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Abstract Biodiesel is a type of biofuel obtained from bioresources and able to use in diesel vehicles as an alternative/
additive to petro diesel. In recent biodiesel research, there are three main issues which include high quality
biodiesel, low cost feedstock and a highly efficient biodiesel production process. The sustainable production
and use of biodiesel are attracting much attention in the renewable energy field. In this paper, we review some
of the literatures related to environmental and economic evaluation for biodiese! production and analysis the
issues including life cycle assessment (LCA), global warming potential {(GWP), energy consumption, biodiesel
production cost, production technologies and feedstock.
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A=A AR, e 3 IEE FollEE viEo]
11, A¢] COz-neutral F=5AF 0|t} [1]. Hie] QA A4k
o olgz] F9lo) HaskArl sAg R 24712 wlE
o] Ads] o, o §842 WO nlolQ ASE ALt
8 4= AP greenhouse gas neutral &= 7Fs38)t) o] 3k
o8 71X A diel 57 € fgdMe & I35 7+
o= B3kl AP Aol Skl Utk 2000 o}F
Hlo] 2 tjAl Aol 108] o) st emn, 1 A} nlo]
2 487120073 A AA 5 A5 1.7%E A
o [2]. B3 FH2e A AAIAQ 13 247 A3
HEo|, Z} oAM= blole s Y BEAE ARt
AAH) Y& 3L ok wEhA, A9 rled, g3
2l 1S 1HstH vlo|etAl-S X3 nlo] e As9
H|Z0] 25-30%71A] EdiE AL R Adsta I} (3]
M= AH-o) Aekd S Aol F-Z3sle] 3R nlo)



U BFE-S 2012190 3%, 2020390 %714 S
s712 s, T AR Sl 2 7] 24stE A
o2 7|HET} [4].

FF, vlolonid B 71E N Rk ARt AleR
A1 SEiME bleo]Q tiAle] X183 54 2 AR S
3k B}k AEHoln FAFQ] Wyt Besi waba,
Hio] QTAll st oigt 33 2 A4 7} (environmental
and economic evaluation)E I3t A H7} (LCA, life
cycle assessment) @7-E F3, AT 233} A5 (GWP,
global warming potential), S\AR] AB]gk AJAk)-L WAL
71& B feedstocko] et B4 A7t AAHT Qi) 2
AT vlel e tAle] LCA AT A4S Aasla, F
9] A7 % V1EA B8 olEd e BAS E3)
T AYS 7Es

Hio|2Cld MM A2

Hlol et e Fig. 19 VERA ule} 2o] T3 feedstock
I A7E B IS A o F 9o, 7zt
3 AR 3l 71T A7) el o] Foix 1
AUtk Feedstock 24 - (palm oil), 35 (rapeseed/
canola oil), 9 (soybean oil) 5°] F& AFE-Fo] go
H, #HZo] nloledd A Sdie} tiEe] Ygr1Ae) A
ol we} feedstock Hl-E-0] Blo] 1A 7142 70-80%S
AR 5 48 7 FAVF B4 1 Q9 [5]. =8,
ALAdE A8 R &8st A e f8 8 =Fo
PHAA], B]2E 289l RE 29 (jatropha) EE AR F
(microalgae) 2F-8] A|8]&, 1 EE&Z wlo]or)A-S At
e 7ledd B e 7180l 9t} [6,7). HioloTA
ARY 4] At 383l F8. A7) Hx Y oldt
M9 feedstock TS 3123517] 913 31 71A] whHo =
T3 oil feedstocke A8 feedstock 0.8 A=
H]te] AEE Qlek #Hj28-Re] 1AL 5 284 0
7142 Arl olalz ojidsla lom, tgol, FHe-fre]
B8 A & H7EE EY F Yok Ao dE
tl, vl=olA AGEE wlile-fe d97 H4 209 9keso
olF AR oFsln Yt} [8]. 7o) thaire B =R
Hlol e Ul A FEo)A A3 =eldict
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Fig. 1. Pathways for biodiesel production.

Transesterification alkali, acid =% enzyme <)ol
oJs) AP = AT enzyme Full= G-80] Yol F A}
B5A] =) [9]. o] ¥h8-2 alcoholo] ZUA el
= Z194 Fuje] ALE- glolx dofd 4 Tt [10].
g, vlo|etidle] A& BANE S8 o) ds) T X
H 294 34 A7= A1 Q) nlejlenjde AER
227 vlolemjze] GRa W 7kAs)l HHE B3 BTL
(biomass-to-liquid) &7l &Ja] &/ HellA 24, 341cH
o] nlojedg g Pagel= & £% Yot [11].

Hlo|2 =0l it LCA
LCA 7i
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At ARl tigh THAlo] FolAHA|, Bl AR AHY
o] 774l wet, 4 © AAF Al 7HXE Hlas)
23l vlolQ. AR Al tig AAS #4 9 BAY Hrt
7} olFold Bart At oleigt HgS FaA, s
o gt A A5 =2A vle|e AR dig 7ls39 ZAA
< ol & g} vlole ARl 753} (environmental
impact)= 33 249 (life cycle analysis methodology)
o ol H7KE = low, olejgt AAEL ol dE ¥
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category 2+ cumulative energy demand (CED), global
warming potential (GWP), acidification potential (AP),
eutrophication potential (EP), human toxicity (HT), terrestrial
ecotoxicity (TE), aquatic ecotoxicity (AE) land use
competition (LU)7} 9lt} 53], LCAT TE 279 Hlo|e
ARl el AuAfell e [, e aga HE
Ho 7 g 7'<]- A4l 01271714 full chaing H7Fe
T Utk A& 59, LCAb THFeE vlele s ALE R
EH?SH T2 net energy % green house gas balanceE 7143}

7} AT ARE AFsh, o2 A A8 vlud 5
A 3 ok

T3 oAl ARy vp|edE ¥FEEY 2 U
H}Ol 2% chain 24 T Hlo]Age] 7 3
< FHeHE B C%"‘ =T [11].

Fig. 29 YERH vle} o], 71 system boundaryw 732t
ANel (cultivation), 52 (extraction), &7 (processing)
4 vlo] AR o] HE AN IES IRITE HlojedRe
RIS ks A2 4ds] B3t Aolgal & ¢
gk 1 7L tIekst biofuel chain, A3H7]<, EXALE,
A S 9 o) ke T olgpdl] o277 Tt
g factorgS EFFITE 1AL nio] AT Aol A
o] AikEle SEAE 22 SRS, 58 SHNE,

5208, 7] 52 T 2 203

k) iz
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Ligh S oIq LATA MBS 5 PR, 29D 24
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\ T(an;por?ation; !—' By-product (glyceroly @E]‘j]_u_ 3}9}@ Flg 3°ﬂ I%EP:H H]‘Q*]' 71_:]_-01, B]'O]v?__(ﬁﬁoﬂ
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\ (GHG) emission ZHol|A] A-5-AA50] 13l 20-80%7} ¢
€0 | Enawe A0 oS £, Sheehan 5 [18]2 soybean-derived
SH o) AANEIEE=Y), AleT)x H
Fig. 2. Flow diagram for biodiesel life cycle. biodieselol] H3+ LCA A1 AABIH =], AT 1]
Table 1. LCA studies for biodiesel production
GWP Energy Scale LCA Conversion Region
Feedstock  («g-Cost-BD)  (MJHBD)  (+BDiyn) tools process Nation Reference
2,195 20,605 250,000 Gabi 4 Alkali Cat. U.K. [20]
2,415 20,076 1,850 (NaOH) {20]
1,300 14,173 Germany [20]
Rapeseed 4,238 Simapro 7 Belgium [12]
P 4,090-4,370 1,000° Simapro 6 Alkali Cat. [14]
3,990-4,050 Aspen Plus Bio Cat [14]
1.445° 17,158 EU [21]
3.056 GHGenius Alkali Cat. Canada [25]
4,100° 33,800° Ecoinvent Alkali Cat. Swiss” [17]
2,819° 41,000 a TEAM Alkali Cat. U.s. [21]
Soy-bean 1,129 16,039 10,504 Brazi [21]
1,934 GHGenius Alkali Cat. Canada [25]
1,785 16,412 Simapro 7 Malaysia [21]
. 4,290 Alkali Cat. Thai [16]
Palm ol 13,472° 100,000 Alkali Cat. [16]
15,704° HYSIS Supercritical [16]
Yellow grease 965 GHGenius Alkali Cat. Canada [22]
2. kg-BD/hr; b Energy content, 37.3MJ/kg-BD; ©. Fuel economy, 0.27 kg/km (28 t truck); . Production in Argentina and

consumption in Switzerland; °. For conversion process of crude paim oil;

f Pretreatment-alkali-catalyzed conversion process;

Reference, 3243 kg-CO/t, 46,818 MJ/-ULSD (ultra-low sulphur diesel)



3 B1009] 739 CO, emission®] 78.54% 7+4A3}5a1, B20
9] 3% (A2 biodiesel 20% &) W24 CO,
emission 15.66% ZA3SIP Tk B uslget Fr1do s,
29| LCA A7HE 3 ZFES Table 190 23l e}
Aok Aol wat A7) 498 W HelolA vehd
<8, ol MZ e 2HEL T2 A9F 54, data®)
B34, LCA inventory 7Aldl] tdt 714 <] xlole) 7191
Slt}. Stephenson & [20]2 G=ollA] rapeseed oil 23HE]
Wt (AZF 2578) 2 AR (A7 238) vlolegd
A ZHE 3l F olvR] AF&#3 global warming
potential (GWP)S ZAPSITE 159 Ao, tl7x
SWEZRE vlo] o) APike] 734 o] (0.71 MJ per
MJ of energy content) 2 GWP (0.022 kg CO»-equiv./MJ)
dellX Aol vls) 242k 56%, 26%% 2428
o} ohdst AHES] Afolox Etslal, tlREe] A
A life cycle %2 98 AWIEA (agricultural phase)<}t
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o] FFHAUk
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Fig. 3. Net life relative cycle GHG emission improvement of
selected biofuel pathways as compared to gasoline
and diesel fuels. (OECD, 2008).

Biodiesel-chain Z4oll4] Y5 AHE}A) (agricultural phase)
+ EE impact categories®l] A FIFE FUt 1 FQ
A2 s E ARl 93} nitrous oxide (N,0) &
7otk N,O= AAHF A2k} 2R o)A ARl 2)3)
HiEdc) %3 3188 AM-2 ammonia, sulphur oxides,
nitrogen oxides B|& U<lo] FT} [2]. Panichelli [17]59)
AT energy mix, AT, AIFEA, EXo|l &1} e
AGZQl EAJo] LCAE ©]&3) biofuel pathway] 73
Fab EAolM AR 98E ke Ao vl 98
A A2} CED 2 GWP Zh feedstock type & AAF
7Vl ZA &S, weba, AAZF] LCA B A
o we} ZA wslet 159 ATolA, vl Ak
9] impact= 98 AuiEA] 28] =A HLEJ, E3],

Argentina (AR), Brazil (BR), EU, Switzerland (CH),
Malaysia (MY)<] 73-$-7} 218138} t}. Feedstock A4y
2 Z}7Z} CED9] 61%, 66%, 62%, 57%, 47%°) B3t
GWP2] 749, feedstock A4 9] 7|57} TS AZ}38ie]
Z}z} 80%, 83%, 79%, 83%, 62%9 ©]ZF Tt} Argentina,
Brazil, Malaysia®} Zo] EX|&% HAo] & 735, EA
7Rl 2%t impact7} 433 H-E-S 2FAEH [22-23).
EXLx HAo] gi& 7%, CEDE 2 7% ¢ Ahj=
A, HIFEA 2 AR, oilseed A4l o3l AAEoH,
US, EU, CH®] 797} 2883tk AR9] biodiesel pathway
73%, GWP % CEDol| i3t 714 & impacting factor=
soybean cultivation- $13}] AERANE F3 EAN LI
ARIAM = AP E JA8= Aol soybeanl ZH-H
biodiesel AJ1He] EAHF3IE T8 AT T3 asolrh

EXEEHZ o3t viEd= HEE, N,O emission
GWP2] &= T2 F8 factoro]th. Rapeseed & palm oil S
AAER= EU, CH, MY 9] 7%, Nitrous oxide emission<
227 338 ARl 719131t MY, CH, EU, BR, US,
AR9] 732, N;O emission ZHz} S ANBNGA (agricultural
phase) GWP2] 16%, 53%, 38%, 22%, 75%, 16%9] °o]&
ot} [17]. FESE (crop yield)©] & 7%, HIEALH]
impact ¥ E71AIZ5E emission®] BT} F2 %] biofuel
2 UroAng, AsA #3¢] impactZ} Btk A

I t}& FQ 3} impact factorT transesterification process
ojt}. AR 7oA, soybean 0il2] alkali-catalyzed process
= CED9] 24%E AAslH, F2 wad ARl 710%
t}. Biodiesel A4S 2314 soybean oil % 110.5 kg2
vgkeo] "a3dlt)[17]). 22 H75L2 conventional catalyst
processoll T3l -8 71A= A2 conversion technology
£ 87 4 BAH #FNX AESIATE Kiwjaroun F [16]
< crude palm oil ¥ refined palm oil Z%-F] biodiesel 34+
2 9% 2UA Wgk& T (supercritical methanol process)
2 conventional alkali-catalyzed process®ll W3l LCA 9+
E ArE T 28] dFdAe 294 340l Boh &
< AR R3E BYed), oA 2UA TA] A
oA B o] mehe-S Q7 312 F recycle loopolA
WS w8l olUx] &Bl7F 7] wjFo|th. dRiFe=E,
YA 3L B} 714g FHOE & FEH HYIE
Aol A& Aoz A Uk AR a2ES] A=
ZYA| Aol Wers AFAAA B2 ¥ JUAE
AH)gRe 2 A AFF3] =& FFHSIE 2SIt} Harding
% [14]2 alkali-based 2 biological catalyst® ©]&3} 1}
ol A Aikel] digk LCA 9+ AAIBEHE AEHH
Zafjukgo] o3t nlojotd L ofF HPH ol
HED JARE, 7|18 F71EH 5kl His) g AT
2 o]of] mE e oA Ang e E 7EX] ol
Ut} H3-FA ol tigk LCA A7, enzymatic production route
7} BE impact category®ll thall 3 AAE 7FA it

Global warming potentional, acidification, photochemical
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oxidation®] 5% 7}%F 7HA3Ht). o]2i3F A= biological
catalysis processoll4] 7}gol B3} steam Uo] F7] W&
©]t}. Enzyme catalyzed biodiesel productione chemical
catalyst 2 neutralizing acid®] AFE-2 H& 4 glovmg
B353F ZHoA Bt g Asita & ¢ ok 6Ll
biological catalysis process®] W2 J&3} 2o= RE RE
o] BFRSE Folng Bol /iHE LCA 2HE HoE
o} gHA, Blo)Q YAl WARS 9131 transesterification HH-ol]
A alcohol AME- T3+ LCA A3} o] A% J3kS mjz
th. Methanol A4kl th3t impact7} ethanol®th T B2
2324l th3t LCA 2o methanolo] F23F 7|4 ¢l
27} At} 23g7gd o)A methanol WA ethanol-&- AFS-3F
LCA ZA¥= alkali ¥ enzyme catalyzed process B5F H]Z=
g AHAAEE e,

Coproduct credit& H7}sk= WL nlo] 9. ddg9] LCA
oA w)-¢ Fag olgpeln, F9] ZA HIsort Favt
Atk vlolQ A& coproductE 7H¢ HAsA e
el dial W A7t YA Huo 5 (131 2
7FA] coproductE ZH= fuel pathway 2} LCAS] o3l o4
7FA19] allocation HHHE H7lste] FE24) U<
A5zt sk 21 Al 7HA) allocation HeHH-L,
displacement approach, energy value & market value®l]
¢k allocation approach, displacement 2 allocation
methodE 233t hybrid approach ©]t}. Soybean-based
Hpol Y] ofz] W BAREL ZEH H W
e} 153130k Soybean-based Hlo] L tjA el that THA
7}A] allocation approach Z¥F= A A7) v} fossil
energy AH8- (> 52%), petroleum AL (> 88%) 2 GHG
emission (> 57%)°] AE3] ZAs= Aog Vel 1
9] A4, displacement method 2} allocation method
£ 2353t hybrid approache”} 2t coproductol] th&l 713
A3} allocation WHo 2 Aeig]qich

H2oll+=, Menichettia®} Otto [24]7} Hlo]o. Jg Fof
o] LCA A7l tial] P EHAsA 24}, Hrisii.on, 53],
T Ae7es ol8sle] 8 5 2 7HA) blo] @uj~
EHY vl AgE A=t QloiA A4 2
GHG wigol #d=o] itk 259 BurMor, LCA &
7= AFe tsla & Yo d9E JiRe E4do] Utk
olZE AR BHle] Y&d, x2)F g&Add) 71918 B}
Rl S48 Hhgshe 2otk o] LCA A7 aA)
9 71eS 7IEe R shad) whl, oluix] 2 7|15t e
AR A7 B9 abagelEka & S ek wheh,
FF AelME vlgfe] Vi AT 2 298 =98 9g
7} Slek ol¢} FAlel, Haghe] BEAAS 71A|aL w]ehe]
AHE 7S 7] fsidE LeA Bdo] o jalEar
TR ojol 3 War) gtk

LCA A= F33] g 5= v, °12e 49 data?]
A% zo], Ht data 7] AME, LCA inventory S 73
et ARSEE 71 wEolth 3% LCA HPEE dTelale

o 3RSl S84, EX|ol8- tigk %A 2 impact
£ 7Ik= tool 7S s1efallor & Aot} ZukA”] LCA
Aol JES F= & UE F Q2 factore energy mix,
EXolg, A2t B 22 A9y B4R ZF el
ulg} A W3tk w3k A =2 transesterification 71 71,
AA7EA dd, vlo]lev)Al Aate] T A3} T Al
o] 3RSl FEke vE 5 Uk

Fig. 49l GHGenius (NRC, Canada) [25]5 ©]-8-3}]
2+ feedstock O ZHE Hlo| ot AXk| st LCAS
AR ARE Jepdct g drdse) fAHA, feedstock
72, Ay FElAe] GHG wjEo] 78 B3koH, waste
cooking o0ilS AFE-JS 73-oll= 71 54 vAdse] 13
FEA A7 S Bt 2asiinh

Petm Dies _
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Fig. 4. Green house gas (GHG) emissions for life cycle of
biodiesel and petro diesel.

Hoj2cide] XY

nlol . A5 A2k Hl-E-L oilseed & Al 4T Y
A 71522 T3 Adste] EFAQ] A Alzge o=
st} wlo] @ T AL H-8-& FZ feedstock 714, T4}
04 BAE credit 5 Al 7FRE FAEC vlojegA
feedstock (soybean oil, methanol, catalyst)S H}o] . TjAl
g Fof| 7Y 2 gEoF nloledA 71A9] 70%
oS AARY SYAE 7HH0] T2 7, nlojbA
YAk H1-E-L- feedstock BlEol 3L wloj oA A2t
7 FEAME 7HE 38 23" Aol

Hass & [5]2 58 7529 vjo) i 2Jkaldel] thsh
B2 2 $2018-E &3] 93 BES /sty 25
9] ¥dL soybean oil feedstock 7}40] US$ 0.52/kg & o,
nlo] @)l At u]-&-S USS 0.53/1F =339 ch 0il
feedstock 7}A0] Hlo] QUjAl Y4k H]-&of Tl 7L &
714 QAAFATE Feedstock HI-&-& & 4 AJxH]-8-2] 88%
o 3Fth 152 vE FEAlA A48T feedstock
H8-2 MZ AP PAE B, oil 714 USS$ 0.022/kg H3}H
off i3] A28~ USS 0.020/1 ¥H3}stHT) vlo] ot



Az A o] BAEE FEQ] FYHES 358l 27
AIE A1 (80% wiw aqueous solution)ol] 358 73, nlo]
vl A ¥ 6% 7HEF At vle] o)Al Ak
H-&-S FEAE A7HE wE 94808 2Fole
g, SYAIE 7173 US$ 0.022/kg 3180l nlolotiA 7124
US$ 0.0022/1 453}, Bender [26]€ 2 7}1A] feedstock 7+
AR e AFE T8 12709) HAA Aol
)3l review AT 1= AYAF H]-€-0] soybean-based biodiesel
USS$ 0.30/19114] rapeseed-based biodiesel US$ 0.69/12] 89
o tkal BT Vegetable oil X waste grease EHE]
Hlo] et A2k Hl-8-2 712} US$ 0.54 + 0.62/1 2 US$ 0.34
+ 0.42/1 Aol U= ZAOZ «&35T). 1= nlo) Ui
gk Bo}h st AAL H71E AsiAe B 2L 97
o} 712 2Rt asitia AEASI) Feedstock H]-&-2
Hlele o)Al A Hrtel 71 2 92 WA= Mg
), EXWlE FARE L ZEAE creditd 22 factor®
Hlo] 9T Al Ao FeS & = ok
HABRZRE] DA yellow grease X FEA A
W 22 R 7HA HfEe] Aulgolzhe o] uiol
vlo] 2 T)Al9] feedstock 02 82 = ok AAA B4
oA #HAEfet 2L Hi7t BAS B glom, nlole
oA A8 2A B2 A7t o]FoAa Qi) [27-32]. HH
2RE A4S dlo]2tjAdg o] 83 A HAE Ade
okzke] power output AAol%E B3ty 5858 S
23 A5S BT [33-35]. 252 HALRERE
AL vlo] eujAle Agos Ul tixdg s AREE 4
oial B3}t sEA|TL refined vegetable oil3 Bl
3|4, waste oil & animal fat-> AFA"AF (FFA, free fatty
acid) ¥ HollA Edo] FL feedstocko|Th olE S,
A5t HalgoA AAA= yellow grease FFA level©]
15 wt %l ©]28, 1 7182 $ 0.09/1 bell A $ 0.201 b 9]
ojt} [36]. T ThE AH]E-9] HGEe A 2 Ay 3
A AAZHRE] HoJR|:= brown grease”} JEH, o)A
£ FFA levelo] 15 wt.% ©]9, 7}40] § 0.01-0.07/1 bZ
yellow grease 2TF At} Yellow grease *8] 4L =&
FFA $H+-3F W&ol vegetable oils BT} x]g]n]go] &=t}
He] 2 714 wiZe] violetjd A4k HlE-S Fo)7)
L3 HH 8ol AEHS gtk Ao YareEe a1
B, JREFE AN § e vl njxe)
A gAAR Anlke] 2-3%00 AU eketh shA)v
H71EZ X% ojok & trap greaseE nlo|r|da g
e AL 71 Qe H7IES 85k 939 Wehe]
2 g Aok #A/7E YAKAE 529 2 % vl FF3HA
Zeo= B7eta, 271 sdgd digk o&Ae =
ol FFEAE Hdshet 719 5 UL Aojk
Zhang 5 [37]2 H2)8-F-Z2 58 acid-catalyzed esterification
9 transesterification2- ©]-8-3F Hlo] @ T)A ko] thsh AA)
“d 37} B sensitivity analysisE 2A15Fth 25 virgin
canola oil B HA-EHE 0|85 A 2 G7] S A&y

Aol t3f ZAALES vwstdot. HE Aol d 4z
factor®] &S W71} Y] sensitivity analysisE -8
3131.21, plant capacity, raw material cost 2 3% biodiesel
7}A0] F8 factorg}il AE Xt} ATR (After-tax rate of
return)ol] TA 3|4, Zhang 5 [37]-< virgin canola feedstock
o sl alkali treatment”} 7H& ZE%3L, acid-catalyzed
process= =& WH3-ZFGo) ATk, H28-fol tisl 7Y F
gkoh 941 8-3-9) alkali tranesterification process= 74 4|
Aol £ E3=d], 2732 FFA FF3E 07| ¢80
esterification A*2] 3}go] Do g 7] wjFo|t}. Hass 5 [5]
< npolotjAd RS +317] 913 ASPEN PLUS
o)A process modellingS AAEIATE F AF EF H
A 2PA o] HF AAG o IS sth
Hass % [5]2 vlo] o)Al AJata]gol] th$t crude glycerin
(80 wt. %)<} F¥o] APHo 7 Wil AS HAFUTE
3lA|9E, Zhang 5 [37]12 F 7HA €% (85, 95 wt.%)<]
ZEAE 71 A7 s} vlole A9 &2 713
(break-even price) 7180l vX& d¥e 2ia T

Kasteren & Nisworo [38]€ H48FZ5H HE =
A FAE o]83 ol erAS Ak T ths)
A3t 2YA transesterificationS AX2] H7 glo]
HoYds &83 4 7] wWiiEel, AAeel gt F4 ¢
SAHE-S Y F e o] Atk vl ERES
A 7t A vleletid 7hAo] FHE R (125,000-
8000 ton/year)ol] we} US$ 0.17-0.52/1 B9 e A=
el SARES] AAA HIllM F2. sensitivity factor
+ raw material price, plant capacity, glycerol price, capital
cost Soltk 15 B3 YA TG0l AL B
oletyd g sl BAH R FeHoRE TheAe] $)
o, 71¥9] alkali ¥ acid catalyzed processe®ll VI3l Z-&
3] ZAAEE /M 4 ok FAEIT:

A, West 5 [39]2 HAEFEFE whole g A
e 7B, 718 Fv SRR 244 T 0] BAFl=}
31 Basiiek zF 3ol tigh A4 182 Table 291 e}
W} ZF FgelA A AlZuE-2 HA Az88-2] 71%-
77% HAFDE A AznlgelM 71 2 viss gk
2L oil feedstocko]™, ek 40% NIt} Heterogeneous
ZuFAo] 71 Ee AxHE-E YR, o3&
Z17}2] waste vegetable oil& AFS-SI3L, HE3E, FA oA T
= material streams”} 2to} 24 9] utility costs7} 7]
wjFoltt. 2AA 349 A A|ZH]E-o| heterogeneous
Zulg B} o7 2o, o]AL product stream 2 ZHE]
methanol 2] 3]l B2 olUA7} B astr] &l
AAE &4 Eo) FA-oNA EE22 reaction schemeS
AFS SO Bsla, Axulgo] A 3y BHoh B
2 AL AAT T4 wiZo|th F, FFAS] Al AuEE
catalyst ! methanol®] 7}, Z18]3l A5 liquid washing
columno| A AAAZ glycerol AFEo] WhE w2 H]-go]
IRl el A3t HlE-S ST o]9 o], AFE
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A& glycerol AFE-2 TIE FAHE0] 712 4 U+ glycerol
production creditsE XA WAL t&o], Saka group
[10]2 23 FFAE oh i3t Hlode] 29UA Hg
7]%x0] virgin rapeseed oil¥} FAFSHAl AF UES A3
5 29 F U HAFA o]ALE crude vegetable
oil 7t ofE}l Hod® 297 vlete: Tl 23} ulo)
ST il AMEE F Ae-E HoFE Aot

Table 2. Manufacturing cost for each process

Pre-treated , . Heterogeneous Supercritical
Akali cat. "9 €8 pciq cat, Process
Direct manufacturing
cost
Oil feedstock 1.66 1.63 1.66 1.66
Methanol 0.18 0.30 0.16 0.17
atalyst 0.70 0.10 0.05 0
Steam 0.39 0.61 0.33 0.72
Waste disposal 0.23 0.15 0.07 0.02
Total production cost  3.16 2,79 2.27 2.57

Costs are reported as $millions.
Biodiesel 8000 ton/year.

Hl|2 i=e| X|% THsy

vlo] 2T ALS- X3 nlo]Q dAgd] thIt He ol4r
© HIAEA feedstock, E&2Q A37)E B} AA 2
g73Rst Hrl Soltt nlolotAd e sMdge) g &
ZAHate] JNds 71 = AR TR A An
7} o}d] APl E o]F EY F Qe Hiklo] HAlg]ojop
gtk LCA A7 ZHE2RE E w, dlojood Ak
ek & A HE o] BUo g H} £80] B
== W 1L G840 FFEHolof & Ao=
BOIT}. Panichelli 5 [17]2 714 HAg® Al2se o
S 7 S s, A 93, A AR
S FoHA, il transesterification TN A WEFS ALE-
< sk Aolgka skt B3k AJE-$- transesterification
7l 3 HHge Aage) s an
% Stk Stephenson 5 [20]-& oW An]$F 28} %
TE Fole BN FHe HIE AESIYL 259
H 10X, rape meald} glycerolo] GG W Ao 4
Ha1, ALA HISARE-S 50% Y 5 ohd, vloletiA
ARl &3t ol A] AH] B 8} A4S YANAE (ultra
low sulphur diesel)ell HI3H 22} 170%, 120%7k1] 24 4=
AT T4k gk ALgol 23 CEDE Y = $)
= thA] Wk nlo] Qo ke-0] ALgo|t}. Transesterification
HE-3-oll A alcohol24] ethanol S AHEEHE AL, 1719]
71=3 7Fsde] SHEPY, energy balance ZHo A g
Sk QRS 7IuE 4l

H2AE-f= vlolet)d RS 93 71 AR M
olg}al & 4= Ut} Feedstock 7}Zo|uk Bl 28] feedstock

\

I 22 vpoletAdl B FHZ olpE 1HT W, HAE
o Z-8-2 vpe| Al Aike] ARG A 71AF 4=
Atk Virgin oil feedstock 7142 HiolotiAdl AJ1h]-g-2]
T8 HE 29108, F HIEL) 70% olde AN et
A, H e o] nlo} 2 T] Al 9] feedstock O 2 ARE-EHUFH wlo]
o] Aol ZA AR 4 Aok T3 H24)8-R2
82 HVE AHRlEE =9 T Ut [40]. FAEAME,
HAE-F2HE 297 T8E& o83 nloj )l At
7P AAAolgka & 4 Stk 2YA HghE 4] §
AH3LE NAE) Helixe, WEE Sigabgolrle] S5
go] Aeuz] Ange] dAd YYo= x| oo}
ok gtk 53, A e RS JdE] Heiae, &3
o8 9 2%, agal edof) tig Hes HIE =Y 3
+ 2% ZUA 34 (two-stage supercritical process)©| 7L
wojof 3t} [10,16].

LCA toolS WHAAIZ|T 2443317 98t nle) o)A
i) X&7FsAd0) ek AT s AAEATE A &G7bsgh
uiol e oA AAF 3L 77E3L7] 918l Narayanan 5 [41]
-2 engineering sustainable development (ESD) approach}
+ WS =Y4319.2 1, Niederl 3} Narodoslasky [42]=
sustainable process index (SPI)E o835t 71z} 71 A&
7Vedt 34e B4 Arlskaa sk

ulo] e A5 o] G2 oA AEA N -0l el
dzrEololt gt H S/ M A ddFeE A
& 4 nloledg AL S8l B Y] ARAL A
|EHA7] dEolghs Fo] AVIE gk AL AFE
= AE A sl viEEHE N0 (A3 2485 v}
237} COz-neutral 2419 o8& AL AHX7]= 3oz
YepLar ok SHAITE H 48] S8 ol2i3t AlgH
Az A=A FEE FY T Uk Hlole. dsE
Aol Wigt oA SEEE Folal, FEE el %)
£7FsgE AAY oA 2 A s, A 10 d3t
B2 Ws TR el BAke) gkem, dA) AA
3047 =7l A viol Al Bl wlo] e oekE HejE
4 Akt AR IFE AREA vk SRAT HE
ol 9E A Bt St Bt st Aget
71 f8lME vlol et o] A2EA4 (cloud point) 5= 7|
Adaljor & AR} Utk T o Sl weEl g )
3 Agate] =4S sl H3 A&rbedt fagE #
d A= FEfojort St

HY

2]
+oh

U.S. Department of Agriculture (USDA) % Oak Ridge
National Laboratoryt ¥|=Z0] &4 Q & SE3HAM T
217} 1.3 x 10° metric tons 2] BlO] S MiA (dry base)S &
(72%) 2 A (28%) AR RRE ANT 5 Qe Ao
2 o star Ut} [43]. ] ulolml2 k& 3.8 ¢ 10” boe



(barrels of oil energy equivalent)oll 3§%3+c}. European
Biomass Industry Association (EUBIA)°| 2J3Pd, &3,
olzz|7}, etdotHlE]Tloll A A3k ZHzt 8.9, 214, 19.0 EJ
o] vlo|eui2g A 5 9low, o|RL Zz} 1.4 x 10,
3.5x10%, 3.2 x 10° boedll i@k 3k [43). AAA
S F ylo] Qufj22}9] o XA] potential- > 20503 Q7Y
150-450EJ B 25 x 10°9)1A4] 76 x 10° boedl] 018 RoZ
dgala ek vlele A E3 g uls] FAE
Bt I F AT, v s 53 57 A50) 309
gelolA e0gei7tA] wipd 371 4= 1S A E USDA
= A3k

18003t Zute]], ulo] eujAE w|= dLix] A8 F8
2] 90% ©)3S FFFck 1800t FHHLE] 1900l
Zyt)), 814 A8} AEdhe oA o] YA,
B NEEATolA nlo| QA AFE 523 oA
dolt}. 259 AUA] a9 A REL 337 9
sto] Hlo| QuiAE o] &3tE Frhe 249 17.5%, BT
= 204% 22)31 BEHE 23.4% 5 olth AlAl Fa3
A, 247, BEEE AEIWF ARG The Roadmap for
Biomass Technologies+ carbohydrate-based BA|Z X}
EAZ Zoln, 1)t 20303704 w3 % A9
20% B BISHAIES] 25%7) vlolenjAzRE] AlatE A
o= ot [44].

FELS AT =28 Uz, g53E FAE A%
2 B AtollA] ofu] Z Folm, 4x]o] Shell, UOP,
Petrobras, Conoco ¥H2, FZ, Dow, BPS} #Z-& AEZ
Q1 A 2 3IHAIE 3= biofuels2} biochemicals AJ4F
£ Qg 7l 2 7SS AEla ok 4= R
= E3 A B 71EE A AT 52 53014 o] A4
el Fao4s AL Utk Y TEA Ad3s
2010%371A], EU % A89] biofuels ¥IF-E 5.75%% &
#E A o] BEX = EUC Y BEA 4-13%7F
biofuel AY4HE 93] ©o]8-2 FoF FAHHAL 22EF
ols Egtetod, ojgelo}, FFE, 2uQl, Y Z 294
9 I F uUg 7Y 9% SV, bio-transportation €
F2E 98 AWAHA AF FAE sF3, UKE BE2F9
AF FAE Eoh vlF FEE £ biofuelsE A Ysln
AghE LS % FelES o A&5HQ B3lE A
A2 AZE A, Bt gk & vlo]emj~E dAgs} 35}
AFLE A A% AR 7HF L H3r)eo) A
e Aotk AFRES] 7|eNde FRe A Y,
ALSH I Bl RS e, AT /R4
744 ol ti3l biofuels= 2= 712 ZRAHL 9S4
JL AoZ gk

l

2 <%

7IE A8 E AT F Sle FEAREAN Hlole

gAde f3EA HlES €Y = Yol I3 AURE 79
£ Fow gtk nloledd #¥E Je AN Wk A%
3l AF AYL fsiAe ble]L tAe] 18 54
9 ZAA Sl vigh B} Ao FAHI Hrt #
3h, ulo] o)A A AT 213} A oA
Z=8], 2L AA7)e D feedstockoll T LCA ¥4
ATE 53 2o} AAE 874 2 AAAN BoP 7Fsst
St} FeedstockOIAHE] ABEALE] o]27]714]9] nlo]Q
U LCA 7l Bt B8 A7ollA] feedstock A4k
Ao 24712 wiE&a ouA] An)7) A 3 R FA
7t 219] 50-80% WS A, 7Fg 2 F8 714
QA7) HUTh AAA SHME YA Weks 34
olg5te] HAE-REHE ulo|euA S Ak G0l
Aoz JgHoz 7P feskslth &, vlojle o
B ARE B 33sta B spESHA ARS8
Ae alolujAle] EA1AS vIEsle] YR Uigh A&
o] =g H37] 93 AT 488 A I
= F3)E]ojolqt & Aot

4120093 10€ 23, AR 1 20093 11€¥ 16Y
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