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NO, waz CO mnvilaidusasus lnsnanaapusasusnu Wennusisnsudifiugedu msnm
Audesdaindunardnnauiasmnziimanas Tngmsld HIBD Fviansazsiniinsls CD uaiiy
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Abstral))

This research paper will present the outcome from a comparative study of using synthetic
diesel from waste cooking oil (HiBD) and commercial diesel fuel on a vehicle’s fuel consumption
and emissions. The work was conducted by a constant speeds of 50, 60 70 and 80 km/hr drive
test of a commercial vehicle fuelling with HiBD and CD on a chassis dynamometer. Each of
constant speed testing, the road load was varied by changing drum braking load at 6%, 8%, and
10% of full load. Vehicle fuel consumption and HC, CO and NO, exhaust tailpipe emissions for
each test set were measured and recorded in order to compare the results of using CD with
HiBD. The vehicle test results have shown that the higher the vehicle speed the lower the vehicle
fuel consumption and bsfc. The use of HiBD shows the lower in vehicle fuel consumption as
well as the bsfc than the use of CD. At constant vehicle speed of 50 km/hr at all vehicle load,
CO emissions of using HiBD was found lower than CD, while at constant vehicle speed of 60,
70 and 80 km/hr the CO emission of both fuels was not showed any significant differences. The
HC emission form the vehicle speed of 50 and 60 km/hr, showed that the use of HiBD tend to
have lower to similar figure with no significant differences to the use of CD. As the higher the
vehicle speeds of 70 and 80 km/hr, the use the HiBD tend to have higher HC emission at all
vehicle test load. The use of both HiBD and CD shows that the higher the vehicle speeds, the
higher the NO, emission. However, at lower vehicle testing load it was found that NO, emission
of using HiBD range from higher to similar figure with no significant differences to the use of
CD. Whereas the higher vehicle speed of 70 and 80 km/hr and highest vehicle test load, the use
of CD will deliver higher NO,. These preliminary results have shown a promise potential of using

HiBD to replace CD in a commercial vehicle without the need of any modification
\\\ Keywords

commercial diesel (CD), synthetic diesel from waste cooking oil (HiBD), fuel consumption,

emissions, chassis dynamometer
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N1sIWSsUIfiguRadpolBoINGodisadoInszonUiuisiEidy (HIBD) na:
BamdodisaBonarlisg (CD) filidonisauldaoiSaindolazuaiygeosnaud

Feilaqruldfimslihfufmaiuauinaluaa
AVNTINLAZIIBUAN wazilpsannyTananhiiy
fudspswadaniiUSinaanmasdelF@nuiaun
munamawudanaienniisionisinthiuainiiy
wEnthiufisUsznouomnsidues @sluunaawd
aziFund “thifufinldud”) inunsgdenan iy
ihiufsadaasit Taslunsfne3ded I§den
Anwnanslddomasiisadaaszianinguin
1¥udn (HiBD)
Fawmasiwadanseianningufislduds (HBD)
IenanuazaTanuaNTRE s InAsTigueidamas
WATNAIUBINIA ARNAINTUNININGIAE 511D
wismey Swrinaszys [inssuaunswanaaieiuss
Talasensueumennusoulasls Ialaludidusise
U nsfigausafveato masiisadanz
annhdiufinldudn (HBD) findnldiinaautalng
AU e nasiwaBenndss (CD) ikumung
Aunsidduidomasmadeniueunmus Tasly
unansiazssnuUSsufieunanisiFidainas
fwadanszdanindufizlduds (HIBD) was

¥

FowdesmaBenndiny (CD) Tusnsusnaany

o—

Fednapam st ssanusafivuwiunaaay
sa8udda Chassis dynamometer iNauNHaT L# L)
I fudeyatiugmlumsihidemasimadane
anniufinldudn (HiBD) ludszynalfauaieli

wnsnanusinldlusunan

2> ngufuniinzdes

2.1 FonAuuaznszuunandniianasiiea

Fuaszhanninsufielduds (HiBD)

2.1.1 thifuRzl$uds (Waste Cooking
0il) [2]

SagavlumInanidomasiimadaunmei
annhstufielFuda (HBD) fethiulsznauenns
fldudy wierhiufefldudranunaeine gy
NATIFIU U WNT UATARENNTINDIANT
Hugu Feluthiueils luysemalnedulng
Pundasarianihduingdy sefuhiufeldud,
fuswnululszmelnededl tracylglycerol 7
flalasansuaunazninlvsiudusdmanssiadu
ansUsTABY N7 W n3leladn 52.9%, nsAthalsn
20.4% uwaznInaluadin 13.5% lasvindufisdld
waalTpAna18lIEnT 1wy

- Tddduspernuatiumsiiawdsaanls
duvewwasnadnautihinlfaw

- f3mnuanselsandne

- wazflansmuzduludTinasndsgiean
FnsmsiandeuBudiusiie vaeToseud

2.1.2 aszuaunsinlslada (Pyrolysis
Reaction) [2]

assuumMsnlsladamanssuiunsaanssin
meanuiourpeingdunidasiivnuamgiigelu
UFsENMATiIAANNAEaRIUANDENEIAY (thermal
decomposition) UfAZemaAiiLaslfizemnig
Fidndvaenszuiunsinlslaga Swuneaniiidy

2 Yszian fn
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2.1.2.1 msvildansaangsanazay
Joulaglaildea139U5A3en (Thermal Cracking
Pyrolysis)

Tdfungeunsnangluaenisnau
thifuuasilasadl Wumsuonaauingdunis
Thidudiulasldgungiigesn 400-500 peen
wadus maldmuigeaussniniuasszney
Talasesuaudszinnlownily

2.1.2.2 NITUIUNIUANTA1LNUDS
Talasasuaumsanuiaulasldfiseizen
(Catalytic Pyrolysis Cracking) [2]

dugtiumsugaaangingdunis
Tidudhsuleeldansisaiizendusisdsiae
UFAse e R linanangetiuluansfidoss

2.2 Tseudunuy

Tsanaudunuy fuaaduand 1 a5
TaaaudAuai3ITeuRRanIalumInendy
asz3 BelssnuduuuuiiinUfiizen (agilated
bed reactor) 2UNA 45 ART (BUALRUENUALENAN
250 1a.x 975 uy.) ans neluvazyihaulfazen
azBuiafigaumgisn 430 sermwaiyamald
ANufuDsIINMA thifufinldudrazgnassinudy
TaglFlulasauiuddalvidhsiufinldudadly
luszuy wauanlutanaveslolasaiusuid
thninluanaguifisgosaaneliduansluanas
Beazaglustloszine Wodeiadganiuuiuds
Usznaugamuluiivhaulussigamniiamuuiy
3 seUfeiu fis MsmuwLufinamnil 250, 150,
waz 20 asFnisalBua Wadnuentustinse
muszAUTuamaRinIndunaadD snansandy
wsgihiufialfudlfesnunidudomasiiza

o I3

fuasnzdanunsiuiialdudn (HiBD) way 10 369

'
I

fatlue w3n 200 anssaty

Condensers

C  Ground Flare

Solid Materials
Catalyst

Raw
Material
Tank (200;

Ambient
Temp

Oily Water
Separator

Weight Scale T 1T 1 T

H20 Vaporizer
Tank
(5001)
N2 Stirrer
Alr Compressor

Al 1 wnuisnsvineuzeslssnauduuuy [3]

Generated
Water

Diesel Oil
Reactor (301) Tank

hE

Catalyst Residue

Gasoll Naphtha
Tank Tank
(200)  (100L)

2.3 AuaniAdendsdizadeiasiain
vhifuzlFud (HiBD) [4]

dowdsiimadanngdainingufials

Wwen (HIBD) fwgRinsumssmeiiaamgiisng

(Distillation Curve) TndiAesiuiTe masdizaiBe

Wdlne (CD) fawanslunni 2 [4]

500
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it 2 i ifisudndiumsssimeiigamgll
#i19q (Distillation Curve) ewinaidipmas CD
ey HiBD [4]
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N1sIWSsUIfiguRadpolBoINGodisadoInszonUiuisiEidy (HIBD) na:
BamdodisaBonarlisg (CD) filidonisauldaoiSaindolazuaiygeosnaud

i 1 AasuTRve B A waBendsd

(CD) wastnlwasfmadeasIziaInundusisls

a3 (HiBD) [4]

Property Test Method CcD HiBD

Density at 15 °C ASTM
(ke/m?) D1298

827.49 kg/m3 820.29 kg/m?

Kinematic ASTM

viscosity at 40 °C D445 3.74 292
(mm2/s)

Heating Value ASTM
(MJ/kg) 04-5865

44.864+0.295 44.484+0.129

CHN Elements
81.17+0.66
15.285+0.02

77.14+1.15
14.6005+0.41
0.066545+0.00 | 0.077545+0.01

Carbon (%wt)
Hydrogen (%wt)
Nitrogen (%wt)

APl Gravity ~ |ASTM D1298 39.5 41

Distillation (°C)
1BP 206.59 22161
T10 251.7 26556
ASTM D86
T50 316.18 31046
T90 37534 401.62

FBP 398.21 449.71

Cetane Index | ASTM D4737 56.8 594

Flash Point (°C) | ASTM D92 81.5+0.7 93.5+2.1

Fire Point (°C) | ASTM D92 85.0+0.0 103.0+4.2

24 aun13ils lunmsnagaeu

aun sl lunsnaaay [1,5] Sl

MAUUINYDY Lﬂ%@\‘iﬁlﬂﬁ

P, =Tew = 27n,T, (1)
dlo P, = M&uUINUeeLeZesud, kW
T, = usedalusnia3oseus, Nm

e

n, = ANUSIIDUATDIUS | Tpm
DRINAULU AT D INAIAIDILUR
bsf c = P%’ (2)

dla bsf ¢ = SnFULFpudamEE Iz,

g/kWh
m, = danaudsadamas, g/h

U2 RNSANBIANUSDULAIDILUR

— 3600
Mo = bsfe(g/howh)xQ,,, (MI/kg) 3)

N, = UzAndaniBennuiou, %

Quwv= dnaasaudimnz, Mi/kg

L3900 UINLATDNUATIADININD A9 I9TR

>
=]

fidn, T, azfiengdl
T

T.=
< 4 UV@;auIan‘l o S o ¥
ANULIITBULAIDNUUANANNUDNUIUININAD

w

1

R, WAZANMULSITONUS, V LEANAIUENNT

n= 30 X V X ioverall X nlh
¢ 7 XR,

AIUUDNIINTEUL ADUTDINRIDDNTDYUR

B FBnmasouuazanaal

3.1 /M INA§DL

AInAaaUiBSsUinUNaTRIANTIE
Fowdsiisadaansianihdufialduds (HBD) was
Fowdeiwadendss (CD) lusasusnasaudio
Fudigemnui5imei 7 50 60 70 was 80 Alawns
satala shafes 4 vpesasudiieidudnsme
sewinaeIoseuduazgades W 1:1 Iddiduns
a0 ITUINAsEULLWILNASAUTTA Chassis
Dynamometer Waa31enseduiadsusnanaiiv
sasud lunsnasaufiudazeanuSIned Tagd
wiazAtAsSlun1sTudasimsyusuwasu
MITUTFUNUIUIATIAS R WILNAsaUR SR AY
6 8 waz 10 PDANANITLUIAGIEAYRY Chassis
Dynamometer Wadtufindayaiaugsnnsvineu
#9217 ANNLSITOEUS ANULSITELLATDSLUA
Fansdudadomas wazaafiusine ivany
panantanevinlaidy AasAATIMARBLLL LYY
nasey InsfinwaziBuaasaunsalingg del
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3.2 sofiid lunnasay
Tunnsnaaavd e MdsnsudiBenndoy
f% Isuzu 3w DMax Ddi i-TEQ MT 1/ 2004
PNARNNAAIDIUA 2.5 Gns dananellunm
#i 3 NuaziBunvassasudiidnasaulduanl iy

Gl’ﬁ’]\i‘ﬁ 2

adi 3 safild lunnanaaay

el 2 Foyamednvesinsusilidnasaoy

Dimension
Overall dimension
mm |5,030x1,810x 1,740

Length x Width x Height
Wheel base mm 3,060
Tire size 245/70- R16
Static wheel radius mm )

Weight
Total standard veh. Mass I kg I 1845 kg

Engine
Model - 4JK1-TC
Layout - 4 cylinders inline
Capacity cm?® 2,499
Max. Torque at 2200 rpm Nm 280
Max. Power Hp 85
Bore / Stroke mm 95.4/87.4
Compression ratio (to 1) - 18.4
Basic fuel - Diesel
Combustion type - Direct injection

3.3 wiunagavaNssaussagunsiia Chassis
Dynamometer
WAUNAEDUANIIOULINUUATHA Chassis

Dynamometer duuuy Single Roller Eddy Current

fa DYNOmite™ emununsvhanuuaziiudoya
faudsmvhnusne Blursufinmassidannm
szlysunsu DYNO-MAX [6] W3ouuananavas
NARDULURENADUDTLNDIVDIADUAADIBTANAN
gunsalwiuneseulduanslifanni 4 uasdoya
FDYNNIUAANHANIINAFDUINYUAVUYIUTBTA
Chassis dynamometer Uuntnanuailinas o wans

st 5

f]’]‘W‘ﬁ' 4 WiuneapuaNIInuzInsussiin Chassis

Dynamometer

O - kb B QL S KOS bl = o 1C
e G e o
D30 G4 ' ARR USR D IR FRESTE AT T RO A6
M 1A«ro Ba Ew =T o5 5 A 2 082
[DYNOit est“Prascbchok Posvkul # on 201642:20 @ 10.4-64° by Kinetics Corparaton Lid.

;“EE:{:‘ \ »—\,—-0,,_.__" |

. B G el

ir__ ‘ - B
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£ (] ] il |

E.. s i l.r,,[,..-‘@‘_.-‘_‘u,z_;-_-}. T "» Al ,;b o
= - | :

oS = S e

" G o 2554
foits pe [

AT 5 neReuedinesLaANANTNARULL LYY

#HA Chassis Dynamometer
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MsISoUIigunadoolBInGodisadoInszEoNUURBIEIEY (HIBD) la:
BamaodisaBonarlsg (CD)

3.4 gunsaliaAnuisasauLAInesud
M3TARNNSITRLIATRsUdiusIng
IdaUnsalinseusianyiadudygiuanuions
NHUAIELAY (Photoelectric Sensor) TaeRnsaly
Tsasud wazinANNIToLYDUATENIUAANANNT

wupDINgLadmaauise aunsallduanaling

Al 6

Al 6 uansaUnsalianNuE TR aeUR

3.5 gunsaiinlods
myTaUSanaledeiidaevielode nasvh
Tnelda3neiindnysinaleidesive Emission System
JInc 3u Model #5002 [7] laein3nsfindnu3ana
Todalduanslidenmil 7 Meazidunasglnsal

SolodelawanalsTuasned 3

Al 7 wansgUnsalin3osdioaUsunaleidy

e

fildonisaudaoiSaindolazuaiyeosnaud

AAAd

m319il 3 Toyamalinaesgunsalinlode (7]

Parameter Description |
Ranges:
HC 0-2000 ppm
NO (Nitric Oxide) 0 - 5000 ppm
co 0-10%
CO; 0-20%
0, 0-25%
Display resolution:
HC 1 ppm vol
NO 1 ppm
co 0.01% vol
CO; 0.1% vol
0 0.01% vol
Accuracy (Bar 97 EPA ASM):
HC 4 ppm HC
NO 25 ppm
co 0.06% CO
COo, 0.3% CO;
0, 0.1% O, |
System response time: Bench: 1.5 Sec/25 ft. hose 5 sec. to 90% of final
reading.
Ambient conditions: 2°C 10 45°C, rel. humidity 0-98%
Sample hose: 7.5 m with QD coupling, 94°C Max.

3.6 auUnsnivadasduinatainas
mMsvardanauondomanssinlag
daunsalindmnsinavesdamas 2 i Aafin
Fhsmsnsidamasdumenaziyiadasinisina
na wiowhnstufindayanamaiarulsunay
DYNO-MAX T94UiUnaanyauss0uzsnsuasia
Chassis Dynamometer lngginsaifenarilauans

Tssn i 8

2l 8 wanwaUnIal AR AT BRINGS

'& Nan1INAaay

nanIMAdeULin3suisunaannisly
domasiaduaszianninduislfuds (HiBD)
wazidomasiimaBanding (CD) diadanina
eI avuulasansifiadudmeninuisined

=

sansnaUlsidusesnsdfonasmudimmsiunaes

o

Fona waznasnuLainiiUsaseananrialaidy el
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41 Samsaudeadondswassasud
HANINAFELSAT AU Enaiamauas
SamAuidsdamasnimnzuassnsudaulas
A3 4
N3 4 aqﬂwamaaumsé’mﬁmﬂﬁmL%a LWAY
wazdnnaudsadomasinnzesnaudiideld
Fonasisadaunzianintuiinlduds (HiBD)

LAZLEDINASRLsaLTINITE (CD)

Traction
Load (%) | Torque HiBD Fuel CD Fuel

(Nm) | CO(%) | HC (ppm) | Nox (%) | CO (%) ]P{(ml Nox (%)
é ‘ 003 7.13 57.13 0.05 9.75 a4.13

Emissions

Vehicle
Speed

50 kvhr 8 76 003 788 60.25 .01 6.75 48.50

10 1 003 763 54.50 .08 8.00 53.50

3 0 00z 738 6388 €.03 8.13 5538
60 kmvhr 8 80 0.02 8.86 65.43 .02 8.25 58.25
10 150 0.02 8.00 62.50 0.02 717 62.50

6 T 0.02 8.25 67.38 0.02 5.38 64588
70 kvhr 8 86 0.02 9.86 TL00 0.02 T.67 €6.67
10 S 0.02 8.38 64.00 0.02 838 82.50

6 76 0.02 8.63 8225 0.02 5.00 84.50

80 kmv/hr 8 95 002 9.71 86.86 0.02 783 86.17

10 1 002 7.50 77.50 0.02 633 91.67

nnuanIeaBLinnANNEINITUTs8UA
AsfiFe 50 60 70 uay 80 Alawnssatalug e
N3 aDIIFUUNTTL I AB U WE U
AUV AU TSN UM SATIAS N YR UYL

NAFDUNUINDHTN AU FDUTD N AINA AN AA

v v

DRI AU ADIDDINEIRNZH AN AR AT ULALINU

v ¥ o

dia g masiisaduasnzianunsuinldugn

2
a O

(HiBD) wazinwmnasimadanndine (CD) laafing

I

ANDATIRULTDLNANLAZENINNTAULUED DD LNEYS

Sy Weld @ mnaedmadaiasnyiannuigi

o

filEwas (HiBD) farenninnnslddamasdisa

o
Ao

BNl s (CD) hazkilnAnusInsTuT LN

U

¥ >
1Y =

PUDAIINTFUL ADIT DN AN DT D LRSS DY

>
4

Fiadinurlduanas neiunazunainaInAGI LAY

wungenInedamassisaduaeiainuidi

[S9)

fizlfua (HiBD) dewalidgrefiadvaennsiun g
fidunin waldnswnlndfiand Tesenzdanan
My nsiiszesduasaanusisounious
geiuifiosananuiSisasudiiingsdu

4.2 wansnedauNatisantanavialalde
YDITABUR

NanINAFaUNaiBanLaeYialade e

sapudidiolfidomasiisadaaeiaininsiuis
1$ud2 (HIBD) wazifainasdioadeniaiss (CD)
wamsaqUlA Tupnanedi 6
a3l 6 aqUnamInpspuNaisannUaevioloLEs

YDNTRUUALLD [T T DN AR LB adLATIZAAN LT

sl wan (HIBD) wazidonasdsaidenndise (CD)

GanrzSoned || Lond Traction | Vehicle Fuel Consumption, bste (3/VR)

ey o0 Torque SFC (V/100km)

(Nm) Hi8D Fuel CD Fuel | HiBD Fuel | €D Fuel

[ 60 591 8.06 274.27 377.43

4/50 8 76 5.26 8.96 188.39 323.41

10 180 10.22 10.66 159.99 168.21

6 60 7.27 9.91 274.46 377.46

4/60 8 80 723 10.52 211.60 310.61

10 160 11.33 12.43 168.33 186.43

6 70 8.63 11.74 244,23 335.42

a/70 8 86 9.08 12.25 212.59 289.28

10 165 13.90 14.96 171.01 185.64

6 76 10.71 13.58 251.82 322.18

4/80 8 95 10.99 14.46 207.97 276.05

10 180 15.57 16.60 154.23 165.87
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B HIBD - 6%
B HIBD - 8%
BHIBD - 10%

BCD - 6%
HCD - 8%
Oco - 10%

i 9 waw3puiisuen CO anvislalduves
sasuifielddomacisadunsngianninduia
Hud (HBD) waziomasiisaidandins (CD)

naaNNSIAUSINa CO andanevialalde

YovsnvusanaSuudisuli lunnd 9 wuan 7

'
I a

ANULST 50 Alatunssiatilus Wil masdioa

Bewndine (CD) fenasninnisldidninaediva

U

Fuaszdanisiufislduds (HIBD) finnniszuss

v o

AMUMULLIANATUD DL UNAFDY mm:‘ﬁwamﬂmi

'
o o

?JU“IJﬁﬂ’JW%JL%’ﬁﬂEJUﬁ 60 70 waz 80 Alawnsse

'
= o Al

Halus fenlndiFsaiuiinnanszuseiumuise
finsuvesuriunaaudowmasiwadaaszdan
thifufioluds (HBD) wazifounaedwadendise
(CD)

naanNNNSIAUSIna HC andanevialalde
Yp9snsuinansUSaudiauly luani 10 wudnd
AN 50 waz 60 Alawmssadala dieldidomas

FadaneianunTuiinldwan (HiBD) fuualiy

'
al

TheennInnsiidonasiisadesnndiag (CD) 7
ANTTHIEUMULIDIATIS U T UNAaDUTAY

mMAseas 6 V0eN13zgeEn TaElilan1szuae

P

FunuusATIaSNYaLIUNAGaUTAWNTY fn
yaii HC Anlafienbivnnsineiupenedifsfiy

naanM¥InYSinas HC andanevialaidevas
TR8UATIANNLSY 70 uay 80 Alawnssatalie ny

MU HC Weld @ masiimadansnziian

D%
R

thifufislfud (HBD) fegeninmslsidemas
AaBandlsy (CD) finnniszusesiumuise
finsuvaswiunasey lnadrgegndionszuss
FumMuuIATInsUBwiunasaUTM3aTaT 8 Uas

MITPIEn

7

AN

4
X

A

AR

00

HC (ppm)
R
LS

FAe
Rt

70 kevhe
825 ppm

@ HIBD - 6%
G HIBD - 8% 9,86 ppm

B HIBD - 10%

838 ppm

BCD-6% 5.38 ppm

Bo-8% 7.67 ppm

Oco-10% 838 ppm

i 10 waw3puiisusn HC anvielaidevas
sapudiiold o maaduasneiaininsiuis
Hud (HBD) wazidomasiisaidandins (CD)

Naa M TInUSinas NO, andansvialaideuas
soguduaneUTouieuld Tuamd 11 nudn msld
domasiisadansziannisufisldugs (HBD)
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