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Abstract

The increasing consumption of pseudo-petroleum products (PPP) has been disturbing the national petroleum
market. The use of PPP lead to tax evasion, disturbance of sound trading principles, component corrosion of cars,
and explosion accident. Also, PPP have emitted hazardous air pollutants (HAP) including the carcinogenic
aromatic hydrocarbons, PAHs and aldehydes more than regular-petroleum products. It thus has potentials to cause
many environmental and health care problems. In this study, benzene, toluene and xylene emissions from road
transport vehicles due to the use of pseudo-gasoline are estimated for the year 2008.

The results of our study provide emission estimates of benzene, toluene and xylene for the year as 405, 1,711,
717 tonnefyr, respectively for regular-gasoline. BTX emissions are calculated as 452~ 515, 1,882~ 2,264 and 732
~ 752 tonne/yr when the amount of pseudo-gasoline is estimated to account for 6~ 13% for regular-gasoline
consumption. BTX emissions increased as much as 12~ 27, 10~ 32, 2~ 5% by using pseudo-gasoline. It is found
that the pseudo-gasoline should be the key component to produce HAP in urban area.

Key words: BTX emission, Hazardous air pollutants, Pseudo-gasoline
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Table 1. Comparison of exhaust VOCs composition by fuel types.
Gasoline Light-duty .
Whw % of VOC passenger car diesel vehicle LPG taxi
Ethane 2.6 0.9 4.0
Propane 0.5 6.3 57
n-Butane 15 0.5 38.8
iso-Butane 24 0.4 214
iso-Pentane 5.0 11 0.9
Paraffins n-Pentane 41 35 11
n-Hexane 7.3 47 0.2
n-Heptane 14 0.4 0.1
n-Octane 0.6 0.7 0.1
Others 194 24.6 24
Total 44.4 432 4.7
Ethylene 8.4 114 5.9
Propylene 5.0 32 36
1-Butene 0.9 0.5 0.6
Olefins cis-2-Butene 0.4 0.0 10
1-Pentene 0.5 04 0.1
Others 52 5.3 34
Total 20.3 21.0 14.6
Benzene 3.0 17 0.4
Toluene 12.2 5.7 5.4
Etylbenzene 30 26 14
. m,p-Xylene 2.0 0.9 0.6
Aromtics Styrene 2.4 13 10
o-Xylene 26 21 0.2
Others 8.4 45 14
Total 34.1 18.8 104

Lyu et al. (2008)
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Table 2. Estimation of the annual amount of pseudo-gas-

oline.

Regular  Gasoline Taxevason?  Pseudo-
Year gasoline? tax (one hundred gasoline

(won/L) (won/L) million) (kL)
2003 1,295 647 5,685 878,155
2004 1,365 683 7,472 1,094,566
2005 1,432 716 8,228 1,148,961
2006 1,492 746 8,857 1,186,923
2007 1,526 763 6,958 912,004
2008 1,692 846 4,757 562,247
2009 1,601 800 5,312 663,701

YOpinet (2003~ 2009), 2 o] A & (2011)

Table 3. Comparison of regular and pseudo-gasoline con-
sumption.

Regular-gasoline

Year consumption® Pseudo-gasoline  Pseudo-gasoline
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Table 4. Manufacture type of pseudo-gasoline in period.

Period

Manufacture type of pseudo-gasoline
- Solvent+BTX

Before 1984 - Solvent+Aromatic solvent
- Solvent+Alcohol
- Gasoline+Solvent+BTX
After 1985 - Gasoline+Other petroleum products

(kerosene, diesel, solvent)

estimation (kL ercentage (%

(kL) W) p e (%) After mid-1990 * G@0line+Solvent+BTX+Other petroleum
2003 9,191,094 878,155 10 products (aniline, acetone etc.)
2004 8,832,774 1,094,566 12 ‘ - Gasoline+Solvent+BTX +MTBE
2005 9,045,859 1,148,961 13 ATer1997 . Mix paint thinner
2006 9,120,383 1,186,923 13 - -
2007 9,650,315 912,004 9 After 2001 - Solvent-+Toluene+Aromatic solvent (specia
2008 9 676.374 562 247 6 solvent)+Alcohol <disguise as additive>
2009 10,126,538 663,701 7 After 2004 - Solvent+Toluene+Methanol
YPetronet (2003~ 2009) Kim (2009)

=71 87438 A 284 A 5=



Table 5. Analysis of pseudo-gasoline by usage types.

FASLS Abo] o1& BTX Wl %% 4 531

Table 7. Composition of regular and pseudo-gasolines.

Kerosene  Solvent  Gasolne  Diesdl

- L - L Tota

mixing mixing mixing mixing
2006 3 127 - 2 132
2007 1 132 - 5 138
2008 4 79 2 10 95
Tota 8 338 2 17 365
Share 2.1% 92.9% 0.5% 4.5% 100%

KoreaInstitute of Petroleum Management (2009)

Table 6. Analysis of pseudo-gasoline by types.
Mixing ratio of Pseudo-fuel (%)

Crackdown Share

Type Solvent | ATOMAIC A conol  number (%)
hydrocarbons

1 50 20~30 20~30 642 ~70

2  40~50 50~ 60 - 63 ~7

3 10~70 15~65 10~70 215 ~23

Total - 920 100

KoreaInstitute of Petroleum Management (2009)
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Sample Manufacture type Note
Regular- Unleaded gasoline B
gasoline Base (100%)

Petroleum  Pseudo- Gasoline+Solvent 93%
business  gasolinel (10%) (90%) 0
Pseudo- Solvent+Toluene

Non-

gasolinell (50%) (50%)
petroleum 80%
business Pseudo- Solvent+Toluene+Methanol

gasoline 1l (50%) (25%) (25%)

Korea Institute of Petroleum Management (2009)
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Table 8. Result of the physical properties of gasoline types.

Quality Regular- Pseudo- Pseudo- Pseudo-
standard gasoline gasolinell gasoline | gasoline 11
Octane value 91~94 91 66 97 Over 100
Initial boiling point - 30 32 37 32
10% Spill
temperature Under 70 59 40 58 40
T 50% Spill
Disillation temperature Under 125 89 51 100 56
90% Spill
temperature Under 175 156 76 110 109
End point Under 225 186 165 118 110
Vapor pressure (37.8°C, kPa) 4~82 47 97 58 94
Element analvsis - 83.9 83.8 88.6 70.1
(waght %) y H - 14.1 16 114 127
gnt o - 20 0.2 - 17.12
Paraffins - 52 89 39 38
Olefins Under 18 12 1 - 0
) Naphthene - 5 2 2
;ge‘;':’t Aromatics Under 30 20 34 58 27
ol Zme % -Benzene - 0.3 0.9 0.4 0.4
-Toluene - 28 0.5 57.7 26.3
-Xylene - 2.8 05 0.1 0.1
-Others - 8.0 15 - -
Methanol - — - — 38
Korea Institute of Petroleum Management (2009)
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Table 9. VOC (THC) emission factor of gasoline by vehicle type. (Unit: g/lkm)
Vehicletype Y ear Emission factor

~'99 Y =8.6275V 1072

Light Gasoline '00~'02 Y =5.1835V 1188

’03~ '07 Y=0_7446V70.5763

~'99 Y =32.017V 147

Passenger car Small Gasoline '00~'02 Y =0.8428\/ 08829
’03~ '07 Y=O 1738V70.7268

99 Y =31.816V 140

Medium, Heavy Gasoline '00~'02 Y =7.9374\ 13041

'03~'07 Y =0.4262V 10122

~'90 Y =15.607V 1%%

'91~'96 Y =234y 1404

VAN Small Gasoline '97~'99 Y =18.7308V "153%
'00~'02 Y =14.19V "15%6

'03~'07 Y =3.0337V 156

NIER (2010)
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Table 10. The composition of exhausted BTX from gaso-

Table 12. VOC (THC) emission factor of evaporation emis-

line vehicle. sion.
: o . -
Gasoline passenger cars w/w % of VOC Er:lstson Uncontrolled vehicle Catrbc|>|r;d can(;te:
Benzene 30 actor controlled vehicle
Aromatics Toluene 12.2 Diurna-et %1 &P[0.0158(RVP—612)
m,p-Xylene 2.0 (g/day) +0.0574 - (ta, min—22.5) 0.2 - Uncontrolled
o-Xylene 26 goay +0.0614 - (ta rise—117)
Lyu et al. (2008) Warm
running loss 0.1 - exp[—5.967+
~gwam 0.04259 RVP+0.17731g) 0%+ Uncontrolled
Table 11. Emission increase by using a pseudo-gasoline. (g/km)
w/w % of VOC Emission rate by pseudo gasoline Hot )
running loss 0.136 - exp[—5.967+ 0.1 - Uncontrolled
Benzene 31 -ghhet 0.04250 RVP+0.1773ta)
Aromatics :nollju;e(r; (Tene iz (g/km)
O-VXyI ene 1.6 *RVP (kPa), temperature (°C), ta : monthly mean ambient temperature
- Q)
Kim et al. (2006) *ta, min : monthly mean minimum temperature (°C)

4 VOC v &A 4 A %% 3 &
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*ta, rise : monthly mean of the daily ambient temperature rise (°C)
NIER (2010)

Table 13. Physical properties of BTX by gasoline types.

Phys gal Regular-  Pseudo- Pseudo- Pseudo-
properties asoline  gasolinel gasolinell gasolinelll
(Volume %) 9 g g g
Aromatics 20 34 58 27
Benzene 0.3 0.9 04 04
Toluene 238 05 57.7 26.3
Xylene 28 05 0.1 0.1
Others 8.0 15 - -
Methanol - - - 38

Vapor pressure
(37.8°C, kPa)

*Regular-gasoline : Unleaded gasoline (100%)

Pseudo-gasoline | (Petroleum business) : Gasoline (10%) +Solvent (90%)
Pseudo-gasoline 11 (Non-Petroleum business) : Solvent (50%)+Toluene
(50%)

Pseudo-gasoline 111 (Non-Petroleum business) : Solvent (50%)+Toluene
(25%)+Methanol (25%)

47 97 58 94

of Petroleum Management (2009) A}2.& o]8-5}%it.
s BZ oA AT 9= AASLg 4
ARG F8E d8 B2 = 139 2ok

3.3 BTX & ME

FAHH Aol 93 =2 olEedY BF Ben-
zene, Toluene, Xylene vl &8 20081 CAPSS vl 3
Aze] Fgriest 55958 443h90 (NIER



Table 14. Estimation of BTX emission by gasoline types

(2008). (Unit: tonnelyr)

Type Benzene Toluene Xylene
Regular-gasoline (94%) 381 1,612 676
Pseudo-gasoline | (6%) 74 271 58
Pseudo-gasoline 11 (6%) 71 352 56
Pseudo-gasoline 111 (6%) 72 353 56

*Regular-gasoline : Unleaded gasoline (100%)

*Pseudo-gasoline | : Gasoline (10%)+Solvent (90%) — Petroleum business
*Pseudo-gasoline |1 : Solvent (50%)+Toluene (50%) —Non-Petroleum
business

*Pseudo-gasoline 111 : Solvent (50%)+Toluene (25%)+M ethanol (25%)
—Non-Petroleum business

Table 15. BTX emission due to the consumption of pseu-
do-gasoline products between different cities
and provinces (2008). (Unit: tonnefyr)

Region Benzene Toluene Xylene
Seoul 114 52.9 8.9
Gyeonggi 17.3 e 13.6
Incheon 31 14.0 24
Gangwon 29 12.7 23
Chungbuk 32 138 25
Chungnam 39 17.0 31
Gyeongham 58 26.0 4.6
Gyeongbuk 5.0 21.8 39
Gwangju 17 7.6 13
Daegu 35 16.1 2.7
Dagjeon 21 9.8 17
Busan 38 17.7 30
Ulsan 18 83 14
Jeonnam 2.9 12.7 2.3
Jeonbuk 31 135 24
Jgju 0.7 34 0.6

Total 72 325 57

2008). -§-AH3] ks st
AR 2AHNE BT ARS8 2SS
g3t eh FAR R Al 2732 KoreaIngtitute of
Petroleum Management (2009) A2 Y2 $-A}3)
T 59 B A4 dEge FYsko
2008+ _‘,:_E_O]%_‘?_‘E BE BTX wi&aks A
A}, AE 38 4n)EFe] 94%E AR AL
o2 L3195 ul Benzene 381 tonnelyr, Toluene
1,612 tonnelyr, Xylene 676 tonnelyr2. FA3 4= ¢
o AE Fe 2vIe) 6%E FAES Abgo
2 #43}9S 9l Benzene 71~ 72tonnelyr, Toluene
271~ 353 tonnelyr, Xylene 56~ 58 tonnelyrz. 33 =

SALE kg Algo] o3t BTX vj&ek =

o

535

2500 :
m Regular-gasoline

m Pseudo-gasoline (6%)
2000 Pseudo-gasoline (13%)

1500

1000+

1
LIl

Benzene Toluene Xylene

Unit : tonnefyr

Fig. 1. Comparison of benzene, toluene, xylene emission
by using a regular and pseudo-gasoline.
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