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Abstract

The air pollutants from vehicle exhaust gas are affected by many factors including fuel qualities, engine and vehi-
cle technologies, driving patterns. In particular, fuel qualities and after-treatment devices could directly affect the
emission level of pollutants. The pollutant reduction characteristics that caused by enforced fuel quality standard
were analyzed. Three types of test fuel were selected in accordance with Korean automotive fuel standard in 2006,
2009, 2012 and used for vehicle emission test in chassis dynamometer. European COPERT correction equation of
fuel impact was considered as reference information to quantify the vehicle emission test results.

The contribution rates of exhaust emission by COPERT correction equation showed that aromatic compounds and
oxygen contents in gasoline fuel was most important. In case of diesel fuel, cetane index and polycyclic aromatic
compounds accounted for the greater part. The exhaust emission effects by COPERT correction equation revealed
that CO and VOC was increased 0.86%, 1.57% respectively in after 2009 gasoline when compared to before 2009
gasoline fuel. In case of light-duty diesel vehicle CO, VOC and PM were decreased in range of 3~ 7%. The result
from this study could be provided for developing future fuel standards and be used to fundamental information for

Korean clean air act.
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Table 1. Test methods of domestic automotive gasoline
and diesel fuel.

Fuel type Item Test method
Aromatics(Vol.%) ASTM D6293
Benzene (Vol.%) ASTM D6293
Oxygen (Wt.%) ASTM D6293

Gasoline Olefin (Vol.%) ASTM D6293
Sulfur (ppm) ASTM D5453
RVP (kPa, 37.8°C) ASTM D323
Distillation, T90(°C) ASTM D86
CCR 10% (%) ASTM D524
Sulfur (Wt.%) ASTM D5453
Density (@15°C, kg/m?®) KSM2002

Diesel Polyaromatic (Wt.%) 1P 391
HFRR (um) ASTM D6079
Total aromatic (Wt.%) 1P 391
Cetane index ASTM D6890

Table 2. Number of gasoline and diesel fuel quality data.

Regulation years

Fuel
2006~ 2008 2009~
Gasoline 3,018 105~ 355
Diesel 6,218 125~ 339
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Table 3. Gasoline, diesel fuel specifications applied in COPERT IIl.

Fuel type Property 1996 Base fuel Fuel 2000 Fuel 2005

Sulphur [ppm] 165 130 40
68 (summer) 60 (summer) 60 (summer)

RVP[kPd] 81 (winter) 70 (winter) 70 (winter)
Aromatics[vol, %] 39 37 33

Gasoline Benzene[vol, %] 21 0.8 0.8
Oxygen [wt %] 0.4 1.0 15
Olefins[vol, %) 10 10 10
E100[%] 52 52 52
E150[%)] 86 86 86
Tracelead[g/L] 0.005 0.003 0.003
Cetane Number [—] 51 53 53
Density at 15°C [kg/m?] 840 840 835

. Tes[°Cl 350 330 320

Diesd PAH [%] 9 7 5
Sulphur [ppm] 400 300 40
Total Aromatics[%] 28 26 24

Table 4. Gasoline, diesel vehicle pollutant correction factor equation.

Pollutant Fuel type Correction factor equation

Gasoline Fcorr=(2.459—0.05513+ E100-0.0005343+ (E100)"24-0.009226+ ARO —0.0003101# (97 - S))
co *(1—-0.037*(0,—1.75))* (1—0.008+ (E150—90.2))

Diesel light-duty Fcorr=—1.3250726+0.003037* DEN —0.0025643* PAH —0.015856+« CN +0.0001706* T 95

Diesel heavy-duty Fcorr=2.24407—-0.0011* DEN+0.00007« PAH —0.00768+ CN —0.00087* T 95

Gasoline Fcorr=(0.1347+0.000548% ARO +25.7* ARO* EX P(—0.2642* E100) —0.0000406* (97 - S))
voC *(1—0.004* (OLEFIN —4.97))* (1—0.022+ (O,— 1.75))* (1—0.01* (E150— 90.2))

Diesel light-duty Fcorr=—-0.293192+0.0006759+ DEN —0.0007306+ PAH —0.0032733+« CN —0.000038+ T 95

Diesel heavy-duty Fcorr=1.61466—0.00123+* DEN+0.00133+ PAH —0.00181* CN —0.00068+ T 95

Gasoline Fcorr=(0.1884—0.001438« ARO+0.00001959+ ARO+* E100—0.00005302% (97 — S))* (1+0.004
NOx *(OLEFIN—4.97))*(1+0.001* (O,—1.75))* (1+0.008+ (E150—90.2))

Diesel light-duty Fcorr=1.0039726—0.0003113« DEN+0.0027263+ PAH —0.0000883* CN —0.0005805* T 95

Diesel heavy-duty Fcorr=—1.75444+0.00906« DEN —0.0163+ PAH +0.00493+« CN+0.00266* T 95

Diesel light-duty Fcorr=—0.3879873+-0.0004677« DEN +0.0004488+ PAH +-0.0004098+ CN-(0.0000788+ T 95)
PM *(1-0.015+ (450—S)/100)

Diesel heavy-duty Fcorr=(0.06959+0.00006+« DEN +0.00065+ PAH —0.00001* CN)* (1—0.0086* (450 — S)/100)

# O,=0Oxygenates in %, OLEFIN=OIefin content in %, S=Sulphur content in ppm, ARO=Aromatics content in %, E100=Mid range volatility in %,
E150=Tail end volatility in %, DEN=Density at 15°C (kg/m®), CN=Cetane number, S=Sulphur content in ppm, T95=Back end distillation in °C, PAH=

Polycyclic aromatics content in %
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Table 5. Analysis result of gasoline and diesel fuel (market average).

Regulation years
Fuel type Properties 2006~ 2008 2009~ 2012~
. Sample ) Sample . )
Regulation (Avg, + Std.dev.) Regulation (Avg. + Std.dev.) Regulation  Correction
Aromatics(Vol.%) <30(27) 16.39+2.98 <24(21) 17.01+1.74 <22(19) 15.59
Gasoline Olefin (Vol.%) <18(21) 14.95+2.15 <16(19) 12.03+1.76 <13(16) 9.77
Oxygen (Wt.%) 1.0~23 1.88+0.18 1.0~23 1.71+0.44 <23 171
Sulfur (ppm) <50 13.82+4.10 <10 4.35+1.44 <10 4.35
Sulfur (ppm) <30 8.61+3.75 <10 495+1.01 <10 4.95
Density @15°C
~ + ~ + ~
Diesd (kg/m?) 815~ 845 826.6+13.70 815~835 823.2+3.51 815~ 835 823.2
PAHs(Wt.%) <11 1.58+0.53 <5 1.46+0.45 <5 0.88
Cetane index - 55.14+1.41 >52 55.91+2.09 >52 55.91
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Table 6. An interrelation between gasoline, diesel fuel pro-
perties and emission pollutants.
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Fig. 1. Contribution of air pollutants emissions by fuel
property content.
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Table 7. Increase and decrease rate of gasoline vehicle
emissions after 2009, 2012 fuel quality standard
strengthening.

Pollutants (ton)

CcO vVOoC NOx
2007 Emissions 344,000 52,000 59,000
2009 Fuel effect 2,9541 8151 920
2012 Fuel effect 3,847 | 1771 316

A 20129 A7)71Ete] A 4E ARE AHESAE
u) 4873470l COsh VOCHIA 77 0.43%
0.64% =7}1=) 9137, NOxe} PM-2 Z+7F 0.29%, 0.57%
awle] BE 1% o)sha wlEvls dgkel A9 o
Sieh. =, #8AfAE CO%} VOC, PME 7}
7} 0.01%, 0.28%, 0.32% 7}A-= ¢ 22, NOx:= 0.14%
Z7bEe Ashe Bk 5, 20009 A=7)E ]
20129 271w 7|E A4 EEs &2dE BT
19 o2 A9 Jgke] sl ol 2B W)
Zol AA 2 dge wAL ARG 200095
20129 A=l ¥ Aolr} 99T, ShaeluaE
Ze 20099 Amviu] 20129 dm: 40%he 7
aslA R Azhe 7)1 2A) ] 17.6%= w1 § 3
of WjE7lsel WAL e =A seres o 4

sletet

3.2.4 ARELI|EZ30| WE t7|eE=E
HHE2E 3t
715743 el whe A o] F LT 47

o
AEa W) Z7bas} $4S COPERT Il dds o
°
=
7(_4'

Table 8. Increase and decrease rate of diesel vehicle emissions after 2009, 2012 fuel quality standard strengthening.

Pollutants(ton)

Light duty Heavy duty
Cco vOoC NOx PM CO vOoC NOx PM
2007 Emissions 42,000 7,000 71,000 9,000 86,000 25,000 347,000 14,000
2009 Fuel effect 2,540 | 450 | 851 256 | 311) 2481 1,249 371
2012 Fuel effect 1791 431 205 51| 9| 71| 4861 44|

Note) On-road vehicle emissions obtained by Clean Air Policy Support Program (NIER, 2007)
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