are other biomasses that are abundant, i.e., jatropha seeds,
shrubs, and even wastes from agricultural activities.
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Figure 3. Biomass resources in India (Bikramjit and Indranil, 2008).

4. DRAWBACKS OF BIOFUEL PROSPECTS IN
DEVELOPING COUNTRIES

Salient challenges may mitigate or stifle biofuel
commercialization in developing countries. These challenges
include poor technology, sustainable biomass resources,
inadequate farmland, policies, and infrastructure. In addition,
the main drawback of the economies of developing countries is
their extensive mono-economies. In oil-dependent countries,
the economy is heavily dependent on fossil fuels as the apex
and most controversial source of energy. Some oil-dependent
countries, such as Nigeria, rely on imports of finished fossil fuel
products, thereby leading to paranoia about the escalation of the
price of gasoline. Furthermore, the dependence on fossil fuel
for energy demand, i.e., either for automobiles, generators, or
industrial machines, has created new challenges such as the
depletion of the total volume of the oil reserve and an increase
in air pollution and emissions of pollutants (Emetere and
Akinyemi, 2017). The diversion from fossil fuel to biofuel is
expected to boost the economy by creating different classes of
market among the small, medium, and major players in the
economy. For example, if biofuel production in developing
countries moves to the commercial stage, it will first create jobs
for rural women and farmers, as they will be involved in going
to the forest and farms to trade agro-waste and biomass.

Medium players are the companies that will produce biofuel in
commercial quantities. Major players are the consumers, i.e.,
the populace. In other words, the adoption of biofuel in
developing countries would activate the economy and reduce
poverty by 18%. However, this project cannot simply be
achieved by the eradication of fossil fuels, but by the drive on
the fossil-biodiesel ratios for the start. The conversion of
natural gas into biogas products, as projected by big oil
companies, may provide resources for  biofuel
commercialization. The inevitable eradication of fossil fuels, as
seen in the investments of notable countries, is a clear reason
why mental detachment from fossil fuels should be the next
program for government officials and policymakers in various
parts of the globe. Based on these proven biomass resources,
the drawbacks of biofuel commercialization in developing
countries are discussed in the next section.

Another notable drawback is the lack of public awareness of
the aforementioned resources. This is deliberate, as government
organs at all levels have not come to terms with the reality of
fossil-fuel eradication or mitigation in the coming years. The
records of health conditions due to land and air pollution are
too numerous to jettison. Additionally, there has been an
increase in oil spillage, resulting in the elimination of aquatic
and terrestrial organisms and animals. Low access to potable
water and an agrarian setting for rural dwellers are fast
becoming a mirage. Moreover, some agro-waste is disposed of
at the nearest dumpsite. Bioaerosols, which can contain fungi,
bacteria, or viruses, are a cause for concern as their generation
and proliferation are more prominent when there is a high
volume of fossil-fuel pollution in the atmosphere. Therefore,
apart from their potential to stimulate the economy, reducing
air pollution from fossil fuels would significantly contribute to
lowering the incidence of respiratory and cardiac illnesses or
diseases in both infants and adults.

Another futuristic drawback to commercial biofuel production
in most developing countries is the farmer's disposition to sell
edible seeds to biofuel companies rather than the populace. This
inevitable situation would lead to the use of edible seeds such
as soya seed, palm fruit, moringa seed, maize, and olive seed
for biodiesel production. This challenge will certainly have a
significant impact on food prices and food security. For
developing countries, food security is low, as seen in the high
importation of rice from China, India, etc. Rice importation
alone is about 6.3 million tons of milled rice, with an annual
consumption per capita of 29 kg (EMARD, 2016). In other
words, most developing countries are not ready for the
commercialization of biofuel, judging by their population and
low supply chain for biomass when consumption reaches its
peak. So, the immediate solution is to have a proper takeoff
platform, i.e., enhance the yield of feedstock and provide aiding
infrastructure such as roads, electricity, and water to improve
feedstock production.

One of the main challenges confronting most developing
countries is policymaking. Most researchers have argued that
policy implementation is the main challenge in developing
countries. The best policy is judged by its performance. Biofuel
commercialization becomes lucrative when policies are made
to encourage the use and production of biofuels. This gesture
has improved biofuel production globally (Guyomard et al.,
2011) to 95.4 million metric tons of oil equivalent, thereby
increasing its profit to over 59% vyearly (Figure 4). Figure 5
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presents the global renewable biofuel production over the
years. Coincidentally, this chart also infers the slow pace of
policy-making in developing countries and how it has impacted
biofuel production. It is clear that this slow response is largely
due to the vested interests of politicians in other spheres of
business across countries.

United States 38 088
Erazil
Indonesia
Germany
China

France

Argentina

Thailand 2119
Netherlands 2099

Spain 1840
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Figure 4. Global renewable biofuel production over the years
(Biofuel, 2019)

There is no doubt that US policies to promote alternative and
renewable energies should be among the best in the world. The
focus of US policy on renewable energies is to improve the
environment and the economy. For example, the Clean Air Act
of 1970 created initiatives to reduce pollutants from mobile
sources. Then, the Energy Policy Act of 1992 was enacted to
reduce the nation’s dependence on imported oil and improve air
quality.

[Z] policy+blending
[H biofuels policy
[T draft policy

D policy under development

- other policy related to biofuels

Figure 5. Overview of nation policy on biofuel in Africa (Kiggundu
etal. 2017)

In the case of Nigeria, this would be the greatest hurdle the
nation would endeavor to overcome because of its dependency
on fossil fuel importation. Reliance on mono-economy may be
tempting, as global influences can crash the economy. For
example, oil prices are determined by a lot of factors, which
include price wars (launched by key players), war, international
politics, and pandemic outbreaks (Schnepf and Yacobucci,
2013). The willpower to diversify the economy does not lie in

the hands of the government alone. The role of the investor is
crucial to activating the biofuel project in various developing
countries. For example, after the US Energy Policy Act of 1992,
there was a need to bring in investors; this idea gave birth to the
Energy Policy Act of 2005, which called for tax incentives for
alternative fuels as well as other policy initiatives. When this
supportive policy was properly executed, there was a need to
diversify the biofuel project into renewable fuels (including
corn-based ethanol), advanced biofuels, biomass-based diesel,
and cellulosic biofuels. This feat was achieved via the Energy
Independence and Security Act (EISA) of 2007. This initiative
led to growth in the US ethanol industry. In 2012, the ethanol
industry contributed approximately $43.4 billion to the gross
domestic product (RFA, 2012; Urbanchuk, 2013). Also, the
ethanol industry's influence on household income has grown
from US$29.9 billion in 2012 to US$43 billion in 2019
(Hoekman, 2009). More so, this progress extends to both the
agricultural and rural sectors (RFA, 2012).

On the other hand, in the context of policy-making in a
developing country, the Nigerian Bio-fuel Policy of 2007 was
implemented to facilitate the establishment of biofuel
distilleries and plants, with the government providing over US$
50 million as equity investment (OGNPBI, 2007). The
objective of the policy is to have a significant impact on
petroleum product quality. Unfortunately, the policy did not
make room for the commercialization of the biofuel. The
projection made for 2020 was 480 million liters. In comparison
to the US, which produces 4.328 billion gallons per year,
Brazil’s 30.755 billion liters of ethanol in 2018, Argentina’s
700 million liters per year, and China’s 19,005 million liters per
year (NS Energy, 2019), it is sad to note that the projection did
not come to fruition. The policy had no form of tax rebate for
investors. Rather, it made projections on tax revenue accruable
to the project. Lastly, the policy did not foresee scarce biomass
resources and how to make them sustainable. It is no surprise
that this policy never saw the light of day. Hence, the way
forward is to expunge all existing (i.e., faulty) policies and re-
enact workable ones that would be of interest to investors.

Another notable challenge facing most developing countries is
inadequate infrastructure, such as roads and electricity. Since
biofuel commercialization would naturally affect both
agricultural and rural sectors in the short and long term, the
primary transport segment (between the farm and an all-season
access road) is important, as it ensures crop movement from the
farmer to the biofuel distilleries and plants. Also, good roads
avoid post-harvest losses and crop deterioration (Oyatoye
1994). Many agricultural scientists in Nigeria have reported
poor infrastructure for two decades (Oyatoye, 1994; Akinola,
2003). The issues with electricity in some developing countries
are worrisome, as investors would have to spend more on
powering machines. Figure 6 gives a typical outlook on
electricity generation in Africa and why it is considered a major
challenge. For example, in 2015, the energy needs of Nigeria
were 10.713 GWh/year; however, current power generation in
the country is less than 3000 MW (World Bank, 2020). Based
on all that has been discussed above, there is a need to examine
the technical know-how of researchers in developing countries
to prepare for the challenges. This leads us to the next section
on past research work done on biofuels.
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GWh/year (2015)
Nigeria 10,7113
Zambia 1,576
Ghana 6,210
Kenya 5,382
Ethiopia 5,029
DRC 4123
Cameroon | 4,538
Cote d'Ivoire 3,957
Zimbabwe 3629
Tanzania 2,543
Mozambique 2489
Botswana 2,253
Uganda 1,934
Senegal 1,806
Rwanda 334

Figure 6. Energy demand of African countries in 2015 (Nordsid
2019)

5. Technical Analysis Biofuel Production Feasibility in
Developing countries

On the basis of their feedstock, biofuel production has been
classified into three families: first, second, and third
generations. Agricultural crops are used in the first-generation
biofuels, where biogas, biodiesel, and bioethanol are the most
common examples, whereas the second generation employed
the digestion of sugars such as sugar beets, maize, and wheat,
as well as starch, to yield biogas, otherwise known as
biomethane. Bioethanol can also be made from sugar
fermentation, such as that of corn, potatoes, or sugarcane used
in the United States and Brazil, respectively (Lackner, 2017).
Third-generation biofuels are obtained from photosynthetic
microbes such as microalgae and cyanobacteria in order to
manufacture higher alcohols and lipid-based products
(Hammer et al., 2020). Due to the biochemical composition of
these microbes, which includes carbohydrates, fats, and
proteins, they have gained prominence over lignocellulosic
biomass. Higher carbohydrate contents allow for the production
of higher alcohols and bioethanols, whereas the lipid fraction
facilitates the production of biodiesel, isoprenoids, and other
lipid-based compounds. Two very illustrative examples are
Spirulina maxima, with 60-71% w/w of proteins, and
Schizochytrium spp., with 50-77%wi/w of lipids (Razaghifard,
2013). Green diesel is a biodiesel that has been used as an
alternative energy source for diesel fuel. Green diesel is a
biofuel. It is produced from food sources that contain
triglycerides and fatty acids, such as vegetable oil and crude
palm oil. Green diesel has also been observed to be derived
from algae, a third-generation feedstock that is considered
livestock for next-generation biofuel production. They could be
micro- or macroalgae, as both do not require pre-treatment
since they are free lignin (Kumar et al., 2018). Microalgae store
energy in their cells in the form of lipid droplets (Pragya &
Pandey, 2015). They include green algae and cyanobacteria,
which are both made of polyglucans, such as starch and
glycogen, and sugar alcohols, like glucuronic acid and
mannitol. Microalgae ensure the release of fermentable sugars
through hydrolysis because of their cellulose and hemicellulose
cell walls (Kumar et al., 2018). Algae generally yield more at a
higher growth rate than energy crops. Microalgae have the
ability to grow in both artificial and natural surroundings, their
CO2 uptake rate is high, and they are environmentally friendly
(Jutakridsada et al., 2019). However, due to cultivation,
harvesting, and downstream processing limitations,

commercial usage of third-generation feedstock is minimal
(Tarafder et al., 2021). The fourth-generation biofuels come
from bioengineered microorganisms such as algae, yeast, fungi,
cyanobacteria, and crops to improve the efficiency of the
process and the yield of the products.

Biofuel production involves a lot of processes, which include
chemical, thermochemical, and biochemical conversions
(Table 1). The biochemical conversion involves anaerobic
digestion, alcoholic fermentation, and photobiological
hydrogen gas production (Subramani et al., 2015). Biochemical
processes employ enzymes (Table 2) to process raw materials
into fuels. Lipase and phospholipase are the most important
enzymes in biodiesel production (Hood & Bauer, 2016). Lipase
transforms free fatty acids (FFA) and triacylglycerols into fatty
acid methyl esters (FAME), which are the major components
of biodiesel. Phospholipase converts phospholipids into
diacylglycerols, which serve as substrates for lipase. Cellulase
digests cellulose into reducing sugars, which are then
fermented into ethanol by yeast or bacteria (Ashraf et al., 2021).
Anaerobic digestion is employed for treating wet organic
waste. It is a fermentation process that involves the conversion
of biodegradable materials by bacteria in the absence of oxygen
into biogas such as methane, carbon (1V) oxide, and other gases
such as methane, CO2, and hydrogen sulfide. Fermentation
takes place in two phases in an airtight digester vessel by
bacteria (acid-forming bacteria and methane-forming bacteria)
(Hashemi et al., 2019; Rajput & Visvanathan, 2018). The first
is the liguefaction phase, where complex organic substances are
hydrolyzed to simple organics such as fatty acids, alcohols, and
sugars by the acid-forming bacteria. The second phase is the
gasification phase, where the simple organics are converted
into biogas by methane-forming bacteria. Biogas and digestate
are the products of anaerobic digestion and can be processed to
make secondary goods (Zang et al., 2016). Biogas can then be
used to generate electricity, heat, and fuel for transportation.
Digestate can indeed be transformed into fiber with reduced
nutrient content, making it suitable for use as a soil conditioner.
Additionally, the liquor produced during the process, which
contains higher nutrients, can be utilized as a liquid fertilizer
(Mohamed et al., 2022). Anaerobic digestion reduces toxic gas
emission and odor below unprocessed waste odor levels.
Biomass materials comprising sugar, starch, or cellulose can be
converted into alcohols through microorganisms such as yeast
and bacteria. The table below shows examples of some biofuels
and their production pathways, including the substrates and
microorganisms that catalyze their production (Kim & Gadd
2019).

In the third generation of biofuel production, the pathways are
genetically modified to optimize the yield of biofuels. Such
modifications include endogenous overexpression,
heterologous overexpression, expression cassettes, and
inactivated gene expression. For example, by genetically
modifying Clostridium for an overexpression of the TER
(trans-enoyl-coenzyme A reductase gene), butanol production
increased (Wen et al., 2020). Overexpressed SFAL (alcohol
dehydrogenase) in genetically modified S. cerevisiae with
lignocellulosic hydrolysate substrate gives a higher yield of
ethanol (Zhu et al., 2020; Rajeswari et al. 2022). The acetone,
butanol, and ethanol yields are far better when Clostridium with
overexpressed sol-operon and EC cassette is applied (Wang et
al., 2019). An activated Entner-Doudoroff pathway, enhanced
by an engineered E. coli strain and a glucose-inducible system,
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along with the deletion of side pathways, leads to a higher yield
of 2,3-butanediol. This innovative approach offers the potential
for increased efficiency in 2,3-butanediol production (Sathesh-
Prabu et al., 2020). Likewise, iso-butanol production increases
in P. putida when soluble transhydrogenase is inactivated with
the overexpression of ILVC and ILVD and the introduction of
feedback-resistant acetolactate synthase, aldehyde
dehydrogenase, and ketoacid decarboxylase (Nitschel et al.

2020).

There are indeed numerous challenges associated with the
biochemical processes involved in biofuel production. These
obstacles have impeded the rapid and widespread production of
sustainable biofuels. However, if these issues can be effectively
addressed and resolved, the production of biofuels has the

potential to become more consistent and widespread, leading to
a more sustainable and reliable source of energy.

The table below (Table 3) highlights some challenges involved
in the production of specific biofuels derived from alcohol,
hydrocarbons, and fatty acids..

Based on the above report, it is reasonable to suggest that the
industrial production of all types of biofuel is feasible in
developing countries, considering the cost, availability of
required feedstock, and technical expertise. Table 4 illustrates
the CO2 emissions in renewable and non-renewable sources,
highlighting the significant impact of renewable energy on the
carbon footprint over a geographical area.

Table 1. Pathways involved in the biochemical production of biofuels

Pathway Substrate Microorganism Biofuels
n-butanol
Butyrate/ Acetone-Butanol Ethanol Sugar Clostridium sp. acetone, ethanol, hydrogen
(ABE) pathway gas
Ethanol/Entner-doudoroff pathway Sugar Saccharomyces cerevisiae, Ethanol

zymomonas mobilis

1,2-propanediol pathway Deoxy sugars, glucose, 1,2-

Salmonella typhimurium 1,2-propanediol, propanol,

propanediol propionate
Butanediol Sugar Klebsiella, Enterobacter 2.3 butanecélgsl, hydrogen
Mixed acid fermentation Glucose Escherichia, Shigella Ethanol, hydrogen gas

Table 2. Biochemical processes involved in some biofuel production

Feedstock Decomposition

Intermediate Products

Sugarcane Hydrolysis

Sugars Ethanol

Lignocellulosic Biochemical/Gasification/pyrolysis/liquefaction

Sugars/Syngas/lipids/oil

Ethanol/Hydrogen/Methanol/hydrocarbon

2, 3 Butanediol
Synechococcus elongatus

biofuels
Algieezgg oil- Lipid extraction Lipids/oil Biodiesel / Hydrocarbon biofuels
Table 3. Challenges involved in the production of specific biofuels
(a) Alcohols-based biofuels
BIOFUEL MICROBE CHALLENGES
Clostridium acetobutylicum The toxicity of butanol decreased growth rate and cell
Butanol - - .
Clostridium tyrobutyricum density.
S. cerevisae
Isobutanol .
P. pastoris
Z. mobilis Cell growth inhibition with increased titres of butanol

(Fu et al., 2021).

Competition between Iso-butanol and other pathways to
produce other metabolites might be a limiting factor for

13-PD2,3-BD Klebsiella pneumoniae increased level of iso-butanol (Wess et al., 2019;Yang et
al., 2016).
Isopentanol S cerevisiae Overproduction of KIV mitigates the production of other
P ' alcohols (Siripong et al., 2018).
2,3-BDO Pichia Pastoris (Oliver et al., 2013; Park et al., 2017; Yang Zhang, 2018)
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(b) Hydrocarbon-based biofuels

BIOFUEL MICROBES CHALLENGES
. Combined deletion of genes caused decreased iso-
Isobutyraldehyde E. coli butanol production (Rodriguez & Atsumi, 2012).
Alkane E coli Endogenic formatlon_fatty alcohols tho_ught to be
competitive with alkane production
An unknown, innate fatty aldehyde dehydrogenase
"F',ee%t;%eeﬁ;i ((120%2%?{)') A. carbonarius networks diverted the fatty aldehydes back to the fatty
' acid metabolism (Sinha et al., 2017).
The expression of aferredoxin ferredoxin-NADP +
Alkenes Cupriavidusnecator reductase system sharply lowered the C-flow towards
fatty aldehydes (Crepin et al., 2018).
(c) Fatty-acid-derived biofuels
BIOFUEL MICROBES CHALLENGES
- ) Need to enhance production of FAEES to reach
FAEES varrowia lipolytica commercially acceptable level (Yu et al., 2020).
. . . Fatty acids produced showed promising potential to be
Oleic acid Rhodosporidium toruloides blended with vegetable oils (Tsai et al., 2019).
Creating higher titers of FAs requires substantial
. amounts of acetyl-CoA, ATP, and NADPH, making it
FFAs S. cerevisiae e . .
difficult to engineer (Ferreira et al.
2018).
Difficulty in assessing toxicity and understanding the
Odd-chain FA Y. lipolytica role of propionic catabolism in odd FA production (Tai
& Stephanopoulos, 2013).
Table 4. CO2 emission from renewable and non-renewable sources
RENEWABLE ENERGY FUELS
SIN Fuel CO2 Emission (C/Ti) Reference
1 Gasohol E10 2.159 Nicha et al., 2014
2 Gasohol E20 2.159 Nicha et al., 2014
3 Gasohol E85 0.482 Nicha et al., 2014
Khan et al. 2019;
4 Natural gas 15.3,56.74 Geraldine et al., 2014
5 Biodiesel (B5) 2.284 Nicha et al., 2014
6 Liquefied petroleum gas (LPG or LP gas) 2.041,17.2, 65 Nicha et Z:.‘Zz(?llél'; Khan et
Biogas 0 Geraldine et al., 2014
Compressed natural gas (CNG) 1.737 Geraldine et al., 2014
NON- RENEWABLE ENERGY FUELS
. Nicha et al., 2014; Khan et
1 Diesel Fuels (HSD) 2.395, 20.2 al 2019
2 Gasoline 18.9 Khan et al. 2019
3 Kerosene 19.6 Khan et al. 2019
4 Residual Fuel Oil 21.1 Khan et al. 2019
5 Naphtha 20.0 Khan et al. 2019
. Khan et al. 2019;
6 Refinery Gas 18.2,56.9 Geraldine et al., 2014
. Khan et al. 2019;
! Coking Coal 258,80 Geraldine et al., 2014
8 Fuel Oil 78 Geraldine et al., 2014
9 Waste Oil 78 Geraldine et al., 2014
10 Gas Oil 74 Geraldine et al., 2014
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6. POLITICAL WILLINGNESS TO COMMERCIALIZING
BIOFUEL IN DEVELOPING COUNTRIES

Outcomes leading to political economy are simply the political
decisions that have been reached through consultation with
stakeholders (Anderson et al., 2013). In reality, policies are
created and enhanced by politicians, not economists. For
example, Statista (2021) reported that Nigeria imported petrol
worth about 688 trillion naira between January and March
2021. This information could also be a game changer if the
government provides 20% of the cost of gasoline or ethanol
importation into the country as incentives to investors. In most
developing countries, investors are discouraged by politicians
who, at one end, consider the interests of stakeholders. In oil-
rich developing countries, many stakeholders have become
accustomed to the substantial income generated from fossil-
fuel-associated businesses. Most stakeholders are politicians
who would constantly disrupt biofuel commercialization
through unstable or unreliable decision-making or policy
formulation. Some of the stakeholders may be lobbyists that
lobby governments into policy positions. Some of the
stakeholders are ideologists who believe that biofuel would
cause greater problems. Some of the stakeholders are the
farmers who are expected to produce the biomass used for
biofuels. In the US, the use of edible crops for biofuels has been
criticized because an equivalent of 330 million people could
have been fed with the grain grown by American farmers in
2009. In developing countries, some of the stakeholders
constitute small and medium businesses that rely on fossil fuels.
Hence, the weakness of the political class to negotiate with the
various stakeholders in developing countries is one of the main
challenges facing biofuel commercialization.

Zilberman et al. (2014) proposed that in such a case of
conflicting interests, the political outcome of introducing
incentives for biofuel operators to pay the price of externalities
would be a soft-landing pad, especially in an environment with
associated bottlenecks such as mono-economy, unreliable
technical know-how, poor technology, government hypocrisy,
lack of funds, sustainable biomass resources, inadequate
farmland, policies, and infrastructure. Canada and Brazil
prioritize some exporters operating in the Middle East. The US
government provided subsidies worth at least US$43 billion to
the renewable energy and biofuel industries in 2009 (Robbins,
2011). After the incentives given in 2009, the US still subsidies
biofuels to the tune of US$7 billion a year, while China
provides around US$2 billion in direct subsidies a year. These
political decisions in the US were initiated by mid-western
states, which led to the campaign on certain biofuel policies that
have been adopted by US government agencies (Notaras
2018). The dividend of the emerging policies was the
production of 10 billion gallons of biofuels in 2010 and 15
billion gallons in 2015, with a projection of 36 billion gallons
in 2022.

One of the misleading agitations by some ideologists against
biofuel commercialization is land use, populace addictions to
fossil fuels, and food prices. Some policymakers in developing
countries are already leveraging on this idea to continue the
fossil-fuel addictions that have brought about high importations
of essential goods and services (Robbins, 2011). A significant
growing human population is expected to impact land use and,
by extension, food prices. For example, in most developing
countries (as seen in Mozambique), corporations have

preference over the government in land allocation. This action
has led to food insecurity and resource deprivation. Another
sect of ideologists sees the call for biofuel commercialization
as a ‘biofuel complex’ ideology that has far-reaching political
implications. They believe that the political economy of the
‘biofuel complex’ is indeed parochial as it may lead to ‘land
grabs’ across the world (Monsalve et al., 2008; Cotula, 2009),
political-economic-ecological instabilities, destabilization of
existing agrarian structures, etc. Contrary to all these, another
school of thought believes that biofuel commercialization is a
new profitability frontier for the agribusiness and energy
sectors (McMichael 2009). Policy debates by countries that
have commercialized biofuels clearly show that conscious
economic planning is vital in balancing political decisions
across different stakeholders (Franco et al., 2010; Hollander,
2010; Gillon, 2010). In other words, the challenges of biofuel
commercialization in developing countries can be overcome
through conscious political decisions.

5. CONCLUSIONS

In a nutshell, this review established that despite the awareness
of biofuel for the past two decades, developing countries are far
from commercializing biofuel, judging from the points raised
in the review. Aside from the immediate danger of
environmental pollution from fossil fuels that has been reported
in most developing countries, biofuel commercialization is a
new profitability frontier for agribusiness and energy sectors
with huge short-term gains. This development means that
developing countries stimulate their economies to avoid
inflation, poverty, loss of jobs, and criminality, among other
dangerous outcomes, whenever crude oil prices crash.

The biomass resources in developing countries were wholly
examined, with high prospects for the use of agro waste such
as rice husk, guinea corn husk, corn stalk, millet stalk, cassava
peelings, coconut shell, tomato or pepper stalk, withered
vegetables, feathers, cow dung, poultry droppings, pig dung,
horse dung, rabbit dung, fish bones, beans peels, palm fruit
waste, palm kernel, etc. The main question in this abundant
biomass resource is sustainability. It is noted that the future
drawback of commercial biofuel production in developing
countries is inadequate planning and policy formulation to
prevent land grab, food insecurity, social imbalances, and
political instabilities.

The drawbacks of the biofuel project in developing countries
were discussed. Salient challenges that may mitigate or straggle
biofuel commercialization in developing countries include
mono-economy, poor technology, sustainable biomass
resources, inadequate farmland, policies, technical know-how,
and infrastructure. The technical know-how was discussed in
depth. It was clearly seen from the technical trends that
researchers in developing countries have a lot to do in
expanding the scope of affordable biofuel processing
techniques.

In order to improve biofuel production yield, technological
advancement and technical know-how are well needed to boost
biofuel commercialization. Recommendations to enhance
biofuel commercialization include fostering synergy between
industry, academia, and government. Conscious political
decisions, such as providing incentives and negotiating with
stakeholders, are essential to create an enabling environment
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for investors. Governments should formulate standardized
policies that promote active participation from financial
institutions. Public-awareness programs should be launched to

educ
Addi

ate the populace about the benefits of biofuels.
tionally, providing reliable infrastructure, such as good

roads, proper water, and power supply, will boost feedstock
production. Finally, the formulation of workable policies to
attract investors is crucial for the successful development of the
biofuel industry.
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