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1. CNG Bus vs. LPG Bus




Avg.. year
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Urban Smog become a major concern due to the increased
emission O, precursor and PM

¢« Eight Citiesincluding Seoul exceed the Ozone ambient air
guality standard

' & vrydiera




Industrial use & Electricity Generation

..~ (17 thousand ton)
. Automobile
(331 thousand ton)

Major source of air pollution in metropolitan area is motor
vehicles(Seoul, 85.3%)

¢« For seven maor cities, motor vehicles are responsible for
64.3% of total emission
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Heating
(40 thousand ton)




O number of vehicle(thousand)
& emission(thousand ton)

1,736 165

113

53
I 450 £

Passenger Car Light Duty Diesel Heavy Duty Diesel
(Gasolineg/lLPG)  (SUV, Van, Light duty truck)  (Bus & Truck)

¢ Heavy duty diesdl including city buses are responsible for
34% of total Motor pollutant emission
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Motor Vehicle 2'A£55

Emission 211.;82/,/”’
(thousand ton)
- 1,7V
Motor Vehicle 1,7'N

Emission — °
Reduction Goal 1,451 1,466
PM
Air quality PRSI rethg eas
Improvement O 0016 SE -50
(ppm) 0.014 0.013
\ Current(the end of '97) 2002(World Cup hosting) 2005

¢ 22% reduction of air pollutants emission by year 2002

« Enhancement of air quality to provide pleasant environment for
World Cup 2002
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| ntroduction of
clean fuel vehicles

/" Low emission diesel
production

Strengthening in-use
vehicle program

Replace diesal city buses with CNG

Replace van and Light duty truck with
L PG/Gasoline fueled vehicles

Fleet operation of hybrid electrical vehicles
(plan to use aWorld Cup officia vehicle)

Applying diesel emission standards equivalent
toUSor EU’'s

Engine improvement and/or emission control
devices arerequired to install

Shorten periodic emission testing interval and
adopt advanced in-service test method

Strengthening gasoline and diesel fuel standards
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Replaced old City-Buses within World Cup 2002 hosting cities

8 World Cup host citieswith air quality problem
(Seoul, 6 Magjor city and Suwon city)

By 2002, introduce 5,000 CNG buses. By 2007 replaced
total city bus fleet with CNG(Total number of city Buses : 20,000)

Priority Replacement City Buses [l vehicleswith high emission and
vehicles operated within refuelling station servicerange
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O Current status of test running( 98 ~ present)

N Seoul Vicinity Area: Inchon City - 2 City Buses
Ansan City - 1 City Bus, 1 Commuter Bus
Seoul : 15 City Buses, 3 refuelling stations will bein service in 1999

O Result of Test Running
(Environmental Aspect : Emission/Noise)

‘ §o\visible emission and No mal-odor comparing to current Diesel
buses
NOx & HC are reduced by 60~70%
Less pass-by Noise by 2dB
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B Diesel Bus
O CNG Bus

S

¢ No visible smoke and sharp Ozone precursor emission reduction
¢ Viable CO,reduction option
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Vehicle priceis higher than diesel-powered vehicle Current Diesel
Js. price(42 thousand US$ ) O CNG Bus(63 thousand US $ )

Need more CNG refuelling stations
580 thousand US $ /station ( 100 vehicle/day refuelling capacity)
to provide economic incentives for CNG bus and refuelling
IoNn Owners
| ult to secure 20m safety distance requirement between
refuelling station and neighboring buildings
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199411 [J [J 30,000 LI L NGV U [

L~ NGV :
Zero death/ 278.3 x 10° vehicle miles

Gasoline:

2.2 death/ 100x 10° vehiclemiles

Fire of NGV
2.9 fire/ 100 x 10° vehicle miles
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ERG o o)
y « DAF,MAN LPG buses

1904 2 €| A (DAF) : LPI &=, LPGH A9 CNGHI AR JFAMME M A (MAN)
70% emissions 24, 60% A3 24 (S HA YD)
.~ LPGHASE FTQTAl 28 = (10000/CH) :
.ﬁf 4= &S (400), ©0F3(300), T 2HA(100), Ol EH2I(20), &0, ASIA, AH QI OlER2],
T2E2 124 =Y QAR O E ...
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HAE JIA(LPG/CNG) A H]

i Charge | A/Fratio | & | Max -
Engine Sec. | Fud | CR —_ Power | Torque | Application
exchange | Emisson
PS | (kg-m)
MAN | 128/155 . N.A. 2=10
Gengine | 12liter A S g (mixer) TWC 240 0 Bus
Turbo I
R I(:e)rfdi:ne él gﬁ?ﬁ LPG | 9:1 | (liquid %r(Nl(':o 231 96 Bus
. : injection)
MAN | 128/155 . N.A. 2=10
Eengine | 12liter | SNC| L1 | (mixen) TWC 240 83 Bus
A 130/140 _ Turbo T
Cengine | Lliter | CNC [ 151 L| (ixery | 2710 | 20 | 100 Bus
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H A 2 LPG, CNG, Diesel Emission

A ” 13-Mode Urban Use

Fuel e e HC CcO NOx PM Effi Energy
yp g gkWh | glkWh | g/kWh | gkWh | % MJkWh

Sl stoich. + 3 way cat. 0.2 0.8 0.8 <0.02 25.8 14.0

Sl stoich. + 3 way cat. 0.6 0.8 0.8 <0.02 26.9 13.4

Sl lean burn with cat 0.2 0.2 25 <0.02 i 13.0

Sl lean burn with cat 0.6 0.2 2.5 <0.02 29.0 12.4

Sl lean burn w/o cat 25 2.0 25 <0.02 29.0 12.4

Diesdl 93 Turbo-aftcooled Euro | 0.4 15 7.8 0.15 344 10.5

Diesel 96 Turbo-aftcooled Euro 11 0.4 1.5 6.8 0.12 34.4 10.5
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38 = 455 BHH

« LPG X2 28 82t ('97)

(@) ==
_I_OH

R )

(¢~ =JtE Automotive LPG A HI & (197)

Country Consumption (ton) No. of vehicles
South Korea 1,786,000 401,000
Japan 1,693,000 300,000
Australia 1,240,000 490,000
Italy 1,198,000 1,100,000
U.SA. 1,198,000 271,000
Netherlands 733,000 362,000
Total World 10,265,000 4,072,000
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* Automotive LPG Vehicles (‘97)
O e s I e

, _

5

| Italy + +++ +
U.SA. +++
Netherlands + +++ + N
| Canada + +++ i
" Mexico + + +
Soviet Union + +
Poland + ety + i
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LPG & = 2] emissions
Jl&d, YA 2

-15¢C

HC + NOy [gkm]

1.2 0
3 lireet value1392
Sz

0.8+

2,2r

limit value1996

-7C
22C B m pevd
¢ desd
0 — T
0 S CO [gkm]
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22 LPGAISE X Il (A F)

=W X2 FoHHI|ItA =S (237 ISR 2 ¢RL)
OO00dno Oooad OO000do
(CO, g/km) (HC g/km) (NOx, g/km)
O0no
@oo) 1.40 0.16 0.14
LPG 1.90 0.32 0.51
OO0 @ad) 0.64 0.09 1.12
2= LPG Xt&2| =ollbiI| It A=
o ooogao O o oo oo ogogao
(CO, g/km) (HC g/km) (NOXx, g/km)
Vauhall
Omega 2.0 0.10 0.016 0.048
Opel Vetra 0.12 0.024 0.033
Renault
Laguna 1.8 0.35 0.060 0.050
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22 LPGAIE X D= (LHE)

oA HAL 2= LPG HA L HIESJ1A Hl 1w
00 OO0 ODO0O0O0oo (g/kwh) 000 (@/kWh)
O O EURO 11 OO000 LPG OO
HC 1.2 0.7 0.7 0.5
CO 4.9 2.5 2.45 0.5
NOXx 6.0 5.0 7.35 1.0
PM 0.1 0.1 0.36 0.05
Smoke 25% — 19% 0

LPG HHA A2 = TNOO A 19961 DAFH! A = A 13mode test 2 Ut &)
BHEo5l S J| = : et= 2001.12.31 Jt Al, EUROIII 2000 O =
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LPIJIAGIARIO HEg 22 A|AE

o -

- LPIIAQINO = O] HE Al JIE S L8t System ]
" s 15>
. Automotive LP Gas Fuel System2| 2 & Al ‘J
13 generation o BB

v’ carburation system, open loop control
2nd generation (2= =F)
v feed back mixer, closed loop lambda control
34 generation (RE = =&
v gad/liquid injection system, closed loop lambda
control
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LPG I8 =QA4E XA

HEH(NS) T2E 25%, 2E 75%
HEHNE) T2T 0%, 2EH 100%

I=T 60%, & 40%

L2 H 100%, & 0%
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OF X A
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¢ Infra structure
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TINO OO0 B0O0no
1085-1994, 6000, 410 OO
EEen o gEE

SRS (DA%

RGeS e e
JO9E- 1000 e b e e
A P 2000 - 5=>70.25%%
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SEI 22 28H HFYIRY
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Height of Flame

3
S

b” \/g_D]O’Gl

a

=42

H skl 2! A B =0 m)
b, : LPG2| HA=5 (kg/m?s)

 EUEE (M)

g:395
D: 282 8t5 2& (m)
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Aol ool HA A ZEO [} =2 S2EFS
==
e EEE =T Er  BEEE B PR B EEREE ERE EKg)

5[] 1,570

20 m 8.00 m
10 [ 3,140
50 690

15m 5.29m
10 [ 1,370
5[] 210

10 m 2.95m
10 [ 430
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00O 0o (kgls)
SEEESE SESEGE [] L]
E2E 2 [ HeE HEN 2 L[] EEE
S(125mm)| 231 | 091 | 021 | 137 | 0.99 | 0.09
M(25mm) | 9.23 363 | 0.86 5.50 3.96 0.35
L(50mm) | 36.93 | 1453 | 343 | 2198 | 1586 | 142
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funnel

pressure
gage

cock

| solenoid
Injection valve
tank

air
tank

nozzle
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Nozzle 1 x|

£ & bm/sec  10m/sec 1bm/sec 15m/sec
Nozzle dia.: 0.52mm 0.4mm
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Nozzle 9| X|
g

Clm 2mfsec 3m/sec 4dm/sec 10m/sec 15m/isec  20m/sec
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Liguid length [em]
N w NN

=
]

= x  nozzle diameter=0.40mm
nozzle diameter=0.52mm

O

5 10 15 20 25

Jet Velocity [m/s -
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sure difference, AP[atm]
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B nozzle diameter=0.40mm(water)
O nozzle diameter=0.52mm(water)
B Butane

l ) l L) l L) l ) l ) l )
1.6 2.0 2.4 2.8 3.2 3.6 4.0

flow rate, Q[cc/s]
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