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ABSTRACT

This study critically reviews the efficacy of biofuel production as a means of
increasing the energy base in Nigeria. It aims at assessing among others, the
progress made so far in thisdirection. Biofuelsarerenewableliquid fuelscoming
frombiological raw materials which are good substitutes for both fossil fuel and
energy. It has the exciting potential for mitigating the grave threats of global
warming, reducing the world's dependence on imported oil frominsecure sources
and reducing the skyrocketing costs of oil that are threatening to under mine the
world's economies and are devastating the people in non-oil producing
developing countries. This study unveils the fact that Biofuels were once our
primary source of fuel and asold ascivilization itself in the solid form like wood,
dung and charcoal ever since man discovered fire. Liquid biofuel such as olive
oil and whale oil have also been in used at least since early antiquity. Rising
taxes on ethanol, combined with a decreasing price of petroleumand an aggressive
campaign run by large oil producers kept ethanol out of the mainstream. As a
result of the several fossil fuel crises since 1970s, biofuel came back to fashion.
Therefore, in the quest for a more sustainable feedstock with the potential in
solving the challenges in converting cellulosic materials, and produce the
guantities of fuel needed at affordable prices today, scientists are converting the
lipids and hydrocarbons produced by algae into a variety of fuels and these
algae-based biofuels are being touted by some as a path to a sustainable energy
supply.
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INTRODUCTION

Theenvironment isfacing areduction of globa foss| fud sresources, like petroleum, natura
gas, or charcoal, while energy requirementsare progressively growing up. Infact, the
searchfor sustainabledternativesto producefud and chemica sfrom non-foss| feedstocks
has attracted considerableinterest around theworld, to face the needs of energy supply
andto respond to climate changeissues. Alternativeresources of energy arebeing explored
in order to reduce oil dependence and increase energy production by exploring solar,
wind, hydraulic and other natural phenomena. Besidesthese sourcesof energy, dso biomass
possesses apotential target for fuel and power production aswell asfor chemicalsor
material sfeedstocks. Thus biomass can efficiently replace petroleum-based fuelsfor a
long term. (Sanchez and Cardona, 2008; Brehmer, Boom and Sanders, 2009; Gonzal ez-
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Garciaetal., 2009; Alvarado-Mordes Terra, Gernaey, Woodley and Gani, 2010; M ussatto
etal., 2010). Biofud istheterm givento any typeof fuel derived from biomass, it refersto
any organic matter of recent origin that has been derived from animalsand plantsasa
result of photosynthetic conversion process. The biomassenergy arederived from plant
and anima materiassuch aswood from forests, residuesfrom agricultural and forestry
processes, industrial wastefrom humansor animals(Balat, 2006). Biofuelsmay besolid,
liquid or gaseousand includeal kindsof biomassand derived productsused for energetic
purposes|like cooking, € ectricity and transport. This*bioenergy” isoneof theso-called
renewableenergies. Biomassare converted to convenient energy containing substancesin
threedifferent ways: thermd, chemica and biochemica conversonsBiofudsarerenewable
liquid fuelscoming from biological raw materia swhich aregood substitutesfor both fossi|
fud and energy. It hastheexciting potentid for mitigating thegravethreatsof globa warming,
reducing theworld’sdependence onimported oil frominsecure sourcesand reducing the
skyrocketing costsof ail that arethreatening to underminetheworld’ seconomiesand are
devastating the peoplein non-oil producing devel oping countries.

Itistheworl dwide acceptance solution to energy security, rural employment and
improving agricultural economy. Ethanol hasits production origin smilar to the process
used in preparing beverages|likewhisky or vodkausing variety of sugar and starch-rich
crops, whilebiodiesdl were sourced from plant and seed oil used directly inrunning diesel
engines. Theever increasing demand of biofuel coupled with the competition between
biofuel feed stocksof cropsand land used for food productionwhich have seriousadverse
effectson food supplieshasled to the use of non-food cropscalled cellulose materia for
production. Inthequest for amore sustainablefeedstock with the potential in solvingthe
challengesin converting cellulosic materia's, and produce the quantities of fuel needed at
affordable pricestoday, scientistsare converting thelipidsand hydrocarbons produced by
agaeinto avariety of fuelsand these a gae-based biofuel sare being touted by someasa
path to asustainable energy supply. Themain producing countriesfor transport biofuels
are the U.S,, Brazil and the EU. Brazil and the U.S. produced 55 and 35 per cent,
respectively, of theworld’sethanol productionin 2009, while EU produced 60 per cent of
thetotal biodiesdl output (Joding, Blandford and Earley, 2010).

U.S. production consistssmostly of ethanol from corn; in Brazil themain productis
ethanol from sugar cane; and in the EU most of the biofuel isbiodiesel from rapeseed
(Alonso, Stepanova, Leisseand Kim, , 2003). U.S. and Brazil are the main ethanol
producerswhilethe EU isthelargest biodiesel producer. High production cost limitsthe
economic viability of biofuelswith the exception of ethanol productionin Brazil (U.S.
EPA, 2003); thus, rendering the biofuel industry very dependent on public support. The
European Union (EU), aswell asmany other countries, hasintroduced severa policiesto
promotethe production and use of biofuels. The new Renewable Energy Directive(RED)
establishesacommon framework for the promotion of energy from renewabl e sources
(BRDB, 2008). The RED setsamandatory target of 20% for the overall share of energy
from renewable sourcesin grossfinal consumption of energy by 2020 (BRDB, 2008a).
Asregardsthetrangport sector, each Member State hasto achievea10% share of energy
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from renewabl e sources (including biofuels) intota fuel consumptionintransportin 2020
(BRDB, 2008b). The benefitsof biofuelsover traditional fuelsinclude greater energy
security, reduced environmental impact, foreign exchange savings, and socio-economic
issuesrelated to the rural sector. Furthermore, biofuel technology isrelevant to both
developing and industrialized countries. For these reasons, the share of biofuelsinthe
automotivefuel market isexpected to grow rapidly over the next decade. Biofuelscould
be peaceful energy carriersfor al countries. They arerenewableand availablethroughout
theworld. Policy-makerswill need to pay moreattentionto theimplicationsfor thetrangtion
to biofuel economy. The conceptsof sustainable devel opment havethe potentia to promote
rural development, embodies the idea of the inter-linkage and the balance between
economic, socia and environmental concerns. Theincreasein the demand of biofuel has
led to the change in the trend of production from the use of staple food crops which
hindersfood security to lignocellulose biomass and gradually to the use of microalga
because of thedifficult tepsinvolvedinthe converson of theLignininto glucose. Biofuds
for transport are commonly addressed according to their current or future availability as
firgt, second and third generation biofuels(OECD/IEA, 2008). Second and third generation
biofuelsareal so called “ advanced” biofud.

Biofuelswereonceour primary fuel. Itisasoldascivilizationitsalf inthesolid
form likewood, dung and charcoa ever snceman discoveredfire. Liquid biofud suchas
oliveoil andwhaleoil havea sobeeninuseat least since early antiquity. Rising taxeson
ethanol, combined with adecreasing price of petroleum and an aggressive campaignrun
by largeail producerskept ethanol out of the mainstream. Biofuel came back tofashion
because of the several fossil fudl crisessince 1970s, othersare; 1973 oil crisiscaused by
the Organi zation of Arab Petroleum Exporting Countries (OAPEC) ail export embargo;
1979 ail crisiscaused by the Iranian Revolution and 1990 oil price shock caused by the
Gulf War (USEPA, 1998). Thisled many countries, such asthe USand Brazil to begin
modernlarge-scaleproduction of biofuds. Inthelast 10years, biofuel shave been embraced
asaway to help resolve some of theworld sgreatest challenges: declining fossil fuel
supplies, high oil pricesand climate change (Webb and Coates, 2012).

Biomass Feedstock

A feedstock isamateria used asthe basisfor manufacture of another product. Biomass
feedstocksare sourcesof organic matter that are used askey inputsin production processes
to create bioenergy. Both agricultural/energy crops and waste/opportunity fuels can be
used as biomassfeedstock.

Traditional Crops

Several traditional crops that are grown for food and other uses can also be used to
produce bioenergy, primarily asbiofuels. Crops currently used as biomassfeed stocks
include: corn, sorghum, soybeans(BRDI, 2008), rapeseed and sugarcane (OEERE, 2008).
Cornisthe primary biomassfeedstock currently used in the United Statesto produce
ethanol (BRDI, 2008). Rapeseed isthe primary feedstock used in Europeto produce
biodiesal (OEERE, 2008). Sorghumisusedinthe United Statesasan aternativeto corn
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for ethanol production. Asof 2008, 15 percent of U.S. grain sorghum isbeing used for
ethanol production at eight plants (BRDI, 2008). Soybeans are the primary biomass
feedstock currently usedin the United Statesto produce biodiesel from soybean oil (BRDI,
2008). Brazil usessugarcaneto produce ethanol and usesthe sugarcaneresiduefor process
heat (OEERE, 2008).
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Figure1: Biomassrenewablefeed stock for biorefineries.
Source: Naik, Goud, Rout and Dalai, 2010).

Energy Crops

Other cropsthat are planted and harvested specifically for use asbiomassfeedstocksin
the production of bioenergy arereferred to as*energy crops.” Energy cropsarefast-
growing and grown for thespecific purpose of producing energy (electricity or liquid fuels)
fromall or part of theresulting plant. The advantagesof using cropsspecifically grownfor
energy production include consistency in moisture content, heat content and processing
characteristics, which makesthem more cost-effective to process efficiently (USEPA,
2007a). Emerging energy cropsinclude; (i) Switch grass, poplar and willow trees. These
energy cropsarenot yet being grown commercialy inthe United Statesfor bioenergy, but
may havethegreatest potentia for dedicated bioenergy useover awidegeographic range.
TheU.S. Department of Energy (U.S. DOE) estimatesthat about 190 million acres of
land inthe United States could be used to produce energy cropssuch asswitch grassand
poplar and willow trees (U.S. EPA, 2007a; Antares, 2003). Several Satesinthe Midwest
and South could produce significant biopower using switch grass, whichiscurrently grown
on some Conservation Reserve Program acres and on hay acresasaforagecrop (U.S.
EPA, 2007a; Ugarteet al., 2006).
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Waste/Opportunity Fuels

Biomassfeedstocks from waste materials are often referred to as“ opportunity” fuels
because they would otherwise go unused or be disposed of ; bioenergy productionisan
opportunity to usethese materia sproductively. Common opportunity fuelsinclude biogas
Biogas, consisting primarily of methane, isreleased during anaerobic decomposition of
organic matter. Facilitiesthat deal withlarge quantities of organic waste can employ
anaerobic digestersand/or gas collection systemsto capture biogas, which can beused as
asource of on-site bioheat and/or biopower. Mgjor sources of biogasinclude: waste
water treatment plants (WWTPs), landfills, sewage sludge from wastewater treatment
plants, crop residues, food processing wastes, forest residues, municipa solidwastesand
wood wastes. Anaerobic digesters can be used during treatment of wastewater to break
down effluent and rel ease biogas, which can then be collected for subsequent useasa
source of bioenergy. According to an analysis by the U.S. EPA Combined Heat and
Power Partnership, as of 2004, 544 municipal WWTPsin the United States use an-
aerobicdigesters. Only 106 of thesefacilitiesutilize the biogasproduced by their anaerobic
digestersto generate dectricity and/or thermal energy.

Asof April 2009, 125 operatorsinthe United States collect and usetheir biogas.
In 113 of these systems, the captured biogasis used to generate el ectrical power, with
many of thefarmsrecovering waste heat from el ectricity-generating equipment for on-
farmuse. Thesesysemsgenerate about 244,000 MWh of eectricity per year. Theremaining
12 systemsusethegasin boilers, upgradethegasfor injection into thenatura gaspipdine,
or simply flare the captured gasfor odor control (USEPA, 2009b). Asthe organic waste
buriedinlandfills decomposes, agas mixtureof carbon dioxide (CO,) and methane (CH,)
isproduced. Gasrecovery systems can be used to collect landfill emissions, providing
usablebiogasfor eectricity generation, CHP, direct useto offset fossil fuels, upgradeto
pipelinequality gas, or useintheproduction of liquid fuels. Asof December 2008, EPA’s
Landfill Methane Outreach Program estimated that, in addition to the approximately 445
landfillsaready collecting L FG to produce energy, 535 landfillsare good candidatesfor
landfill gas-to-energy projects (U.S. EPA, 20083).

Biosolidscan bedried, burned, and used inexisting boilersasfuel in place of coa
or cofired with coal to generate steam and power. Bio-solids can also be converted into
biogasfor bioenergy. Thehigh water content of most bio-solids can present challengesfor
combustion. Asaresult, bio-solids must generally go through adrying processprior to
being used for energy production. Morethan 300 million acresare used for agricultura
productioninthe United States. Asof 2004, the most frequently planted crops (intermsof
averagetotal acresplanted) were corn, wheat, soybeans, hay, cotton, sorghum, barley,
oats, and rice (Famurewaand Babatola, 2011). The harvest of many traditiona agricultura
crops, residues such ascrop stalks, leaves, cobs, and straw areleft in thefield. Some of
theseresidues could be collected and used as bioenergy feedstocks (U.S. EPA, 20073;
USDA, 2009). Food processing wastesincludenut shells, rice hulls, fruit pedls, cottongin
trash, meat processi ng residues, and cheesewhey, among others. Becausetheseresidues
can bedifficult to useasafue sourcedueto thevarying characteristicsof different waste
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streams, thelatter two of thesefood processing wastes are often disposed of asindustrial
wastewater. Many anaerobic digester operatorsare currently adding agricultural and food
wastesto their digestersto provide enhanced waste management and increased biogas
generation (USEPA, 2007a). Resduesfrom slvi-culture (wood harvesting) includelogging
residues such aslimbsand tops, excesssmall poletrees, and dead or dying trees. After
treeshave been harvested from aforest for timber, forest resduesaretypically either left
intheforest or disposed of viaopen burning through forest management programsbecause
only timber of acertain quality canbe used inlumber millsand other processing facilities.
Anadvantage of using forest residuesfrom silvi-culturefor bioenergy productionisthat a
collectioninfrastructureisaready in placeto harvest thewood. Approximately 2.3 tonsof
forest residuesareavailablefor every 1,000 cubic feet of harvested timber (although this
number can vary widely); theseresiduesare avail able primarily inthe West (USEPA,
2007a). Municipal SolidWaste (MSW) - trash or garbage - can be collected at landfills,
dried, and burned in high-temperature boil ersto generate steam and el ectricity.

Massburnincineraionisthetypica method used to recover energy fromMunicipa
Solid Waste, whichisintroduced “asis’ into the combustion chamber; pollution controls
areusedtolimitemissonsintotheair. Somewadte-to-energy facilitieshavebeenin operation
inthe United Statesfor more than 20 years (US EPA, 2008a). M ore than one-fifth of
incinerators use Refuse-Derived Fuel (RDF), whichisMunicipal Solid Wastethat has
been thoroughly sorted so that only energy-producing componentsremain (USEPA, 2009a)
RDF can beburnedinboilersor gasified (USDOE, 2004). Thewaste-to-energy industry
currently generates 17 billion kilowatt-hours (kWh) of dectricity per year. However, based
onthetota amount of M SW disposed of inthe United Statesannually (250 to 350 million
tons), Municipal Solid Waste could be used asfuel to generate as much as 70 to 130
billion kWh per year (USEPA, 20083). Wood wasteincludes mill resduesfrom primary
timber processing at sawmills, paper manufacturing and secondary wood productsindustries
such asfurnituremakers. It alsoincludes construction wood waste, yard waste, urbantree
residue, and discarded consumer wood productsthat would otherwise be sent to landfills
(USEPA, 20074). Wood wastes such as woodchips, shavings, and sawdust can be
compressedinto pellets, which offer amore compact and uniform source of energy (BERC,
2007).

TYPESOF BIOFUEL

Biofuelsared| typesof solid, gaseousand liquid fuel sthat can be derived from biomass.
Solid biofuelsincludethetraditionally originated onelikewood, charcoal and bagasse,
sawdust, grasstrimmings, domestic refuse, agricultura waste, tothemodern useof nonfood
energy crops, and dried manure. Thisbiofuel can be divided into two groupsnamely:
(1) thosethat can beburned directly intheir raw state, for example, firewood. (ii) theraw
biomassin an inconvenient form that requiresfurther processing beforeuse. The process
isaimed at densfyinf thebiomasswhich involvesgrinding to an gppropriate particulatesize
known ashogfuel, depending on the densificationtype, canbefrom 1to 3cm (0to 1in),
whichisthen concentrated into afuel product (USDA, 2008; Josling, Blandford and
Earley, 2010). Solid biomass densification processes produce wood pellets, cubes, the
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other typesof dendfication arelarger in sizecompared to apellet, and are compatiblewith
abroad range of input feedstocks. Theresulting densified fuel iseasier to transport and
feed into thermal generation systems, such asboilers. The advantage of solid biofud isthat
it does not compete with food for resources because it is a by-product, aresidue or
waste-product of other processes (Carp, 1996; Yano, Blandford and Surry, 2010). The
combustion of raw biomassemits cons derableamountsof pollutants, such asparticul ates
and polycyclic aromatic hydrocarbons have become the common disadvantage of solid
biofud. Even modern pellet boilers generate much more pollutantsthan il or natural gas
boilers. Pellets made from agricultural residues are usually worse than wood pellets,
producing much larger emissionsof dioxinsand chlorophenols (Demirbas, 2006).

Themajor gaseousfuelsare Biogas and Syngas. Biogasis methane produced by
the process of anaerobic digestion of organic material by anaerobes (Echols, 2009). It
can be produced either from biodegradablewaste materia s or by the use of energy crops
fed into anaerobic digestersto supplement gasyields. Biogas can be recovered from
mechanical biologica trestment waste processing systemsand naturally occurring anaerobic
digestion. Syngasaso called producer gasisamixture of carbon monoxide, hydrogen and
other hydrocarbonswhichisproduced by partid combustion of biomass; that is, combustion
with anamount of oxygen that isnot sufficient to convert the biomasscompletely to carbon
dioxideand water (Fraley et al., 1983). Before partial combustion, the biomassisdried,
and sometimes pyrolysed. Theresulting gasmixture, syngas, ismoreefficient than direct
combustion of theoriginal biofuel; more of the energy contained inthefud isextracted.

Syngas can be used to produce methanol, Dimethyl ether as well known as
methoxymethane (DM E) and hydrogen, or converted viathe Fischer-Tropsch processto
produceadiesel substitute, or amixture of alcoholsthat can be blended into gasoline.
Liquid Biofudsareclassfiedinto (i) Bioethanol and (i) Biodiesd. Bioethanol isan acohol
made by fermentation, mostly from carbohydrates producedin sugar or starch cropssuch
ascorn, sugarcane, or sweet sorghum. Theethanol production methodsused are enzyme
digestion (to rease sugarsfrom stored starches), by mixing sugar, water and yeast bacteria,
which arethen allowed to ferment in warm environment. The fermentation processisa
seriesof chemical reactionswherein smplesugarsare converted into ethanol and release
of carbon dioxide. Thereisasimpleformulathat representsthe process of simplified
fermentation reaction, whichisasfollows:

C,H,,O, (glucose) -> 2 CH,CH,OH (ethanol) + 2 CO, (carbon dioxide)
Ethanol can a so be derived with advanced technology from cellulosic biomass, such as
treesand grassesand morerecently fromthea gae. A unique use of ethanol intheworldis
called Flex Flue (Thompson, Seth and Pat, 2009). Ethanol can be used in petrol engines
asareplacement for gasoline; it can be mixed with gasoline to any percentage. Most
existing car petrol enginescan runon blendsof E85isan dternativefud that containsupto
85% ethanal. Itisused mainly inthe Midwest and South Vehiclesthat use E85 are specidly
named as Flexible Fuel Vehicles (FFV) up to 15% bioethanol with petroleum/gasoline
(Hertel, Tyner and Birur, 2010). The advantage of Bioethanol, accordingto Balat M.,
Balat H. and Oz (2008); Mussatto, et al. (2010) isthat it has ahigher octane number,
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broader flammability limits, higher flame speeds, heat of vaporization and compression
ratio and ashorter burntime. The use of bioethanol can aso contributeto thereduction of
carbondioxide (CO,) build. Thisisachieved becausein thegrowing phase of the source
crop, CO, isabsorbed by the plant and oxygenisreleased inthe samevolumethat CO, is
produced in the combustion of thefuel (Sanchez and Cardona, 2008; Gonzaez-Garciaet
al., 2009; Chen, and Qiu, 2010a; Balat, 2011). Moreover, combustion of ethanol results
dsoinlower NO _emissions, being freeof sulphur. However, asdisadvantageof bioethanal,
ethanol hasan energy dengty lower than gasoline, itisfully misciblein water anditslower
vapour pressure makes motor cold start moredifficult (Balat M., Balat H. and Oz, 2008;
Gonzalez-Garcia, et al., 2009; Chen and Qiu, 2010a; Mussatto et al., 2010; Balat, 2011).
Biodiesd isaliquid similar incomposition to fossil/mineral diesel produced from oilsor
fatsusing transesterification process. Chemically, it consstsmostly of Fatty Acid Methyl
(or ethyl) Esters (FAMES). Thefeedstocksfor biodiesel include animal fats, vegetable
oils, soy, rape seed, jatropha, mahua, mustard, flax, sunflower, palm oil, hemp, field
pennycress, Pongamiapinnataand algae. Pure biodiesel (B100) isthelowest-emission
diesd that can beused directly but requires certain enginemodificationsto avoid maintenance
and performance problemsor may be blended with petroleum diesdl at any concentration
inmost injection pump diesal engines. Theblendssystemisknown asthe®B” factor to
state theamount of biodiesel inany fuel mix including thefollowing: 20% biodiesdl, 80%
petrodiesal islabeled B20, 5% biodiesal, 95% petrodiesel islabeled B5, 2% biodiesd,
98% petrodiesel islabeled B2 (Taheripour, Hertel, Tyner, Beckman and Birur, 2010).
Accordingto Hiel, Ohta, Komar and Kumashiro (1994), biodiesel isgaining recognition
inthe United Statesasarenewablefuel dueto increasing environmental concernwhich
may be used asan dternativeto diesel fuel without any modificationto theengine.

Propertiesof biodiesel

1 Biodiesd hasbetter |ubricating properties and much higher cetaneratingsthan
today’slow sulfur diesel fuels.

2. Biodiesd addition reducesfud system wear.

3. The calorific value of biodiesel isabout 37.27 MJkg. Thisis 9% lower than
regular Number 2 petrodiesel (Gressel, 2008).

4. Biodiesd givesbetter lubricity and more complete combustion thusincreasing the
engine energy output and partialy compensating for the higher energy density of
petrodiesd.

5. Biodieseal isaliquid which variesin color - between golden and dark brown -

depending on the production feedstock.

6. Itisdightly misciblewithwater, hasahigh boiling point andlow vapour pressure.

7. Theflash point of biodiesel (>130°C, >266°F) issignificantly higher than that of
petroleum diesel (64°C, 147°F) or gasoline (“45°C, -52°F).

8. Biodiesel hasadensity of ~0.88 g/cm3, higher than petrodiesdl (~0.85g/cm3).

0. Biodiesd hasvirtudly no sulfur content, anditisoften used asan additiveto Ultra-

Low Sulfur Diesel (ULSD) fuel to aid lubrication, asthe sulfur compoundsin
petrodiesal provide much of thelubric.
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The advantages of Biodiesel are enormous; among them are: the use of biodiesel in
conventional diesel enginessubstantially reduces emissionsof unburned hydrocarbons
(HC), carbon monoxide (CO), sulfates, polycyclic aromatic HCs, nitrated polycyclic
aromatic HCsand particul ate matter (PM). Biodiesel use also reduces greenhouse gas
emissions because the carbon dioxidereleased in biodiesel combustionisoffset by the
carbon dioxide sequestered whilegrowing thefeedstock (Klein, Weissinger, Tomes, Schaa,
Sletten and Sanford, 1988). Biodiesdl hasafew drawbacks. Oneof such problemsisthe
increaseinNO  inbiodiesd emissions. Often, indiesd fuel manufacturing, whenyou decrease
theamount of particul ate matter in the emissionsthereisacorresponding increasein
nitrogen oxides, which contribute to smog formation. Currently, there are technol ogies
being researched to reduce this problem. Some older diesel vehiclesmay experience
clogging with higher concentrationsof biodiesdl. Sincebiodiesel hastheability toloosen
depositshbuilt upintheengine, itisagood ideato replace thefuel pump and also thefuel
lineswhen using biodiesel for thefirst time. Most biodieselsaremanufactured at BS and
B20, which arelow concentrations of biofuel to diesel (Gressal, 2008). M ost automobile
manufacturersguaranteethismixturewill work with no modification to theenginewhatsoever
(Knothe, 2010).

DEVELOPMENT IN BIOFUEL PRODUCTION

Biofuels for transport are commonly addressed according to their current or future
availability asfirst, second or third generation biofuels (OECD/IEA, 2008). The Third
Generationisalso called “ advanced biofuels’.

First Generation Biofuels: The Biofuel inthiscategory depend solely on ediblefood
cropsfor itsproduction. TheUnited States producesitsethanol from corn, Brazil ethanol
isfrom sugar cane, and inthe European Unionismostly biodiesdl from rapeseed (UNEP,
2009). However, on many levels (environmental, societal), thefact that food resources
could beused to produce biofuel sshows severd limits, asthiswould createland pollution,
alack of agricultura land (world hunger) and deforestation (NRC, 2007; Ishida, Ohta,
Hiel, Komar and Kumashiro, 1996). For example, in some European countriessuch as
France, thearablelandsavailablefor cultivation of oleaginousplantsused for 15t generation
biofuel s production will not be ableto support the biofuel sdemand by 2015, except by
saturating thelandsinfallow, whichwould create soil impoverishment problems (Boudet,
Kgjita, Grima-pettenati and Goffner, 2003).

Second Generation Biofuels: Second generation biofuels are the cellulosic-based
bi of uel sobtai ned from non-food crops materid s (wood, leaves, straw, etc.). Thesebiofuels
includebiod cohals, bio-ail, 2.5-dimethylfuran (BioDMF), biohydrogen, Fischer-Tropsch
diesdl, wood diesal (Roman-Leshkov, Barrett, Liu and Dumesic, 2007; FatihDemirbas,
2009). They can be broadly grouped into those produced either biochemically or thermo-
chemically, using lignocellul osic feed stocks sourced from crop, forest or wood process
residues, or purpose-grown perennia grassesor trees. Such cropsarelikely tobemore
productive than most used in first generation in termsof the energy content of biofuel
produced annually per hectare (GIYhalyr).
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Advantage of Second over First generation biofuels. The great advantage for the
choiceof Lignocellulosic Biomass (L CB) asfeedstock isthe non-interferencewith food
chain, which alowsthe production of bioethanol without using arablelands(Zhang, 2008;
Sanchez and Cardona, 2008). L CB isacomplex raw material which can be processedin
different waysto obtain other val ue-added compounds contributing to the possibility of
establishing abiorefinery. Different value-added productssuch aslactic acid, acetic acid,
furfural, methanol, hydrogen and many other products can be obtained fromitssugars.
Lignin, the non-carbohydrate component, can be used for the production of advanced
materials, polymersand aromatic al dehydes (Zhang, 2008; Sanchez and Cardona, 2008).
Inthisway, L CB can be used assubstrate for the production of second generation biofuels,
contributing to the diversification of energy supply and gas mitigation, offering less
competition for thefood and feed industry (L ee, Speight and Loyalka, 2007). The use of
theseraw materialsto producefuel, power and value-added chemicals, fitswell into the
biorefinery concept invoked to decrease the dependence fromfossil resourcesand to
improvethe economic sustainability (Alvarado-Morales, Terra, Gernaey, Woodley and
Gani, 2009). Theuseof L CB asfeedstock for bioethanol production resultsin significant
reduction of gasemissions (Sanchez and Cardona, 2008; Brehmer, Boom and Sanders,
2009) and in economic profitsincreasedueto low-cost raw-materials(Baat M., Balat H.
and Oz, 2008).

Second generation biofuelslimitation: The composition of LCB dependson the plant
speciesand consigsprimarily of cellulose, hemicdlulosesandlignin, which aretheintegra
part of cell wall in plant tissues (Spolaore, Joannis-Cassan, Duran and | sambert, 2006).
Ligninisanamorphousaromatic biopolymer composed of phenyl propanestructura units
linked by either and/or carbon-carbon bonds, supplying tissues stiffness, antiseptic, and
hydrophobic propertiesamongst others Lignin contributesto 15-30% of plant biomass
and is the principal non-hydrolysable residue of LCB (Suter, 2008). Cellulose and
hemicellulosesare hydrolysable structural polymersof cell wall and themain sources of
fermentable sugars(Lawford et al., 1993; Sanchez and Cardona, 2008). Hemicelluloses
contributeto 10-40% of plant materid and areessentialy heteropolysaccharides condtituted
(Tyner, Taheripour and Baldos, 2009). Lignocellulose ethanol production, becauseof its
recalcitrance, isstill under development (Akin, 2007; Himmel, et al., 2007). Infact, a
gresat effort hasbeen madetoincreasethelignocel lulose conversion rate, but thedifficulty
remainswith two crucial factors: biomass pretreatment and enzymatic degradation. It is
determined by cdllulosecrysdlinity andligninlinking-stylesof theplant cell walls(Singhania,
Sukumaran, Pillai, Szakacs and Pandey, 2006; Singhania, Parameswaran and Pandey,
2009). Inspiteof extreme pretreatment conditionsthat can be asolution, such asstrong
acid/base, or extremetemperature/pressure, it leadsto anegative economic profit of biofuel
production together with asecondary environmental pollution (Boudet, Kajita, Grima-
pettenati and Goffner, 2003).

Third Generation Biofuels: Third generation biofuelsare microorganisms(yeast, fungi)
biofuelsand d gae-based fud slikevegetableoils, bio-ail, jet-fuds, biohydrogen, biodiesd,
renewabl e diesel and many others (FatihDemirbas, 2009; Stevens and Verhe, 2004).

Journal of Environmental Issues and Agriculture in Developing Countries, Volume 7, Number 1, April 2015 10
ISSN: 2141-2731




Algeefud, also called oilgae, isabiofue from algae and addressed asathird-generation
biofue (OECD/IEA, 2008). Algae arefeedstocksfrom aguatic cultivation for production
of triglycerides(fromagd ail) to producebiodiesd. Theprocessing technology isbasicaly
the sameasfor biodiesel from second-generation feedstocks. Other third -generation
biofuelsincludea coholslike bio-propanol or bio-butanol, which dueto lack of production
experienceareusually not considered to be rel evant asfuelson the market before 2050
(OECD/IEA, 2008), thoughincreased investment coul d accel erate their devel opment trend.
Microa gaecan provideseverd different typesof renewablebiofuds. Figure2 isaschematic
overview of microalgal chemical intermediates and thefuelsthat can be produced from
theseimportant components. Thethree major macromol ecular componentsthat can be
extracted frommicroaga biomassarelipids, carbohydrates, and proteins. Thesechemical
componentscan beconvertedinto avariety of fuel optionssuch asacohals, diesdl, methane,
and hydrogen.

Resource Feedstock Intermediates Fuels

Sunlight

Ir,ﬂ'_

= Triglycerides : Biodiesel
oy « Hydrocarbons « Green diesel

Earhakid * Ethanol
._< Ve « Alanes

= Methane
* Fischer-Tropsch Liquids
«H rdrngn n

= Protein

« Resldual blomass

—

Minerals

Figure2: Fuel Production Optionsfrom Microalgal Cell Components.
Source: Mohan, Pitman and Steele (2006).

Comparison of Third Generation with Second and Fir st Generation
Microalgaewereamongthefirst lifeformson earth (§ostrom, 1993). They are capable
of fixing large amounts of carbon dioxide (CO,) while contributing to approximately 40
per cent to 50 per cent of the oxygen in the atmosphere thereby hel ping to support the
majority of lifeon our planet. Microa gaeare highly productiveon aglobal scale, withcell
doublingsof 1-4 per day (Fargione, Hill, Tilman, Polasky and Hawthorne, 2008). While
microa gaemakeup only 0.2 per cent of global biomassgenerated through photosynthes's,
they account for approximately 50 percent of the total global fixed organic carbon
(Swinbank, 2009a). Microalgae, like terrestrial plants, grow and multiply through
photosynthesis, aprocesswhereby light energy isconverted into chemical energy by-
fixing atmospheric CO, by thefollowing reaction:
6CO, +6H,0 +lightenergy ! CH,,O, (sugars) + 60,
The sugarsformed by photosynthesisare converted to all the other cellular components
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(lipids, carbohydrates, and proteins) that make up the biomass. The photosynthetic process
inmicroalgaeissmilar tothat found interrestria plants. However, microalgae, duetotheir
smplestructure, are particularly efficient convertersof solar energy. Because microalgae
do not need to generate el aborate support and reproductive structures, they can devote
more of their energy into trapping and converting light energy and CO, into biomass.
Microalgae can convert roughly 6 per cent of thetota incident radiation, into new biomass
(Shafizadeh, 1982). By comparison, terrestria cropshave generally lower photosynthetic
conversion efficiencies. Sugar cane, oneof themost productiveof dl terrestrial crops, for
example hasaphotosynthetic efficiency of 3.5to0 4 per cent (Thompson, Seth and Pat,
2009). Based upon thisdigtinguishing feature, microa gaehavebecomeatarget for scientific
studieson biomassenergy production, biofue sproduction, aswell asthepotentia utilization
of CO, currently being rel eased into the atmosphere through the use of fossil fuels.,

Advantagesof Micro algae Biofuel

Algaebdongto alargegroup of smplephotosynthetic organisms. Microalgae, aresmall
free-living microorganismsthat can befound inavariety of aquatic habitats. They areable
tothriveinfreshwater, brackish, marineand hypersaline aquatic environments(McNed ey,
2007) and have been reported in desert crust communitiesthereby being ableto endure
temperature extremes and low water availability. Microalgae have been reported to a
mass morethan 70% lipid on adry weight basis (NREL , 2007). However, the production
cost of microalgae asabiofuel feedstock was higher compared to thefinal yield of the
product. Despitethisissue, microa gaeremainsimperative asafuture energy feedstock,
asit requireslessland compared to other commercial cropssuch aspam ail or jatropha
(NREL, 2008; RFA, 2008). The upstream impactsof microalgal cultivation such asthe
demand for carbon dioxide (CO,) can bereduced by using fluegas (RFA, 2009), which
inturnfavoursthereduction of environmental issuessuch asgloba warming.
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Figure3: A summary of microalgal transformationsinto biofuel.
Source: Sanchez and Cardona (2008)
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CONCLUSION

Theproduction of first generation biofuel mainly from traditional food cropshasincreased
rapidly over the past few yearsin response to concerns about energy supply security,
risng ail pricesand climatechange. Theresult of theLifecydeAndyssshowsthat sugarcane
ethanol has Green House Gas (GHG) emission avoidance potentia and sustainability and
tagged “good “ while other traditional food cropsare*lessgood” because of low GHG
emission avoidance, unsustai nable production rel ation to deforestation, water use and
competition for food cropsfeed stocks pushing up thefood commaodity priceshencethe
need for non-food energy cropsgrown specifically for feedstock known asLignoce lulose
Biomass. Therecacitrance nature of Lignocellulose makesit still under devel opment. In
fact, agreat effort has been madeto increasethelignocellulose conversion rate, but the
difficulty remainswithtwo crucid factors: biomass pretrestment and enzymatic degradation
whichisbased on cdlulosecrystalinity and ligninlinking-stylesof theplant cell walls. In
Spite of extreme pretreatment conditionsthat can be asolution, such asstrong acid/base,
or extremetemperature/pressure, it leadsto anegative economic profit of biofud production
together with asecondary environmenta pollution. Algeefud, dso caled oilgae, isabiofuel
from algae and addressed asathird-generation biofud . Algae arefeedstocksfrom aguatic
cultivation for production of triglycerides(fromagd oil) to producebiodiesel. Microdgae
have current gpplicationsin the production of human nutritiona supplementsand specidty
animal feeds. Microagae are currently cultivated asasourceof highly valuablemolecules
such as Polyunsaturated Fatty Acids (PUFAS) and pigments such as &-carotene and
astaxanthin. They also play animportant rolein the aguaculture businessand in waste
water tregtment facilities.
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