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Abstract
The exponential increase in the global atmospheric temperature, global warming is mainly expedited by human 

interventions like deforestation and fossil fuel burning, pose threats to many natural resources, which in turn 
contribute for the deterioration of human health. Therefore, concerns for sustainment of life have led to growing 
worldwide interest in search for possible alternate ways for reducing the global warming. Biofuel productions have 
been considered as an alternate green solution for the replacement of fossil fuels. The present review is aimed to 
improve the focus towards the decrement of global warming as well as elucidating the methods and advantages of 
biofuel produced from various sources. And also, by which the technical barrier for efficient biofuel production could 
be overcome to mitigate global warming.
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Introduction
Earth’s atmosphere is important for the basic survivival of living 

organism and subsequent changes in the atmospheric temperature and 
pressure could lead to drastic changes, like melting ice bergs, rising 
sea level, volcanic eruptions and disruption of ecosystem. The recent 
report indicated that global average temperature has increased by 1oF 
since the beginning of 20th century and is expected to increase by 2.5 
to 10.4oF in the next 100 years and it is worthy to perceive that the 
last 30 years has been recorded as the warmest year in the past 1400 
years in the Northern Hemisphere [1], insisting us for the immediate 
implementation of necessary actions. This increased temperature is 
influenced by diverse factors, with the most predominant being the 
greatest emissions of Greenhouse Gases [GHG], popularly known as 
a global warming. 

GHG has the tendency to rotate and vibrate in a certain frequency 
unlike the other molecules such as nitrogen and oxygen, as a result 
which trap the energy from the similar frequency of light rays [2,3]. 
Typically the high energy short wavelength radiation reaches the earth 
surfaces from the sun, where half of the solar radiation is absorbed and 
the rest is converted to long wavelength heat energy for reflecting back 
to the space as an infrared rays [IFR]. Since the vibrating frequency 
of GHG matches with this IFR frequencies, which absorb the emitted 
heat energy from the earth surfaces and radiates back in all direction, 
in particular to the surface of Earth, thus maintaining the earth 
temperature around 33oC. However when the amount of GHG such 
as Carbon dioxide [CO2], Methane, Nitrous Oxide, Water vapor and 
Fluorinated gases increase immensely to extreme level, which can act 
as a blanket in the atmosphere and preventing the liberation of heat 
energy into the space resulting in global warming [2-6]. The amount of 
energy absorbed and emitted by this GHG is depends on the size, shape 
and geometry of the molecule and hence a shift in the concentration of 
these GHG in the earth atmosphere, majorly by human activities are 
greatly responsible for the present global warming effect. 

Carbon dioxide 

Carbon dioxide, one of the most potent green house gas, persists 
for more than 800 years, has its concentration increased enormously 
from 280 ppm in late 1700 to 399 ppm in 2014 according to the EPA 
[Environmental Protection Agency] report in USA [4] accounting 
for more than 75% of greenhouse effect. For the first time, a Swedish 
chemist Svante Arrhenius in 1896 gave a theory explaining that 

“doubling the amount of CO2 responsible for the increment of several 
degrees in the earth atmosphere” [5]. Generally, CO2 emission from 
natural sources like 28% from plant and animal’s respiration and 28% 
from the soil respiration & decomposition and like 42% from ocean 
with a small quantity being released by wild fire and volcanic eruptions 
and they had been offset by that natural source itself. However, in 
contrast CO2 emission from human activities like deforestation for 
the development of city & factory, combustion of fossil fuel as well 
as industrial processes like cement production [7] have not been 
compromised by these existing sources. The combustion of fossil fuel 
for electricity and transportation, also subsequently discharges CO2 as 
a byproduct, accounts for 75% of total anthropogenic emission, and the 
amount varies with the type and carbon content of the fuel. It has been 
estimated that every tonne of coal produce around 2.5 tonne of CO2 
while burning [2,8,9] and finally accorded for 7 billion tons of CO2 per 
year that is increment of 1 ppm per year. Besides, increased emission of 
CO2 warms the earth atmosphere which in turn triggers the release of 
more CO2 from ocean resulting in further increase the temperature, a 
process known as the positive feedback. 

Methane

The second most powerful green house gas methane, account for 
the 9-14% of total green house gases and 15% of the greenhouse effect. 
Despite of short life span of decades, the heat trapping potential of 
methane is more potent than CO2, thus absorbing 84 times more heat 
with in first 2 years of its release. According to the EPA report, natural 
sources like wetlands, intestinal content of herbivorous animals, 
and decomposition of organic matter were responsible for 35% of 
global methane emission [10]. Decomposition of organic matters by 
anaerobic bacteria triggers the release of carbon dioxide and methane. 
The human activities responsible for methane releases are transport of 
fossil fuel [6,7], petroleum industry, oil and gas systems, burning of 
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biomass from paddy fields, digestive and respiratory release of live stock 
as well as garbage decomposition in landfills. Among these prevalent 
anthropogenic releases, methane emission from fossil fuel industry 
account for the larger proportion ~60% which is emitted during the 
process of coal mining and gas processing. Interestingly, biological and 
chemical reaction such as oxidation at tropospheric and stratospheric 
stage and soil absorption compensate the methane in atmosphere by 
converting it into less harmful product, nevertheless recent augmented 
releases of methane have not been counteracted by these sources [10]. 
The recent report alarmed that as a positive feedback increasing earth 
temperature to a degree; induce the methane release to several times 
from its natural source like arctic sea beds, permafrost and methane 
clathrate. 

Nitrous oxide

Nitrous oxide, responsible for a trace amount of 5% of total 
greenhouse gasses, however, the most dangerous GHG as it has 300 
times more heat trapping potential than CO2 as well as has extremely 
long life span of 120 years. Subsequently, the concentration of nitrous 
oxide has increased in a slow manner from 280 ppm in 1920 to 327 
ppm in 2014 [4,6]. Natural sources like microbial activity in soil and 
ocean are the primary source for approximately 70% of nitrous oxide 
release. The most common sources of nitrous oxide is the usage of 
nitrogen containing synthetic fertilizers in agricultural field which is 
released by nitrifying bacteria during their degradation and also during 
the industrial production of nitric and adipic acid. In addition small 
amount could be released by fossil fuel combustion, biomass burning 
and atmospheric decomposition. The highest content of nitrate in the 
ground water can cause problem for human health. It could also create 
dead zones in the ocean. 

Water vapor

According to the NASA report two/thirds of the gases trapped in 
the atmosphere is in the form of water vapor whose rate of evaporation 
and precipitation is chiefly regulated by temperature. Direct human 
activities have small influence on the increment of water vapor in the 
atmosphere, however indirectly; global warming increases the warming 
and moisture content of the air, which then absorbs the heat energy 
thus elevating the atmospheric temperature further. Although, it lasts 
for few days, water vapor has the capacity to double the green house 
effect created by CO2 and other GHG [3,10]. 

Fluorinated gases

Even though present in a trace quantity, these gases are counted as 
an extremely powerful GHG as their heat absorbing potential is 1000 
times more than that of carbon dioxide and the life span varies from few 
years to 1000 years. These gases differ from the rest of the GHG in their 
source, as it is synthesized by human activities. The major proportion 
of these gases includes Hydrofluorocarbon [HFC], Perfluorocarbon 
[PFC], sulfur hexafluoride [SF6] and nitrogen trifluoride [NF3]. The 
predominant fluorinated gas HFC is mainly used in diverse industrial 
process such as a coolant in refrigerators, mobile air conditioners in 
cars and vehicles, as a blowing agent in foams formulation and as a 
propellant in aerosol spray to create liquid particles. HFC leaked into 
the atmosphere that account for global warming effect and dangerous 
cancer. PFC is synthesized as a byproduct in the aluminum production 
system and in the semi conductors manufacturing industry. SF6 is used 
as an insulator in electric transmission equipment and in the magnesium 
processing industry for preventing oxidation of magnesium. The 
amount of these fluorinated gases have escalated rapidly from 0% to 
58% from 1990 to 2012 [11-14]. 

Impacts of global warming

The foremost dangerous effect of increasing temperature by 
even a mere increase of 1.5oC is sufficient for melting permafrost, a 
cryptic or frozen soil formed in the bottom layer of earth over the 
consecutive years. The major adverse effect of these melting is the 
release of an immense amount of sequestered carbon and methane that 
is 4 times more carbon than that released by recent human activities. 
It is speculated that by 2200 60% of northern hemisphere will melt 
and release 190 billion tons of carbon, causing dangerous irreversible 
changes. Classically, it also results in melting off of the Arctic sea beds 
of ice thereby stimulating release of methane from that. 

The second most notable effect of global temperature increase is 
the conversion of sea ice into oceanic dark surfaces, thereby changing 
its innate nature of heat reflecting into increased heat trapping 
potential resulting in further increment of global temperature, ocean 
acidification, affecting the growth of aquatic life, biodiversity and the 
associated food web. In addition, rising sea level is also associated with 
increased storms, floods and cyclone that have negative impact on 
economic and human health [13]. 

Even though it has been identified early that increased CO2 
stimulate the plant growth and biomass yield, recent evidence depicted 
that global warming adversely affect the C3 plants like Festuca vivipara 
[15]. For instance, high temperature impinge the seed germination and 
viability in the species like Juniperus communis, in addition to this, 
elevated CO2 affect the growth and yield by inhibiting Photosystem 
II in some species of Wedelia as well as by reducing Rubisco content 
in rice species. Moreover, elevated CO2 concentration and/or 
increased temperature trigger the susceptibility to pathogen mediated 
diseases in wheat and barley, which has been elaborated further in 
barley that by decreasing the amount of defense compound such as 
p-coumaroylhydroxyagmatine [16-20]. Moreover, increased CO2 
reduce the nutritional composition of some plants such as deplete 
Vitamin C content in Lycopersicon esculentum [21]. 

The impact of global warming on human health is most enormous, 
such as the warmer temperature favors the growth and propagation 
of mosquito and so dramatically increasing life threatening mosquito 
borne diseases like dengue, chikuengunya as well as increases the 
vector borne and animal borne diseases. Strong potent and intense 
heat waves by global warming are responsible for an increase in the 
cardiovascular defects and associated deaths. Moreover air pollution 
due to the warm air, contributes for increased amounts of allergen 
which creates respiratory and lung diseases [22,23]. 

Biofuel

As stated, most of the studies evidenced that burning of fossil fuels 
to generate electricity and to power the vehicles were the chief sources 
of global warming. With the recent advancement in the biological 
and biotechnological fields, it has been suggested that living organism 
can provide a sustainable source of fuel, without causing much global 
warming effect. 

Types of biofuel: The hydrocarbon rich fuel from the biomass 
of biological organism is called as biofuel. The process of biofuel 
production can be classified into 3 types based on its source such as first 
generation biofuel from edible food crops, second generation biofuel 
from non-edible crops & waste oil feed stock and third generation 
biofuel from algae. Based on the application of biofuel it is differentiated 
into bio ethanol, biodiesel and biogas [methane]. 
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require more energy input and release 50-60% less amount of CO2 
compared with gasoline [28]. 

Moreover, bioethanol releases trace amount of sulphur, in contrast 
to large amount by gasoline which is known for inducing acid rain and 
carcinogenic activity. 

The production of ethanol from grass is more favorable because of 
the low fertilizer needs and the extensively increased yield. 

It is possible to produce 145 liters of biodiesel from ~150 liters 
of waste vegetable oil that account for 88-95% energy content of the 
diesel and drastically reduce the CO2 emission by 80%, sulfur and other 
pollutants in concerned amount [27,28].

Disadvantages and the necessity for the third generation biofuel: 
The production of biodiesel from vegetable oil in first generation 
system is extremely expensive and entirely competes with the food 
source thereby increasing the cost of those food crops. 

Combustion of bioethanol also increases the nitrous oxide level in 
the atmosphere as it reacts with the nitrogen in the atmosphere. 

The reason for not attaining the success rate by second generation 
fuel is the conversion of biofuel from the lignocellulosic compound 
requires extensive & expensive processing steps such as with enzyme 
cocktail, thus which is uneconomical for large scale production and 
important to note that grass is not suitable for the production of 
biodiesel [25,28]. 

Third generation biofuel: It encounters the demerits of past two 
generation system and having much advantages, such as highest content 
of oil in many algae strains such as more than 80% of its dry weight and 
the potential to grow extremely rapid, where some strains could double 
their biomass within 24 hours, with minimum requirements like water, 
sunlight and CO2 and also capable of growing in harsh conditions 
which is unfavorable for terrestrial plants, and is possible to culture in 
a wide scale over small area, with the added advantage that biofuel from 
algae to be non toxic, biodegradable and with favorable emission profile 
as it produces no Carbon monoxide, sulfur and unburned hydrocarbon 
[29,30]. Preferable option for producing biofuel like biodiesel from 
microalgae because which is found to be high oil content whereas 
bioethanol and biogas from macroalgae due to its richest carbohydrate 
content [31], despite it could be produced from alternate sources. The 
success rate of biofuel production lies in the selection of appropriate 
strains of high oil content and suitability to grow in a large scale with 
minimum requirement for example Botrycococcus, Chlorella sps etc 
widely used for producing biofuel. 

Biodiesel from microalgae

There are 3 available techniques for cultivating microalgae in a large 
scale includes an open system, performed in an open ponds which is 
prone to contamination and evaporation of water, thus resulting in less 
productivity, however suitable for cultivating algae with a lower content 
of oil, a second closed system with highly regulated temperature and 
less chance of contamination but expensive than open system and the 
last but the most preferred technique is the photo bioreactors which is a 
closed container, illuminated by solar or artificial light and temperature 
regulated with continual stream of water containing essential nutrients, 
air and CO2, thus improving the overall yield of biofuel. The cultivated 
algae is harvested by sedimentation, filtration, centrifugation or 
membrane filtration and then directly dehydrated to remove the 
moisture content at lower temperature and higher pressure such as 
300oC, 10 MPa [32]. These are followed by significantly important 

First generation biofuel: It is mainly synthesized from edible 
food crops, where bioethanol is synthesized from corn, sugar cane, 
maize; biodiesel from vegetable oils like soya bean oil, sunflowers 
oil, coconut oil and biogas from decomposition of organic material. 
Among these, corn was used to produce 15 billion gallon of ethanol in 
the United States recently and sugar cane is mainly used for the same 
purpose in Brazil. The production method of these is as follows: where 
starch, sugar, cellulose and/or any carbohydrate content of the plant 
organic matter is converted to glucose and then to alcohol or ethanol 
by microbial mediated enzymatic hydrolysis such as by Sacchromyces 
sps, Zymomonas and mold, which is followed by the distillation 
process to purify ethanol from the remaining biomass. Soyabean, 
the most preferable source of biodiesel has a high percentage of fatty 
acid that is converted to methyl ester by transesterification reaction. 
Transesterification is the reaction between the TAG [Triacyl glycerol] 
and alcohol to produce Fatty acids methyl esters [FAME] also known 
as biodiesel, this reaction also produce glycerol as a co-product. The 
reaction rate and yield of this reaction could be increased by the 
addition of methanol or any other alcohol and the final product serve 
as a best substitute for diesel and for cooking purpose [24,25]

Second generation biofuel: In order to produce biofuel from non 
edible crops and to increase its efficiency, second generation system 
has been accomplished with advanced techniques like biochemical and 
thermochemical methods that utilize the lignocellulosic and cellulosic 
component in addition to sugar and starch component of non edible 
food crops and waste vegetable oil. The pertinent crops for the 
production of biofuel are the oil plants like Jatropha and Eucalyptus, 
perennial grasses like miscanthus and switch grass. Biochemical 
processing of biomass follows 3 steps such as pretreatment either with 
ammonia or steam explosion for separation of the cellulosic content, 
which is converted to glucose by acid and/or enzymatic hydrolysis and 
then finally transformed into alcohol or ethanol by microbes mediated 
fermentation, followed by distillation to purify the end product. 
Thermal chemical method involves processing at higher temperature 
and pressure that includes direct combustion, gasification, liquefaction 
and pyrolysis. Direct combustion of biomass in the presence of air used 
to produce CO2 and water, and the released heat would be sufficient 
for domestic heating purposes. Gasification involves transformation of 
biomass into gaseous mixtures like CO, CO2, CH4, N2 and H2 known as 
syngas or producer gas by applying high temperature and the regulated 
flow of oxygen and/or steam, which may directly be employed in power 
generation system or treated with catalyst or at higher temperature to 
produce liquid fuel for transportation. Liquefaction is the conversation 
of biomass to liquid fuel in the presence of alkali or glycerin, followed 
by a reaction with solvent to reduce the viscosity of the fuel thus 
improving the yield. Pyrolysis involves the direct conversion of biomass 
into gaseous product by application of intense heat, and reactions 
carried out in the presence of inert gas like halogen and in the absence 
of oxygen. The eminent biofuel produced by these methods are Fischer 
Tropsch liquid, Dimethyl Ether and alcohol fuel [24-26]. 

Advantages of first and second generation biofuel: The bioethanol 
produced from cellulosic biomass directly used as fuel in a pure form 
or could be mixed with a petroleum for improved performance due to 
highest content of octane [27]. 

Bioethanol from sugar cane has significant amount of energy 
content, require less energy input and also considerable 90% reduction 
of CO2 emission such as 0.2-0.3 kg/CO2 per liter ethanol compared to 
2.8 Kg/CO2 per liter of gasoline, indeed bioethanol from sugar beet 



Citation: Ramakrishnan AM (2015) Biofuel: A Scope for Reducing Global Warming. J Pet Environ Biotechnol 7: 258. doi:10.4172/2157-7463.1000258

Page 4 of 6

Volume 7 • Issue 1 • 1000258
J Pet Environ Biotechnol
ISSN: 2157-7463 JPEB, an open access journal 

drying steps, which determine the yield and then costly process of oil/
triglycerides extraction technique that includes mechanical methods 
like expeller press or with ultrasonic assisted extraction and chemical 
methods such as hexane solvent and soxhelt extraction or by using 
cell wall digesting enzymes. Similarly, transesterification process is 
used to convert triglycerides to FAME /biodiesel with glycerol as a 
byproduct, where the reaction rate is increased in the presence of 
catalyst like acid or base such as NaOH or KOH. The yield of biodiesel 
and sustainability depends on the selection of appropriate strains and 
methods of oil extraction such as oil with high content of saturated 
fatty acid possibly produces high stable biodiesel because, the presence 
of poly unsaturated fatty acid are prone to oxidation and alkali based 
transesterification process provides high ratio of biomass conversion 
[33-35]. A recent technique called hydrothermal liquefaction, produce 
biodiesel at low temperature ~350oC and high pressure 20 MPa which 
does not required drying or dehydration. The productivity and yield 
could be improved by the addition of carbon dioxide and the growth 
rate of algae increased by the addition of nitrogen [36]. 

Bioethanol from macro algae

The production of bioethanol & biogas from macro algae like red, 
green, brown algae such as Gelidium amansii, Laminaria hyperborean 
is quite a feasible process, because of the significant high quantities of 
carbohydrate and considerably limited amount or completely absence 
of lignin which is a hindrance in terrestrial plants for fermentation 
and degradation process and in addition some strains of micro algae 
like chlorella vulgaris also used for producing bioethanol because of its 
increased lipid content. Among the three macroalgae, brown algae act as 
an excellent feedstock because of the high amount of carbohydrate over 
the other two. Similar technique, like dehydration, direct combustion, 
gasification and pyrolysis is mainly used for converting bioethanol and 
biogas from biomass, which can be categorized into dry and wet process. 
Dry methods of bioethanol production includes, removal of water 
from macro algae which is an efficient and energy intensive process, 
followed by direct combustion, gasification in the presence of oxygen 
or pyrolysis in the absence of oxygen for decomposing the organic 
biomass and to produce the syngas which is converted to bioethanol 
in the presence of catalyst. Eventually, wet methods use hydrothermal 
liquefaction for converting biomass into ethanol by applying low 
temperature and high pressure in the presence of catalyst, which is 
again converted to bioethanol or biobutanol by microbial mediated 
fermentation as briefed earlier. Compared to bioethanol, there has 
been much more interest towards the production of biobutanol from 
macroalgae because of its increased energy efficiency for transportation 
[35,37-40]. 

Biogas production

Anaerobic degradation of macro algae biomass results in the 
production of biogas [methane] that is directly used to produce 
electricity and for transportation purposes. Primarily, the carbohydrate 
content of the biomass is converted to alcohol and carboxylic acid 
and earlier is converted to acetate, hydrogen and CO2 by acetogenic 
bacteria. The methanogenic bacteria react with these products and 
finally transform these into methane and CO2. Typically, overall 
process can be divided into single stage and two phase digesters, the 
production cost and the yield is favorable in two phase system, as in 
that system biomass and the substrate is pre enriched. The yield of 
bioethanol and biogas is depending on the amount of carbohydrate 
and the type of fermenting and anaerobic microbes used, respectively. 
Moreover, the reaction rate is mainly impeded by high concentration 
of metal, nitrogen and sulfur, in spite of its catalyst activity at lowest 

concentration. For instance strain from polluted area interfere with 
the fermentation and methane production at high concentration 
thereby considerable attention have to be paid during the selection of 
macroalgae species [35,41,42]. 

Advantages and disadvantages: In addition to those mentioned 
above, algae has the potential to grow in a relatively short span of 
time ranging from few days to months compared to years of growth 
required for terrestrial plants, and also this is a climate independent 
process. It is most fascinating to know that algae consumes more 
amount of CO2 for their growth comparatively, which further reduces 
the atmospheric CO2 level. However, the major drawback of algae 
based biofuel is the productivity cost for culturing and extraction. For 
instance, algal culturing with photo bioreactor requires heat exchanger 
for cooling during the day time and for regulation of the temperature 
during the night time. In addition, high cost is also required for cell 
wall disruption for harvesting algal biomass and oil [41,43]. 

Recent trends in biofuel technology

In order to reduce the cost effect of enzymatic hydrolysis of algal 
cell wall disruption and degradation, recent approaches like membrane 
disruption by algicidal substances have been improved which is 
secreted either from bacteria or viruses or algae such as from the species 
of Flammeovirga, Pseudomonas, Alteromonas, Pseudoalteromonas, 
Silibacter, Aeromonas, Clostridium, paramecium and chlorella viruses 
etc. These organisms are co-cultured with micro or macro algae for 
producing strain and cell-wall specific enzymes such as carbohydrases, 
proteases, pore forming enzymes etc for the disruption of cell 
membrane [44]. 	

The production of algae from biofuel could be encouraged by 
coupling with waste water treatment or phycoremediation, the reason 
behind this are the algae have the potential to use carbon from waste 
gas CO2, ability to remove toxic components, possibility of utilizing 
the nitrogen and phosphorous as a nutrient source for the production 
of biomass which is present enormous amount in waste water from 
domestic and aquaculture, therefore efficiently improve the economic 
outlook of production systems [45,46]. Recently, it has been depicted 
by Prajapati et al that co-cultivation of algae with livestock waste water 
and followed by digestion with cattle bung promoted the biomass and 
bioenergy production [47]. 

Lipid Droplets [LD] is an organelle contain neutral lipid core and 
phospholipid membrane which is present in bacteria, yeast and green 
algae which have been drawn increased attention recently for the 
production of biofuel especially biodiesel, owing to the conversion & 
storage of high amount TAG in LD from their biomass. Green algae 
have the ability to produce 100 fold more oil than the plant as well as 
bacteria such as Rhodococcus opacus has been identified to store 87% 
of TAG in their dry weight [48]. Nonetheless, further research in this 
LD organelle and algicidal organism will greatly improve the third 
generation biofuel. 

Conclusion 
The world frightening problem have long been recognized as a 

Global warming, affects the basic natural resources like land, water and 
air thus results in long lasting irreversible changes like respiratory gas 
for human and other organisms will be depleted in a short span of time. 
The recent report in U.S Energy Information administration estimated 
that 2.4 billion metric tons of carbon released into the atmosphere 
per year for electricity production, as well as average passenger car 
produces 11,450 pounds of CO2 every year and almost 246 million 



Citation: Ramakrishnan AM (2015) Biofuel: A Scope for Reducing Global Warming. J Pet Environ Biotechnol 7: 258. doi:10.4172/2157-7463.1000258

Page 5 of 6

Volume 7 • Issue 1 • 1000258
J Pet Environ Biotechnol
ISSN: 2157-7463 JPEB, an open access journal 

cars in U.S alone, this amount would be unforeseeable globally. But, 
absorption of carbon through natural resources like plants and ocean 
are lesser and this is further decreased by recent anthropogenic global 
change and deforestation. It is estimated that almost 9.9 billion US 
tons of CO2 released per year in USA, whereas ocean can absorb at 
the maximum of 6.6 billion USA tons per year and a tree can absorb 
48 pounds of the CO2 per year, thus the natural resources is not 
compatible with the surplus amount of greenhouse gases. Typically, 
biofuel produce lesser amount of CO2 such as, diesel from heating oil 
and natural gas release 161 pounds and 117 pounds of CO2 respectively 
compared to 228 pounds from coal fuel per BTU [British Thermal 
Unit]. Most importantly, biodiesel and bioethanol emit and absorb 
almost equal or more amount of CO2 during production, in particular 
with algae biofuel, thus which is not increasing the global CO2 level. In 
culmination, compared to 3 systems, biofuel from algae would be a most 
sustainable alternate source of energy due to the several advantages to 
name a few not having impact on food web, land usage and other living 
organism and drastically reduce the GHG emission. Although, these 
technologies are still in the early developmental stage, further research 
in this field is prerequisite to transform this into reality. 

Future Perspectives
•	 More than 10000 species of algae have not been identified 

yet [29], the identification and characterization of these species may 
provide a more suitable strain for efficient biofuel production, and 
also more light needed to be shed on to the processing and culturing 
methods which regulates growth, biomass production and yield of 
biofuel. 

•	 The major bottleneck of algal biofuel is its less stability, quality 
and expensive; Genetic Engineering approach of fatty acid metabolic 
pathway and system biology approach will facilitate improved growth, 
biomass production, stability in a feasible cost, thereby biofuel from 
algae would provide an exciting solution to accomplish the fuel 
requirement and to compete with petroleum industry. 

•	 Intriguingly, in recent times algae are cultivated in tubes in 
highways which are proficiently remove the CO2, majorly released by 
vehicles as well as convert that into useful energy by sun light mediated 
photosynthesis. It would be possible in future to produce algae 
mediated biofuel in coupled with this technique by promoting research 
in this area.
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