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Abstract
Fossil fuels have become the most important part of our lives and they play a very important role
in our daily life. Because of increasing population and very high demands of fossil fuels, there will
be shortage of these energy resources and there is a fear of depletion of these natural resources.
The life is very much dependent of petrol, diesel and other fossil fuels which are being used in our
daily activities and the shortage of fossil fuels is making them expensive at each and every minute,
so there is a need for economical fuel. The biofuel are the solution for world’s fuel problems. The
biofuel are the renewable and the carbon free source of fuel which is good for environment also.
The first generations by fuels produced from plants were questionable due to their conflicts with
food crops and productivity of oil. The microalgae is capable of producing 10 - 100 times higher oil
content than the crops producing oil. The growing and harvesting of microalgae is easier and extraction of oil from biomass is also an economical process and hence seems to be very promising
future of biofuel or economical fuels.
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1. Introduction
The third generation bio fuels can solve the problems which were there in first generation and second generation
*

Corresponding author.

How to cite this paper: Srivastav, D., Singh, A.P. and Kumar, A. (2014) Fossil Fuels Running out: Third Generation Micro Algal Biofuels Showing Light of Hope. Open Access Library Journal, 1: e707. http://dx.doi.org/10.4236/oalib.1100707

D. Srivastav et al.

bio fuels. Ethanol and biodiesel are included in first generation biofuel, they are directly related to a biomass
that is more than often edible. When the sugars C6 fermented (glucose) with a genetically modified yeast strains
(Saccharomyces cerevisiae), the ethanol is produced. The feedstocks which are mostly used to form first generation biofuel (bioethanol) are corn or sugarcane and some other feedstocks like sugarbeets, barley and potato
wastes. One of leading country Brazil uses sugarcane as common feedstock and the process of producing bioethanol is very simple: Crush the sugar cane in water so that sucrose is removed, then purify the sucrose to produce ethanol. The problem raised was the increased price of sugar in the market. US $0.20 per pound was the
price of sugar in August 2012 and US $2.59 per gallon (US $0.68/L) was ethanol price. Production of sugar was
favored instead of production of bioethanol as the 1 L is produced out of sugar should cost around 0.30 to 0.35.
The other major source of carbohydrate, used to produce biofuels was Corn. Corn requires the hydrolyzed starch
which is to liberate the sugars for ethanol fermentation with the help of an enzyme “α-amylase”, its inexpensive
production of ethanol at US $0.04 per gallon [1]. In August 2012, Corn market value was close to US $338/t.
Depending on the efficiency of process 400 to 450 L of ethanol was produced. Whereas the second generation
biofuels are the fuels produced from different feedstocks but they are not limited to non-edible lignocellulosic
biomass. It was an incentive that the price for the biomass was less as compared to the price for corn, vegetable
oil and sugarcane but such biomeass was complex to be converted in the products and needed new technologies.
The two different approaches were used to produce the second-generation biofuels, generally referred to as “bio”
or “thermo” pathways. The second generation biofuel is produced using non-food stocks so that they can be
produced at the large scale and cost is reduced as compared to the first generation biofuel as well as petroleum
based fuel. It can resolve issues raised in 1st generation biofuel. It was produced by the conversion of lignocellulosic feedstocks to bioethanol, synthetic diesel and aviation fuels. The advantage of second generation biofuels
over the fossil fuels and 1st generation biofuels are the low green house gas (GHG) emission, a more positive
energy balance and many more. Jatropha and other seed crops are used for second generation biofuel production
specially for biodiesel. Jatropha became very popular for biodiesel production in early part of the 21st century
and it was praised as high yielding capacity per seed as high as 40 percent. When Jatropha was compared to
soybean, which production was 15 percent then Jatropha became a miracle crop. The advantage of using Jatropha is underweighted by some disadvantages like the poor performance of engine under cold condition, the oil
solidifies and clogs the fuel line of engine and the Jathropha can not produce high amount of oil if it is not properly cultivated. Its cultivation is tough for rural farmers. The hydrolysis of lignocellulosic complex is an enzymatic process which is costly at high scale production of biofuels [2]. For these regions both first and second
generation biofuels were rejected.
As described above the Biofuels are classified as:
1) First-generation biofuels: They are directly related to a biomass that is edible.
2) Second-generation biofuels: They are defined as fuels produced from a wide array of different feedstock,
ranging from lignocellulosic feedstocks to municipal solid wastes.
3) Third-generation biofuels: They are related to algal biomass but could to a certain extent be linked to utilization of CO2 as feedstock.
The biofuel, derived from algae has recently entered the mainstream are called third generation biofuels. It has
been detected that much higher yield with lower resource input can be obtained with algae. A number of advantages can be obtained by algae. These biofuels can be generated from locally available and renewable material so
it shows a significant potential for economic growth and sustainability to industrialized countries. They proved
positive carbon balance with regards to fossil fuels.
The microalgae are the group of photosynthetic microorganisms which can be eukaryotic and prokaryotic both
and they have the capacity of rapidly growing because of simplicity in their structure. They are being cultivated on
a high scale as the producer of bio fuels which may be bio ethanol, biodiesel, bio-hydrogen and many more.
Technically feasible biodiesel is that biodiesel which is produced from microalgae [3]. Other liquid fuels which
are derived from petroleum can potentially be replaced by micro algal biodiesel, a renewable biodiesel. But the
economics of production of biodiesel from microalgae should be improved so that the micro algal biodiesel can be
sustainable as compared with petro diesel. For the production of low-cost micro algal biodiesel, algal biology
improvements through genetic and metabolic engineering are required primarily. Further cost of production is
lower by advancement in photo bioreactor engineering and the use of the biorefinery concept. For producing much
of the micro algal biomass, the tubular photo bioreactors are used for making biodiesel. Photo bioreactors are used
to achieve a controlled environment, which can give consistently good annual yield of oil produced from microOALibJ | DOI:10.4236/oalib.1100707
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algae [4]. The technologies which are currently available for micro algal CO2 fixation enhancement and the
farming of microalgae can also be used for the wastewater treatment with production of biofuel [5]. The microalgae grow on water and when this process occurs in fresh water just like ponds or river then it causes challenges
to marine life as well as harmful effects animal and human life also. This phenomenon is also known as eutropification in which the micro algae grow on the surface of water source and sun light cannot penetrate inside the
pond or rivers and aquatic life get disturbed and when this water is taken by humans or animals then they become
ill due to uptake of dirty water [6]. But somehow they can clean dirty water.

2. Biology of Algae Is Enhanced
The greatest impact for improving the economics of Biofuel (like biodiesel) production from microalgae are genetic engineering as well as metabolic engineering [7]. The microalgae can be treated at molecular level to produce good amount of biofuel which has potential. So a little attention is in favor of genetically modified microalgae has been seen [8]. Engineering at molecular level is in application to potentially increase in biomass yield,
enabled by increase in light photosynthetic efficiency, Biomass growth rate is enhancing, Increase oil content in
biomass of algae, Improve temperature tolerance to reduce the expense of cooling, Eliminate the light saturation
phenomenon so that growth continues to increase in response to increasing light level, Reduce photo inhibition
that actually reduces growth rate at midday light intensities that occur in temperate and tropical zones and Reduce susceptibility to photo oxidation that damages cells. The identification of possible environmental factors
and biochemical triggers that might favor oil accumulation is needed. It’s an important issue that engineered
strains should be stable. The method to get stability also has been barely examined for microalgae [9].

3. Farming of Microalgae and CO2 Mitigation
Some species of microalgae can tolerate a high CO2 content in feeding air system and allow the efficient capturing of CO2 from high CO2 streams such as flaring gases (CO2 content 5% - 15%) and flue gases which is the key
advantage of the use of production of biofuel from microalgae [10]. Terrestrial plants absorb only 0.03% - 0.06%
CO2 so microalgae are beneficial in terms of CO2 mitigation [11]. The algal biomass can further processed for
the production of biodiesel, biosyngas and bio-oil if they get different conditions [12].
1) Farming of microalgae uses waste water: Microalgae are farmed in wastewater which has a combined
benefit of wastewater treatment and production of micro algae at high amount. This type of wastewater treatment, also known as the bioremediation of wastewater with the help of microalgae is beneficial in which this
type of microalgae are produced and further used as the source of biofuel. If we use fresh water to grow microalgae then somehow we are destroying that water which can be used for drinking purpose on other hand if we
use that water which cannot be used by any means but the farming of microalgae can be done in that water . Microalgae can remediate that water and can change that waste water into applicable water. In this type of wastewater treatment, the removal of nitrogen and phosphors from effluent takes place [13]. This would result in eutrophication if these effluents are dumped into Drinking Water Rivers or lakes [14]. Eutrophication can cause a
challenge for the marine life such as the fishes, plants and humans also. The cause of Eutrophication is algae in
the river and lakes. If the consumption of nitrogen and phosphorus by microalgae is in controlled manner then it
would be beneficial for the environment rather than deteriorating the environment. Treatment of waste water by
microalgae is also beneficial for heavy metals contaminated water treatments and it was discussed by Munoz
and Guieysse [15]. But the issue is not just to grow microalgae, it should not be contaminated. The contamination is the major concern associated with farming of microalgae in wastewater [15]. The waste water can be sterilized and the sediment can be removed if all things are managed by using appropriate pretreatment technologies [16].
2) Farming of marine micro-algae: Another natural resource besides variable land is fresh water; it may cap
production of biofuel. For populous countries as India, dry coastal regions like Middle East and China, the use
of freshwater is particularly evident. The employment of marine microalgae for production of biofuel and mitigation of CO2 is a novel idea. The cultivation of different marine micro-algae can be studied with the use of a
variety of cultivation systems which includes various types of closed photo bioreactors [17] and open ponds.
Some examples of those marine microalgae species which are studied for micro algal farming are nitrogen fixing cynobacterium. Anabaena [16], red marine alga porphyridium sp. [18], marine green alga Dunaliella tertiolicta [19] and marine phytoplankter Tetraselmis suecica [20].
OALibJ | DOI:10.4236/oalib.1100707
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4. Factors Necessary for Optimized Growth of Microalgae
1) Sufficient uptake of carbon for micro algal growth: The high micro algal growth rates cannot get support
with just atmospheric CO2 level, means to say that the atmospheric CO2 levels, which is 0.0387% (v/v) are not
sufficient for the high micro algal growth rates as well as for the productivities needed for full-scale production
of biofuel. Combustion processes of waste gases will provide >15% (v/v) CO2 which is sufficient amounts of
CO2 for production of microalgae on large-scale. The power plant flue gas is directly utilized in production systems of micro algal biofuel, for owing to the cost of upstream separation of CO2 gas [21]. Those flue gases are
introduced directly into bioreactors and ponds which contain 5% to 15% (v/v) CO2. These ponds or bioreactors
are of various configurations and contain several species of microalgae.
2) Temperature affects growth rate of microalgae: One of the major factors that regulate morphological, cellular, and physiological responses of microalgae is temperature. The metabolic rate of microalgae is generally
accelerated by higher temperatures, whereas micro algal growth is inhibited low temperatures [15]. Among micro algal species the optimal temperature varies always; however, other environmental parameters influence optimal temperatures, such as light intensity. For some species, the optimal growth temperatures are reported of
15˚C - 26˚C, with maximum cell densities obtained at 23˚C. Due to photosynthesis the clearly favorable effects
on micro algal growth rates were observed only in daytime at higher temperatures, except when the temperature
is as low as 7˚C at when the night [22].
3) Microalgae require some other Nutrients: Nitrogen is the most important element, required as micro algal
nutrient apart from carbon [22] and nitrogen is directly associated with the primary metabolism of microalgae as
it is constituent of both proteins and nucleic acids. As a primary nitrogen source ammonium is preferred by fast
growing species of microalgae rather than nitrate [24], micro algal growth will be enhanced if a medium that
lacks nitrate is used [25]. As expected the microalgae grow at lower rates under partial nitrogen deprivation, but
at the expense of lower productivities significantly more lipids are produced, which are synthesized under stress
conditions as reserve compounds [26]. Phosphorus is the third most important nutrient.
4) Provision of light: The basic energy source is light for phototrophic microorganisms. Thus the end utilization efficiency and intensity of the light supplied are the most important in micro algal bioreactors. The micro
algal bioreactor should be designed in such a way to the issue of optical depth which can measure the proportion
of radiation scattered along a path or absorbed through a partially transparent medium [27] because it has been
studied that the light intensity decreases in high-density cultures and intensity of light is decreased within the
deeper culture medium also.
5) Energy harvesting: The most common source of energy for microalgae is Sunlight, to an extent that is rather species-dependent. Micro algal productivity increases with the increment in light conversion efficiency
when light are the only limiting factor [28]. Although as compared with those of higher plants, the required light
intensity of typical microalgae is relatively low. With the increment of light intensity up to 400 m∙mol∙m−2∙s−1,
micro algal activity usually rises [15], if we take an example of Chlorella and Scenedesmus sp. the saturating
light intensity of this in the order of 200 m∙mol∙m−2∙s−1 [29]. Many micro algal species can switch to heterotrophic growth from phototrophic, and some can even grow mixotrophically in which energy is produced by using photosynthesis, but biosynthesis is carried out by organic carbon compounds.

5. Some Selective Cost-Effective Biomass Harvesting Technology
There are some technologies which have been investigated for harvesting micro algal biomass and these technologies are biological flocculation [30], chemical flocculation [31], filtration [32], centrifugation [33] and ultrasonic aggregation [34]. The biological and chemical flocculation require low operating cost but they both
have the disadvantage of time consuming nature for processing and have the risk of the decomposition of bioreactive products also. But other like filtration, centrifugation and ultrasonic aggregation techniques are more
effective and costly too. On the basis of the value of target product, the required micro algal cell size and the
product concentration, one can choose the appropriate harvesting technique.

6. Toxic Compounds for Microalgae
Various gases, such as CO2, SOX, NOX, NH3 and O2 and heavy metals may be toxic to microalgae. Among micro algal species the optimal CO2 concentrations vary greatly. When common freshwater microalgae are grown
OALibJ | DOI:10.4236/oalib.1100707
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under high CO2 concentrations then they exhibit changes in photosynthetic characteristics [above 5% (v/v)].
These changes include higher photosynthetic sensitivity to O2, lower affinity to CO2, lower activity of carbonic
anhydrase and higher CO2 compensation points [35].

7. Metabolic Engineering Applied on Algae
Although routine manipulation on genetic level is different for all microalgae, only some micro algal strain can
be genetically manipulated (like Chlamydomonas reinhardtii, the diatom Haeodactylum tricornutum and Volvox
carteri). The new model systems and the new techniques will be developed as the interest in algal biofuel is being expanded. Previously the algal transgenics have been reviewed [36] however, because of recent seminal studies the “molecular toolkit” has since expanded. Some of the significant advances include: 1) Transgene expressions in an efficient way [37]. 2) Riboswitches are used for gene regulation in algae as a novel mechanism [38].
3) Inducible luciferase reporter genes and nuclear promoters [39]. 4) Expression of inducible chloroplast gene
[40].
In green algae the metabolic pathways are related to biohydrogen and biofuel production. The light-harvesting
complex which is bound to carotenoids and chlorophyll capture light energy as photons in green algae. In the
catalytic oxidation of water the Photo system II uses this energy, forms molecular O2, protons and electrons. The
formation of NADPH from the reduction of ferredoxin is leaded by the photosynthetic electron transport chain
which transfers Low-potential electrons. After water oxidation into the thylakoid lumen the protons are released
so an electrochemical gradient is formed and this electrochemical gradient is used to drive ATP production via
ATP synthase. The substrates for the Calvin-Benson cycle are the photosynthetic products which are NADPH
and ATP. Inorganic CO2 is fixed into 3-C molecules that are assimilated into the starch, lipids, sugars or other
molecules required for cellular growth in the Calvin-Benson cycle [36].

8. Biohydrogen and Biofuel Production from Engineered Algae
Eukaryotic algae is utilized as it has an interest for the renewable bioenergy carriers production, including alcohols from starches, diesel fuel surrogates from lipids, and fuel cells from H2. If the relation is studied for the terrestrial biofuel feed stocks, the solar energy can be converted into fuels by algae at higher photosynthetic efficiencies, which can thrive in salt water systems. Recently, a considerable progress is seen in identification of relevant pathways and bioenergy genes in microalgae. Some strains are being engineered with the powerful techniques on genetic level via the targeted disruption of transgene expression and/or endogenous genes [41].

9. Advanced Photo Bioreactors and Design
Another key aspect for efficiency and cost effectiveness of the production process of micro algal biofuel is the
cultivation system. The process parameter was focused by Pulz [42], who suggested a number of open systems
also. Some new systems were examined and useful diagrams of discussed closed systems were offered by Janssen et al. [43]. He used optical fibers for enhancement of lighting. Currently, due to low capital cost the open
pond systems are been preferred for the commercial cultivation of microalgae on the other hand closed systems
provide better control condition over chances of contamination, mass transfer and other cultivation conditions.
The closed photo bioreactor and open pond combines and open pond combines and this combination is beneficial for the two, it is effective at a 2-ha scale [44].

10. Drying of Biomass
Before thermo chemical processing and/or bioproduct extraction another considerable step takes place which is
biomass drying. The cheapest drying method which has been employed is the sun drying method [45]. However
sun drying method is time consuming method and a large drying surface is required for this type of drying technique. The loss of some bioreactive products is the risk in sun drying method. Another low cost drying technology has been investigated that is low-pressure-shelf drying technique [46]. Its efficiency is low. Some techniques have been investigated as more effective and more costly also, which are Drum Drying [47], Spray Drying [48], fluidized bed drying [48], freeze drying and window dehydration technology [49]. The net energy output of the fuel can be maximized if the drying efficiency and cost-effectiveness are balanced.
OALibJ | DOI:10.4236/oalib.1100707
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11. Biorefinery: Recovery of Biofuel
The production of a wide range of chemicals and biofuel from biomass by the integration of bioprocessing in a
cost-effective manner is termed as biorefinery. The production of biofuel from biomass is done by appropriate
low environmental impact chemical technology. The biorefinery is in environmentally sustainable manner [50].
For example fermentation of ethanol produced from sugar derived from cellulose and semi-cellulose [51], biosyngas and bio-oils by gasification of woods or other type of biomass [52]. Not only biofuel but an array of useful products can be produced by microalgae which are healthy food, pharmaceutical compounds and natural
pigments [53]. The strategy of a high-value co product should enhance the economical feasibility of production
of micro algal biofuel. It involves CO2 mitigation as the micro algal framing facility for the cultivation of microalgae. This process is followed by bioreactive products from harvested algal biomass are extracted out. Thermal
processing includes pyrolysis, liquefaction or gasification, Extraction of high-value chemicals from the resulting
liquid, vapor and/or solid phases, Reforming/upgrading biofuel for different applications. The main methods of
disruption of cell and isolation of algal oil from cells include bead mills method [54], presses (like screw, expeller and piston) [55], solvent extraction using hexane and cavitation using pressure differences [56]. Some of the
less known methods include osmotic shock, super critical CO2 extraction, chemical and enzymatic lysis. However these less known methods cannot be used for industrial production because of their processing cost.

12. Thermo Chemical Liquefaction
It is the alternative method for obtaining the higher amount of liquid fuel. With this process the other compounds in the cell like protein and fiber can be converted to liquid fuel. The thermo chemical liquefaction is
performed between the 200˚C - 300˚C, the catalyst may be present or absent [57]. The autoclaving is done at 20
- 30 mPa. The advantage of thermo chemical liquefaction is that it can treat the wet materials also. The materials
with up to 60% water can be treated in this process which allows it to escape the drying process [58]. The highest yield is achieved at 300˚C and when temperature raises more than 300˚C the thermo chemical degradation
take place. A series of steps is applied for the reaction mixture separation in liquefaction. CO2 is sent back for
collection in the process, solvent extraction method is used to separate oil and water. The oil is separated from
solvent by the process of evaporation under low pressure and temperature [57].

13. Conversion of Crude Oil to Bio Diesel
The conversion of crude oil to bio diesel involves various steps like pre treatment of crude oil for removal of
fatty acids and degumming which also eliminates phosphorus content. Degumming is used for the removal of
phospholipids by using very small amounts of water [59], acetic anhydride [55], through ultrafiltration [60] and
distillation [59]. Purification of fatty acids with the help of transesterification using base catalyst and methanol.
The conversion is higher if the process is run for a longer time, for the process of 20 hours the conversion increased up to 85% from 65% [61]. Various catalysts are also used for altering the rate of transesterification like
ferric sulphate [62]. In the process of transesterification in a homogenous phase reaction the base catalysts used
are either sodium hydroxide or potassium hydroxide. The several methods used for transesterification include
heterogeneous catalyst [63] and supercritical methanol [64]. Butanol is widely used as the biofuel which is now
produced chemically and biologically [65].

14. Issues of Third Generation Biofuel
The impact on greenhouse gases and the net yield of energy are the most controversial issues of third generation
biofuels. The yield of biofuels depends on the algal metabolism. It is important that the produced micro algal
biodiesel is ecumenically competitive to replace the fossil fuels [66]. The enhanced photosynthesis efficiency is
also a major part of issue. The efficiency of conversion of starch though photosynthesis can be increased by reducing the number of chlorophyll-binding LHC proteins in the strain which are in deeper habitat means do not
live on water surface. This is a natural strategy which is found in nature [67]. Now this is the challenge to engineer those algal cells which have a reduces LHC antenna and grow on water surface.
The improved metabolism of micro algal population is also an issue to gain high potential yield and quality of
the microalgal biomas. Genetically modified strains can solve all problems. Identify the gene responsible for lipid synthesis and introduce them in the algal cells can improve the production and energy gain [68]. The bioOALibJ | DOI:10.4236/oalib.1100707
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diesel produced from the processing of microalgae differs from other forms of biodiesel in the content of polyunsaturated fats. Polyunsaturated fats are known for their ability to retain fluidity at lower temperatures [69].
While this may seem like an advantage in production during the colder temperatures of the winter, the polyunsaturated fats result in lower stability during regular seasonal temperatures [70]. Different types of bioreactors
are used for the better production of biofuels [71] [72]. Bubbling CO2 through algal cultivation systems can
greatly increase productivity and yield [74]. Ponds are in use for large scale production of biofuels from microalgae [75].

15. Conclusion
Biofuels are produced from the renewable source and are the sustainable energy source and are also CO2 neutral.
The first generation of biofuel was not satisfactory due to the less oil yield and impact on food crops. The third
generation biofuel from microalgae seem to rule out the problem of low yield and proving to be very useful.
They are becoming economical, cost effective and easily available energy source without harming environment.
The fossil fuel are in limited amount so we have to search the alternative energy sources and micro algal biofuel
looking as a very promising player in this regard but after all these promises there is still a need for improvement and more research needs to be done which will surely be helpful in mankind.

16. Future Aspects
The limited amount of fossil fuels and the increasing fuel demands are big problem in today’s world. It is not
possible to fulfill the energy demands using fossil fuels as they are non-renewable and exhaustible source of fuel
so there is a need to look for alternative source of fuel. Microalgae have provided a very big renewable source of
fuel. The future of micro algal biofuel seems to be very bright considering that fossil fuels are decreasing very
rapidly. The increasing demands of fossil fuels has resulted in the price hike of these so micro algal biofuel seem
to serve as an economical source of biofuel.
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