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ABSTRACT This study evaluates the applicability of hydrotreated vegetable oil (HVO) and its blends to a Euro 6d diesel passenger
vehicle. Emission and fuel economy tests were conducted using a chassis dynamometer under the Worldwide Harmonized Light
Vehilces Test Cycle with four fuels: diesel without biodiesel (HBDO0), HVO blends (HBD3 and HBD28), and neat HVO (HBD100).
The results showed that gaseous (THC, CO, and NOx) and particulate (PM and PN) emissions were comparable across all fuels. This
is attributed to the advanced after-treatment systems used in the test vehicle. CO, emissions decreased with increasing HVO content,
while fuel economy slightly decreased owing to the lower volumetric heating value of HVO. Overall, HVO and its blends had minimal
impact on the emissions and fuel economy of modern diesel vehicles.

Key words HVO(4=%8}0] © 9 ), HBD(5=% v}o] 9 t]Al), Exhaust gas(Hl| 7] 7}2+), Fuel economy( 1 H]), Green house gas(241 7}2+)
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Korea Petroleum Quality & Distribution Authority HC : measured emissions of hydrocarbons, g/km
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CO : measured emissions of carbon monoxide, g/km

C/H : carbon/hydrocarbon
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CLD : chemiluminescence detector
DPF : diesel particulate filter

FFV  :flexible fuel vehicle

H.FID : heated flame ionization detector
HBO : hydro-treated bio-diesel

HVO : hydro-treated vegetable oil
IGBT : insulated gate bipolar transistor
LDV :light duty vehicle

LNT :lean NOX trap

MIM : motor in the middle

NDIR : non-dispersive infrared

NHV : net heating value

PM  :particulate matter

PN  : particle number

RDE : real driving emission

SCR : selective catalytic reduction
SDPF
WLTC : world-wide light duty vehicle test cycle

: SCR on diesel particulate filter
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Table 1. Properties of test fuels

o Fuel | B0 | HBD3 | HBD 28 |HBD 100
Pour point (°C) -18 -18 -18 —24
Flash point (°C) 83 82 78 70

Viscosity

(40°C. mm’/s) 2.7 2.7 2.7 2.8

Distillation (T90, °C) 315 313 310 N/A

Carbon residue
(on 10% distillation | <0.01 | <0.01 | <0.01 | <0.01

residue)
‘fﬁ;i fiosfg 0.0t | oot | <oor | <o.01
Sulfur (mg/kg) (3.0 2 1 (3.0
Ash (wt.%) <0.01 | <0.01 | <0.01 <0.01
Cetane index. 55 56 63 93
Copper strip 1 1 1 1
corrosion (100°C, 3h) (@50°C)
CFPP (°C) -19 -19 —21 —21
Lubricity (60°C, um) 350 350 350 300

Density

(15°C, kg/m) 828 827 815 781

Poly aromatics

(RFS) rff ®eto] whe} 4-8%= HVO £ 8716
7] 91gt Aol HBD 28> HVO &3] w2 = 7+
FA7|ES WSSt SEEEA FrH el 23kt
T3 2| A Ao HVO H84S B71st7] st
100% HVOE B7Fo= AAsiglet. 2 A1E8 A= 9
AIH= Table 10 W SIct,

A8 22 2025 =W AI2HAF Al Ao = 2 2L
A}, o] A=k 2017 109 1Y
HE A8E= AR AsAke =y viEtA 51871 9
RDE-LDV 7|5 RHEshH, o] 7|82 ¢ viE7ks 4
Al % Euro 6d 7|50l 4-5-8k= 7Ioltt, o] 71+ W&
25t ABFLS urea—SCR, SDPF7}F A2bg|o] Qith 18
L o] Al ZpeFe] AR ARz HVO d= ARgof tigh 25
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Table 2. Specifications of test vehicle

Model year 2025

Engine type In—line 4 cylinder, Turbo
Displacement (L) 2.151

Transmission 8th dual clutch

Emission reduction system LNT + SDPF + urea—SCR

Type approval regulation Euro 6d equivalent

2.2 ANAEX

Al AR} e A 9J5te] AR A= A}
EH%EMKMALSOO, Burke E. Poter, USA)9} #j&7} 2
A7) (MEXA—7400H, Horiba, Japan) % 74247

|:|OII

x|

Table 3. Specifications of chassis dynamometer

Single Roll
(48inch MIM type)

454 ~ 5400 kg
AC IGBT Vector
200 km/h
+ 0.01% km/h

Roll type & diameter

Simulated vehicle weight

Electric motor absorber type

Max. speed

Registration of actual speed value

5 2 1 -
(wt.%) Registration of actual + 0.1% Full scale
Aromatics (wt,%) 23 292 18 0.8 tractive force value (Full scale : 5 870N)
NHV (MJ/kg) 49.88 43.04 42.99 43.49 Measurement of driving distance Encoder type
C/H ratio (wt.%) | 0.8584 | 0.8616 | 0.8533 | 0.8470 Max. flow rate of cooling fan 63 000 CFM

38 Al-x{Aol|HX]|



HVO % HVO 843

Table 4. Specifications of emission analyzer

iq— Range i i

En_ns Method 9 L|near|ty_&
sion Min. Max repeatability
HC H.FID |0~ 10 ppmC| 0 ~ 500 ppmC
CO NDIR | O~ 10 ppm | O~ 2 500 ppm Within
CO2 0~ 1% 0~ 16% + 2% of full
NOx CLD |0~ 10ppm | O ~ 500 ppm scale
CHs |GC-FID| 0~ 10ppm | O ~ 50 ppm

NMHC Calculated by subtracting CHs from HC

Table 5. Specifications of chassis particle number counter

EU ECE R83, R89

Particle number 0~104 #/cm? (calibrated)
counter measurement | up to 5x104 #/cm” in single—count
range mode

Adjustable from 300°C ~ 350°C
(350°C default)
Particle concentration | * Adjustable in range 100 ~ 20 000

reduction factor * Primary dilution(hot) : 10 ~ 1 000
(RCRF) * Secondary dilution(cold) : 10, 15, 20

Legal basis

Evaporation tube
temperature

1 AR ‘

Sample Ambient

nnnnnn

Host PC

Dilution Air
Refine System

Chassis Dyno. 48" 4X2 rol

Dyno. Control Cabinet

Fig. 1. Schematic the experimental system
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