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Abstract

Biodiesel is a clean energy resource that can replace diesel as fuel, which can be used
without any structural changes to the engine. Vegetable oil accounts for 95 percent of the raw
materials used to produce biodiesel. Thus, many problems can arise, such as rising prices
of food resources and an imbalance between supply and demand. Most of the previous
studies using waste cooking oil used waste cooking oil from a single material. However, the
waste cooking oil that is actually collected is a mixture of various types of waste cooking oil.
Therefore, in this study, biodiesel produced with mixed waste cooking oil was supplied to an

‘ agricultural single-cylinder diesel engine to assess its potential as an alternative fuel. Based

'.) on the results, the brake specific fuel consumption (BSFC) increased compared to diesel, and
%f")%ca'ggf the axis power decreased to between 70 and 99% compared to the diesel. For emissions,
NO, and CO, were increased, but CO and HC were decreased by up to 1 to 7% and 16 to 48%,

a OPEN ACCESS respectively, compared to diesel. The emission characteristics of the mixed waste cooking
oil biodiesel used in this study were shown to be similar to those of conventional vegetable
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o] @ t]A o] th(Alptekin and Canakci, 2008; Qi et al., 2009; Chauhan et al., 2011; Mccarthy et al., 2011; Adaileh
and Alghah, 2012; Bankovi¢-Ili¢ et al., 2014). Hfo] 2] A& A 54 @ do|L} =54 #|H}, H|A &8 52 o]
&oto] YAtE] = tiA| A= olt) Hiol et A a7t 7He okl f-54 v EEo] A A HiEE] o] XA
A 2o 2 QA |3 Qlth(Graboski and McCormik, 1998; Ryu and Oh, 2004; Mudge and Pereira, 2009). L
gy HloletAo] g2 A4 o] AEE A AT A dEEE A= Qo tiF g Ate] o
0] 21tH(Tomasevic and Marinkovic, 2003; Zhang et al., 2003; Kim et al., 2012; Woo and Kim, 2019). ©| 2|3}
o|F & X H] A& FA| & Hlo| Ao AR 2 o] &5t AF7F NI T} 1 F w4 8-f= oheet
AAto g FAdEo] =2 BAE R AYoE AE U3 EAJo] H|xsto] Hiol2rjAlo] 25 = A
AHEE 4= glom, Hio] e O ik & e 4= 9S8 B ofYe} St 2 WA= H A &/-& &85
A0 FAIE HEE 4 US A o2 TWHETHSong et al., 2009; Kim et al., 2019).
Yesilyurt (2018)+= H| 4] Hio| 2t g ©7|F 7| ¢o] FaF5to] 1Y 8417k, 3302 &7te] ddE &5l
HiZ5 = CO,& S5t S4E Co, 2THE o] &sto] wA]-8-F vio| et o] 27 7 kL
3 BA5kIch 1 A3 w488 vlo] ol 100%7} 7] & A tlHoj v]§)| $H47], AAA antrt
Ao & Biska QInt ESH Yuet al. (2002)2 H|A-8-§ Hio] 2 O & 7| F 7|3o]| 3-F5t
£ 0|85 3 HstE Aol on, 7tARA 7| E o] &5to] CO, NO, & SO, & 74 £4I5
= B A4S 2ASH], s H HilE B4 4= #3siqith. 1 A oA 8§ vt
Fot Bt A EAS ZHA AL UL, 8} o] Fol dAadA o= ARET £2 a3t
9 4 Aot Hskith ARk o2 o A ARG E] = oA &-f= A AlEF AT AHF] 26%2]
2,860 E0] 7| = A} 5142 2 I THMin et al., 2016; Nho et al., 2016). H2 2 H|4]-&-3-2] 3} v|-&2
AA) w4 2] 2)u]-&-9] of 25% 2 FALE| o] AZF 2] E]H]-&-0] 459 o]l o] 2Tk Tsoutsos et al., 2016; ME, 2018;
Qureshi et al., 2018). E=£3F, H{ 7] H 4] 8-/ stol] 7] 5ulE A 5to] steta LAAI7|2L L A H Hl
SO 2 Qls 5 @ wAIeE 2ol A = A E Tt o]of HA]-&/-E HiolTjAo] Y g FA| = A
&&o| wpet H2h 8ol mhE FA A o]t g e d EAE AT 4 AU AL E WA Lee
2013; Attia and Hassaneen, 2016; Hawi et al., 2019). Gui et al. (2008)2 22| 2/, &=, HAId, F2 2
TAY, EA| 71878 9 Al 7Hg/dell whet HIAlS /4], A8 /4], HA8-/2] Hio]l et A8 /A 24
o] 7Hs/3& Wrretleh 1 A3t tiFR2 7HA-2 2013971 2.47 $/L, HA &R 1.21 $/LE FHiQ] 717
ztol & Ho|m, Zhaol| A WAL= H A8/ 4 o dutEoldel HA /7 TR HAS R
7} Hiol @ fjAlo] 9 FF¢lo] Hojof gtrhal shQint. T3t B A8 R-A] = oA &f79 F52S BESot=
o] AF&5H= Zlo] o] AbA o]tk B 115191t Phan and Phan (2008)- ¥ Al-8-§-Z 0] -85}o] Hlo] Q] A S A
Zotdl 7ot 224 §A4S2 Hlastith. 1 A1} vho] 2 oAl A S £3sHH 9]HHd o] &gk o] BD20
(dro] 2] 20 vol%, -7 80 vol% &3 5)2 AMZlof| AFEA] 2 EA)|7F gltha B 135131t Ulusoy et al.
(2018)2 H A -8-/-E o] &3t A iIxl o v} 7] ujEE 5ol et A+E X5, BD107L oA &&

X ZRol A 7P $4stekn Busteict. 919 WA 8RS o] 8% 712 ATEL U AR WA SR

0

=
L)
N,

>

£ o] 8%t Zlo] thriolth. T, AR AL HARSE o2 FRel HA&87 E3Eo] 9t of
o 2 AFoIA L Fujol M 7b A7t B2 schE o v7Heet g 2 S vhol 0L X 5
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Materials and Methods

SAM =

AZAGRAS A2 71 ol wolE = A8 U WiEHS 7]F(FIS, 2019) 22 71 Ho| AH| &
© AE&7Q ZhEehRet Ff-E AdAstelon, Aol AHEH 5= 23529 H A8/ doiF5-2 =7t
EohR-E E3toto] AgAatsh vhol e A& AFESIITH AMEE S H Al &R Hio] 24 A 2 H7bs2k5 60
wt%, HItHF8 40 wi% S 35 #2882 AN ZHE(sodium hydroxide, KOH) 1.3 wt%S Z0j 2 mgk

Z/FA BH] 7 mole] 7oA AFATE It ks S5 ) 4)-8-5 Hio] 2] A 9] FAME (fatty acid methyl
ester) & 98.04%, LAME (linolenic fatty acid ester)$IgF< 4.9%°] T}, Table 1> ALol|A] AL 52| &
SH)E Uepd Zloltt 7|3 s Aol A H A8+ Z-Ret hol 2t HAH| 2 S8t 52 BDI10
BD20, BD50, BD1002 AME-5F{EE. BD10-> H|A]-8-f- HFo] 2 10 vol%, 8- 90 vol%E &fr]3tth. A ¥
of| AR&SF &9t H Al -&-F Hio] Aol Fe|3let4] 54 sh=Al fkE| ol QElsto] 2A5HI Y A=

Table 29F ZTh 24 A3t B E FRolA AR A9 FAZ W53l

>

14

Table 1. Blend ratio of biodiesel materials used in experiment.

Blend oils Soybean contents (%)

Waste soybean oil : waste canola oil 40 (40: 60 g)

Table 2. Fuel properties of diesel and biodiesels.

Test item Test method Limit SOCA Diesel
Cetane number ASTM D4530 - 56 48
Calorific value (MJ/Kg) ASTM D240 - 41.8 45
Carbon residue (m/m %) ASTM D4530 <0.1 0.008 0.12
Flash point (C) ASTM D93 120 < 133 60
Sulfur (mg/kg) ASTM D482 <10 2 11.7
Kinematic viscosity at 40°C (mm’/s) ASTM D445 1.9-5.0 3.8 2.35
Cold filter plugging point (C) ASTM D6371 - -4 -33
Density 15C (kg/m’) ASTM D4052 860 - 900 890.5 820

SOCA, waste soybean oil : waste canola oil.

ASER]|

Hio| Aol 28 52 S 2 Aol AH8H 7182 5Y8 @715 & 7|Z(NDI10DE, Daedong, Daegu,

Korea) 2.2 FQ A2 Table 33} Zth Fig. 12 7| s A Lehd Aol 7]3ke]
2 E3XIA(YDL-704s, Setech, Daegu, Korea)S AH-&5}0] =S T} ok A =9)

T2 A4S fAI5H7] 9ol 2= 247 S ARSI 371 AlS2 B 71 FA(MF-5712, Siargo

Ltd., Santa Clara, USA)E AF&-5H3ITh B 7] HIEE S vl 7] 7tA A 7](HG-550, Airrex, Langenhagen,

Germany) & A]’%-ﬁl‘ﬂE]'(Mohammadi et al., 2015; Chaichan and Abaas, 2017; Niaki et al., 2019).
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Table 3. Specification of engine used in experiment.

Description (unit) Specification
Engine type 4 stroke single cylinder
Number of cylinder 1

Max. power (PS/rpm) 13/2,400

Peak torque (N - m/rpm) 42/2,000
Displacement volume (cc) 673
Compression ratio 18:1
Combustion type Direct injection

PS, pferdestirke.

Engine Exhaust port

Rotational

Dynamometer speed meter

Emission Analyzer

Torque sensor

Computer

Fig. 1. Schematic of the engine performance test device.

ol

.
S
EYAE 300 mLE AHEHAT ARSI B oR B ul7|uS 2 SHatet ofu) 7lee] HuGE s
1,100 - 2,300 rmeHH 300 rpm7HA 0 2 A A5t om, AFREE 7 A g o] EH i} v HIEE-S A Fo] AR
2,000 rpmel| A1 9] 7]/ 5-& B|wdto] EAFATHRDA, 2012). A5 4] F(fuel
o] &35} 017(431:(300 mL)——] AT E AH|5t=t AR EH AJ7HE 53] HHE =45}
of A=t B2 S = A1) ol-8-5to] A5 (brake power)2 Al4SHA L, 4(2)F ©] &5t Als
AS AH|E(brake specific fuel consumption)< A0} B 7| 7FA 242 vl 7]|ho)| AFS AZ st B
7B ZRE 400 mm Aol Hi7|7FA BA 7] E X sto] 7 Hl S22

Fubol QT A% R BT ARE AFESIYLE Hlo 2T, 6
!

consumption) e °-] 2
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_ 2mNT
~ 60,000 (1

BP: Al5Z 3 (kW), N: 1% 3 4=(rpm), T: EZ(N'm)

BSFC = 22 x 3600 &

tN,

BSFC: A5 & AH]E(g/kWh), V: 2H|H AF9] A& (cm’), p: AEY Wik (g/em’), t: DFEAH| A7ks),
N AlEZ8 (kW)

Results and Discussion

Fig 2= 299 94188 vlol o)A 6 B3R AFEHS Lebdl Zlo|ch H4 &5 Hhol2.6)2
YR = 222 29 H] 3-20% Z45Hs 2102 Urebbith 7] 488 H 4 E 2,000 mpmel A 2] 2
% tilo] A1 EZSL BDI0 - BD100 HHOIA 10 - 23% 243 A0 bt ufo] orjle] S| go] =

Vs £ 20| gashs 202 Yepyth drbyo 2 vloje A2 10 - 15%2] A st 9l
THRyu and Oh, 2007). 3H3-¥ AtARHE 22 g4 &2 Qs Z-fol v]s ¥ TIFE 7Hx|A| &1L o]
2 Qlsf &89 7hA7} WYt (Lee et al., 2013; Chen et al., 2014). 7]& Ao A= 4] &7 Hlo] 2 o]
2 A7 ] & E20] 15-40% FAE = A0 2 Bk o] 2 et fAFSE &0 2 LI THChoi et al.,
2002). A E/d 7419 tiF7 vio] o] o] -0 = tf &5 Hio] tjA o] e3tu| o] Z7ttol utet 75
tjH] £20] 3.1 - 6.7% Fadshe Ao E BUEITHOzener et al., 2014). 0]et Zro] £ o] Zra+= Hlo| @
gAlo] FHEE ZAAA 27 HHo] n|gdss 55 ALEY P 530 3712 4 rka whdn

(Suh and Lee, 2016).

—@—— Diesel

Brake power (KW)

2 T T T T T T 1
1000 1200 1400 1600 1800 2000 2200 2400

Engine rotating speed (rpm)

Fig. 2. Effect of blended biodiesel (BD) on the brake power for the change of rotating speed of
power tiller engine.
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Fig. 32 7|48 A4 o) 2 vio] e 0 A o] A5 AH|&S YERH e molt}, S35t 48§ o] @ T] A

23 H)go] 371l et A8 AR E&E 5 the] 7 - 74%37FeEA ) 4483134 =21 2,000 rpmol| A]
£ 73fol vls] AZA4H]E0] 17 - 58% 57153 o= 3 548/ vio] 2 rjAe] 739 7450l vl Al
B2} oF 16% =oF w2 ME7te] dF oz QI ZahA| 7] Mstol ujet Az AH]go] F7tshe A o=
T THMonyem and Gerpen, 2001). =3t H|Al-&-f vio] @ TjAl o] 9 FH L7} =of AR EAL Al /15 1
2 3k7} )8l =] 1 (Aydin and Bayindir, 2010; Tesfa et al., 2013), 73-5-0l] H}o] @ U] A Z&}gfo| Z7}of wj2} gt
FFo] Wolx &3} & AAz|do] WAYsto] & S5 AR AH|Fo| F7F H A o2 WEHT(Cho et al.,
2016; Yamin and Abu Mushref, 2019).

N
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Engine rotating speed (rpm)

Fig. 3. Brake specific fuel consumption (BSFC) according to diesel and biodiesel (BD).

HAMSEE

Fig. 4+ |48 "io] 2 ) Al o] A A 4tslE (nitrogen oxide, NO,) &3S UEtH = 22X 2 7 [of H
3l NO, Hi & %0l 32 - 127% 57t A2 2 UERT 483 & 2o NO, & 4-foll Hsto] &0l
32-125% 7=l AT}, o= Hio] 2 Tj A o] AkA ShR-EF] FFO = A Al WA E = 120 A4 2E 2 <
st 710 2 wodE th(Radhakrishnan et al., 2017; Joy et al., 2018; Prabhu and Venkata Ramanan, 2018). =3k, 31
& ol A Y el = A 2571 A& bl Hsl| B2 =20l W2 NO, HiE0] B & S7lehe= Aoz
THETh Can etal. (2017)2 7Hs2} Hho] 2 LAl g 0] &3 70l 4 NO, o] Wz 2= Balol A F7}she
710 2 e} B2 e} v] &gt ko 2 et a8y &3] 2718 NO = HY 7| viEE A7 FH]
7} Q= 58 7]l SCR (selective catalytic reactor) ==+= EGR (exhaust-gas recirculation) ™} Z+-2 NO, A 7%+

g o o2 4 g Aol wedck

&

¢

A

]

4m
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50 -
—@&—— Diesel
° BD 10
401 -——-~-- BD20
— —-A— - BD50 "
— &% — BD100 ~
§ 30 5
= “®
S
X
S 20
10
0 T T T T T T 1
1000 1200 1400 1600 1800 2000 2200 2400

Engine rotating speed (rpm)

Fig. 4. Nitrogen oxide (NO,) emission characteristics on biodiesel (BD).
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Fig. 5= 34|85 Hio] 2 t] A o] o] 1+l ek 4 (carbon dioxide, CO,) HiE & =4 A&
tH] 11 - 27% S7Fshe A= Wbt 4824 2(2,000 rpm)el| A 2] o tteteta vl E
5ko] 12 - 26% 57 5FAH. ol = Hiol ey o] AbaghRFo g Qg e 40 Atz CO, HY
Sk 710 2 wHETh Pereira et al. (2007)°] 2™ thF7 Hio] 2 oA S 7]3to]| A& A CO, &
oie] o 20.7% S7 ol Ao 2 YEh 2 At Hleeh FaFa Btk E3, vho] oAl H]Eo]
45 Hio| 2 tjAof| gFE| o] = AFLFE F7toA| E=t olol w2} COo, HiETo] B o F7tst
O 2 WekEth 2 &7bof| Hls| L&k o 2 445 CO, HiETF0] S716he AL dgab|Ee G435
7hol & A o 2 mhe ) ShA| Rt Hio]  Hj Al o] -9 ©AFTH A Z (Jo and Cha, 2010)2 A 2hof| 2]
73 tiE] CO, HIET0] 50 - 80% AH T A datE & uf vio] 2 tjAlo] &3t H|g o] ol o] wa}
7HE CO, BlEF2 = A17F B A] =thal wekE th(Labeckas and Slavinskas, 2006).
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Jo
9

o
oy, OIN

YLSIERA

Fig. 62 WA &8 dlo] @ t]A o] AASIeFA (carbon monoxide, CO) HiE A2 AFE3]7H 4 =91 2,000
mpm oA Z6-2] CO Bl Z ol ulall 7 - 14% ZHAshE 02 UEhgTh vt o ol A b7} 3]
dha} 74 @ B2 A A7 ¥HASto] cO BiE3Fo] 571 th(Anbarasu and Karthikeyan, 2016; Devarajan et al.,
2017; Kishore Pandian et al., 2017). ©] 2} 22 7 3F2 Utlu and Kocak (2008)2] o 4] &7 svlo] 2t A8 7|
ol -85 Ao = LrEPLH=E] B A1 &-§ ufo] o.T] A 7)ol H& A] iZEE ok 7] & Afol e
oF 179 ZHAFITH BT vlo] o T) AL AT AR 2 volorjde] B3 8o 27}l wet
AR U A4o] FFE F7HEDE Ak A AL} o 2ojA] CO BiZFo| Zaste ZoR ekt
(Usta et al., 2005; Canakci, 2007; Tree and Svensson, 2007; Ozsezen and Canakci, 2008; Giirii et al., 2010).
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2400 -
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Engine rotating speed (rpm)

Fig. 5. Carbon dioxide (CO,) emission characteristics on biodiesel (BD).

—@&—— Diesel

CO (gkWh)

1 T T T T T T 1
1000 1200 1400 1600 1800 2000 2200 2400

Engine rotating speed (rpm)

Fig. 6. Carbon monoxide (CO) emission characteristics on biodiesel (BD).
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.

2 Ao A= AR & (particular matter, PM) 2] B &2 =% 51A] kO U Lapuerta et al. (2008b)2]
Aol W=m HAG/E o] &3 Hiol e tAlo] E3o] F7HE 45 PMY| HIETo] Aty Bilst
ATLZATE A tH(Ulusoy
et al., 2004; Puhan et al., 2005; Lapuerta et al., 2008a; Ozsezen et al., 2009; Sahoo et al., 2009; Buyukkya, 2010;
Linetal., 2011). PMH|E2 St AL E QI3 &h8t4A 0] JFFS Bh=t| & Aol A eefe4 0] HjE3F2
Hhol e tjdl o] 2etafo] S7hetol wet o ak = Aoz Ueu PM HISHE 44T o2 woH
oo} At Axf 2ot HAEf Hol A2 A= A 23 Hio] 1A 1} ZHo] Ffof W A8 vt

= ol Uetgtem, 23 w4 & vhol ey A2 /-2 tiA|sko

%]

8 = g S AoiAe A8 2AHAIY HASF oA 5= Ao = wd
gt =5t Hi7 e EEe] A9 HA &R el S7HE 4SS HCE Co9 HiES HAA7]al NO, 2| Hi
22 37HZH. 58 7130l EGR A|ARIE ARSSHA| ETHH NO, HIE &= A FAI1Z 4= 9l A0 & wdd
o},

0.35 1
0.30 1 0\ —@&—— Diesel
0.25 A
—~ 0.20 4
=
2
:'3 0.15 A
(@]
I
0.10 A
0.05 A
0.00 A
1000 1200 1400 1600 1800 2000 2200 2400

Engine rotating speed (rpm)

Fig. 7. Hydrocarbon (HC) emission characteristics on biodiesel (BD).
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