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ABSTRACT:

Conventional fuels are subjecting to continuous loss due to increased population and increased consumption. At
the same time, conventional fuels have been associated with environmental hazards. Due to the possibility of
lacking conventional fuel sources, searching for other alternatives and solutions to cope with such deficiencies is
a good approach.Scientists have demonstrated the production of ethanol and biodiesel from yeast and bacteria.

In this review such options have been discussed.
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INTRODUCTION
Biofuel

Biofuels are considered a potential alternative to
the use of fossil fuels. They have various
advantages including participation to the decreased
greenhouse gas emission and they do not affect the
agricultural land1.

According to Pamela et al2, advanced biofuels,
can be produced by microorganisms, have similar
properties to petroleum-based fuels, and can
compete to the  existing transportation
infrastructure. Producing biofuels in large
quantities needs to engineer the microorganism’s
metabolism.

It has been estimated that about 85% of global fuel
reservoirs are used only for combustion purposes.
Furthermore, the demand for energy is increasing,
and the alternatives for renewable energy are varied
and important o both global and local scale.
Although appropriate technologies exist to cope
with renewable electricity, but the prime challenge
is the sustainability of fuel production3.

The conversion of biomass into transportation
fuel is considered a good alternative compared to
conventionalfuel. Such renewable fuels are called
as biofuels. It has been shown that the increased
production of biofuels and their use for
transportation decrease the use of oil. If there are
significant biofuel sources, then there will be a safe
and rich future; in addition to having other
significant roles indecreasing global warming4.

Studies have shown that increased growth of
population has been associated with increased
requirements for both food and energy
production5-7.

The production of ethanol as a biofuel

The fuel crisis has attracted the attention to find
out appropriate strategies to cope with oil shortage
since 170s. Great attention was directed to biofuel
sources, particularly, ethanol.Nowadays, the
production of ethanol has become economically
feasible to the degree it competes with standard
diesel. Being a renewable resource, ethanol
production becomes more attractive®.

Ethanol is usually produced through two ways:
synthetically from materials of petrochemical

origin such as (crude oil, gas or coal); and/or
biologically through sugar fermentation
(bioethanol). It has been estimated that 93% of
global ethanol was produced by microbial
fermentation’.

Yeast for ethanol production

Yeasts are widely used to produce ethanol, which
can be up to 18% the product of the fermentation
broth of S. cerevisiae. The same yeasts are the most
preferred microorganisms for the production of
ethyl alcohol fermentation'.

Yeasts that accumulate ethanol, sometimes in the
presence of oxygen, are called Crabtree-positive
yeasts. Crabtree-negative yeasts, work in a
contracting mode andbreakdown sugar to carbon
dioxide aerobically'".

Lactic acid bacteria (LAB)

LAB is wusually involved in  various
fermentationprocesses at industrial level. LAB is
associated by their commonphysiological and
metabolic characteristics. They can be found in
lactic acidcontaining products and in decomposing
plants, producing lactic acid as themajor metabolic
product of carbohydrate fermentation. Their
specialcharacteristic to show high tolerance to low
pH range makes them differentfrom other species
of bacteria’.

Production of ethanol by Zymomonasmobilis

Zymomonasmobilis is  considered from a
microbiology point of view as a Gram negative,
facultatively anaerobic bacterium.It has been
reported to be employed in ethanol production in
several beverages'’.Z. mobiliscan grow and
fermentquickly'®.Z. mobilishas been involved in
optimal production of ethanol from different carbon
sources such as hexoses and pentoses
includingglucose and xylose through the Entner-
Doudoroff pathway'™> '°.

Z. mobilis has been considered as an organism of
particular interest due to the consideration that
oxidative phosphorylation mechanisms are not
involved'”. The process of ethanol fermentation
implies the consumption of pentose and hexose
sugars for the biosynthesis of ethanol under
anaerobic conditions. It has been observed that the
byproducts from aerobic growth including acetate
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andlactate accumulate in the growth medium
decrease ethanol production as compared to
anaerobic conditions'®,

According to the study of Seoet al'’, Z mobilis has
unique properties such as being tolerant to ethanol
byproducts resulting from fermentation; it has a
high sugar uptake rate, high ethanol production
rate, and tolerance to high concentrations of ethanol
(>16%, v/v).

It has been shown that the strains ofZ. mobilisare

involved in the fermentation processes helping in
brewing and beer making. The bacteria can produce
almost 1.9 mol of ethanol for every 1 mol of
glucose present’’.Z. mobilis prefers a pathway in
metabolism which serves both the overall yield of
the microbial products as well as employing a
dominant pathway for the production of ethanol by
NADH-dependent activation of alcohol
dehydrogenase (Figure 1), indicating that ATP
hydrolysis does not have a central role in the

production of ethanol®'.

i
////\\“DH

/’7 Lactate
~ =
4 I NAppy
et -~ -
L ) % AD
4
s *
r
s ®
» i
! 1
i OH
1 H
i\ ‘ 4
[ J
% o
o,
‘\\\ Pyruvate P -~
e e i 2 \ O
////‘ SCoA
Acetyl -CoA
NADH b\ y
\ S
i, NAD* - g
| ~E———
i ~
s
P / \ ~ %
1 OH
\ 7
~ Ethanol -
~

~ -

Figure 1: After initial glycolysis, at the branched metabolic path from pyruvate, Zymomonas. mobilis
favors an NADH- dependent ethanol production cycle, Also, the biosynthesis of lactate, a by-product in Z.

mobilis ethanol fermentation, is NADH-dependent.

Ethanol production by Klebsiella

Klebsiellaoxytoca was successfully engineered for
industrial productionof ethanol with yields around
45 g/ L after 2 days fromthe initiation of
fermentation mix exposure. Byintegrating an
operon termed PET (production ofethanol) into the
genome. This operon consists of theaforementioned
adh II and pdc genes, under thecontrol of the Plac
promoter, and has since been testedin the

metabolizing of paper wastes and cellobiose

toethanol, while also demonstrating hyper-
resistancetowards  the  fermentation product,
ethanol™.

Production of biodiesel by bacteria

The present work was aiming to exploit bacteria for
biodiesel production, twentytwo bacterial isolates
were screened for lipid content by Sudan black B
stainingmethod, among those three isolates is lipid
aeruginosaand

rich viz, F. oryzihabitans, P.
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Morococcus sp. which have been taken for lipid
extraction by Bligh and dyermethod and thin layer
chromatography for determination of fatty acid,
whichrevealed that the amount of lipid was highest
in Morococcus sp. (0.68mL/100mL)of Lauric acid
(C12). Optimization of C/N ratio the amount of
lipid was rangedhighest in Morococcus sp. i.e.
carbon (0.70mL/100mL) of palmitic acid
(C18),nitrogen (0.65mL/100mL) of arachidonic
acid (C20) and at pH 7.0(1.96mL/100mL) of oleic
acid (C18) and in strain improvement by
mutagenesis F.oryzihabitans got improved and
accumulate high lipid at 10 min (1.50mL/100mL)of
linoleic acid (C16)”.Biofuels are of rapidly
growing interest for reasons of energy security,
diversity and sustainability as well as for
greenhouse gas mitigation”. Recently, with global
shortage of fossil fuels, excessive increases in price
of crude oil and increased environmental concerns
have resulted in rapid growth in biodiesel
production. In  biodiesel production, the
transesterification reaction which could be
catalyzed either chemically or enzymatically, this
novel approach might pave way for industrial
production of biodiesel equivalents from renewable
resources by employing engineered micro-
organisms™. Biodiesel refers to a vegetable oil or
animal fat based diesel fuel consisting of long chain
alkyl (methyl, ethyl or propyl) esters which is
typically made by chemically reacting lipids with
an alcohol producing fatty acid ester’. Not all
microorganisms can be considered as abundant
sources of oils and fat, those microorganisms that
do produce a high content of lipid are termed as
oleaginous. The lipid which accumulates in
oleaginous microorganisms is mainly
triacylglycerol” and these microorganisms have
been considered as an alternative to agricultural
and animal oil and fat sources®. Biodiesel
production using microbial lipids which is named
as single cell oils (SCO) has attracted great
attention in the whole world; there are various
kinds of microorganisms that accumulate lipids
such as Bacteria, Fungi and Algae®’, the regulation
mechanism of oil accumulation in these
microorganism and approach of making microbial
diesel is economically competitive’®. The genus
like  Lipomyces, Yarrowia, Cryptococcus,
Rhodosporidium®  are known to accumulate
between 40% to 70% of their biomass as lipids, the
moulds of Zygomycetes like Mortierella and
Cunninghamella also possess the ability of lipid

accumulation® and the major fatty acids present in
single cell oil are oleic acid, linoleic acid30,
palmitoleic acid, arachidonic acid, palmitic acid
and stearic acid31.

Microbial fuel cells

Rabaeyet al32conducted a study taking into
consideration that the possibility of using microbial
fuel cells has been shown to have great hope as a
sustainable biotechnological solution to cope with
energy requirements. Due to deficient knowledge
of microbial ecology of these systems, the efficacy
improvement of fuel cells is limited. The study
purposed to clarifyif a bacterial community can be
involved in a microbial fuel cell to bring about
higher power output, and to recognize species
responsible for the electricity generation. Results
indicated that bacterial fuel cell was able to
increase the output from an initial level of 0.6 W
m—2 of electrode surface to a maximal level of 4.31
W m—2 (664 mV, 30.9 mA) when plain graphite
electrodes were used. Bacterial community was
made of facultative anaerobic bacteria, such
as Alcaligenesfaecalis and Enterococcus
gallinarum, which can produce
hydrogen.Pseudomonas aeruginosa and
other Pseudomonas species were also included.
Electrochemicalactivity was due to excreted redox
mediators such aspyocyanin excreted by P.
aeruginosa.

Biological fuel cells are recognized as a green
energy technology with high potential32.In a
microbial fuel cell, electrons produced by bacteria
are attracted towardan electrode (anode). The
electrons,then, will be conductedover a resistance
into a cathode which implies the conversion of
bacterial energy to electrical energy33.Twobacteria
have been reported toexhibit high coulombic
efficiency: Geobactersulfurreducens and
Rhodoferaxferrireducens which have the capacity
of transferring the majority of the electrons gained
from the carbon sources acetate and glucose,
respectively, to the electrode34, 35.These studies
indicated that there was high coulombic efficiency,
implying that there was high electron transfer
efficiency.

Biofuel-Producing Environmental Bacteria

Escobar-Nin"oetal36conducted their study taking
into consideration the rapid consumption of
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conventional fuels. According to this context, there
is a need to adopt other choices that are
characterized by being cheap to create sustainable
fuels including biodiesel. These choices depend on
lipases that have several properties such as
hydrolytic and esterification reactions; and
transesterification reactions to be utilized in the
production of biodiesel. The challenge involved is
how to choose the lipases that have the ability to
carry out transesterification reactions because there
are very little biodiesel producing lipases. The
research team reported the isolation of 1,016
lipolytic microorganisms through the use of a
qualitative plate assay. In a second step, lipolytic
bacteria were analyzed using a colorimetric assay
to determine the transesterification activity. It has
been found that biofuel production was estimated
to be higher than 80% at benchtop scale.
Furthermore, the bacterial-derived biofuel was
shown to be of good quality and can be used
directly in engines36.

Biofuel economic aspects

Several factors have been reported to participate
for increased requirements for agricultural land
among which are increased population, dietary
changes and the use of biofuels37. In another study,
it has been pointed out that increasing use of crop-
based biofuel is considered an important factor
putting great requirement on food production and
its requisite resources38.

In a recent study by Medipallyet al39, emphasis
has been put on alternatives for energy since there
is an energy crisis on the global level as well as
increased greenhouse gas emissions. In this
context, researchers focused on renewable energy
sources. Biofuel resulting from microalgae has
been shown to be the main renewable energy
source for sustainable development. Algae-based
biofuels have several properties including technical
and economic aspects such as viability, cost
competitive, no additional lands are required, and
minimal water is required.The researchers also
pointed out a significant point in which microalgae
biodiesel is not produced on commercial scale
which may due to the low biomass concentration
and costly downstream processes. Furthermore, it
has been recommended various steps have to be
taken to increase the production of microalgae
biodiesel such as  designing  advanced
photobioreactors, developing low cost technologies
for biomass harvesting, drying, and oil extraction.

It has also been recommended to enhance
molecular strategies to overcome environmental
stress conditions and to engineer metabolic
pathways for high lipid production39.

The study of Tabatabaeiet al40 pointed to the
increased usage of liquid biofuels including
biodiesel, bioethanol, and jet fuel particularly in the
transport industry. Furthermore, biodiesel is
superior to fossil diesel from different points of
view such as being biodegradable, nontoxic and it
has lower emissions of greenhouse gases (GHG)41.

The importance of Microalgae biofuels come
from the point that theyare parts of what is called
the third generation type of biofuels in which
biofuels have no disadvantages that were associated
with the first and the second generations of
biofuels*’. It has been reported that the first
generation biofuels were derived from variety of
crop plants including soybean, corn, maize, and
animal fats*. A debate about negative impacts on
food security, global food markets, water scarcity,
and deforestation was created* **.

Furthermore, the second generation of biofuels
was derived from nonedible oils such as
Jatrophacurcas, Pongamiapinnata,
andSimaroubaglauca, involvethe use of large areas
of land that are no utilized for food production. It
has also been shown that the production of biofuels
in second generationis restricted by lacking
appropriate technologies for commercial
exploitation of wastes as source for biofuel
generation®’.In the light of the above context,
microalgae biofuel is considered a potential
alternative source of energy to replace the fossil
fuels.

It has been reported that microalgae has several
species that are capable of producing hydrocarbons

and lipids. These species include
Botryococcusbraunii, Nannochloropsis sp.,
Dunaliellaprimolecta, Chlorella sp., and
Crypthecodiniumcohnii. Furthermore,

Botryococcusbraunii has been shown to produce a
large number of hydrocarbons and other important
compounds on commercial scale including
carotenoids and polysaccharides* ™ Other studies
showed a high oil content up to 8% is produced by
microalgae species™™ >,

To show the economicimportance of biofuel
produced by microalgae, Table 1 showed a
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comparison between the oil yield, production, and
biodiesel productivity of microalgae with some

other biofuel feedstock.

Table 1: Comparison of oil content, oil yield, and biodiesel productivity of microalgae with the first and

the second generation biodiesel feedstock source (Medipally et al (2015).

Feedstock source Oil content (% oil by | Oil yield (oil in | Biodiesel productivity
wt. in biomass) litres/ha/year) (kg biodiesel/ha/year)

Oil palm 36 5366 4747

Maize 44 172 152

Physic nut 41-59 741 656

Caster 48 1307 1156

Microalgae with low oil 30 58,700 51,927

content

Microalgae with medium oil 50 97,800 86,515

content

Microalgae with high oil 70 136,900 121,104

content

According to Wanget al’®, the production of
microalgae  biofuel is considered to have
commercially high potential because of its
competitive cost compared with fossil based fuels,
no need for extra lands, and it enhances the quality
of air through the absorption of atmospheric CO2,
and utilization of minimal water.

On the other hand, it has been reported that the
production microalgae biofuels is still limited by
several factors including low biomass production,
low lipid content in the cells, and small size of the
cells that makes harvesting process very costly.
However, it is possible to overcome such
limitations by technological of harvesting and
drying, genetic engineering of metabolic pathways
for high growth rate and increased lipid content. It
has been shown that assessment of the production
of microalgaebiofuel started since 1970, but due to
technical and economic problems at that time, the

idea was delayed™. The efforts of researchers in
later studies indicated high potential in microalgae
biofuel production™.
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