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Abstract

Ghana is a country rich in natural resources, including biodiversity and large water bodies, but it is also
plagued by food and energy shortages. Fuel prices are also increasing. Biodiesel made from lipids will
attract increasing attention as researchers and experts look for a solution. However, the obvious cheapest
option of edible feedstock will be insufficient to meet rising energy and food demand, necessitating
the need for a guaranteed feedstock. As a result, this research was conducted to identify lipid-based
biomass feedstocks that would be ideal for biodiesel production in Ghana. This research seeks to
give current information on the biofuel feedstock currently existing (mostly biodiesel) synthesis from
lipid-based biomasses in Ghana. Edible plant oils were the first generation of lipid-based feedstocks,
whereas alternative types of feedstocks were identified and reported as the second generation. Non-
edible oils, like Jatropha oil, Neem oil, Karanja oil, Nagchampa oil, Calophyllum inophyllum oil,
Mahua indica oil, Rubber seed oil, and other non-edible feedstocks are used to make second-generation
biodiesels. Vegetable oil waste, industrial wastes and by-products, animal fats, and lipid-derived from
microorganisms and insects are also among the 2" generation feedstocks discussed in this paper.
The advantages of 2™ generation feedstocks are the low-cost, high-yielding, and the fact that they do
not economically or ethically compete with edible oils (food crops). Nevertheless, all 2" generation
feedstocks are often free fatty acids and having high moisture, which have a significant detrimental
impact on the conventional biodiesel synthesis process. As a result, this article contains basic information
on processing procedures that can handle 2™ generation feedstocks.
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1 INTRODUCTION

The expanding global population, modernization,
economic development, and industrialization are primary
elements driving up energy demand'. The global
population is expected to rise to 8.8 billion people by the
year 2035 leading to increased demands for energy'.
Fossil fuels, coal, petroleum and methane are some of
the non-renewable sources of energy. These are the main
sources of energy now, and scarcity is on the way due
to increased use". Biofuels are superior alternatives
to fossil energy like coal, oil, and natural gas, and are
gaining popularity due to benefits such as environmental
friendliness, renewability, abundance, biodegradability,
and sustainability, among others'. According to Ibrahim
et al.”), biodiesel has recently gotten a lot of attention
because of the fossils-based petroleum fuel which are
getting depleted and increasing environmental concerns.
These factors have established a solid foundation for
biodiesel production to continue rising with the support
of a variety of policies around the world, despite its
recent deterioration in competitiveness with crude
petroleum oil. Biodiesel is produce by a combination
of mono-alkyl esters made through fatty acid esters of
waste oils, edible, and non-edible oils'”. Biodiesel can
be made from various feedstocks, including algal oils,
vegetable oils, animal fats, waste oils and microbial oils'”
*1 The processes for producing biodiesel also include
pyrolysis, transesterification, and the supercritical fluid
method, among others””. In compression ignition (CI)
engines, biodiesel can either be mix with diesel or
applied directly as alternative source of fuel engine'”.
The characteristics of biodiesel include sustainability,
oxygenated, free from sulfur, and biodegradability
renewable energy source. According to Dwivedi et al.""),
utilizing biodiesel as a fuel requires no modifications in
diesel engines. In comparison to diesel fuel, biodiesel

emits fewer regulated and unregulated emissions'”.

In 2035, fossil fuels will continue to be the
dominating energy source, accounting up to three-
quarters and more of global energy, down 10% from
2015 However, according to Noor et al.l'*,
renewable energy, to the contrary, is predicted to develop
rapidly, with consumption rising from 439 million tons
of oil equivalent and 1715 Mtoe in 2015 and by 2035
respectively. The increase in the trend could be owing to
a scarcity of coal supplies (0.2% decline per year) and
future environmental rules enforced by most countries.
Shares of renewable energy which include biofuels that
are increasingly growing from 3% in 2015 to 10% in
2035 is projected to outdo energy from the nuclear in
the early 2020s and also hydroelectricity with in the first
years of 2030s. Renewable energy is expected to grow at
a rate 7.1% annually for the next twenty years.

Biodiesel is used as an substitute fuel for a variety of
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reasons, including reduced emissions of greenhouse gas,
less impact on the global environment, renewable and
sustainable energy solutions, and a more viable alternate
fuel supply to fulfil current increasing energy demand'”.
Using biodiesel increases the emission of carbon
dioxide, particulate matter, unburned hydrogens and
carbon monoxide"*. Biodiesel has several advantages
over diesel fuel, including environmental friendliness,
renewability, non-toxicity, biodegradability and high
flash point"”. Biodiesel has qualities like petroleum
diesel and emits fewer pollutants, making it a viable
substitute to diesel fuel in the transportation sector.
An increase in biodiesel use could help to minimize
pollution and mobile carcinogens.

This review seeks to highlight by providing data on
available lipid-based biomasses that can be used for
biodiesel production in Ghana. It is made up of lipid-
based biomasses from oil plants which include edible
plant oil and non-edible plant oil. Edible oil plants are
obtained from crops that are potential first-generation
feedstock for the production of biofuel and these are
maize, sugarcane, sweet sorghum, cassava for, oil palm,
sunflower, soybean, and coconut. Non-edible oils are
plants oil considered as second-generation feedstock
feedstocks which include seed oil from jatropha,
neem, nagchampa oil, calophyllum, and karanja. The
review further highlights lipid-based biomasses from
wastes and by-products and lipid-based biomasses
from microorganisms which are categorised as third
generation feedstocks for producing biodiesel. Lipid-
based biomasses from wastes and by-products include;
waste oils, such as waste cooking oil, and animal tallow
oil while lipid-based biomasses from microorganisms
are; microalgae, fungi, yeasts and bacteria. The review
finally concludes and gives recommendations and
biofuels production prospects for second-generation
lipid-based biomasses in Ghana (Figure 1).

2 LIPID-BASED BIOMASSES FROM OIL PLANTS
Biodiesel is categorized as the first and second
generation based on the feedstock being utilized””. First
generation refers to that biodiesel made from edible
feedstocks such as soybean, coconut, canola, palm oil,
peanut, and others, which are sources of food to human
beings, on the contrary, second-generation biodiesel, is
typically made from non-edible feedstocks such as waste
oil, jatropha, and distilled palm fatty acid”'. The crops
that are potential feedstock for the production of biofuel
in Ghana are maize, sugarcane, sweet sorghum, cassava
for producing ethanol, oil palm, sunflower, soybean, and
coconut for the production of biodiesel (Table 1).

2.1 Edible Oil Plants in Ghana

Edible oils are increasingly becoming recognized
as food, biofuel, and health-promoting compounds
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Figure 1. Classification of feed stocks for biodiesel productions and uses of biodiesel. Source: https://pubs.acs.org/doi/

full/10.1021/acsomega.1c02402

Table 1. Fatty Acid Methyl Ester Composition of Several Biodiesels Obtained from Edible Oils™**!

Oil Palmitic (C16:0) Stearic (C18:0) Oleic (C18:1) Linoleic (C18:2) Linolenic (C18:3)
Soybean 12.13 3.49 23.41 54.18 6.50
Peanut 8.75 2.14 60.21 21.28 0.54
Sunflower 7.95 191 12.59 77.54 -
Cottonseed 26.23 1.30 13.30 59.13 -
Coconut 8.0-11.0 1.0-3.0 5.0-8.0 0-1.0 -

Palm 39.83 5.33 41.90 11.46 0.15
Allanblackia seed oil 1.39 49.87 44.87 1.18 -

Asiato (P. insignis) 56.58+0.17 4.72+0.01 9.33+0.09 6.58+0.11 nd

Tiger nut (C. esculentum) 16.32+0.06 5.33+ 0.04 65.55+0.08 12.13+0.12 nd

Notes: (nd=not determined)

like nutraceuticals, as well as industrial polymers
feedstock and several other products from industrial™!.
As a result, worldwide demand for edible oils is likely
to continue to rise year after year, putting downward
pressure on oil prices. According to the literature,
edible oils account for over 95% of global biodiesel
production™’. However, as a result of the food vs. fuel
dilemma, edible oil consumption is increasing. Soon,
it is predicted that there will be main environmental
difficulties, such as serious loss of vital resources in
the soil, deforestation, and abuse of limited agricultural
land. Saturated oils, such as palm kernel and coconut
and unsaturated oils, such as soybean, sunflower
and canola oils are two types of lipid-based biomass
generated from edible oil plants, especially cooking
oils. Lauric acid (C12:0), palmitic acid (C16:0),
myristic acid (C14:0), oleic acid (C18:1), stearic acid
(C18:0), linolenic acid, and linoleic acid are the most
common fatty acids (FAs) found in edible oils and
fat (C18:3). The code (CX:Y) relates to the fatty acid
molecule’s number of carbon atoms (X) and C14C
double bonds (Y). Because edible oils are readily
available, they are the first generation of biofuel
produced from biomass from lipids®.
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2.1.1 Tiger Nut (C. esculentum)

In West Africa regions, particularly in Ghana tiger
nut, C. esculentum, is a popular snack. In Ghana, tiger
nuts are consumed while it is raw as a snack or as milk
after crushing to produce the milk which is white in
colour which is used to make a delectable porridge.
Mensah and Obeng"” carried out on a modest scale,
on the oil extractions from the nut using conventional
methods for food purposes. C. esculentum, often known
as tiger nut, is a Cyperaceae plant whose cultivation was
done in ancient time in Egypt”*. Tiger nut is currently
commonly grown as wild grass which is like a plant
throughout West Africa, including Ghana. Tiger nut is
common to other places globally, particularly in Spain’s
Valencia region, where it is referred as “chufa” and
the nut’s oil whose production is currently commercial
and is sold at the European market (Tiger nuts Traders,
1997-2010). According to Nina et al.** oleic (69.25%),
palmitic (15.19%), linoleic (8.37%), and stearic (5.07%)
acids were the primary FAs in tiger nut tuber oil.

2.1.2 Palm Qil or Palm Fruit (Elaeis guineensis)

In comparison to other oilseeds, palm oil or palm
fruit (Elaeis guineensis) is the most promising biodiesel
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feedstock””. Palm oil has a higher yield and requires less

fertilizer, water, and pesticides to grow"”. Production of
palm oil uses little sunshine for a unit of oil to be created
in terms of energy balance because it generates more
oil per hectare. However, because of the complexity of
labour plantation management and fruit harvesting, palm
oil yield per man per day is not as competitive as other
oilseeds. Palm oil and refined palm oil have increases
popularity vegetable oils on the market today"”". Palm
oil is known for its nutrient content, which makes it
excellent for daily cooking, according to Imoisi et al”.
The fleshy mesocarp, the inner wall of the fruit, is also
essential for palm oil manufacturing. The oil palm tree
(Elaeis guineensis) is mostly grown in Central Africa
and areas of West Africa in Africa””. Nigeria is the
world’s top producer of palm oil, with a 3%, followed
by Coéte d’Ivoire and the Democratic Republic of Congo,
each with a 0.5%"*. The Ashanti, Western, and Eastern
regions of Ghana have over 320,000 hectares of oil
palm plantations, which are largely in the rainforest
and deciduous zones"””. Oil palm farming is done on
a variety of scales, including medium-to large-scale
plantations and smallholder farms.

2.1.3 Asiato (P, insignis)

The plant P. insignis of the Bombacaceae family is
known as Asiato among the inhabitants of Ghana’s Volta
Region. P. insignis, also known as “wild chestnut”, is
one of just two edible Pachira species (there are 24 in
the genus)”*. The seeds of the asiato are mashed into
a paste and used as a thickening in stews and sauces
in Ghana, much like groundnut paste is used in many
regions of West Africa. Even though asiato seeds are
high in oil, they are exclusively harvested for cooking in
a few rural villages. However, literature is scarce on the
specific composition of the major components, such as
triacylglycerols (TAGs), and minor components, such as
vitamin E and phytosterols compounds, in the seed oils
of asiato plants produced in the West African region.

2.1.4 Coconut

Globally, coconut oil account for approximately
20% of the vegetable oil produced and coconut is
broadly harvested in tropical coastal areas. Coconut oil
is extracted from the copra, the dried flesh of the nut.
Coconut oil remains solid at a relatively high temperature
than most other vegetable oils. Coconut oil in liquid form
is capable of producing 50% motor fuel as diesel fuel
since it burns without much emission in diesel engines.
The main drawback of using coconut oil in engines is
that it starts solidifying at a temperature below 22°C and
by 14°C it does not flow at all. Ghana’s coconut farms
occupy over 30,000 ha and produce roughly 5,000 nuts
per ha on average™. However, the Cape Saint Paul Wilt
Illness, a devastating yellowing disease, has damaged
around 4,000 ha of these plantations, mostly in the
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coastal zone™. A Coconut Sector Development Project

was implemented by the government between 1990 and
2005, resulting in the rehabilitation of roughly 800 acres
of coconut crops.

2.1.5 Sunflower

Sunflower is gaining popularity as a possible biofuel
feed stock in the country””. Sunflower seed farming is
primarily done on smallholder farms. Sunflower oil is
well recognized around the world, but due to its unique
growth circumstances, it can only be grown in a small
area and cannot compete with other well-known oil
seeds in the area”. Sunflower oil usage is declining in
Ghana, probably due to the availability of alternative
edible oils at a lower cost. The primary fatty acid in
sunflower oil is linoleic acid (62.69%), followed by oleic
acid (25.92%) (ranged 22.83-31 to 24%). There is a
moderate quantity of total saturated fatty acid (11.39%),
with palmitic (6.43%) and stearic (3.69%) acid being the
major sources””. Sunflower oil has a high level of oleic
and linoleic acid, accounting for 85 to 90% of total fatty
acid, making it unique among edible oils. Sunflower oil,
like groundnut and coconut oil, is devoid of linolenic
acid™. In Ghana, around 230 ha of sunflower farms
were recently constructed under a project sponsored
jointly by the United Nations Development Programme
and the Global Environment Facility/Small Grant
Project.

2.1.6 Soyabean (Glycine Max)

Soybean is the most widely grown oilseed crop on
the planet. Soybean oil is a popular biodiesel production
source in Ghana. Sunflower oil and soybean oil have
the same iodine content'*"*’. The Soyabean tree grows
to a height of 0.5 to 1.2m. Soybean has a lower yield
of oil per hectare than other crops'”. Soybeans have
the potential to fix nitrogen, which is why they can
be grown in both temperate and tropical climates*”.
Soybean also replenishes nitrogen in the soil. Soybean
requires less fertilizer because it generates a positive
fossil energy balance. Soyabean oil has physical
qualities such as density, heating value and viscosity,
of 916kg/m’ (at 15°C), 39.6MJ/kg and 31.83mm’/s (at
40°C), respectively, according to Singh et al., 2019,
Linoleic acid (50-60%), palmitic acid (6-10%), oleic
acid (20-30%), and linolenic acid (5-11%) are all found
in soyabean oil*". Production of soybean amounts to
50,000 tonnes in Ghana annually but only 15,000 tonnes
are being consumed locally. Cultivation of soybean is
intense mostly in the Northern, Upper East, and Upper
regions.

2.1.7 Allanblackia Seed Oil

The tallow tree (Allanblackia floribunda) is a
dicotyledonous woody plant of the Guttiferae family
and genus Allanblackia that is underused”. It is an
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evergreen shrub that grows well in wet areas, particularly
in rainforests, and yields large brown fruits. The seeds
that carry the Allanblackia oil are found inside those
fruits"*”. Allanblackia seed oil is a vegetable lipid that
is solid and stable at room temperature (28-20°C), has
a slip melting point above 350°C, and stays solid until
410°C™. Its high stearin concentration of around 49%
makes it an excellent source of hard stock for blending
and modification. The seeds of the vegetable tallow tree
(Allanblackia floribunda) are used to make Allanblackia
seed 0il™. The trees can be found throughout Africa,
primarily in Cameroon, Sierra Leone, and Gabon, as
well as Congo Brazzaville, Ghana, and Uganda. It
grows in the Central, Western, Ashanti, and Eastern
parts of Ghana!'"”\. The oil derived from the seeds
has traditionally been used for subsistence cooking,
medication preparation, and soap production. The oil
can now be used to make spreads (margarine), soap,
and cosmetics. Several characteristics of this oil, such
as its high melting point and higher food value, make it
superior to alternatives such as palm oil™.

2.2 Non-edible Oil Plants in Ghana

Non-edible feedstocks including oil from Jatropha
seeds, Neem oil, Nagchampa oil, Calophyllum
inophyllum oil, Karanja oil, Mahua indica oil, Rubber
seed oil, and other non-edible feedstocks are used in
generating second-generation biodiesels (Table 2)***".
The main benefits of using feedstocks that second-
generation to produce biodiesel is the eliminating of
necessity to replant food plant and also eliminate the
need for extensive land for agriculture’”. Yields of non-
edible plants diminish for primary plants which include
Jatropha oil, Jojoba oil, and Karanja oil, which is one
of the disadvantages of feedstock that are of second-
generation in nature””. Growing of feedstocks that are
second generation can be carried out on peripheral land.
That is the reason it is compelled to grow crops that
are not edible on farmland; it has a direct impact on
society’s economics and food production. To address
the socio-economic challenges related with the issue of
non-edible oil, researchers are focusing on developing
alternative options that are both economically practical
and easily available””. A disadvantage of second-
generation biodiesel is the demand for more alcohol®".
Although the non-edible and edible oil oils have nearly
identical fatty acid, saturated fat, and unsaturated fat
compositions, the edible oil contains essential nutrients
and antioxidants. Non-edible oil derived from Jatropha,
rubber seed, sea mango, and candlenut, on the other
hand, cannot be consumed by human beings due to
hazardous chemicals included in the 0il™”. Purgative and
curcas are found in Jatropha seed oil, for example!".
Cyanogenic glucoside is found in rubber seed oil®™.
As a result, oil derived from non-edible crops can be
used as an alternative feedstock for biodiesel synthesis,
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overcoming the food versus fuel dilemma by utilizing
non-edible oils for biodiesel production (Table 3)*.

2.2.1 Cottonseed (Gossypium)

According to Tabashnik and Carriére”, Europe,
China, and the United States are the biggest producers
of cotton. Cotton plants, however, are grown in various
African countries, including Ghana™. Cottonseed oil is
produced from Gossypium herbaceum and Gossypium
hirsutum, two primary kinds of Cotton plants. Cotton
plants has a potential to grow up to 1.2m tall”®”. Non-
glyceride components in this oil include sterols,
gossypol, carbohydrates, phospholipids, resins and
pigments that are connected””. This oil has a density of
917-933kg/m’ (at 15 degrees Celsius). Also, Cotton Seed
oil has a viscosity of 34.79mm?/s (at 40°C) and a heating
value of 39.5MJ/kg"". Cotton seeds contain oil in the
range of 17-25%. The oil contains FAs such as oleic
acid, which is 19.2 to 23.26%, palmitic acid, which is
11.67-20.1%, and linoleic acid, which is 55.2-55.5%!"".

2.2.2 Jatropha (Jatropha curcas)

Jatropha is a semi-arid, marginally farmed oilseed
plant. Scrub can be gathered twice a year, is little noticed
by cattle, and can last for 30-50 years””. After one year
of planting, the plant produces seeds, and after five
years of planting, the plant’s productivity is at its peak
(Singh et al., 2013"*). The plant Jatropha belongs to the
Euphorbiaceae family and can reach a maximum height
of 5-7m"”. Jatropha can thrive in a range of climates,
including stifling temperatures, minimal rainfall, excessive
precipitation, and cold. Jatropha is produced in lands that
marginal as well as wastelands where there is no chance of
competing land use with food production”™. The amount
of oil in jatropha depends on the species, the climate, and,
most importantly, the altitude at which it is grown™. The
plant’s many sections offer therapeutic properties. The
Jatropha plant can be found in Paraguay, India, Argentina,
Brazil, the United States, Bolivia, Africa, and Mexico'®”.
Jatropha has recently been identified as the most possible
and promising source of oil to produce biodiesel in Asia,
Europe, and Africa®®. In addition to provision of oil for
substituting diesel, the growth of trees in Ghana effectively
reduces CO, levels in the environment. Oil from jatropha
is one of the crucial sources of oil for producing biodiesel.
The oil content of Jatropha seeds ranges from 20 to 60%.
Jatropha oil has a heating value of 38.96MJ/kg, a density
of 916kg/m’ (at 15°C), and a viscosity of 37.28mm’/s (at
40°C)™. Jatropha has largely unsaturated components
including oleic (34.3-44.7%) and linoleic acid (31.4-
43.2%), as well as some saturated components which
include palmitic acid (13.6-15.1%) and stearic acid (7.1-
7.4%)%,

2.2.3 Neem (Azadirachta indica)
According to Singh et al.”’ Bangladesh, India,

J Mod Green Energy 2023;2: 1
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Table 2. The Lipid Content and Productivity of Selected Non-edible Oil Plants®*"*")

Oilseed Lipid Content in Dry Biomass (w/w) Oilproductivity (kg/ha/yr) %
Moringa tree (Moringa oleifera) 30-40 4680
Rubber seed (Hevea brasiliensis) 40-60 50
Allanblackia parvifora 49 64.2-68
Neem tree (Azadirachta indica) 25-45 2670
Jatropha tree (Jatropha curcas) 40-60 2500
Cottonseed (Gossypium) 17-23 649
Table 3. Fatty Acid Profiles of Selected Non-edible Oil Plants'®""***
Fatty Acid Seed
Moringa Tree Rubber Seed Neem Tree Jatropha Tree Cottonseed Allanblackia
(Moringa (Hevea (Azadirachta (Jatropha curcas)  (Gossypium) parvifora
oleifera) brasiliensis) indica)
Palmitic (C16:0) 7.6 10.2 14.9 14.6 24.15 25
Stearic (C18:0) 5.5 8.7 20.6 7.6 2.90 51.6-52.3
Oleic (C18:1) 66.6 24.6 43.9 44.6 19.32 43.9-44.8
Linoleic (C18:2) 8.1 39.6 17.9 31.9 50.72 .
Linolenic (C18:3) 8.2 16.3 0.4 0.3 1.45 -

Australia, Japan, Sri Lanka, Burma, Pakistan, and
Indonesia are the primary producers of Neem. Meliaceae
is a family of plants that includes neem. Neem, grows
in different soil types including calcareous, alkaline,
dry, saline, shallow, rocky, and clay soil. Neem plants
can grow up to 12-18m in height. Annual rainfall of
140-120cm is required for the cultivation of the Neem
plant. The Neem plant has a lifespan of 150 to 200
years and has the best productivity after 15 years after
planting!®*”. The content of oil from Neem seed is 20-
30%"". Physical parameters of Neem oil include density,
viscosity, and heating, which are 929kg/m’ (at 15°C)
and 38.875mm’/s (at 40°C) respectively (Singh et al.l*").
Also, unsaturated portions of neem include oleic acid
(25-54%) and linoleic acid (6-16%), while saturated
sections include stearic acid (9-24%)*".

2.2.4 Rubber Seed (Hevea Brasiliensis)

Rubber seed is mostly produced in Brazil, although it
is also produced in Indonesia, Malaysia, Thailand, India,
and other African countries including Ghana!®”’, It belongs
to the Euphorbiaceae family. Rubber trees grow to be
very tall, reaching up to 34m in height"”. Rubber plant
growth requires a non-frosty environment and plenty of
rain. Copra, or its kernel, contains 40-50% brown oil in
terms of weight, while the content of oil in the seed is
about 50-60% oil”*”. The density of the rubber seed oil
is 917kg/m’ (at 15°C), a heating value of 38.64MJ/kg,
and a viscosity of 42.54mm?/s (at 40°C). FAs that are
unsaturated such as linoleic acid (39.5%), linolenic acid
(16.3%), and oleic acid (24.6%) are abundant in rubber
seed oil ™Y,
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2.2.5 Moringa Qil (Moringa oleifera)

Ben-oil tree, is another name for Moringa tree, and
is native to Arabia, India, and some parts of Africa and
countries in the Caribbean®”. Dry to moist subtropical to
tropical regions, with annual rainfall within a range of 25
to 300cm’ and temperatures range of 19 to 28°C makes
the plant to flourish. It grows quickly and can withstand
dryness, sandy soil, bacteria, and fungi. M. oleifera has
several medical purposes in including to its nutritional
value!”. Within the first year following planting, ben-
oil trees can produce seed pods'™. By the second full
year, complete fruit production should be expected. For
several years, the trees might continue to produce pods.
The oil has features like olive oil, and the degummed oil
possesses properties that make it a good substitute for
petroleum fuel'®. Moringa has attracted international
interest, with reports that one acre may produce 1000-
2000 litres of biodiesel each year. Cetane number in
the biodiesel from Moringa oil is one of the highest
in biodiesel fuel, and is estimated to 67, in addition to
improved oxidative stability, and a greater cloud point™.

2.2.6 Allanblackia parvifora

The indigenous tree species Allanblackia parviflora
A. Chev. (Clusiaceae Lindley) is found in Ghana’s rain
forest regions”"””. The Guttiferae family includes the
woody dicotyledonous plant Allanblackia parviflora.
Allanblackia parviflora is ever flourishing tree reaching
30m in height. The unbuttressed, straight, cylindrical
bole can range in length from 30 to 80cm'”™. This
species is quite similar to Allanblackia floribunda and
was formerly thought to be a synonym for that species.
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It is now regarded as separate. The literature on the uses
of each species is confused, but in practicality, each
species is likely to have identical uses. The tree produces
high-quality oil and has several clinical properties in the
area”!!. Cultivation appears to be desirable and feasible,
though it is considered a weed species in managed
forestry and is eradicated. The fat extracted from the
seed is used in preparation of food and is referred to
as ‘allanblaAllan Lacki beurre de bouandjo’ in Congo.
Recently, the international food industry has become
interested in that as a natural solid component for
margarine similar products. At room temperature, the
fat in the seeds solidifies. The kernel, which accounts
for around 60% of the seed, contains about 72% fat.
The fat’s fatty acid makeup is roughly 45-58% stearic
acid and 40-51% oleic acid. Other FAs are only present
in trace amounts. The fat’s composition and relatively
greater melting point (35°C) make it a good source for
improving the steadiness of margarine substitutes for
butter, and other products that are related™.

3 LIPID-BASED BIOMASSES FROM WASTES
AND BY-PRODUCTS

Biodiesel obtained from third-generation feedstocks
refers to biodiesel producing microalgae and wastes oils
as the feedstocks'>’. Less the effect of greenhouse,
increased rate of growth, and yield less battle for land
for farming, greater percentage of oil, and less impact
on supply of food are the major advantages of third-
generation biodiesel”””. However, the major drawback is
the high investment requirements, the need for sunshine,
difficulty with large-scale production, and difficulties
with oil extraction””. Biodiesel generation from algae oil
is now being studied to improve the rate of production
and oil extraction procedure. Sakthivel et al.”” reported
Fish oil, microalgae, animal fat, waste cooking oil, and
other sources of third-generation biodiesel to be most
prevalent. All these viable third-generation biodiesel
resources surpass earlier-generation feedstocks in
terms of food chain impact, availability, environmental
adaptability, and economic feasibility. Some algal species
can endure extreme conditions and have significant lipid
content, which is reason microalgae could be a potential
third-generation feedstock to produce biodiesel™”. Waste
oils, which include waste fish oil, waste cooking oil, and
animal tallow oil which are not useful, are categorised
as third generation feedstock sources for producing
biodiesel. Using these feedstocks leads to a reduction
in the amount being handle by the waste processing
plants and less pollution of water sources. Currently,
animal fats which include pork, goat, beef, and poultry
are raised and used as reliable source for producing
biodiesel*".

3.1 Waste Vegetable Oils (WVO)
Vegetable oils present in practically every kitchen
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are WVO™, WVO, are not compared to pure oil from
a plant are the byproduct coming from business for
instance industries that process potato, companies that
deals with snacks, and restaurants engaging in fast-
food services'””. Fish, yam, and ripe plantain frying,
as well as small, medium, and large-scale doughnut
fryers, are examples of this in Ghana. Oils from palm
kernel, coconut, groundnut, and soya bean are among
the vegetable oils used to fry meals in Ghana. When
vegetable oils are partially hydrogenated to make
margarine and vegetable shortening, trans isomers of
FAs are generated. Likely, increasing the ratio of plasma
low to high density lipoprotein cholesterol hurts the
risk of coronary heart disease™ ™. Vegetable oil from
waste materials have two destinations in most countries:
it is either dumped into local sewage systems as “ditch
oil” or it is repurposed in some kitchens and utilized as
raw materials for other goods. However, the volume or
quantity of WVO created in Ghana is unknown (Table
4)* This makes sizing a processing plant for WVO
problematic. Poor WVO management also has a negative
impact emitting a foul odour in the local vicinity, as well
as on surface water bodies and aquatic life. WVO, when
turned into biodiesel, perform best in diesel engines such
as generators and CI engines in automobiles, according
to studies.

3.2 Animal Fats

Animal fat is a byproduct of the meat and fisheries
industries. Fish, cattle, chicken, and hogs are all sources
of it™”. Companies creating these raw materials are
currently mostly using co-products obtained through
animal fat to synthesize biodiesel as a result of its low
pricing, notably as a fuel substitute for automotive
fleets'”. Animal fat sources are no longer allowed to
be used as food due to several animal scandals and
diseases. Test has been conducted for using in producing
biodiesel. Tallow from infected livestock is important
feedstock in producing biodiesel™. Because animal fat
isn’t generated solely for biodiesel, unreliable supply is
the largest challenge for each of the feedstocks. Third-
generation biodiesel is made from beef tallow or mutton,
lard, yellow grease, and residues following omega
FAs™. The leather and meat industries’ primary products
are as follows. These sources outperform edible oils in
terms of food security, economics, and the environment.
Animal waste fats with greater saturated and free FAs,
on the other hand, required more complicated production
processes. Waste fats from animals with less saturated
FAs provide several advantages, which include a faster
ignition time, better oxidation stability, and a higher
calorific value®. These feedstocks are saturated to a
high degree, resulting in a high heating value and Cetane
number. Low-temperature operations is hampered by the
high content FAs that are saturated (Table 5). As a result,
biodiesel made from animal fats have less suitability to
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Table 4. Estimated Quantities of WVO Discarded per Month by Hotels in Ghana'™!

Estimated WVO Discarded per Month

City No waste/Waste is Reused 1-100L 101-200L >200L Total

Accra 29 41 6 8 84
49.2% 40.6% 60% 100%

Kumasi 24 31 1 0 56
40.7% 30.7% 10% 0

Takoradi 1 11 1 0 13
6.7% 11.5% 10% 0

Sunyani 1 6 1 0 8
1.7% 6.2% 10% 0

Tamale 4 12 1 0 17
6.7% 11.5% 10% 0

the cold climates.

3.3 Industrial Wastes and By-products

Waste oils and fats obtained from big facilities
that process food with combination of restaurant
waste oils containing level of free fatty acid (FFA)
levels referred as yellow grease and brown grease are
important feedstock for producing biodiesel (Table
6). Waste vegetable cooking oils also referred to as
yellow grease (hen the grease’s FFA percentage hits
8-12%wt), have a lot of promise as a low-cost biofuel
feedstock manufacturing. Waste oils can be regenerated
by saponification into soap or repurposed as hydraulic
fluid or lubricating oil. Frying oil that has been used, as
a feedstock for producing biodiesel is however good for
economic purpose. Wastewaters from various sources
including slaughterhouses, compressor stations, and
dairy industries are rich in fatty raw materials.

4 LIPID-BASED BIOMASSES FROM INSECTS
Insects have become popular of late as lipid
producers because of their capacity to feed on a variety
of biomass sources""). Insects that are members of the
Lepidoptera order, such as Galleria mellonella and
Phases triangularis, can have a lipid percentage of more
than 60%"°"*. If fed using garbage from restaurant after
extraction of the grease in portion of the solid residual,
Diptera which include black soldier fly (Hermetial
illucens) can create 30% lipids using their larvae state'.
According to research, biodiesel was made utilizing
triglycerides produced by black soldier fly in larvae that
was fed with yellow grease extracted from restaurant
garbage in a recent study”***. The oil content of dried
Zophobas Morio larvae was 33.80% by weight”'!. The
amount of fat found in different orders, species, and even
among the same species varies. Musca domestica, as
an example, has a percentage range of 8.1 to 32.6% in
the order Diptera” . Furthermore, larvae have a larger
body fat percentage than adults”>”®. Furthermore, the
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type of food consumed by insects impacts significantly
on the chemical makeup of body fats. Biodiesel was
created from Coleoptera larvae oil through alkaline
transesterification and acid esterification””. In 45min of
the alkaline reaction, they were able to yield biodiesel
of 92.35% wt. According to the researchers of the
current analysis of insect fat possibility for biodiesel
generation, insects can feed on industrial, agricultural, or
byproduct form urban areas across all of their life spans
pile up huge doses of lipids with preferable physical
and chemical characteristics, including calorific value,
kinematic viscosity, and oxidation stability (FAs that
ranges within C16-C18), convert and use it as a protein
supplier for livestock feed (Table 7)”*. Using insects
further as biomaterials source, including as lipids,
proteins, and chitin, could have a variety of uses in a
chemical industry Insects could become a sustainable
option in production of biomaterials like oils and fats if
their breeding is linked to waste stream reduction.

5 LIPID-BASED BIOMASSES FROM MICROO-
RGANISMS

Several microorganisms from the fungi, yeast,
bacteria, and Microalgae genera can accumulate
significant amounts of oil, which can exceed 70%
of their biomass weight under certain growing
circumstances”””. Oleaginous microorganisms are lipid-
based biomasses with a lot of potentials, particularly in
terms of production®. An ‘oleaginous’ microbe can
store more dry body mass which is in form of lipids
and the amount is greater than 20% as ‘oil’. TAGs are
the most common lipids synthesized by oleaginous
organisms, but free FAs are also present''’"’. Because
of their high carbon-to-heteroatom ratio, lipids are an
appealing feedstock for producing renewable fuels.

5.1 Microalgae

Algae are aquatic creatures that develop in a variety
of settings''"”. Algae are grouped into two categories
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Table 5. Fatty Acid Profile of Some Commonly Used Animal Fats"”

Fatty Acid Content (% w/w)

Sample
C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3
Veal 5.751 23.170 3.158 13.003 37.778 6.314 0.589
Beef 3.116 31.376 1.815 25.236 31.091 1.434 0.233
Lard 1.137 19.794 2.047 11.814 44.660 10.867 0.990
Chicken 0.500 22.055 6.181 5.050 40.341 16.515 0.625
Goose 0.328 20.503 2.592 5.587 46.399 13.622 0.691
Table 6. Fatty Acid Profile of Some Commonly Used Industrial Wastes and By-products
Fatty Acid Content (% w/w)
Sample
C16:0 C18:0 C18:1 C18:2 C18:3 Others
Yellow grease 23.24 12.96 44.32 6.97 0.67 2.43 (C14:0)
Brown grease 22.83 12.54 42.36 12.09 0.82 1.66 (C14:0)
Activated sludge 28.00 7.50 24.90 9.50 2.00 18.00 (C16:1)
3.50 (C14:0)
Leather industry wastes 20.59-28.40 8.36-13.23 40.50-42.06 1.80-2.97 0.00-0.16 3.05-4.20
(12.2% FFA) (C14:0)
Waste fish oil (4.90- 27.30-28.10 11.70-12.10 42.80-44.60 9.40-10.50 0.50-0.70 4.00-4.50
10.7% FFA, 0.08-0.13% (Cle:1)
moisture)
Tall oil 1.00 3.00 60.00 32.00 2.00 1.00 (C20:3)
Palm soap stock (1.1% FFA) 47.00 4.50 42.90 0.2 1.20 (C14:0)
Tomato seed oil 12.26 5.51 2217 56.12 2.77
Table 7. Lipid Content and Fatty Acid Profile of Selected Insect Oils™"!
Fatty Acid Content (% w/w)
Specie
C16:0 C16:1 C18:0 C18:1 C18:2 C18:3
Gnorimoschema 8 35 1 48 4 4
gallaesolidaginus
Rodophora florida 253 1.3 2.8 54.3 9.7 6.1
Carpocapsa pomonella 16 5 1 47 26 4
Acyrthosyphon pisum 4 3 2 11 16 -
Colladonus montanus 16.7 0.9 24 63.8 15 -
Vespula maculate 15.4 1.5 53.1 2.4 1.5
Erycotis floridana 28.9 6.4 1.5 59.1 - -
Dendroctonus pseudotsugae 13.2 23.7 1.8 59.8 1.1 -

as follows: microalgae and microalgae. Seaweeds are
microalgae, which are enormous multicellular algae
that commonly thrive in ponds while microalgae are
single-celled algae which live in suspension in water
bodies"”!. They are a highly specialized collection
of microorganisms that live in a variety of biological
settings, including freshwater, and hyper-saline with a
varied range of pH and temperature, as well as different
nutrient availability!'”. Cyanobacteria, diatoms, green
algae, golden algae, yellow-green algae, and red algae
are among the primary classifications. Carbohydrates,
proteins, and natural oils are the three basic elements
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of algal biomass'". Several algal species have been

discovered to develop quickly and have large quantities
of triglycerides (TAGs) , and are consequently known as
oleaginous algae!"*". The main biochemical constituents
of microalgae are lipids, proteins, polysaccharides,
and nucleic acids'”. Researchers, companies, and the
general public have recently reignited their desire in
using microalgae as an alternative biodiesel source'*".
Microalgae could be retrieved from an aquatic setting
to create triglycerides, which could subsequently be
utilized to make oil algae, a biofuel of third-generation,
according to reports. These aquatic plants contain a
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single 6767 cell that can produce many lipids suitable
for biodiesel production””. Two systems are employed
in the cultivation of algae. The open pond system is
the first, while the closed pond system is the second.
Harvesting of algae can be done by flocculating or
centrifugating processes, and algae can be produced in
dried and semi-dried environments using these systems.
Furthermore, the yield in every hectare is expected to
be greater as compared to the tropical oil plants. Saline
water allows thriving of algae, such as ocean water or
contaminated aquifers. In industry, forestry, agriculture,
and communities, this water has few competing
applications. The likelihood of algae blooming adjacent
to power plants is now high. Cultivating algae to
produce biofuel looks simple because algae contain
few prerequisites for growth. The available and
concentration of micro and macronutrients, such as CO,,
pH, temperature, and light are all elements that influence
optimal algae growth and lipid accumulation (intensity
and photoperiod). Algae react differently to these
factors, particularly temperature and light. Most algae
species prefer temperatures between 20 and 30 degrees
Celsius. As the temperature rises, the level of FAs that
is unsaturated drops, which is a physiological response.
Furthermore, the kind of precursor FAs has an influence
on a variety of biodiesel qualities, including melting and
heating point, oxidative stability, lubricity and iodine and
cetane numbers. Palmitic acid (C16:0), palmitoleic acid
(C16:1), stearic acid (C18:0), oleic acid (C18:1), linoleic
acid (C18:2), and linolenic acid (C18:3) are the most
common goals certified for producing biodiesel (Table &)
1192 Under limited conditions, certain microalgae change
their biosynthesis process of the lipid to generate huge
quantities of lipids that are neutral (20-50% dry weight),
which are largely stored in cytosolic lipid bodies as
triacylglycerol (TAG) (Table 9)!"”. Carbon dioxide
and nitrogen oxides are the primary nutrients for algae
growth, they can be nourished by CO, emissions. The
most efficient bioenergy option is algae biomass"".
Algae have emerged as a promising contender for
biofuel research because of their capacity to grow in a
variety of climates' . Algae production techniques vary
and it depends on the region of cultivation and capital
cost. In comparison to photobioreactors, the raceway
pond, according to literature, is a system that is techno-
economic system for producing algae!"'”.

5.2 Fungi and Yeasts
5.2.1 Fungi

Up to 80% of the biomass of some oleaginous molds
(filamentous fungi) can be stored as lipids"'". Various
fungus species capable of accumulating lipids have
been researched in recent years include Aspergillus
oryzae, Humicola lanuginose, and Mortierella vinacea,
Mortierella isabellina, and Mucor circinelloides'”. To
grow fungus for oil production, renewable materials
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important as substrates. Fermentation on partial-
solid-state of sweet sorghum, Mortierella isabellina
produced 11% weight of oil, while Aspergillus oryzae
A-4 produced 18.15% weight of lipids on wheat straw
under solid-state fermentation, as per Pinzi et al.”"’ and
Hui et al'"”’. In general, the oil produced by oleaginous
molds has a higher percentage of unsaturated fatty
acid than yeast oil""'Y. Therefore, oleaginous molds
have been frequently employed to generate lipids
with more polyunsaturated fatty acid composition for
therapeutic and dietary uses, including arachidonic
acid, docosahexaenoic acid, eicosapentaenoic acid, and
linolenic acid""”. The fatty acid contents of filamentous
fungus lipids changes with the substrate and growth
circumstances. Pinzi et al.”" reported a range of 8-40%
wt. linoleic, 7-23% wt. palmitic, 19-81% wt. oleic,
1-20% wt. palmitoleic, 2-6% wt. stearic, and 4-42%
wt. linolenic acids. Due to its capacity collecting lipids
of roughly 25% using a diverse variety of sources of
carbon, even in huge scale development. Reis et al.!"""
investigated the filamentous fungus Mucor circinelloides
as a viable raw material for biodiesel generation.
The fatty acid content of the fungal oil was 15% wt.
linoleic, 37% wt. oleic, % wt. palmitoleic, and 18.5%
wt. linolenic acids, according to the characterization.
The oil subjected to transesterification process, yielding
a FAME of 13-14% by weight. Microorganisms such
as fungi and bacteria, unlike microalgae, is cultivated
in typical bioreactors, reducing cost of biomass and
producing oil, according to Ogbonna and Nwoba'"'".
Mortierella alliacea may synthesize arachidonic acid
up to 46.1g/L weight of dry cell and 19.5g/L total
fatty acid composition from triglycerides contained
in the mycelia!'". In the US, Department of Energy
(DOE) had undertaken sequencing the genome of
Mucor circinelloides using a bioenergy effort at the
Joint Genome Institute, according to numerous fungi’s
possibility of producing biofuel"'”. Using fungal oil in
synthesis of biodiesel is yet experimental.

5.2.2 Yeast

Oleaginous yeasts, store lipids beyond 20% of
their dry matter and 70% under nutrient-reducing
circumstances, are another promising option for making
biodiesel"*”. These microorganisms have a faster growth
rate and a higher lipid composition than microalgae,
with most of the lipids being triglycerides”". As a
carbon source, yeast can thrive on a variety of sugar-
rich media (glucose, xylose, arabinose, and mannose)
12U The quantity of oil produced depends on the species
of the yeast, substrate, and mode of culture. Candida sp,
Cryptococcus sp, Lipomyces sp, and Rhodotorula sp,
are part of the species of the yeast that have the greatest
ability in lipid collections!*”. Linolenic (1-3% weight),
linoleic (3-24% weight), oleic (28-66% weight), Palmitic
(11-37% wt), palmitoleic (1-6% weight), and stearic
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Table 8. Fatty Acid Profile of Some Selected Microalgae™”!

Microalgae Species Palmitic Acid Stearic Acid Oleic Acid Linoleic Acid Linolenic Acid
(C16:0) (C18:0 (C18:1) (C18:2) (C18:3)
Nannochloropsis oculata 20.5 1.8 41 22 0.9
Scenedesmus obliquus 27.39 11.88 32.08 9.08 8.11
Scenedesmus sp. 15.62 2.97 15.23 7.00 22.99
Ankistrodesmus sp 16.24 7.18 17.66 8.8 28.68
Ankistrodesmus falcatus 30.23 2.72 24.79 2.0 26.86
Chlamydomonas reinhardtii 17.8 6.85 32.4 6.58 16.0
Eustigmatophyceae Chlorella sp. 19.03 2.35 48.21 1.29 1.54
Chlamydomonas sp 50.77 11.54 13.77 3.93 2.76
Chlorella Vulgaris 35.77 11.35 12.55 7.36 13.54
Chlorella protothecoides 13.42 3.4 58.94 19.86 -
Chlorella emersonii 14.75 9.8 17.01 9.04 29.32
Rhodophyceae Pavlova salina 28.6 0.8 2.0 8.2 0.7
Prymnesiophyceae Pavlova salina 15.1 1.0 3.8 15 2.2
Cryptophyceae Chroomonas salina 13.5 3.0 52 1.2 10.8
Conjugatophyceae Schizochytrium sp 18.8 3.5 53.4 14.9 -

Table 9. Lipid Content and Oil Productivity of Some Selected Microalgae”

Microalgae Species Oil Content (%) Lipid Productivity (mg/L/day)
Nannochloropsis oculata 22-29 84.0-142.0
Scenedesmus obliquus 30-50 nd
Scenedesmus sp. 17-24 40.8-53.9
Ankistrodesmus sp 11.48-31 nd
Ankistrodesmus falcatus 16.49 49.58 +5.74
Chlamydomonas reinhardtii 21 nd
Eustigmatophyceae Chlorella sp. 28-53 421
Chlamydomonas sp 22.7 nd
Chlorella Vulgaris 41-58 11.2-40.0
Chlorella protothecoides 40-60 1214
Chlorella emersonii 23-63 10.3-50.0
Rhodophyceae Pavlova salina 9-14 34.8
Prymnesiophyceae Pavlova salina 12-30 49.4
Cryptophyceae Chroomonas salina 12-14.5 nd
Conjugatophyceae Schizochytrium sp 50-77 19-35

Notes: nd, = Not determine.

(1-10% weight acids make up most of their fatty acid
composition”. The fatty acid composition is strongly
affected by the substrate used to create yeast oil. When
using thin stillage and glycerol as nitrogen and carbon
sources in Rhodotorula glutinis, the quantity of oleic
acid produced was higher than when yeast extract was
utilized as a nitrogen source!'*”. As a result, choosing the
right substrate is crucial for producing biodiesel from oil
with the right fatty acid makeup. When using submerged
batch fermentation, lipid accumulation occurs in three
phases: production of carbohydrate and lipid during
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the depletion of the nitrogen source, turning over the
accumulated lipids during the complete depletion of
the carbon source and growing exponentially during
the availability of nitrogen and carbon sources'*.
Manufacturing yeast oil is far additional costly than
generating vegetable oil since the biomasses used for
making the yeast are valuable industrial products"””.
The research that is conducted currently is focused on
finding oleaginous yeasts that could survive on waste
and lignocellulosic material*®. Apart from waste
recycling, this might assist in lower manufacturing
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Table 10. Lipid Content, and Oil Productivity of Selected Yeasts, Fungi, and Bacteria™*"*

Yeasts, Fungi, and Bacterial Specie Lipid Content (% w/w) Lipid Productivity (mg/L/day)
Yeast

Rhodosporidium toruloides 38 120
Cryptococcus albidus 65 -
Cryptococcus musci 44.7 370
Cryptococcus podzolicus 31.8 90
Lipomyces starkeyi 42-64 140
Trichosporon porosum 34.1 100
Rhodotorula glutinis 72 -
Cryptococcus curvatus 58 -
Yarrowia lipolytica 36 -
Fungi

Aspergillus oryzae 26-57 -
Cunninghamella echinulata 48.6 -
Mortierella isabellina 50-86 -
Bacterial

Rhodococcus opacus 14-93 -
Bacillus subtilis 39.8 -
Serratia sp 66.7 -
Gordonia sp 60-72 -

costs, transferring yeast oil into a possible feedstock
for the biodiesel industry. Crude glycerol (a biodiesel
waste product) has been proposed as a substrate for
Cryptococcus curvatus, and Rhodotorula glutinis TISTR
5159124 yeast"””. The two yeasts can collect up to 60.7
percent and 48 percent lipids in dry cell weight under
these conditions. Lignocellulosic material is another
common waste that can be utilized to make yeast oil
(composed of cellulose, lignin, and hemicellulose).
Therefore, Cryptococcus curvatus can provide a dry cell
with lipid content of around 72%""**. The suitability of a
substrate by using waste oil to manufacture lipids using
Yarrowia lipolytica was investigated also, with a lipid
accumulation rate of up to 57.89%"*). According to
Axelsson et al.'”” currently there is one pilot facility in
Europe, Finland, and Porvoo produce oil from yeast and
trash. The microbial oil for commercial purposes is not
available, and the first industrial application is envisaged
in 5-10 years.

5.3 Bacteria

Bacteria are unicellular microorganisms with a rapid
growth rate (high production within 12-24h) when
cultured using a simple method'*"". Furthermore, even
in organisms that do not normally create many FAs,
genetic engineering rapidly raises the manufacturing
of lipids in prokaryotes like bacteria'*”. In this regard,
some researchers were able to produce 2.5g/L of FAs
by modifying the E. coli genome, mostly regarding FFA
content (50%). Through a direct esterification reaction,
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research on genetic engineering is focusing on increasing
FFA production to reduce synthesis of glycerol!*".
Both Gram-negative and Gram-positive bacteria have
been identified to produce TAG and accumulate it
intracellularly. However, this power appears to be
limited. Most bacteria create complex lipids, but only
a few are capable of producing oils that can be utilized
as biodiesel feedstock!**!. Recent research has been
conducted on the utilization of oleaginous bacteria
as a raw material for biodiesel manufacturing!**.
Bacterial TAG content variation depends on the microbe
and the sources of carbon, but oleic (C18:1) and
hexadecanoic acid (C16:0) are the most common'"*.
Nonetheless, bacteria from the Gordonia genus has
ability of accumulating greater than 70% of TAG with
a mixture of caproic (C6:0) and behenic acid (C22:0)
when grown on orange trash (Table 10)!"*. Jones et
al.'*” discovered that bacteria collect lesser quantities
of lipids than microalgae and that only a few genera of
the Actynomycetes class, such as Mycobacterium and
Streptomyces, may carry out accumulation of large
levels of TAG. Other bacteria develop TAG during its
cultivations on a simple carbon source under stressful
circumstances, however, Streptomyces accumulates TAG
only when the nitrogen supply is absent. Rhodococcus
opacus has been investigated due its potential to collect
higher than 80% TAG in cell dry weight!"*”. This species
has recently been discovered to produce up to 59.26mg/
L/day of TAG when grown entirely on carob waste!*'".
Furthermore, Rhodococcus opacus DSM 1069 has been
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proven to break down and thrive on substances derived
from lignin for example coniferyl alcohol”®. There
are no studies that show this species can manufacture
TAG from lignin feedstocks. The only Gram-negative
oleaginous genus with high lipid production for biodiesel
generation is Acitenobacter''*. Other Gram-negative
bacteria, such as Pseudomonas spp., have had their lipid
production studied using glucose as a substrate, with a
lipid concentration of up to 40%"'*!. However, because
of the low amount of TAG produced and the difficulty
of extracting the bacterial lipoid produced in the outer
membrane, heterotrophic bacteria are still used as a
raw material for biodiesel production on a laboratory
scale!"*",

6 RECOMMENDATIONS AND BIOFUELS
PRODUCTION PROSPECTS FOR SECOND-
GENERATION LIPID-BASED BIOMASSES

Energy is essential for maintaining economic growth
and human growth standards. After the industrial
sector, transportation uses 30% of all delivered energy.
However, many academics are looking into the idea of
using alternative fuels due to the predicted decrease in
fossil fuels and the environmental problems involved
with burning them. Biodiesel is a resource that has a lot
of potentials. Concerns over the food vs. fuel debate,
as well as the production cost argument due to high
feedstock price, had raised from the use of edible oil
as a feedstock. As a result, demand for non-edible oil
as a biodiesel feedstock is rising rapidly. Due to the
inclusion of hazardous components, non-edible oil is not
acceptable for human consumption. Furthermore, non-
edible oil plants can grow in non-fertile, harsh areas with
low moisture requirements, which are not appropriate for
growing edible crops. Non-edible oil’s physicochemical
qualities and fatty acid compositions are equivalent to
edible oil’s properties and fatty acid compositions. As a
result, there is more than enough potential for non-edible
oil to be used as a biodiesel feedstock. The biggest
impediment to using non-edible oil as a viable feedstock
is the high FFA and water content in non-edible oil.
However, non-edible oil extracted using the scCO,
extraction technique yielded non-edible oil with low
FFA content and moisture content. As a result, one of the
most significant advantages of producing biodiesel is the
vast range of accessible biomasses. As a result, choosing
the optimum feedstock is critical for ensuring cheap
biodiesel production costs.

7 CONCLUSION

The focus of this review is on lipid-based biomasses
that are available in Ghana as biofuel feedstocks.
The analysis reveals that the country has a diverse
range of lipid-based biomass resources, as well as a
significant advantage or their transformation to different
kinds of biofuels utilizing currently existing biomass
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transformation technology. Different types of edible oil
plants, non-edible oil plants, waste vegetables, animal
fats, industrial wastes, and by-products, and lipid-based
biomasses from insects’ microalgae, fungi, yeasts,
and bacteria are all available in Ghana, making them
potential biofuel feedstocks, especially for second-
generation biofuels which have low competition with
other uses. In addition to biofuel processing technology,
the source of lipid-based biomasses has a considerable
impact on the price of the biofuel produced. The price
of biofuels made from lipid-based biomasses determines
their economic compatibility. As a result, lowering
the cost of 2™ generation feedstocks and processing,
particularly downstream processing, is critical for
obtaining long-term lipid-based biomass resources.
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