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Abstract

The demand on fossil fuel is increasing due toitisesases of population growth rates and highdrgtiees. Therefore, finding
alternative clean and renewable source of energypésof the most substantial needs nowadays Bidd&esee of the potential
renewable resources of energy which produces loigston gases, is sustainable, and can be produgied existing available
technologies. The new resource of fuel has to l@incing, microalgae is one of the most promisiogrses of biodiesel and an
economical substance due to its low coast and\thaadility. Microalgae has the highest of oil pumtivity and can produce
many times more than crops The characteristicsiofomgae’s biodiesel are very similar to diesals it can be blended with
diesel in any ratio. High oil prices, competing dems between foods and other biofuel sources andvtinld food crisis have
ignited interest in farming algae for making bid&idJsing land that is not suitable for agricultuweing ocean and wastewater
for producing and fast growth are algal fuels'aatiive. About half weight of algae is oil that thijsid oil can be used to make
biodiesel and this oil is capable of yielding 3Des more oil than the crops currently used in bfwoduction.
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1. Introduction

Algae are some of the fastest growing plants intbgd. Oil is almost 50 percent of algae weighteToil lipids can
be used to make biodiesel fuel for all kinds of iglds. Algae fuel also called algal fuel is memioérthe 3rd
generation biofuels. Compared to other biofuelstmbshem made from crops, algae is growing muchefst and
contains much more energy per unit of weight. Midgae considers as a great alternative fuel dsewveral factors:
It is renewable and environmentally friendly andctéin contribute to reducing the g@uvels in the atmosphere
because microalgae consumes,@@d converts it to oil [1]. Microalgae biodiesbbecacteristics are similar to those
of biodiesel according to the ASTM standard, whiedans there is no need for major changes in déagghes [2].
Microalgae biodiesel production per unit of areamiany times higher than crops biodiesel. The prtdtc of
diatom algae is about 46,000 kg of oil per hecpameyear [3]. Some microalgae oil content about 8%ry weight
[4]. Depending on the species, microalgae can litevated under very different conditions. It carogrin fresh,
waste or marine water, therefore it can be growthaut affecting the fresh water supplies [5]. Malgae can be
produced in areas unsuitable for agricultural psgsoto avoid affecting arable land [6]. Microaldpefuel is non-
toxic, contains no sulphur and is highly bio-de@iald. After extracting oil the remaining materiahncbe used as
soil fertilizer or to produce ethanol [7]. The co$tmicroalgae biodiesel can be less than crop# piloduced on a
large scale under suitable conditions and usingagpate technology [8]. The cost of biodiesel suially over $US
0.5 per Litre, while common diesel $US 0.35 perd.{9] and the cost of microalgae oil is around $0&37 per
Litre [10]. Algae biofuel contains no sulfur, ismtoxic and highly biodegradable, algae have bderonsiderable
interest in the biofuel production as they can audate very high levels of lipid that can be easijnsesterified to
biodiesel, Oil content in microalgae can exceed 8i)oweight of dry biomass [11]. Biodiesel produdedm
microalgae is not resource limited and has themiatefor yields 50-100 times greater than biodidsam crops.
This high production level can be achieved sushiiitya with high-energy return on investment andttwiittle
impact on food production and prices [12]. Feedstosuch as rapeseed, soybeans, palm oil and sunflare
considered to be first generation biodiesel feadkstdbecause they were the first crops to be usegrdduce
biodiesel. To reduce the dependency on edibleatigrnative biofuel sources such as non-food feettst have
been developed to produce biodiesel. Crops sucjatespha, mahua, jojoba oil, tobacco seed, salmignsee
mango, waste cooking oils and animal fats are atswsidered 2nd generation feedstocks. The cosiodfidsel
production, inefficiency and un-sustainability bEse 1st and 2nd generation biodiesel feedstoeksedascientists
concentrate on 3rd generation biodiesel feedstathsh are derived from microalgae [13, 14]. In teeent years
much thrust has been put on to examine the pasigibibf using algae as a source of bio-oil andyasofor energy
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applications. The commercial viability of algae-baddiofuels production shall eventually depend conemics of
the technology. 1 kg of dry algae biomass utiliabsut 1.83 kg of C¢) thus the microalgae biomass production can
help in bio-fixation of waste CQOwith respect to air quality maintenance and improent [15, 16]. It shall be
mentioned that existing engines can use microalgefiel without modification and microalgae biofueskn be
mixed with conventional petroleum at any ratio.

2. Growing, harvesting algae and extracting algal oil

The first step in growing microalgae is to seldw most suitable species. The availability of tinails, the growing

method and the reason for growing are the maimfadh selecting the species. Different speciemiofoalgae has
been indicated in Fig. 1. The Chlorella specieséhggeat potential to be a resource for biodiesehhbse of its fast
growth and easy cultivation, however its lipid anttis relatively low (14 to 30%) (lliman et alQQ@D).

Figure 1. Process of converting microalgae to biodiesel

Microalgae can be produced in open pond systemslasdd system photo bioreactors (Fig. 2).
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Figure 2. (a) open pond systems and (b) closed system plaelotors

Growing microalgae requires light, water, nutrief@®2. Microalgae can be grown in many differenysvan large-
scale or small-scale photobioreactors (Fig. 3)h@ligh an enormous number of photobioreactor designe been
proposed, only a few of them can be adopted fosmesduction of algae due to technical and comrakfactors..
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Figure 3. Algae Photo bioreactor (PBR) [www.biocentricenecgyn]
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Different systems have been investigated in Fig. 4.

The Culturina Station The Continuous Flow Svstem

Figure 4. Different cultivation system for microalgae [wwwolsentricenergy.com]

Harvesting microalgae was described as one of #jernshallenges aspects of producing algae duketdoiw cell
diameters ranging from 2 to 20n . However, microscreen, centrifugation and fldatan are the most common
harvesting methods currently used . Centrifugaisoefficient and reliable, but expensive for prodgcmicroalgae
as energy. The extraction of microalgae oil from Hiomass can be in physical or chemical methottsagdund
can assist in oil extraction by using an ultrasamiactor to crack the cells’ membranes by the aabbcavitation
bubbles which break the cell wall. The lipid hasoabeen extracted by Liu et al. (2008) using clitora and
methanol (2/1, v/v). Hossain et al. (2008) weighiegl microalgae biomass after filtration to detemnihe biomass
productivity, and then the oil was extracted byingythe algae at 800C for 20 minutes. The driede@lgere mixed
with a mixture of 20 mL each of hexane and ethéutem. After that the mixture was left to settler fone day, and
then the mixture was filtered to separate the bean@ihe oil was evaporated using a rotary evapotatelease the
hexane and ether solution.

3. Converting algal oil to Biodiesel

The main components of typical algae are protetasbohydrates, lipids and other valuable components
pigment, anti-oxidants, fatty acids, vitamins ¢ic, 9]. Fig. 5 shows a schematic of the productibbiodiesel from
microalgae. The first step is the selection of pprapriate species with the relevant propertiestifier specific
culture conditions and products [1]. For algaeieation, most companies pursuing algae as a safrb®fuels are
pumping nutrient-laden water through plastic tutheg are exposed to sunlight called as photobitoesaor PBR.
In PBR system, algae are cultivated in suspendioh,the system is closed and water is circulatedpblmps.
Artificial light and heat is used. In a closed syst (not exposed to open air) there is not the prabbf
contamination by other organism blown by the dig problem for a closed system is finding a cheapce of
sterile CQ. Another main cultivation system is open pond tiedérs to a simple open tank or natural pondsadlg
are grown in suspension with additional fertilizef3as exchange is via natural contact with theosumding
atmosphere and solar light. Microalgae can be Isté@de using microscreens, sedimentation, centrifoigat
flocculation or membrane filtration.

The harvested biomass is then dried and oil isaeted. Various methods for extraction of lipidsnfronicroalgae
have been reported in literature, methods are kxfml press, liquid-liquid extraction (solvent texction),
supercritical fluid extraction and ultrasound teicjue. The most popular extraction method is Soxaldtaction
using hexane as a solvent and an extraction tin#hpbil will be separated from the solvent extdagtdistillation
process, then oils are converted to biodiesel usiagsestrification method (Fig. 6) [8]. Biodiessl typically
produced through the reaction of algal oil with hagtol in the presence of catalyst to yield glycerémd methyl
esters, this process for making biodiesel is nedétisimple and can be low extremely low-technoldtg process is
known as transestrification. Actually biolipid algal consists of hydrocarbon compound that are swtable for
diesel engines, so it can be modified for use igiren using transestrification. Biodiesel include swfur or
particular matter that contributes to air polluti@ulfur and PM have been responsible for blackkerand sour
odor problems commonly attributed to dirty diesedlf Biodiesel has greater lubricity than petroledimsel, in
addition algal biodiesel is a carbon-natural fudtjch means it assimilates about as much @@ing algal growth
as it release upon fuel combustion [10].
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Figure5. Process of converting microalgae to biodiesel
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Figure6. Microalgae biodiesel

Biodiesel can be used in diesel engines as 100&bdsiel or as a blend with diesel in different ratiMany different
vegetable oils such rapeseed, sunflower, palm agtesin have been tested by many researchers [@dieBel
produced from microalgae has been found to havpepties, such as density, viscosity, flash poinbsMof these
parameters comply with the limits established by #xmerican Society for Testing and Materials (ASTHdj

biodiesel quality [1]. Algal biodiesel has also bdeund to meet the International Biodiesel Staddar Vehicles
(EN14214). A comparison of typical properties @$gil oil and bio-oil obtained from microalgae icalied that bio-
oil from microalgae has a lower heating value, Iowiscosity and higher density compared to fossi{Table 1).

Table 1. Comparison of typical properties of fossil oil dpsid-oil from microalgae [1].

Properties unit Standard Fossil ail
Density Kgll ASTM D-6751  0.75-1
Viscosity Pas ASTM D-445 2-1000
Heating value MJ kg™ ASTM D-6751 42
Stability - ASTM D-6751 -

3. Conclusions

Algae have great potential as a sustainable sdarcproduction of biodiesel. Research for producaigbiofuels

from microalgae is in the beginning stages andetiea substantial need for more research to sitlyr economic
issue related to biofuels. Among the renewable csyriran has high biofuel energy potential. Thanibn

government is considerable attention to the utitiraof renewable energy, especially biofuels. Inas enough land
in order to algae cultivation that does not competh food production. A salt lake (Lake Orumieh)lran's West
Azarbaijan province, Maharlu salt lake in Iran'ssHprovince, Qom salt lake in Iran's Qom provinagehgiven rise
to a new species of algae for biofuel. Algae aegudent in the shallow-marine lime stones in Zadfosintains in

north of Fars province. Greenish blooms of algaelm seen in the Persian Gulf and Caspian Sed) aodtnorth

of Iran respectively. Producing biodiesel from tmicroalgae can ideally replace 5% of total totadsei fuel

consumption in the first step. By managing thisfisds, an AB5 (5% Algal Biodiesel and 95% dieseadlfuican be
an optimum fuel for Compressed Ignition (Cl) engsiece there is no major engine modification reggiito use
biodiesel.
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