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“ A Study of the effects of gasoline additive package on engine power
performance”

SAE Asia Fuels & Lubes steering Committee Fuel Working
Group.
(1) WWFC World-Wide Fuel Charter Category
1 MMT (2) ToyotaMr. Ueda WWFC (3) 2005
S50ppm
HDDO Heavy Duty Diesel Oil



Euro 4

2002 500ppm 2006

50ppm 2005 Euro 3
150ppm
Year Emission standard
2002 Euro 2 for al new diesel vehicles
Euro 3 for all new medium and heavy diesel vehicles
2003 Euro 2 for al continuing models of light diesel vehicles
Euro 3 for al continuing medium and heavy diesel vehicle models
Euro 2 for al new petrol vehicles
2004 Euro 2 for al continuing models of petrol vehicles
2005 Euro 3for al new petrol vehicles
2006 Euro 4 for all new diesel vehicles
Euro 3 for al continuing models of petrol vehicles
2007 Euro 4 for al continuing models of diesel vehicles

Fuel parameter

Research
Octane Number

Distillation

Reid
Pressure

Vapour

Fuel grade
ULP

PULP

All grades
All grades

Specification
91 RON (min)

95 RON (min)

FBP-210  (max)

No standard is proposed.
Management by State and Territories

Data of
introduction

1 January 2002
1 January 2002

1 January 2005
1 January 2002




Olefins

Aromatics

Benzene

Lead

Sulfur

Oxygen
Content

All grades

All grades

All grades

All grades
ULP
PULP

All grades

All grades

18% by vol. Pool average over 6 months with
acap of 20%

16% max by vol.

45% by vol. Pool average over 6 months with
acap of 48%

42% by vol. Pool average over 6 months with
acap of 45%

No standard is proposed. Management by
State and Territories (average benzene levd in
Australiais currently around 3%)

1% max by vol.
Max 0.005g/L
500ppm (max)
500ppm (max)
150ppm (max)

2.7% (max) with an exemption for ethanol
blends up to 10%.

1 January 2002

1 January 2005
1 January 2002

1 January 2005

1 January 2002

1 January 2008*
1 January 2002
1 January 2002
1 January 2002
1 January 2005*

1 January 2002

* |ndicative date, not yet finalized

Fuel parameter Specification Date of introduction

Sulfur 500ppm (max) 31 December 2002*

50ppm (max) 1 January 2006*
Cetane Index 46 (min) 1 January 2002
Density @ 15 820 to 860 kg/m3 1 January 2002

820 to 850 kg/m3 1 January 2006
Distillation T95 370 (max) 1 January 2002

360 (max) 1 January 2006
PAHs 11% m/m (max) 1 January 2006
Ash and Suspended Solids |100ppm (max) 1 January 2002
Viscosity @ 40 20to4.5cH 1 January 2002
* |ndicative date, not yet finalized

Methanol MTBE DIPE

ETBE TAME ETAE MMT




10%

1999

1500 90 KL
700 170 KL
800 60 KL
LPG 330 KL 72 KL
4
1991
1992 55 11%
1992 PFI/IVDC
1993 5.0-3.5%val.
1995 phase out
2000 50 - 35vol.%
1990 Too 370- 357
1992 5-4.1cst.
1992 0.9-.0.87
1992
1994 0.5- 0.05wt.%
1999 HFRR
SK Woo-Sik Moon “ Trends of Fuels and

Lubricants Requirements in south Korea”
400 5.8% 1999 370
1.5%

Hyundai Daewoo Kia Renault Samsung
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Capital Participation and Technical Licensing

Hyundai - M itsubishi

C.P.(4.02%) 5
Daimler Chryslerl
Car Supply

Car Supply

C.P.(30.16%) Kia

SSangyong Daimler Chrysler
L Acauiston(0%) < Renault
Renault

T.L f
Samsung <+— Nissan

S K Corporation

1999 2.4mil BPD Korea ownership
1.7mil BPD 1999 719,658,000Bbl
8.9% 10.7% 17.5% Naphtha30.4% LPG 10.7%
1999 854,170KL 2000 7% 913,640KL SK
7000B/D  Group S-oil 8500 B/D  Group
13000 B/D 3000B/D 5500 B/D

Brand, Materials and Technology Flow
Raw M aterials — » SK Own Brand & Technology
Base Oil > LG-Caltex = Caltex/T exaco
- SK Y ubase
- S-0il SY Base Alamco
- Import E— S-0il -

Idemitsu
—
> Isu D T otal
A dditives

M obil

> Shell
Esso
Castrol

S K Corporation




Emission Regulations for Korean Vehicles

auljosen

eseld aH

S KCorporation

Passen.Car CO NOx THC NMHC Volatile Gas
Korea 2000 2.11 0.25 0.16 2.0
Korea 2003 2.11 0.12 0.047 2.0

USA LEV 99 211 0.12 0.25 0.047* -
Method: FTP-75, Unit: g/km, *: NMOG

GVW>35t CO NOx THC PM Soot Method
Korea 2000 49 6.0 1.0 0.2 20%

Korea 2002 3.0 6.0 1.0 0.15 20% D-13, g/kwH
Korea2003 3.0 6.0 066 0.1 (ND-13)

Euro 11l,2000 2.1 5.0 066 0.1 0.8 ESC,ELR,ETC

Gasoline Quality in Korea

ltems

Olefin, vol.%
Benzene, vol.%
Sulfur, ppm*
Oxygen, wt%
Vapor P, kPa
T-90,

Aromatics, vol.%

2000

<35
<23
<2
<200
13 23
<82
<175

2002 WWFC
< 35(30) <40
<18(23) <20

<15 <25

<130 <200
10 23 <27

<70 -

<175 -

WWEFC

<35
<23
<10
<30
<27

( ): select asan option
* 1 30 ppm for 2006 (Korea Clean Air Program)

SK Corporation




Diesel Quality in Korea

Items 2000 2002 |WWFC WWFC
Sulfur, ppm* <500 <430 <300 <30
Carbon Residue, % <0.15 <0.15 <03 <0.3
Density @ , kg/m® - 815 855 | 820 850 | 820 840
PAH, vol.% - - <5 <2
Aromatics, wt% - - <25 <15
Cetane Number - - > 53 >55
Cetane Index > 45 > 45 > 50 > 52
Viscosity @40 ,mm?s 19 55 - 20 40 20 40
T-95, - - <355 <340
T-90, < 360 - <340 <320
* 50 ppm for 2006 (K orea Clean Air Program)
SK corporation
CO,
1997
1995
2005 15%
2005 7%
2010 23%
2010 13%
EU 1997 CO2 25%
2003 165 g/km 175 g/lkm 2009
g/km
1978 CAFE CAFE

140



1998 “ World-wide fuel charter”
(Category) 2000
Category 1
Category 2 TierorTierl Eurol
and Euro 2
Category 3 US CdiforniaLEV ULEV
and Euro 3 and Euro 4
Category 4 US Cadlifornia LEV
USEPA Tier 2 and Euro 4
1998 Category 3
Fuel Specification
World-Wide Fuel Charter category 3 defined in 1998
Unleaded Gasoline
_ ) Regular Regular Premium Premium
Properties Units Summer Winter Summer Winter
Limit Limit Limit Limit
RON/MON Min. 91/82.5 91/82.5 98/88 98/88
RVP KPa 45 60 75 90 45 60 75 90
Aromatics Max. |%v/v 35 35 35 35
Olefins Max. |%viv 10 10 10 10
Unwashed Gum Max.|mg/100ml 30 30 30 30
Washed Gum Max. |mg/100ml 5 5 5 5
T-10 Max. 65 50 65 50
T-50 77 100 | 77 100 | 77 100 | 77 100
T-90 130 175 | 130 175 | 130 175 | 130 175
EP Max. 195 195 195 195
E70 % 20 45 25 47 20 45 25 47
Oxygenates Max. |%m/m 2.7 2.7 2.7 2.7
Sulfur Max.|%m/m 0.003 0.003 0.003 0.003
Benzene Max. |%viv 1.0 1.0 1.0 1.0




Fuel Specification
World-Wide Fuel Charter category 3 defined in 1998
Diesel Fuel
Properties Units Limit  |Properties Units Limit
Density 15 kg/m | 820-840 |T-90 Max. 320
Viscosity mm?/s 2.0-40 |[EP Max. 350
Flash Point Min. 55 HFRR Max.| Micron 400
<the
CFPP alr?lvk\)lieeﬂ;wt X?E)e:lnatic Max. | 2om/m 15
Temp.
Sulfur Max.| %m/m 0.003 Z‘r’g’&aﬁ ¢ Max | %m/m 20
Cetanendex Min. 52.0
2000 Category 4 NOx Traps
Particulate matter traps  GDI
NOXx SAE 1999-01-
3501

Influence of Sulfur on Emission
Japanese 10-15 mode
100 \Fuel sulfur
© — Sppm
° 90 ppm 30 ppm
% 80 200 ppm
24
5
5 60
o
=
8 40
x
O
z 20 500 ppm
O | | |
0 10000 20000 30000 40000
Distance km
Influence of sulfur concentration in gasoline on vehicle
after-treatment system durability Source SAE 1999-01-3501
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5.

Auto/oil
2000 2005
Japan clean Air Program, JCAP STEP
STEP 5 JCAP
Approach of JCAP STEP and STEP
STEP (1997, 98) STEP  (1999-01)

Technical Evaluation

Technologies

Existing Vehicle and Fuel

Future Vehicle and Fuel Technologies

Air Quality Evauation

Base Model Construction

Prediction and Verification

Cost Evaluation Methodology Study Research and Analysis
STEP
RVP
STEP
Technologies Vehicles FUEL Measure
PFI(Stoic)+TWC 9 RVP :5575 Tail Pipe
(kpa) (10-15& 11 Mode)
PFI(Lean)+TWC 1 CO
Aroma:20-40 THC
Current | PFl(Lean)+de NOx 1| (vo.%) NOx
CO2
DFI (Lean)+de NOx 1 Sulfur :30-100 CH4
(ppm)
DFI(Lean)+TWC+de NOX 1 Senzene
Bz :1030| ~ootaee
. . (vol.%) B(a)p
Interim | PH(Soic)+TWC 3 Formaldehyde
Acetaldehyde
2000 | LEV(Reference) 1| RFG  (Refer) NOD
NO
Future DF (Lean)+de NOx 3| Sulfur :10-80 Evaporative
(ppm) HSL
2005 PFI(Stoic)+TWC 1 DBL
+TBD RNL

1

HC




Over all emission result compared with existing data

2 :Increase

A :Decrease

:No Tendency

Fuel Test Emission Results / Existing Data
Property M ode (6{0) HC NOx
Aromatic 1cold (X I WiNe / [/ D

37.22vol.% | 10-15hot | N / M [™M / ™\ /
C%Lrl1|tl‘et:1fts 11:cold [ ™M / M (™M / ™M | ™M/ ™\
9622 ppm | 10-15thot | N / N [N/ N | ™M/ N\
RV P 1licold | /| a |/ —» | &> | —>
75-55kPa | 10.15hot | > | > | | > | > | —>
Benzene 1lcold |=» [ = |—> [ = | = | —>
3.2.0.8vol.% | 10-15thot | = [ =—» |—> [ —> | —> | —>
Diesel Fuel Test Matrix
Test Vehicle / Engine Test Fuel Measure
-LDV: 8 (incl. 2withOC) | froma: 20-30
-HDT: 8 T-90 : 310-350 Tail Pipe
() CcO
o | CUret | SUBPROGRAM NS
I'||_J Total Aroma :0-35vol.% CGO,
n -LDV : 4 Mono Aroma :0-31 vol.% 5 CH,
; : ; . enzene
Interim incl. 2with OC Di Aroma  :0-10vol.% ] )
200z, || ~HDT:5 Tri Aroma  :0-2vol.% | | T2 gg\gume
3 incl. 2with OC T-90 :270-330
1withDPF  Sulfur 0400 ppm | | ormaldehyde
: PP Acetﬁllgehyde
- de- NOx (NOx Absorber) Sulfur : 10-100 NO2
= | Future (pPpm) PM
o - Continuous Regenerating DPF
w| 2007- T-90 : 240-330
('7) - 4 vehicles, 4 engines ()
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T90

PM Particulate Matter

PM Emissions Change Ratios(%) for Each Vehicle and Fuel (with the

emissions using fuel D-1 as the standard D1 T90 330

, Total Aromatics

24%%*)
Fuel PM Emission change compared with that of D-1 (%)
T90 | Aromatics| A B C|D]|K L M N EPEFE 1
D-2| 310 21 3 |-36(-32(-57|-12|-36|-36|-34 -26
D-3| 306 29 12 |{-15]-13|-32|-15( --- | -11| -3 -9
D-4| 343 21 411|241 1 7 3 4
D-5| 348 28 12|56 |17|-9| 4 | -] 8 4 7
*D-1 Tg 330 24%
JCAP STEPII
STEPII
Gasoline test programs in STEP |l
Emission Vehicle Technologies |Injection and Fuel sulfur for Fuel Matrix Test
Target Catalyst system control 30000 km
mileage
accumulation test
1/2 of VehicleA |3 WAY Catalyst Improved Engine |< 10 ppm,
2000 Control
regulation| Vehicle B |Lean NOx Catalyst A  |Direct Injection |50 ppm,
inJapan | vehicle C |Lean NOx Catalyst B |Improved Engine
Control 80 oom
Vehicle D |Lean NOx Catalyst C PP
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Diesel programs in STEP I

Vehicle/ |Vehicle Technologies Test
Engine  |Name
Vehicles XA |NOx Adsorber Catalyst A Fuel Matrix Test
Mileage accumulation test
XB |Continuous Regeneration DPF-A Mileage accumulation test

XC |Continuous Regeneration DPF-B

XD |NOx Adsorber Catalyst A+CR-DPF-C

Engines YA |Continuous Regeneration DPF-B Finished
YB |Cooled EGR+Continuous Regeneration Mileage accumulation test
DPF-B

YC |Continuous Regeneration DPF-B+Urea SCR |Mileage accumulation test

YD |NOx Adsorber Catalyst+CR-DPF-B

CR-DPF
50 ppm CR-DPF

Texaco “ Fuel saver”

“ Fud saver”

15L 49L 300ppmw
3.28% fuel saver
4.5%
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Texaco

3.28%
4.5%

“ steering committee” Fuel working group

“ A study of effects of gasoline

additive package on engine power performance”
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