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Abstract

Background and Objective: Nowadays, due to environmental concerns and energy crises, the use of
biofuel resources such as biodiesel has become very important. Therefore, the main goal of the current
study is to investigate, model and, find the optimal conditions for the biodiesel production process from
waste cooking oils using the response surface method.

Material and Methodology: RSM based on Box-Behnken was applied to investigate, model and,
optimize the influence of reaction parameters, such as methanol to oil ratio (3:1-9:1 m/m), catalyst
concentration (1-2 w/w%), and reaction temperature (45-55 °C), on biodiesel yield from waste cooking
oil (WCO). According to the DOE, all 17 runs were performed after applying the same reaction
conditions (mixing 600 rpm and reaction time 75 min) and the biodiesel yield was considered as a
response.

Findings: Based on the modeling results, the coefficient of determination, standard error and,
coefficient of variation (C.V) of the regression model was 97.40%, 0.827 and 0.882%, respectively. The
ANOVA results showed that all selected parameters of oil-methanol ratio, catalyst concentration and,
reaction temperature had a significant effect on biodiesel yield. The results of the optimization process
showed that the optimal conditions of independent variables including oil-methanol ratio, catalyst
concentration and reaction temperature of 1: 6.23 (m/m), 1.63% (w/w) and, 54.24 °C, respectively, led
to the highest biodiesel yield (98.62%).

Discussion and conclusion: Considering the equilibrium nature of the transesterification reaction and
methanol evaporation from the reactor, the biodiesel yields first increased and then decreased. Therefore,
finding the optimal reaction conditions will have a significant impact on achieving a higher yield. Also,
no significant difference was observed between the characteristics of biodiesel produced from WCO
and fresh oils, and only the pre-processing processes of WCO and glycerin separation and purification
will be associated with more technical and economic challenges.

Key words: Waste cooking oil, Response surface methodology, Optimization, Fuel characterization.

1- Assistant Prof., Department of Biosystems Engineering, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Gorgan, Iran. *(Corresponding Author)

2- Associate Prof., Department of Biosystems Engineering, Gorgan University of Agricultural Sciences and
Natural Resources, Gorgan, Gorgan, Iran.


mailto:abbaszadeh@gau.ac.ir

Ol g ylaslo ool wle

YF¥ olo 5 VFY o Lol ccamn ) bmo (55819550 g pole .

Sy, jleslaial (b sla St iy oo (Sl G rae 4
Codls (595 52 poims 2 g prinans H3b 4y AlgS o Silany
S92y Jds 4 anles obel lodee e olsb oLl
Lawgi oad al)] slas uslisl daailens ;o DIOXIN ol 5
oailonsy 3l ooliial T+ ¥ Jlo 15 syl sla 58 agloo]
el ggion yolo g plo STys> adgs o 1) alLS oy,
Sl 03,5

Sz 5 wlowy LS slags, Sl eolil ©jee o
sloaize (Jpogm g glaanls Sl plye 4 Sl
b oo G250 il ol slaseg, b anslia o STyes
& L)l slo)5iS g I sl sazite SVLI oz (sl jgiS
PS5 sty sl eoliiul b Jposm (BosSady n x5 )5
309w adg an3e (oMo Y- VY Jlo jo anil go wilows
J3ose o 0 lila 5,5 AV AT sgum 0 alS (48, S
Slowy slayeg, 51 ST a5 el b o cplicasl oals (3,155
Frooga )0 oy slaanse ool oslatnl Jnoge wdsi sl
a5 Conl oas oanlive Y Cuje g odle (7) il walg>
Josm 9dgs 50 Wlown (2L slags, 5l eslitul 5 <dlsl
abal wlole anze o Yo Alevefeer gals a4 i
Al dlem a5 B0 v Carez b (6 ddlaie SO j0 OB
Caio ;0 (g3 wlowsy slagés, 5l eolital 5,00l 51 (8)
hee Cany sblie woolaidl glacyje »oogdle Jrose
oy Baeme 5o wlewy il ilole, I G xSsle s
5 S oMol ahas anl s ad 5okl § (bodlols)
Sy waleS JLis 4 s 1y (e

Ol (B dleny slapgs; 69l oz Lulid 4 2y L
badsl Glie 5 Casb sy ol Slasie (S (8
Cale, pas Szo o igyil 5yl sgzg (FFA) ofjl &y
Mg anTd oSy sl il 1Sy cenlie Lyl
ATy el e plailly b wlsioe JRose
JSte (10) ppsedsal 5 gl J:5ts o(9) (ygamslSedy 2

3530 2 Olsee 2l d(11) (o yencdS (bl w18 s

doddlo

5 Ol )3 (Prae 6551 Gl 938l 59y 0 alanlgas o) ol
ez g hd slagipl ogzae plie (2,08 rals
b sl 0id o golio ol (Sam¥T 5l 56 sla SIS
&l 5l ool Sl (g & 5oL 5 slagaadle 5 S5
25l olml ol Kiwgh g bcdes Gl ;5 pdynass 35
009 Cemy @lie I ol (Jsdgw) () slocsgm
0390l wBloe pdyaas (55 @l gl 5 (S (ologz)
(J8 g Jo (25 )3) g ,093 (B pae S g 5l o3k i
ool g lacnleS 1olai (ls S095 (slagrntle g o )giST 5
Sl (3931 J5209 5 55 (0555188 (25 59) o Sy
Wl on alie (g (2ls> s @ Jpdgm SS9 9500 )
A0 JRogrt S s lp clie (2Rl S plie @
Jnoory Sogw bavlie ;o Jnogm CSgw 0 ad)S
Feog0 30 Sl jeboa) jeS ( Fan¥T Ll ol sl
3 990 adsl plo 0sle 5 (092 (sow 28 (S RIS (22
Sl JeSUTgige 5l sl il Jpoge ablige (twd 5
So gl il il STy Jol> &S 2 slaaul
5 B slages) oy S5 L (bl 5 Joibe) JSUI
(1) el (o

Erdye Jposm Cato Gy, e bl glogidlr Sl (S
g bl J509yh g b ol (eed sy <ulB) cllB
g 00 pled Ceod o0 VO I iy g @l @
€9) e 5L 9,0nl 5l sl 89, A e 4 Lo Jnosm
Sliwly 5o (gote s o Wl oo eyt 5o 5 Zead )
=0l 4 4555 L (2-5) wisl co g ) onl 0905 5 B,
Olie 4 qlio ol 0,5 L ol o 035 slasés, 5l eolizusl o5
089 el )l 89, @b 5l (Ko Y el Ll ST e
& Sy sy slacs; (2,3) cul (S5 wileny slo
laogh cad g |5 daails ] (29,5 Wlowy Sy e
05950l (B) Wgds oo a3l 13 glio Slmils )5 5 mbio
Slowy sy, nl 5l 5ok woys ol y5iS 5o ailawlis
2 e g ek g pl Sl Sogil Gl 4 S1pe

o)y lounl b (3 plonil b Lam 5 sl 5 2T leo



"y e 32090 (St 3 S guw i w8 (b ol )l (g 5lw e 9 (o

Jobie 5 089y je LS| o (85 ajeSuny a5
23,5 g0 STy e s Gl 0T JWs a5 Gy Ja
S Sig> oo 51 YL slos )l 1> ayo jo iaSTy ploxl Lol
dalgs Jpogm ades 003l rals a4 e (FF/F °C (Jgilia)
b 5l gad @)l 5 Jplte s o (B)b 5l nj 0l
S slabes o s b 5l g (19) ws wsles zaSTs
5wz Gl @ (@ dewl il hie) J5oee 52ls e
GBI L o9 adg 02l (IS 5boar (20) 005 oo Sl
iy S5y 35 53 Ll e Gl 2Ty ol
SSly pogatte (Brae 5551 e el g STy o9
e Oloy e 50 emlSdy il il 3 (2STy bl
g do )15 4 425 b adlbion jlog3 2 (@bl Conoal
55Ty 5l eolasl leg 4o £e-VY e MIN o5L o 2STy oo
Jotie S5 55k (Sem 95U Ll yd 50 5 3500 (35
VA o g o)l sl oo plol cilisee sla irghs
Lol S (529, 5 Jposm sy anlp allalel cw)p
g 003l cp ey a5 olo ol JI Opeh gl Sl
AN ey a4 Jebe Joe cond byl il o asj0 AY Jogn
Min _zSly ol 39 woys 1 (NAOH) 550618 cdale
I drosm g owin @ e 3 (V) (e
D30 55T, osliial b ol 5 aLS ey slogés,
Yoo IPM Sren ood 5 5+ °C gl o osbliie
Jpoem adei 003l o iin aS ol las LQJ s asl
KOH 55061 cdalé 5 \Y:) Jgilio a0 089, o Jasl s 50
odds ol o, e g AV Ll cud i a4 S dueye VIO
or 4 g 3 (VoY) (oS g cou g3 (22) ol
slos g 1Sy oley (Jsilbie Jse cos slojial )y 50
Oy S 50 Wil 089 5l Gl S0 » STy
Jgilie Jgo Camd a5 ols lis oyl ol auzsls  Jls oyjen

g °C i1y gl g &+ MIN 2sS1y oley £1) ég, 4

Mg 003l mals Culyg o 5 (12) ilosalls anl Sl
1y hasme Cony sla Sogll 5 anT b anie (il 5 Jiose
wlayahl (29, £95 2 odle cualpln all andls JLis &
25 G Jnogm SEse uiS p S STy Slles
0 ol sl gzl IS 506 ons ples anzze Colys
2352060 5 55T, e85l ale o oy anl b 38
wslitsl 5,50 Jgo o 5 IS £oi conlitian] 5,50 il
(13,14) gjen w5 (uSly oy o251y slos

a3 g o33l o aliet ;b Wl e calie ;55T Sl
5 095000 Oliee e 28Ty Glej U Bl ) addss anl B
Fei sl ansls wnlE Brae 5l 5 (Brae sl
-o5e0 o gy sleslinul b ez 5o )l Jieose
(14) 555 0 0I5 (STRY o

oAty plnl ey Gl 595008 (6,85 5 5l o
STy o (14) sl sl b 551 lado oS 35k
S5k 09bse o3liiul 9Bl g4 dn (yganlSiidy sl ol 5
dge b 5alblS a5l el 2 (15,16) o5l 5 (g
a8k Dol b g (LSe35 lls (U5 (529)) oaims STy
(0 G (Raal 5 (Kes wlws 95 4 bayg UL
s KOH) il (Sen (slaygslbls’ ol Jle po aigd
bl p2iSTg bl g 2STg (YU e o Judo 4 (NAOH
plaitl 093 & Jpogm oy Cato o ) eslial i
28 36 s sla el )b 5l Ko (S L(14-16) wlesls
dbboe JSI g, Camd (OgamilSrdy il il 25T
bl s S glaSI ol solital 550 (slaISII
Skl s @ Jgibe cnl 5l Joibiny 5 Jolbe «Jsibsn
Pl s (1) Tl g 551 JSas pas ok, b it il
095 4 Jpogm oy Care o 1) 08 i o
S5 G895 Jye o SartegS gl Has il esls olais]
Saa b Jos o Lol waws oo 28Ty Joilie Jgo an b (s el
oslaiwl YL (Joe (slocams 5l 28Ty 035k 5 a p Gl
S 59568 g5 4 STy LS 9590 Joile jlade 598 e
NS 36 sl el 5 5 STy sleo (18) wil e acly

ok 3l Lo Gl aS (s jsbay il go (2STs ploxil sy




ol g gl ool wle YF¥ olo 3 NFY o Lol ciomn ) dmo (55919550 g pole vy
by 09, 9 dlgo Cawl 00l doy0 A0 lade 4y o 005l (o yiin 4 e

Sitlo)l STyes (55lw ookl g anes

Silowy 595 (58T ¥ ey

ozl gy (SThs wlowy lo 85, 5 g (nl 5
oslitul adglosle plgie s (B 5 (ormb wlin 5 (55,9LaS psle
089y et 9 (Soid Sloogas (S p ) Jgaz p0ab
9 G‘Li} Lg).:.fo)‘do‘ el ool 00)31 oolaul Syg4 J..\Lo.w.\
SVMB000 Jos yegSuny olKiws 5l oolizwl b (59,1,
5l ooliiwl b 5 Jlewsl akais o ANLON paar s o cole
S, esle MINIFLASH FLP/FLA Jos oXiws

i plil Grabner

(23)
Sl a5 Sl o Wlie ul 51 Bus g0l
ey 4 Jole Jpo s i Slles byl 3l
Jpogm Cogm sy anl STy sles g 595 JU1 cdale
Response surface ) swb mhaw (g, 4 dlews (g, 3

<l (Methodology

Qilowy (3£9) Wlasin -) Joua

Table 1. Characteristics of waste cooking oil
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Figure 1. Waste cooking oil A) before pretreatment and B) after pretreatment
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Table 2. Fatty acid composition of waste cooking oil
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Table 3. Actual and coded levels of variables for RSM
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Figure 4. Stages of biodiesel production reaction, A) reaction mixture before starting the
transesterification reaction, B) reaction mixture during the reaction, C) glycerin separation stage, D)
biodiesel purification stage
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Figure 6. Perturbation plot of biodiesel yield for
BBD-RSM
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Figure 5. Actual versus predicted biodiesel yield for

BBD-RSM regression model
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Figure 7. Interaction of catalyst concentration (B) and reaction temperature (C) on the biodiesel yield
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Table 7. The preset goal with constraints for all the independent and responses in numerical optimization.
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Table 8. Comparison of physical and chemical properties of biodiesel produced from WCO with other oil

CH g S Sy amlie Huzen 0l sales (AALIFY)
S S59 o stz BB Colay as sls s gades Jnoem
036 slapsey, 9 wlows (slacses) jload wdss Jnogm g
5 Slowy 09y SxslP i sloanld L 5 o)l gy
b 5o si9ial 5 oyl ilolz gloans] 3 (rizen

Oy ..\m]9>' ol)A.{b (S ydin solazdl 9 ‘5._9 L;Lmu..Jb

References
1. Abbaszaadeh A, Ghobadian B,

Omidkhah MR, Najafi G. Current
biodiesel production technologies: A
comparative review. Energy Convers
Manag 2012;63:138-48.
https://doi.org/10.1016/j.enconman.20
12.02.027.

2. Darwin, Thifal M, Alwi M, Murizal Z,
Pratama A, Rizal M. The synthesis of
biodiesel from palm oil and waste
cooking oil via electrolysis by various
electrodes. Case Stud Chem Environ

sources
Ik
6 3 S b g
% s & < o f | % 3 ’
'(g. < ; % f ¢ ; c(:’ ~ o9
b g ¥ . 3 & ¢ f
< g 3 ? © &
: > : c
~ o
(37-40) \AIA4 YOIVE VEe AN AAY Ligeo
(37,38) FAIYO YO/A V£A/0 f/¥ AV Iis
(5,37) FAN AR AR AR AAY als an
(41,42) £EI70 Yoy VIY/AY Y- APY JSL
(39) £10) Y/f \EIY flov AY - oL
(8,40,43-45) forv \AAA VALY five AP ols )5 sl
(46-48) 00-¥0 £A-vf VWWeyye YI6-0 AN--AD - Sloms slagés,
(pol> Gidg) | OVY Yoy \PYI¥ FIYY As+[%) Wiloway (€3
& 5 Al

Somd sla el Sl g3l s g (o) p Baa b g (nl )
Mg 003l p STy sled 5 95U cdale (129, 4 Jpilie
8 2 00liiusl ensly gelaw ) Sl eilons 9, 51 J 2090
Jaw CV) clpm coyo 5 ojailbinl glas (s
=AYV VN SPRIVS A SRVAR N 70 S SURUSUC S VRS YOOI g
Jolie cons ol o el olos olo lid mlis o S
U Jiposmr 033l STy cslos 5 5358 CBLE s, o
5 Jlie e lzme G381 b aS (5 jaboay cailasiisls (g5l soe
Ol ial3l aals lal jo STy laore jo 495U clale
3 YL slacdale ¢ bacas ;o Ll oogs Jpoge ddgs ool
a0 il aiomen Sl oul aulS 0ol otl38l WSy,
JWs @ 1) Jposm adgi 0o3b olime ialidl ( iaSTy &yl >
B STy o9 Sl )T s 4 gaoge (pl a5 csl ails
Lyl s as ol las gile amp anld mls oib e g
chale (s, 4 Jeilie Comd ol Jihs (sl yuiio dinge
WIWOD o) FIVY & jg0 a0 o o STy (slos g g5JLS

U052 a5 (1S 003l 0 i 4y y2xie OF/TE °C 5 1/9Y



1¥O

e RO (Fowm ) CS g dlgi wiaT )3 ol el (g5l Ak 9 oy

10.

11.

12.

13.

14.

alternative  for  diesel  emgines.
Springer; n.d.

Sahar, Sadaf S, Igbal J, Ullah I, Bhatti
HN, Nouren S, et al. Biodiesel
production from waste cooking oil: An
efficient technique to convert waste
into biodiesel. Sustain Cities Soc
2018;41:220-6.
https://doi.org/10.1016/j.s¢s.2018.05.0
37.

Chakraborty R, Sahu H. Intensification
of biodiesel production from waste goat
tallow using infrared radiation: Process
evaluation through response surface
methodology and artificial neural
network. Appl Energy 2014;114:827—
36.
https://doi.org/10.1016/j.apenergy.201
3.04.025.

Miyuranga KAV, Arachchige USPR,
Jayasinghe RA, Samarakoon G.
Purification of Residual Glycerol from
Biodiesel Production as a Value-Added
Raw Material for Glycerolysis of Free
Fatty Acids in Waste Cooking Oil.
Energies 2022;15.
https://doi.org/10.3390/en15238856.
Atadashi IM, Aroua MK, Aziz AA.
Biodiesel separation and purification:
A review. Renew Energy 2011;36:437—
43.
https://doi.org/10.1016/j.renene.2010.0
7.019.

Chozhavendhan S, Vijay Pradhap
Singh M, Fransila B, Praveen Kumar R,
Karthiga Devi G. A review on
influencing parameters of biodiesel
production and purification processes.
Curr Res Green Sustain Chem 2020;1-
2:1-6.
https://doi.org/10.1016/j.crgsc.2020.04
.002.

Mohiddin MN Bin, Tan YH, Seow Y X,

Eng 2023:8:100512.
https://doi.org/10.1016/j.cscee.2023.10
0512.

Tarigan JB, Ginting B, Perangin-angin
S, Sari RN, Sianipar PF, Sitepu EK.
Homogenizer-intensified amidation of
free fatty acids in waste cooking oil for
biodiesel production. South African J
Chem Eng 2023;46:271-6.
https://doi.org/10.1016/j.sajce.2023.08.
011.

Abbaszadeh-Mayvan A, Ghobadian B,
Najafi G, Yusaf T. Intensification of
continuous biodiesel production from
waste cooking oils using shockwave
power reactor: Process evaluation and
optimization through response surface
methodology (RSM). Energies
2018;11.
https://doi.org/10.3390/en11102845.
No S-Y. Inedible vegetable oils and
their derivatives for alternative diesel
fuels in CI engines: A review. Renew
Sustain Energy Rev 2011;15:131-49.
https://doi.org/10.1016/j.rser.2010.08.0
12.

Mazubert A, Poux M, Aubin J.
Intensified processes for FAME
production from waste cooking oil: A
technological review. Chem Eng J
2013;233:201-23.
https://doi.org/10.1016/j.cej.2013.07.0
63.

Innocenzi V, Prisciandaro M.
Technical feasibility of biodiesel
production from virgin oil and waste
cooking oil: Comparison between
traditional and innovative process
based on hydrodynamic cavitation.
Waste Manag 2021;122:15-25.
https://doi.org/10.1016/j.wasman.2020
.12.034.

8. Demirbas A. Biodiesel- A Realistic fuel




OB g ylglo ool wle

VFe¥ olo i VFY o jlonts cmn 3 Lo (55919355 9 poke 122

20

21.

22.

23.

24,

25.

26.

. Verma P, Sharma MP. Review of
process parameters for biodiesel
production from different feedstocks.
Renew  Sustain Energy Rev
2016;62:1063-71.
https://doi.org/10.1016/j.rser.2016.04.0
54,

Harreh D, Saleh AA, Reddy ANR,
Hamdan S. An  Experimental
Investigation of Karanja Biodiesel
Production in Sarawak, Malaysia. J Eng
(United Kingdom) 2018;2018.
https://doi.org/10.1155/2018/4174205.
OA A, AO A, SE A. Process Parameter
Estimation of Biodiesel Production
from Waste Frying Oil (Vegetable and
Palm oil) using Homogeneous Catalyst.
J Food Process Technol 2019;10:1-10.
https://doi.org/10.35248/2157-
7110.19.10.811.

Khoobbakht G, Karimi M. Analysis of
the Parameters Affecting on the
Performance and Energy Efficiency of
Biodiesel Production from Waste Oil. J
Environ Sci Technol 2020;22.
Metcalfe LD, Schmitz AA, Pelka JR.
Rapid preparation of fatty acid esters
from lipids for gas chromatographic
analysis. Anal Chem 1966;38:514-5.
Bashir MA, Wu S, Zhu J, Krosuri A,
Khan MU, Ndeddy Aka RJ. Recent
development of advanced processing
technologies for biodiesel production:
A critical review. Fuel Process Technol
2022;227:107120.
https://doi.org/10.1016/j.fuproc.2021.1
07120.

Birla A, Singh B, Upadhyay SN,
Sharma YC. Kinetics studies of
synthesis of biodiesel from waste frying
oil using a heterogeneous catalyst
derived from snail shell. Bioresour
Technol 2012;106:95-100.
https://doi.org/10.1016/j.biortech.2011

15.

16.

17.

18.

19.

Kansedo J, Mubarak NM, Abdullah
MO, et al. Evaluation on feedstock,
technologies, catalyst and reactor for
sustainable biodiesel production: A
review. J Ind Eng Chem 2021;98:60—
81.
https://doi.org/10.1016/j.jiec.2021.03.0
36.

Mani S, Kosuru Y, Delhiwala Y,
Koorla PB, Mekala M. Green
Technologies and Sustainability A
review on the biodiesel production:
Selection of catalyst , Pre-treatment ,
Post treatment methods. Green Technol
Sustain 2024;2:100061.
https://doi.org/10.1016/j.grets.2023.10
0061.

Maheshwari P, Haider MB, Yusuf M,
Klemes JJ, Bokhari A, Beg M, et al. A
review on latest trends in cleaner
biodiesel  production:  Role  of
feedstock, production methods, and
catalysts. J Clean Prod 2022;355.
https://doi.org/10.1016/j.jclepro.2022.
131588.

Van Gerpen J. Biodiesel processing and
production. Fuel Process Technol
2005;86:1097-107.
https://doi.org/10.1016/J.FUPROC.200
4.11.005.

Musa IA. The effects of alcohol to oil
molar ratios and the type of alcohol on
biodiesel production using
transesterification process. Egypt J Pet
2016;25:21-31.
https://doi.org/10.1016/j.ejpe.2015.06.
007.

Gunay ME, Tirker L, Tapan NA.
Significant parameters and
technological advancements in
biodiesel production systems. Fuel
2019;250:27-41.
https://doi.org/10.1016/j.fuel.2019.03.
147.



\FY

e RO (Fowm ) CS g dlgi wiaT )3 ol el (g5l Ak 9 oy

33.

34.

35.

36.

37.

38.

Syazwani ON, Teo SH, Islam A,
Taufig-Yap YH. Transesterification
activity and characterization of natural
CaO derived from waste venus clam
(Tapes belcheri S.) material for
enhancement of biodiesel production.
vol. 105. 2017.
https://doi.org/10.1016/j.psep.2016.11.
011.

Komers K, Skopal F, Stloukal R,
Machek J. Kinetics and mechanism of
the KOH - Catalyzed methanolysis of
rapeseed oil for biodiesel production.
Eur J Lipid Sci Technol 2002;104:728—
37. https://doi.org/10.1002/1438-
9312(200211)104:11<728::AlD-
EJLT728>3.0.CO;2-J.

Muthukumaran C, Praniesh R,
Navamani P, Swathi R, Sharmila G,
Manoj Kumar N. Process optimization
and kinetic modeling of biodiesel
production using non-edible Madhuca
indica oil. Fuel 2017;195:217-25.
https://doi.org/10.1016/j.fuel.2017.01.
060.

Charoenchaitrakool M,
Thienmethangkoon  J.  Statistical
optimization for biodiesel production
from waste frying oil through two-step
catalyzed process. Fuel Process
Technol 2011;92:112-8.
https://doi.org/10.1016/j.fuproc.2010.0
9.012.

Ramadhas AS, Jayaraj S,
Muraleedharan C. Biodiesel production
from high FFA rubber seed oil. Fuel
2005;84:335-40.
https://doi.org/10.1016/j.fuel.2004.09.
016.

Mihaela P, Josef R, Monica N, Rudolf
Z. Perspectives of safflower oil as
biodiesel source for South Eastern
Europe (comparative study: Safflower,

217.

28.

29.

30.

31.

32.

.11.065.

Foroutan R, Mohammadi R, Esmaeili
H, Mirzaee F, Tamijidi S.
Transesterification of waste edible oils
to biodiesel using calcium oxide @
magnesium oxide nanocatalyst. Waste
Manag 2020;105:373-83.
https://doi.org/10.1016/j.wasman.2020
.02.032.

Se K, Honarvar B, Esmaeili H,
Esfandiari N. Enhanced biodiesel
production from chicken fat using
CaO/CuFe204 nanocatalyst and its
combination with diesel to improve fuel
properties. Fuel 2019;235:1238-44.
https://doi.org/10.1016/j.fuel.2018.08.
118.

Abbah EC, Nwandikom Gl,
Egwuonwu CC, Nwakuba NR. Effect
of Reaction Temperature on the Yield
of Biodiesel From Neem Seed Oil. Am
J Energy Sci 2016;3:16-20.

Jiang W, Lu H fang, Qi T, Yan S Ii,
Liang B. Preparation, application, and
optimization of Zn/Al complex oxides
for biodiesel production under sub-
critical conditions. Biotechnol Adv
2010;28:620-7.
https://doi.org/10.1016/j.biotechadv.20
10.05.011.

Istiningrum  RB,  Aprianto T,
Pamungkas FLU. Effect of reaction
temperature on biodiesel production
from waste cooking oil using lipase as
biocatalyst. AIP Conf Proc 2017;1911.
https://doi.org/10.1063/1.5016024.
Nwufo OC. Effect of temperature on
the biodiesel yield from Nigerian
physic nut, castor bean, dika nut and
sandbox seed oils. Int J Ambient
Energy 2016;37:16-9.
https://doi.org/10.1080/01430750.2013
.866908.




ol g gl ool wle

V¥ olo i FY 05locdh e ; b (5589555 9 pale 12

44,

45,

46.

47,

48.

2010;14:200-16.
https://doi.org/10.1016/j.rser.2009.07.0
17.

Ikwuagwu OE, Ononogbu IC, Njoku
OU. Production of biodiesel using
rubber (Hevea brasiliensis (Kunth.
Muell.)) seed oil. Ind Crops Prod
2000;12:57-62.
https://doi.org/10.1016/S0926-
6690(99)00068-0.

Younis KA, Gardy JL, Barzinji KS.
Production and characterization of
biodiesel from locally sourced sesame
seed oil , used cooking oil and other
commercial vegetable oils in Erbil-
Iragi Kurdistan. Energy Reports
2014;2:105-11.
https://doi.org/10.11648/j.ajac.201402
06.12.

Ozsezen AN, Canakci M. The emission
analysis of an IDI diesel engine fueled
with methyl ester of waste frying palm
oil and its blends. Biomass and
Bioenergy 2010;34:1870-8.
https://doi.org/10.1016/j.biombioe.201
0.07.024.

Atmanli A. Comparative analyses of
diesel-waste oil biodiesel and propanol,
n-butanol or 1-pentanol blends in a
diesel engine. Fuel 2016;176:209-15.
https://doi.org/10.1016/j.fuel.2016.02.
076.

Enweremadu CC, Rutto HL.
Combustion, emission and engine
performance characteristics of used
cooking oil biodiesel - A review.
Renew  Sustain Energy Rev
2010;14:2863-73.
https://doi.org/10.1016/j.rser.2010.07.0
36.

39.

40.

41.

42.

43.

soybean  and
2013;111:114-9.
https://doi.org/10.1016/j.fuel.2013.04.
012.

Moser BR, Vaughn SF. Evaluation of
alkyl esters from Camelina sativa oil as
biodiesel and as blend components in
ultra low-sulfur diesel fuel. Bioresour
Technol 2010;101:646-53.
https://doi.org/10.1016/j.biortech.2009
.08.054.

Sarin R, Sharma M, Sinharay S,
Malhotra RK. Jatropha-Palm biodiesel
blends: An optimum mix for Asia. Fuel
2007;86:1365-71.
https://doi.org/10.1016/j.fuel.2006.11.
040.

Atabani AE, Mahlia TMI, Masjuki HH,
Badruddin IA, Yussof HW, Chong WT,
et al. A comparative evaluation of
physical and chemical properties of
biodiesel synthesized from edible and
non-edible oils and study on the effect
of  biodiesel blending.  Energy
2013;58:296-304.
https://doi.org/10.1016/j.energy.2013.0
5.040.

Abollé A, Loukou K, Henri P. The
density and cloud point of diesel oil
mixtures with the straight vegetable oils
(SVO): Palm, cabbage palm, cotton,
groundnut, copra and sunflower.
Biomass and Bioenergy 2009;33:1653—
0.
https://doi.org/10.1016/j.biombioe.200
9.08.008.

Singh  SP, Singh D. Biodiesel
production through the use of different
sources and characterization of oils and
their esters as the substitute of diesel: A
review. Renew Sustain Energy Rev

rapeseed).  Fuel



