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ABSTRACT 
ne extehsive use 0sSi ue ls is depleting its reserve and produces harmfui einission ciausing envirnct ISSues. ienee, Custuetaie acnero nas tbeei given to alternative sources such as bivdiescl, Curenitly, biodiescl is iny produced toi cunveneay grown cdible ojl plants hus leading to a compelition of usage of fod versUN ue increusiig criticisi 0t the suslainability al irst generatjon biodiesels (those derived from edible oils) Das raisCu ate tu thie use of second and third generation biodiesels. The second generation brdiesel ncludes nun-cibie veeetubic Waste cooking oils s well as uniial tas. hese ile considered as promising sutDstalute Tor auiton c tliey ienier coipete witn toou crops nor leiu to litd-cieiring. This study introduces secorid generauon iouiCsET n nua 

t : spets these teedstocks are reviewed and diseussed in this paper. Tluese 
sped characteristies of second vencration h dese eestocks, biodiesel conversion technology and performance and emission 

CSe! 
eywords; Secnnd generation hiodiesel hiodiesel JeedstockS, CmvETSION teChnoiog, pertormance and emissebm 

huracteristies 

1. INTRODUCTION 

ecotid-gctieration biufuel techiologies have bech devetopea because s-keneratie oioucis uutacture nas important 

lirnitations First-generation biofuel processes are usetul but Inmited in most ca-

on ugn DiOrdel wihout threatening fuod supplies and biodiversity Many first-veneraluon hiol 
ee Es And are not cost coimpetitive witli eXIsting rosSi ucis such as al, iund somme ut them produce only 

s Csions savigs. >ccond-geicta DIDtucis can neip SoTe these problems and can supply a larger 

b o global fuel supply sustanably. attordabiy, and wt greatcr envrnmental bencfits. The problem that second 

o biofucl processes are addressing is tu extract ue tal lecdstocks trom this woouty or fibronus biomass, whiere the 

eu Sugars are locked in by lignin, hemicellulose and cellulosec. 
Current bioluel product1on 

urrently the 1raisportation sector produces ahour t ia cerey related CO emisviuns and aecounts for 

carbon 
TOUghly 

emtssio 
of global otl consumpi A, 0nUsD 

arOvements in tfuei etticiency and clectrification of the light vehcle 

Cns in lucl etticiency and el ie options for Teduci cilg 

et.F'or heavy-duty vehtcles. marine vesels and auplanes in partucular, bofucls will pil 

rssions since electrie vehicies and fuel cells are not feusible for these transport modes Over the las 
s C to reduce 

Dro duction ancreased rapidly, in 20O8, about 68 billion lhtres ot pioeihanol and 1s billion itres of biodi 
giobal 

were rod gobally almost all of which was tirst-generauon biolue mainy tne torm ol ethanol from sugar cane 
om) (IE 009b) The mailn obstaclc for second-genctati_ucis is g nvesimcnt costs as well as higher 

ra the end-p c-ptuduct compared to tossi ucis ay g nvestiments n R&D arce 

ii Clain OECD Countries, il reniailis uneertlw DueswIl becoIe co 

witha Some coupanies have reported they wil start comaiereil prolucton herctore ol second-gen 

a fully v u * B Oueis will not penetrate the for soine y 

ly 

ing years (CHOREN. 200. POFT, 2009), but they w s depen u sbsidies to be econonically viable 

atket 
hettlal scale earlier than 201 A, U 
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Fig: 1.l Global biofuel production 

2. L.ITERATURE REVIEW 
2.1 GENERAL 

nC teralure survey is carried out as a part of the project work. It contains the revew 
ore past research about 

u generalion biofuel. The past research eftort will certainly guide in Justny inE 
e seoPE ant airection of the 

present eftort. 

2.2 LITERATURE SURVEY 

anan et al. |2018] reviewed the key features of India's National Biofuel Policy, which aids in he regulation of 

Cproduction and marketing. This review summarised recent initiatives and their scoPe. 

E et.al. 12019) has done work on effect of biodiesel fuel on diesel engine emission biodiCsel trom Jatropha, Paln, 

Waste cooking oil, algae had been as feedstock for biodiesel. B10 and B20 blends win dieser ueCl were used on 

Singie cyinder diesel engine. From that it was observed that CO, HC, CO; and snoke Cmission were reduced as 

comparcd to diesel fucl for al blends ofBIO and B20 whereas NOx emission were 1ound higher for all blend ot Bl0 
and B20. 

M. M. K. Bhuiya, et al. [2014|, Second Generation Biodiesel: Potential Alternative to-Edible Oil-Derived Biodiesel. The 

second geneation biodiesel includes noncdible Vegetable ois, waste cooking oils as well as arnimal fais. These are considered as promising substitute tor traditional edible food crops as they ueither compete with toodt crops hor cad ta 
land-clearing. This study introduces second generution biodiesel to be used as biodiesel fecdstocks. he um o his 

experimental work was to study the Sccond generation biodicsel; biodiese! fecdstocks; conversion technology 

performarnce and emission characteristics. 
Christine Chirat |20171, studied the Vegetal biomass , Biocconomy, Biorefinery. Biofuels, Bioenergy and Bioproducts 

The use of vegetal biomass for energy will then be discussed, with a tocus on the production of biofuels. This paper will 

first give key tigures tor tossil fuel versus vegelal bionass stocks and production. The ehemical composition of vegela 

biomass will be deseribed in a second part, and compared with fossil raw material. 
Soni Sistbudi Harsono et al.20151, studied the Agicultural waste, bioethanol, biorefincry, coffee pulp, fermentation and 

Saccharomyces cerevISile ot the sEcond-genCrauon iors ne rcsearcn was aimed to utilize coffee wastes for prodicing 

a value added products and to reduce environmental poilution burden as well as to evaluate the potential for bof iocthano 

production at probable optimum conditions USing Sacearomiyces cerevisiae. 
Ralph E.H. Sims et al. 20101.2d-generalon biofuels prodietion will continue to face major constraints to tül 

commercial deployment. he logistics or proviaing a conpetitive, all year-round, supply of biomass feedstock to a 

commer ercial-scale plant is challenging, as 1s provig ne penoance or the conversion process t reduce costs. 

Jadwiga R. Ziolkowaka 2014) studied Second generation biofuels witi cellulosic ethanol. Biofucl feedstocks and 
echnologies This paper discusses Varous biouels Lechologies and feedstocks that have a potential to emerge 

prospective ieedstockS 1ot second gtuca DOucis prouuclon in the tuture on the US market. 

3. Second-generation bioluel conversion routes 

R&D efforts, have been undertaken r derent conversion routes, und so far there is no elear trend showing 

which technology will be the ost prming ture option, he two main conversion routes are: 
3.1 Bio-chenmical route: his process ls based on enynalic-hydrulysis uf the lignocellulosic material through a variety of 

enzymes that break the celusc t Sugats. In the second siep of the process, these sugars are fermented int 
alcohol which is then distiled into ethanol. 

3.2 Thermo-chemieal route e ri stp in the process is the gasilication of the feedstock under high temperature nto 
Svnthesis gas. This gas can tien be lranstornea into ditterent types ot lhquid or gascous fuel, so-called "synthetic tue (c.g. BTL-diesel, bio-SNG) 
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D.1Classification of second generation biofuel from lignocellulosic ee tocks 
Biofuel group Specific biofuel Produclion process 

B:octhano Telulosic ethanol Advanced enzymatic hydrolysSIs 
and tennentation 

SyntheticC biofuel Biomass to liquid (BTL) Fischer-Tropseh 
F) diesel, synthetic diesel 

, Biomethan 
Heavier alcohols (1Butanol and mixed ) 

GaSification and Synthesis 

Dimethyl ether (DME 
S1O-synthectic Nalural (Gias (SNG) thane Gasitication and Synthesis 

Bio-hydrogen Hydroge Gasification and Synthests or 

biological processes 
Csel and igtiocellulosic cthanol are the most discussed second-generation biofucl options. Both tuets 

he blended with conventional diesel and gasoline, or used pure. Another promiSing secogeet a syntne ato atural gas. The gas can be produced from a wide variety of biomass fecdstoCkS an nd 

comprce ueTC Tor use as transport fuel in modified vehicles. The hiofuel yields in terms ot tuel cquivac a 

higher in this conversion route comparcd to lignocellulosic ethanol and BTL-dieset. 

3.2 Biodiesel Production 

can be 

. . scrcaton is regarded as one of the best techniques to convert oil into biodiesel, as itnas 

pr e nign vISCOSIty probleni among other approaches due to its low cost and simpiCuyu 

nis ice Deen laentilied as a widely available technique for industrialized biodiesel production Guc s E 
comveis eneicney 1.e. o0 to 90% and low eost In trunsesterification process, alcohol is reacted with Vepetdbic 

ne ec pprpr 1ate calialyst. Generally, ethyl or methyl alcohol is used to produce ethyl or iemyce 

tne rea is cmpieteu, two distinct layers of liquids i.e., ethyl or methyl ester and glycerine appear ana hey Sepatae 

mut as shown in Fig. 3.1 

Vagetable olls eCyced 9reases 

Dilute acld 

Methanot KOH-*|Transesterilication 

Crude biodiesel Methano ruoe gycerin 

Lynnennng Retining 

Giycerin iod diesel 

Fig.3.1: Basic Transesterification protocol 
T he glyeerne is relined and disposed of for further use. The crude biodiesel is also refined and alcohol is separated 

Irom it whieh is rcuscd in the cycle.he tech1ology o biodiese production ncludes transesteification of oils 

(tnglyceriules) with alcohol wlhtcb gives biodiesc which is cheriically-known as taty ucid methyl ester (FAME) as the 

an product and plycerol as ue by-product. ig l.s. Basic ans esterilication protocol. T he triglyceride is converted step-

WIse into diglyceride, monoglyceride, and ially. gIycerol, auring which one ole ot alkyl ester is removcd in each step 

he man Transesteriticatio reaction vatables ncude methanoiO molar ratio, catalyst concentration, reaction 

Teniperaturc and reaclion time are vpmica tor gn DodeseconTSIO and qulnty. Mcthano! to oil ratio is varied fron 

5:1 to 12: 1, while catalyst concentratio1 is varied rorm U.2 u to 1.2 Ya. T hu catalysts are used in biodiesel production 

due to thheir higher kincmatic ieaction iatcs Tne Teaction upper epctaurc it is restricted by the boiling point (65C) of 

uethanol and the lower linit 1S bused on room temperureo 0otan pre meiy ester, the praduct is washed with hot 

waler to separate Irom soap forued during reaction ne Dlouce Sic Is o de tested to delermine the fuel quality. Fat 

Cid prolile of the leedstock is obtained by Cias Chromatograph (i). Fuel property test is conducted accord 

as well as EN test standards. The important tiei propct ees at are nvestignted imclude: cetane number (ASTM 
D613). kinematie viseosity (ASTM D44S). densaty (ASTM DI298), Calorilic value (ASTM D240), flash poi 

D93). pur point (ASTM D97), cloud point (ASTM D2500). OXIdation stability (EN 14112), acid va 

ubricity (ASTM D6079). carbon residue (ASTM D4SS0). 1odine value (EN 1411) and sulphated ash content (ASTM 

D874).1) 

D 

Cost estmates for second-generation biofuels show signilicant dillerences uepending on plant compleity and 
portant factors incude annual fuil-tOul hour Ot plant operation, feedstock costs and 

capital requiremenis, Accordingly, biofuel plunts with a higher DtOmsso-DOTuet proictton tatte0 are typicilly able to 
bionass convers 

p gher biomass supply costs compured to leSS eneien pints 
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mparison of biofuel cost estimates in the short and long terim 

. shows current IEA projections for short- and ong Tinsel at 

term production coSts of dillerent biofucls 

der 
cthanol a two oil pice sccharios With oil at USD 60. bbI, prouuet ih fossil fuels and most tirst Beneration biofueis c nge oI USDO.84-0.91/1ge and thus are not competitive wial ross u 5 on biofueis 

n the Tong 

ignocellulosic etlhanol could be produced at signilicanuy re TIdiesel (IEA, 2009c). The estunated production 

wcer, WIth increasing plant capacities and inproved convetsi e ool tiL-diesel ar nd 

"g ulosic eluhanol could be produced at signuficantly reduced costs. In this case,Po projected to be 

Around CSD 0.62/1ge for lignocellulosic ethanol and USD 0.58/lge lor d oth 

anol. In the long term. priece sse 0 USD T.07ge lor BIL-diesel and LsD 1.09 lge for lignocelhuloe 

esare projected to fall to USD 0.73/lge tor BTL-diesel and CoD0.2ge Tor lignocellulosje 
wIlh oil at USD 120 bblr 

uCei, Dut still more expensive 
than gasoline and other first-generation biofi 

cu 
Ovcriall cosis and oil pnce at USD 120 bbl, second-genetdtn oucis could be produced 

Vewetsl 
pesceu biodiesel and close to thhe costs of cOrn ethanor(EA, 200C). 

n 2014 h 8eample ol biotuels 

11 go . 
u s Toal Primary Energy Supply (TPES) was 13, /00 MlOe (tons o Cquvalent), of which 

o * C. 
Was Produced trom reiewable cnergy sources. T he major p.irt conmes iront O10ass, represcntng 

72. 
7" OehewADiC ehergy sources: soli biofuels charcoal is by far the largest renewildle enerey (o0.2a ot global 

Cs Suppiy),.nen liquid biotuels (4.1°o). biogases (1.6), and renewilbie municpat wases to,070). he other 

renewable sources are hydrof17,7%). geothernmal (3.8%), wind (3,3°%) and solar/nde (.vo) enerECS 

Celuiosc ethanos 
r ethano (iongterr 

BTL ongem 

Sugar ce etharo 

Sugar cre eturcd furzer 

Cum ettuo 

Con etharn kongerm, 

RAge ba:e 
Raceseed todee gem 

Fig: 3.3 Different current ways to produce energy and biotuels from biomass 

Fig. 3.3 presents diferent ways that can be uSt to produce energy Irom bromass. As far as liquid biotfucis are sid 

concerncd, they are mainly irst-generation biouels, wnic neans nar they usC cdible part of plants. In the casc o 

bioethanol. saccharose (from sugar beet or Sugar cne or stten rom maize andd wheat) arc uscd as raw matcrtli 

Saccharose (which is a dimer composca o BucoscC ana TuctSe can be Terthieited dircctly to cthanol using thie common 
baker's yeast (Saccharomyces cereviside), wnercas starc, wnicn lapoiymeror a-glucose, first needs to be depelynierizeu 

into glucose using arn enzymalic trealment, ana tnc Eucose s erenteu nlo etlhanol. Biodiesel is the second iype o 
biofuel, produced from vegelal ol (e.g. ipeseed, sunower y nciu melhyl esters are produced by reacting vegelal o 

with metlhanol, glycerol being ne Dyprouc yurogen 0 vegelal oil is another pracess that can oe 

used to produce biodiesel. Irn 2013, he prouuc ws2.b Dillion hters. About 53% of it came from male 

26% from sugar plants (sugar cane ana suga De 70 t odsses, oniy a tew peCent from wheat, and less than 

from lignocellulosic biodss cs s t.4 Dillion liters by 2025, 51o coming 

maize, 28% rom sugr ani 2 tor gnocellulesic plants. Biodiesel produc 
was 31.1 billion liters n 0 y Se to 414 billion liters. A little more than U 

biodiesel is produce llincrease from 15% in 2015 to almost 25% in 2025. The % coming fromi lgno and tallow to pio av and will be less than 0.5o in 2025. biomass 1s Vety sn 
4. Second Generation Fecdstock 

about 72o in 2025. The use of other sources like 

ellulos 
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In recen yes, 0l Ddin, algiae nt Jalropha have been studied as potential brodiesel tecdstock They have been 

found t PrOuu e her osl yicids, comparedt to tradiliunal 1ecustock, sue fredstock of the uture 

Table 1. 

owever, scvcta gy CTiCICnt tecdstock bear i high potential of becoming biorue 

although th stgated sulliciently yet. A umber of grasses like Switchgrass, Myscanthus, 
and o 

s have allematively been placed the spotiight. The particular griuss chosenEe st Asia. Myscanthus 
calion the cpe 

ome are o A" Cimatcs. In the Unitcd States, Switchgrass is favoured. In Southeast Asid, y 
is the c Cu us i tuel for inore than a century. In fact, some of the carliest dicset g 

exclusiv ety o Waste vegetable oil is considered a second generation hiofuels because its utility as a 

has been epenucu. u taet, Tceyg or Tuel can help to improVC its ovetall meut 

Another prospective tecdstock 1or biodiesel productlio1. Just emcrging on the biofuels 
dia 

market, 

and Australia 
is pongam 

and (Pongaiapinnatd, u Agan treC, Karum trece and pooiga-oil tree). The rec na 
has a high Brow tuc, ign arougnt resstance and produces oily secds. It has loW Tequireens 

pest contr01, wie an as tDe grown Ol1 margial lands in hot and dry climates.. AS pongEan rees are lcguminous (they 

tial 

sphetic 
of 900 

nirogcn). 
9000 ku seedha 

hey do 

Th 
not require fertul1zers. A single tree is suid to yicld 9 90 kg sced per tree, witn the yicla 

potcntial o1 ha. he average oil content is 18- 27.5% depending on the evtracton lechnogy has 

can he harvested ana preparcd wIth conventional cquipment iused tor procesSing tree niuts, peana cost of Sl/gal 
been esta "a ccs can generatc up to theusands of gallons of biofuels from one acre, at 

SD. 00CaCr he onl 1s removcd, the ieftover seed cake can be uscd as a fertilizer or blended win sy 

animal feed. (5) 

for 

aDle 0 yickds trom various biomass sources and biofuels prouuei 
Op Seed oil (ooil by wt) ield (L. oil:'ha |Land area use (m VIScOsity 4C 

car g Diodiesel mniS) 

Corn 
Canola 

14 00 

9/41 10 
79 Saltlow 

Suntlower 
Feanut 

Jatropha 
TO59 

1892 + 

Aard 8 

Oil palm 566 5950 

MiCTOg S870)- 136,900 01-0.2 36.6 

4.1. Biodiesel Processing 

Feed TOE Product 

Aethano 
5iodiese Biodiesel **getabie of 

Glycero 

- u iese Vegetable oll NETBTL 

Animal tat Ecorning 

Agae o 

Synthelic ese 
Biomass 

Green 

Pyroysts pgrading ueis and 
chemica 

Fig: 4 Biodiesel P'rocessing 
Adiesel Processing is carried out on nielh.anal and vegelabie oil to prouce Brodiesel nnd glycerol Vegetable oil along 

animal fats and algae oil are mixed with l, and procesed hy eeolnng to produced synthetie diesel or green diesel. 

omass like lignocellulosic waste 1s gastlied to lor syniheluc diesel. Same waste 1s pyrolysed and upgraded to form green 

Field and chemicals. 

Second generalion ethanal production 
gure 2 Bagasse and steamm alang with acd solutuon are pretreilted atd pussecl through tilter 1, from filter 1. solid part 

alcd hy wilh enzymes by pre-hydrolysis process. it is uen nyululyscu und passes through tilter 2 to boiler and to 

entratton. Liquid from filter I is termented und pass te colunin, 

Ture perspective for second generation Bioluel 
en gs iund progress in the biotucls nuisiry n Trec ycs uis tor un investment-triendly 

the t lor new biofiels technologies s could creile sla bicgund r nvative bofuels technologies of 
the futur r in the long-term, where the total broluels murTKEt wouu De sppuic wn Diuets tro u balanced mix of dierent 

fole cedsocks. In this way, extreme nalural resure oeruse Coud e' uvouicd., while the tradeutf eonditions of 
S.fuel production cuuld be (at least artialy) solveu. Ttowever, morc nkely oniy a handlful of technologies and 
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TecdstocKS WIl prove cconomically viable and competitive with 

IO1uels 

current 

feedstocks 

traditional 

has 

tecustocks, 
reached such 

dnd approved 

technological maturity 
lo b 

uced on a commercial scale. AS none of the second geneta yet, starch from corn and sugar are still dominatg competitive enou lopmen 
Cuent 

nentum n tne oioucls mark 
techne thanol production nowadays. 

ven the 

pncnt, o other second generation feedstocks are cost" es mainly to high tota OSscuding experi at this poit of time. The problem with technological matuty e among them also reic es determininp COsts, teChnological costs and availability of the feedstocK) 
tecnnologIes, as it was proved that second generation biofucls fecdstocks have iow arcet 

ot marect GHG cmissi diy u, 
CcOnomic obslacles hinder the development 

ol more environ 
Oninent-

ning 

Sion im 
pacts ana thus outperiorm conventional biofuels teedsto 

solution 

iL Cs FerineKn 
Preveamert -

stram 
Pre hydo 

Hydioy 

D coeruto 

'g 4.2 Diagram for second gencration ethanol production. 
6. CONCLUSION 

he second generation biodiesels have become the leading raw materials for obtaining biodiesel due to an increuse 
n world's energy demand, competition of edible oil sources for human use and biofuel production as well as environmental 

pounon.,hs paper discussed second generation biofuel, technologies, need, biodicsel processing. From study it is 
concluded that: 

Next generation Biofuels can be produced from various palm sources. 

Bionmass to liquid (BTL) is an emerging bioenergy lor future generation. 
Agae and jatropha are two potential feedstocks for biofucl production. 

Sustainable palm resources management is required to move the second generation Biotuel industry forward. 

Development o1 green fuels will contribute signilicantly to reduction of GHG emissions and mitigate climate 
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