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ABSTRACT

The extensive use of fossil fuels iy depleting its reserve and produces harmiul emission causimg environmenal
isses, Henee, considerable attention has been grven e alternalive sources such as biodiese!, Currently, bodiesel s munmly
produced from conventionally prown edible o) plamts thus leading to a competition of usage of foud versus fuel. The
merensing criticism of the sustanabliy of lirst gencraten biodiesels | hose derived from edible oals) has raised attention
ti 1he use of second and third generation bisdiesels, The second generation biodiesel includes nun-edible vegetable vils,
wasle L't'll.'l-kl]'lt.'. onls s well as anmal fals. These are considered as promismg subsiiune for traditional edible foasd LTS i1s
they nerther compete with food crops nor lead to Tond-cle g Ths study inbroduces second generaton bodiesel m Indu
te be used as hiodiesel feedsiocks, Several uspects of these Tecdstocks are reviewed and discussed an this paper [hese
aspeets nclude different sources of bodiese! fesdstocks. biediese] canersion technology and performance and emission
charactersties ol second gencration hodiese)
Keywords: Sccond generation biodiesel Fiodiesel feedstocks, comversion techalupy, poerformance and  enssio
rhuractieristies

L INTRODUCTION

Second-generation hiotuel technologics have been developed because first-genermton biofuels manufciure bas I Lt
linitations. First-gencration biofue) processes are usetul but limited in most cases. there 1s 2 threshold shove w huch they
cannot produce enough biofuel without threatening food supplics and biodiversity. Many first-generation binfuels depend
™ subsidies and are not cost competitive with existing fossil fuels such as oil. und some of them produce only linited
grecnhiouse gas cmissions savings Sccond-generation biofucls can help salve these problems and can supply o lurper
propociion of global fuel supply sustmnably, affordably, and with greater environmental beneiis, The problem that sevond-
setieraion hofuel processes arc addressing is o extract useful leedstocks trom this woody o fibrous niomass, where the
usetul sugars are locked by ligran, hemicellulose and cellulose.

11 Current biofuel production ) ) _

Currently the wransportation sector produces about 23% of global encrgy related CO: emisions and accounts for
foughly $0%, of global ol consumption ([EA, 200800 Biolugls e SEen a8 ane of the most feasible options for reduciing
cathon emissions in the transport scctor, along with improsements in fuel ciciency and electrification of {he light vehicle
eet. Tur heavy-duty vehicles, marine vessels and arplanes i particulas, biofucls will play an ncreasing role (o reduce
LUk ermiss s o clectrie vehicies and fuel cells are not Teasible for these anspart muodes. Owver the i) decade. elobal
Iiagie| moduction mereased raprdly, in 2008, aboul 68 Billion litres 4-['].-1|:11.'II1[1FII.'I| .'l._ﬂd U5 billion atres ol 1,...1.t|m,,|_.|h Were
Profduced slobally alimest all of whicl was tirst-genaraton mofuel imamly m the [orm of eithangi from SULAr Cane nngd
STLUEA, 2000h) The mam obstacle for second-generation biofiiels is lgh mitnl investment costs uy well as higher
EASLs for the end-pruduct compared to fossil fucls or nuny Grst-generation biofuels. Though investiments w kap are
TEUNcang iy verlain OFCT countries. | remains uncertaim when second-generation Im:llu:ll.: will become comnercially
"-: I-“l}“'m"""' Some cotpanies haye reported they will stan ﬁ“““““"”_' production therefors of second-gencration baiicls
IIL|r.I||rl the comimy vears (CHOREN. 2008 POET, 2009), but they will still depend on subsidies to be ecommmical |y vighle
i - E YA o come. The WEQ 2004 450 Scenano projects that second-generation bivtuels will not penetiate hye market

iy cumimercial scale earlier than 2005 (TEA, 20084 )
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Fig: 1.1 Global biofuel production

2. LITERATURE REVIEW
2.1 GENERAL

The literature survey 1s carned out as a part of the project w
the Second generation biofuel. The past research effort will certanl
present effort.
2.2 LITERATURE SURVEY : i ds i
Saravanan et al. [2018] reviewed the key features of India's National Biofuel Policy, which aids in the regulation of
biofuel production and marketing. This review summarised recent ininatives and r_h‘:” SoPpE.
Abed et.al. |2019) has done work on effect of biodiesel fucl on diesel engine cmission I'smdu::?cl from Jatropha, Paly,
Waste cooking oil, algae had been as feedstock for biodiesel. B10 and B20 blends with dl:.:sg] fuel were used un
single cylmder diesel engine. From that it was observed that CO. HC, CO- and smoke emission were reduced as
compared to diesel fuel for all blends of B10 and B20 whercas NOx emission werc found Iugher for all blend of By
and B20,
M. M. K. Bhuiya, et al, [2014], Second Generation Biodiesel: Potential Allemative to-Edible Qil-Derived Biodiesel. The
second generation biodiesel includes nonedible Vegetable oils, waste cooking oils as well as animal futs. These are
considered as promising substitute for traditional edible food crops as they neither compete with food crops nor lead w
land-clearing. This study introduces second generation biodiesel o be used as biodiesel feedstocks. The wim of his
experimental work was to smudy the Second generation biodiesel; biodiesel feedstocks: conversion (echnology:
performance and emission characteristics.
Christine Chirat [2017], studied the Vegetal biomass |, Bioeconomy, Bioreflinery. 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 figures for fossil fuel versus vegetal biomass stocks and production. The chemical compositon of vepetal
biomass will be described in a second part, and compared with fossil raw material.
Soni Sisbudi Harsono et al. [2015], studied the Agncultural waste, bioethanol, borefinery, cotfee pulp, fermentation and
Saccharomyees cerevisiae of the second-generation biofuels. The research was aimed to utilize coffee wastes for producing
a value added products and w reduce environmental pollution burden as well as to evaluate the potential for bof wethanal
production at probable optimum conditions using Saccharomyces cerevisiae.
Ralph E.H. Sims et al. [2010]. Zr_md—gcl?cr:ﬂpn. biofuels production will continue w face major constraints to full
commercial deployment. The !*3"l.31_5'-'*r's ”_f- F"U""d'f‘{-' a competitive, all year-round, supply of biomass feedstock o 3
commercial-scale plant is challenging, as is improving the pn’rfo_rm.:uu;q of the conversion process to reduce costs.
Jadwiga R. ?’Jﬂ_lkuwskﬂ 1_2-914] studied :?L“CF‘"'_-‘ generation biofuels with cellulosic ethanol . Biofuel feedstocks and
technologies This paper discusscs various l‘-l_l.'rh...l.ﬁh 1::::|mnlngu:.5 and feedstocks that have a potential o emerge 45
prospective feedstocks for second geoeration biofuels production in the future on the US market
3. Second-generation biofuel conversion routes

R&D cﬂml.s have been underiaken for differem cu.rw;;,-,;in" routes, and so far there is no clear trend showing
which technology will be the most promising future option, The two main conversion rotiles gre:
3.1 Bio-chemical route: This plrurn:d:-l:: is based "".' enzymatic-hydrolysis of the l'HHUI:tlluln:\éln: material through a vanety ©
enzymes that break Tlll;_t=f1|U|0§lL material mto sugars, In the sccond step of the process, these sugars are fermented M
alcohol which s then distilled into ethanol, s
3.2 Thermo-chemical route: The first step in the process is the gasification of the
o synthesis gas. This gas can then be transformed into different types of liquid or o
(e.g. BTL-diescl. bio-SNG),

ork. 11 contains the review of the past researcl oy
v euide n justifymg the scope and direction of

teedstock under high temperature mnte
ascous fuel, so-called “synthetic fuel*
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o n—ur“!"'.h.‘é'l_(;hliﬂﬂt_illiﬂ_ll.'l of second generation binfuel from Ilggurellulﬂ_ﬂf f_ftd_i_lﬂﬂi\_
Biofucl group | Specific biofuel . | Production process _

('t.m-unzcd cnz}.Euth‘ hydrolysis
e | and fermentation - B
Synchetic bioficl Biomass to liquid (BTL) Fise " Gasification and Synthesis
| = [ Bromass o hguad (HTL) Fischer-Tropsch Gasification and Synthe
(ET) diesel, synthetic dicsel . Biomethanol
| Heavier aleohols (Butano! and mised )
- Dimethyl ether iDME) | |
| Bio-synthetic Natural Gas (SNG) Gasification and Synthesis
+_(Iilhiﬁ£ﬂlltill and Synthesis or
| mological processes
ration biofuel options. Both fuels can

= hanol b
Bioethana Cellulasie ethanol

"mMethane

Hydrogen

| Bio-hvdrogen
BTT -diesel and lignocellulosic cthanal ;.: the most dias:&cllEﬂll{t-gﬂlf
pe blended with conventional diesel and gasaline, or used pure. Another promising second-generation biofuel is bio-SNG
o synthetic gas similar to natural gas The gas can be produced from n wide variety of hiomass feedstocks and can be
compressed or liquefied for use as ransport fuel in modified vehicles. The hiofuel yields merms of fuel equivalent arc
higher in this conversion route compared to lipnocellulasic ethanol and BTT -diesel
3.2 Biodiesel Production '

_ Irans-esterification is regarded as one of the best technigues to convert oil into biodiesel, as it has the most
promising solulion to te high viscosity problem among other approaches due to its low cosl and simplicity. Furthermaore,
this [t:t'h_nit]uc has been wdentified as a widely available technigue for industrialized modiesel production due to 1ts high
conversion efficiency Le. 60 to Y0% and low cost In trunsestenification process, alcohol 1s reacted with vegetable ml in
the presence of appropriate catalyst. Generally, ethyl or methy! alcohol is used to produce ethyl or methyl esters. When
the reaction 1s completed, two distinet lavers of liquids ve, ethyl or methy] ester and glycenne appear and they scparite
out s shown o Fig. 3]

Vegetabie olls Recyc'ed greases
| v
[ Dilvte ackd | 4 Swullur«
i esledication | methana
- + t
Methano! + KOH—# | Transeslerilication Il
Wethanol Crude ghycerin Crude biodiese!
Scovy !

|Gl‘|rurf.n r!l'lnhlql [ ﬁu!’infng_ ‘r_

]
I G”‘ﬂ ] Blodiesel

Fig.3.1: Basic Transesterification protocol

Ihe glycerne is relined and disposed of for further use, The crude biodieselis also refined and alcohol 15 separated
fram it which 5 reused i the cvele. The technology of bindiesel production includes transestenfication of oils
mglyeerides) with alcohol which gives blodiesel which is chemcally-known as fatty acid methyl cster (FAME) as the
main product and plycerol as the by-product. Fig 1.3 Basic trans esterification pratocol. The tnglyceride 15 converted step-
wise into diglyeeride, monoglveende, and finally, glveerol, during which one mole ol alkyl ester 1s removed 1n each step
The mam Trunsesterification reaction vanables include. methanol’'oil molar ratio, catalvst cancentration, reaction
temperature and reaction time are optimized for high biodiesel conversion and quality. Methano! to uil ratio is vaned from
0w 121, while catalyst concentration is vaned from 025 % 10 125 %, The catalysts are used in biodiesel production
due ta their higher kinematic reaction rates The reaction upper temperature Tt is restricted by the boiling point (65C) of
methanol and the lower limit is based on room temperature. To obtain pure methyl ester, the product is washed with hot
waler to separate [rom soap formed during reaction. The biodiesel sample is Lo be tested to determine the fuel quality. Fatty
acid profile of the leedstock 15 obtaued by Gas Chiromatograph (GC). Fuel property testis conducted according to ASTM
Js well us TN test standards, The important fuel property parnmelers that are Lm-tsligutfd melude: cetane number TASTM
D613), Kinematic viscosity (ASTM [445), density (ASTM DI29R), calorific value (ASTM D240), flash point (ASTM
D93), puur point (ASTM DY7), cloud point (ASTM D2500), oxidation stability (EN 14112), acid value (ASTM D664 ).
luhricity (ASTM 16079, carbon residue (ASTM D4530) iodine value (EN 14111 and sulphated ash content (ASTM

DE74001

3.3 Bioluel praduction costs
Cost estumates for second-generation biofue!s show signdicant dilferences depending on plant complexity and

HMomass conversion efficiency. Imporiant tactors mchide anoual full-lowd hours of plant operation, feedstock costs unil
capital requitenents Accordingly, biofuel plants with a Pagher bromass-to-biotuel production rate are pically able o

setept higher hiomuss supply costs compared 1o less efficient plants

e e —————— — —
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art and long term
. Fig: 3.2 Comparison of biofuel cosl estimates in the 5h1.j wion cu.f;h of different biofige
Figure 3.2 shows current TEA projections for shart- and long-tertt e IL Nesel and lignocellulosic _mh' Unider
WO ol price scenarios. With ail al USD 60/bbl, production costs for hoth BTL-dies © cthanol yre

: _ it fossil fuels and most first generation biof
current|y m the ran el U i - ol compehtive witlt fosst o . 0T
) e ol USDO.84-0.91/1pe and thus are ool comy conversion efficiencics, both BT

In the long ter ' : ) Vo
erm, however, with increasing plant capacities and impro |
| . ; 2 ; : Ll s, production Costs are projeg

lignocellulosic ethanol could be produced at significantly reduced costs. 1n g e sii F o o be

I 1 : hleat' Ll 1 -diesel (IEA, 2009¢). The estimated progdye
around LSD 0,62/ ge for hgnocellulosic ethanol and 1SD 0.58/1ge [or BTL.-dicse . irs 0t BB ok

) 1 4 | ive than pasoling and other [irst-generation biofye|

prices are less than those for rapeseed biodiesel, but sull more expensive HIR EE USD | 0%0ee for i 8
With o1l at USD 120 bbl, production cosls mse to USD 1.0T/ge lor BIL-diesel and LI‘{U T-'E'IL 1‘:-"' ]'E’-"'-‘C':“UIHSLI;
cthanol In the long term, prices are projected to fall 1o USD 0.73/1ge for BTL-diesel and L34 1 g!L Uk be ot
cthanol. Therefore, with reduced overall costs and ol price at USD 120 bbl, second-generativn b:{m;;:‘- ;OB prothecyd
at lower costs thun gasoline und rapeseed biodiesel and close to the costs of corm sfmnol {BA, SIS
3.5 Use of vegetal biomass for energy — example of biofucls " o i “whi

In 2014, the world's Total Primary Encrgy Supply ( TPES) was 13700 Mtoe (tons ol oil equivalen), of which
13.8%,0r 1,894 Muoe, was produced from renewable energy sources. The major part comes from blomass. representing

- A N s T S AN ] r
T2.8% olrenewable energy sources: solid biofuels charcoal 15 by far the largest rencwable energy {[’ﬁ"'"_“[ global
renewables supply)then liquid biofuels (4.172), biogases (16%), and renewable muricipil wastes (0.8%), The other
renewiuble sources are hydrof17.7%), eeothermal [3.8%), wind (3,3%0) and solurtide (2.5%) energies.
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Fig: 3.3 Different current ways to produce energy and biofuels from hiomuass

ig. 3.3 presents different ways that can be uscd to produce enerpy from bromass. As far a5 hguid botoels are
concerned, they are mainly first-generation biofuels, which means that they use edible part of plants. Tn the case of
moethanol, saccharose (from sugar beet or sugar cane) or starch (from maize and wheat) are used as raw material.
Gaccharose (which is a dimer composed of glucose and fructose) can be fermented directly to ethanol using the common
baker's yeast (Saccharomyces cerevisiae), whereas starch, which is a polymer of a-glucose, [irst needs 1o he Ju:pulymcl':zfd
e glucose using an ¢nzymalic treatment, and then plucose s fermented o ethanol. Biodiesel 15 the second lype o
hiefuel, produced from vegetal oil (e.g. rapeseed, sunflower) fatty ncid methyl esters are produced by reacting vepetal oil
will methanol, glycerol being the by-product of the reacuon. Hydiogenation of vegelal ml is another process that can be
used to produce biodiesel. In 2015, the production of bioethanol was 115.6 billion liters. About $3% of it came from malie.
2% Lrom sugar plants (sugar cane and sugar beet), 7.5% from molasses, anly o few percent from wheat, and less than 1Yn
from |1gﬁtift|lll|l’5i¢ bioamass (wood, agriculure residues) The forecast s 1254 billion hiters by 2025, 5| % coming from
maize, 28% from sugas plants, 8% from muolasses and sull less than 1% from lignocellulosic |‘I|-unl.-\ Biodiesel pmdt“-:m”
was 31.1 billion liters in 2015 and should mcrease by 33% since 2025 10 41 4 billion liters, A little more than R0% ©F
biodiesel 1s produced tr_"““ vepetal oil, this percentage will be about 724 in 2025, The use of uther sources lihe wilsit ol
and tallow to produce biodiesel will increase trom 15% 0 2015 1o almost 25% in 2025 The 94,
BiOITIASS 18 VEery small today and wall be less than (05% 0 2025
4. Second Generation Feedstock
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I recent years, uil palim, algse and Jattopha have been studied as potential hrodiesel feedstock They h.Jw. ij“fl':”
found 10 produce much fugher ol vields, compared 1w iraditional feedstock, such as soyhean or rapesced (Tabl , I
Howey et several other lnghly elticiem tecistiock bear high potential of becoming ofuels feedstock af the future,
although they have not been imvestigated sy Miciently yet. A number of rasses like Switchgrass, Myscanthus, [ndiangriss,
and others have altematively been placed w the spotlight. The partculas priss chosen generally dependds on the lucation a5
Ome Are mure suitable 1o certsin climates, In the United States, Switchprass i fuvoured. In Southeast Asia, Myscanthus
is the choiee. WVO have heen used us u fucl for more than century. tn fact, some of the carliest diesel engines ran
exclusively on ”“P':t"'hl_“ ol Waste vegenble oil is considered 4 secand generation hiofuels because its utility as a food
has been expended. Tn fact, recyclimg it for fuel can help to improve its overall environmental impact
Another prospective feedstock for brodiesel production, ust emerging on the biofuels market, 15 pongamid
(Pongamea primata. also :.;ulIL‘d pongam tree, karam tree and F“‘”“IIF'-*-'” wreet. The tree 1s native to India and Australia and
has a high growth rate, igh drought resistance ang produces oily seeds. It has low requirements in terms of irmigation and
pest enntral, while it can also be grown on marginal lands in hot and dry ¢limates . As pongam trees are leguminous (they
fix atmospheric nitrogen), they do not require femilizers. A single trec is suid to vield U 90 kg sced per tree, with the yield
1_|'.‘I'I.l|.|li of S-S0 kg il:l:l'.-"]'l;l 'I']w av CTage il content 1y H". 17 5e5, lh?[k.'ﬂd;l'lg on the extraction [l:t'h”ﬂ'”[!}' the .‘-CI..'IIF
can he harvested and prepared with conventionl equipment used 1or processing tree nuts, peanuts and other crops It .h:*_u
been estimated that pongania tees can generate up o thousands of gallons of brofuels from one acre, at the cost of S1/gal
($0.26:11 of biotucl atter the ol is remnved, the leftover seed cake can be used as a fertilizer or blended with soyhean for
annmal leed (31

Fable 4. 1 Ol yields from virous omass sourees and bofuels productivity

Crop _I Seed oil 1%a0il by wt) Oil yield (L orlho |Land arca u:.a.‘l_n]'- LIHNMI%_.-.MI t
— — L yeary :.':ur_kt:ﬂndmxcll_ (minn’/s}
_ Ltom 44 177 66 3
Canole [ W Tewnen 2 3
[ salower | 31 T " T ] .
Sunflower | 48 T Tesaqom0 | N B "
|__ Peanur 70 T s | 117 _|
| dawephe [ 0.0 | ag | s 425
_ Raramy 2500 1590 57 80
[ ompm 1 6 s ss0 3 38
| Mwiodge | 0-70 SET00- 136,500 0102 e

4.1. Bindiesel Processing

Fecd Process Product

Methanal  — )
- Biodiese| —— Biodiesel

Vegelatde ol
e Gyl
H —

! l - "E'l'l?"i. Synihelic digsel
Vegetaple oil | NExB Giren deese!
Animal Tits Ecolining

Algae wl
Gasification — F-T —— Synthelic dipne!

Hivimass / !
§
- DOME

|ligmocelulosic

wasle) R T Green
‘M—‘ Upgrading —— fuels and
chemicals

Fig: 4.1 Biodiesel Processing
A Biodiesel Processing is carried out o methanal and vegetable vil o produce Biodiesel and glyeerol Vegetble oil along
vty animal fats and algae ol are mixed with [ and processed by ecolinng w produced synthetic diesel or green diesel
Blomass like lignocellulosic waste 15 gasificd w lonm synthetic diesel. Same waste is pyrolysed and uperaded 1o form green
Field and chemecals.
4.2, Seeund generalion ethanal production
_[“ r'L!llrL' 4.2 I!uglﬁm_- andd steam alung with avid seldution we ph'lrr.'ilh‘:l and I\I.lli.l‘Ll'l-I theougeh Gler 1, From Gilwer |, solid part
S treated by wilh enzymes by pre-hydrolysis procass, [0 then bydrolysed wod passes through Blter 2w boiler and to
toncentration. Liguid from filter | 15 fermented and pass to column,
5 Future perspective for second generation Bioluel
The I.Juugu_,- and progress in the biofuels mdustry in recent years lave shown potentials for an investment-tiendiy
“Oviromment for new hinfuels technologies. This could crente a stable hackground for imnovative bofuels technologies of
B futire 11y (e long-1erm, where the tolal brofiels markel would e sapplied with Botuels from abalanced mix of difTerent
“Ustamable feedstocks. n this way, extreme naural resource overuse could be avonded, while the tradeott condimons of
food s fuel production could be (at least partially i solved. However, more Tkely only o handiul of technologies
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h current raditional feedstocks, and upproveq 10 be nr
wached such @ tec J (1]
wels feedstocks has reached such ; ""“h""ﬂUE!lu:ll I hlu:'-?c'
el g —~ I s
e vadays. (nven the currep . Uty,.
Wl sugar are still dominating the ethanol pr_"}.dmlmn ?}Lmj:udgui}lJn momentum on the t:ile'thn“ '”‘t-_ti--”J
. . ) rsecond gencriation leedstocks are cost compelive L‘I'Iljlub. high total costs (includ ““"“"-‘“1-¢rkm
at this point of time, The problem with technological maturnity relates mainly 1o Nig dimp ke

. B oex
TR + them also relevant factors dag.. & g
costs. technological costs angd availability of the feedstock) that are among them also 5 d"‘“'mln[nu ll"
process of large-scale production. Thus, cconomic obstacles hinder

the development of more CVIronmep, f
technolog - « have low direct or indirect GHG nendy,
mologies, as it was proved that second pencration biafuels fecdstocks have :
and thus outperform ce

] L'II"IiHMDl-l im
mventonal biofuels feedstocks .

Al
wodutlen

feedstocks will MTOvVEe ceonom;i
on o commercial seale,

yel starch from corn g
development, no othe

cully viable und competitive wil
As none of the second gcuurutiﬂﬂ ot
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Fig: 4.2 Diagram for sccond gencration ethanol production.
6. CONCLUSION
The second generation biodiesels have become the leading raw matenals for obtaining biodiesel due to an incregse
in world’s energy demand, competition of edible oil sources for human use and biotuel production as well as environmeny)
pollution.  This paper discussaed second generation biofuel, technologies, necd, biodiesel processing. From study it gy
concluded that
1. Next generation Biofuels can be produced from vanous palm sources.
Biomass to liquid (BTL) is an emerging bioenergy for future generation.
Algae and jatropha are two potential feedstocks for biofue! production,
Sustainable palm resources manogement is required to move the second gencration Biotuel industry forward,
Development of green fuels will contnbute significantly o reduction of GHG emissions and mitigate climate
change,
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