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Abstract : Compressed natural gas (CNG) is well known as one of the cleanest burning alternative fuels. Bi-fuel CNG
vehicle can also run on gasoline or another fuel while dedicated natural gas vehicle is designed to run on natural gas
only. Recently, increased attention has been focused on bi-fuel CNG/LPG taxi because of good fuel economy of CNG.
A number of LPG taxis modified to CNG Bi-fuel vehicles are running in many cities. In this paper, the emissions
characteristics of in-use passenger cars running on CNG and LPG were investigated. Chassis dynamometer test was
used to measure exhaust emissions from an in-use fleet of 5 cars. Exhaust emissions were collected for CVS-75 driving
mode. The test results showed that for CNG fuel mode, CO, CO, and NMHC emissions decreased to 9%, 12% and 14%
respectively, and CH4 and NO, emissions increased to 317% and 47% respectively.

Key words : Alternative fuel(th A 13%), CNG(4=3 A 7F2), LPG( 344 #7122, Bi-fuel(Whe] §74), Exhaust
emission( ¥l & 7}2~), Chassis dynamometer(X}tl & = )

= Asdlel FeEE AR, A
stolw dmv] s 9% gt

)}

A wAle) BARA A2 A 071 A A ° e
o 5 5 = = < ZHA Sk Tk L Foll A LPG/7HE - o] v CNG/ 7}
ST e e S e 0 £k o}y g} CNG/LPG Bi-fuel kel tjsh &
Bt dde) AFAUSlE we ge e T =
3L S ope] oA gl e 2k YT NG;fla B ONGILPG Bidfucl 4] =

=gro. on =a) = =0° =% = 1-fue 3 &
2 HEHL T 247 wlE 0194 180_A)°ﬂ SIS, 23] S2x)= o) 7] W] 9wk 20099 59 925 (%
AER We TS Ak ook ofej et A5 Lo Aol 20104 551 1763E 2 0 oot
oA Ao QPP R 2B AP O ;‘)M ;‘210;75}17?%2) ;%L o
chepmend % AL e s e Ad ) 70;30 e me qhﬂoo; ;4@;1 knocking)
0, e 3 ol E AR HEE FAE A A5 o;o] E’ﬂ g Zﬂ( o ing)
o] ur3] %13 - o) T "HAaC=E o= T oA, =
P e AzkehE A Sutag @ 5 9l 44 Sol vk

v, A2 fAdes danl) vlas AE g FA EA 7R s A An A B 2

3 ZAf AFEX ol #) LPG AR} SHAE ;;O]LE}E X}E;d EET 1‘113;; j:;_ ;
T — S JR= S Sal, al= A= 3

*Corresponding author, E-mail: cnsever@kier.re.kr

142



CNG/LPG Bi-fuel S8Xt2| HiEIIA &Y

PN
s 3
s
ez

Bl-fueloﬂ EHE]— 5]4 04-? ;(}
CNG/7H&9 ¥ LPG/7H ¥ Bi- fueloﬂ i
R Ao o) o] = ATt 13
t}*¥ Catania 5”& Bi-fuel CNG/7}:d 7]
ALFN L LiﬂiJ BN S E”ﬂ*}ﬂ
/‘é AR Aexd D wETtaeke
L AT o] ATl A

AR
247 9 AAHE WAt
3 2

O:F_Lu
£ 4

4y Lo o ofodo v 0l

A

é

==

%
r
f
= 4J
o
o
Q
OFO e

o

1o

Lo
o
W

2, ox
X o
Mo
e g

R
ha

A

@)
z
Q
)
2
mﬂ
ol
ol
]—J
_ﬁ_
o
=)
rlo
rB,
il
il
>,

[y
T N
N

—_

o B g
=
2
ol
92
>
Fy
pac
[o
&
o
o2
I
k
)
Y

oL
2
>
o2
1B o
k
o
it

01}1 0
ults
dby
k1
>,
o

o oo

9

7} %—7}?}%011 uf2}
A Eo] st a} v
72X 3]-03 t}. Stodart Y& 2
7}*% AE FAR 3 CNG/7HE
G/y} 22 Bi-fuel oﬂﬁoﬂ ois ¢

jﬂ oﬂ ==3

i
9

fo 2 o
A
B0

fu) m‘n S

o X
ﬂl[O Ol-ﬂ
2,
E

e

folr oft

iy

o
oo
QL
9
_>|’1_'4
ol

=
o
=

> ot F oo ) Mo i %O
Lo
=
N
o

[<] ‘EY

o, W} g
o] el# g Ax=
o= Al <
7+ek 4= A2l vk a1 311t Shamekhi 5

| 7 F-3K(full load) 70| A qH Z 52 A&
i

o
o
3
o
o mlo

o

Z70) 4 CNG/7FH& 9 Bi-fuel d1X12] A5 2 vj7]
E48 213330t A3 9l Mazda B2000i Bi-fuel Sl
o] AFEE oM, CNG A 8-S A-8-3hol] uje} 7}
<ol B8] £, HC 2 CO, W& Fo] ZFaw = vt

W NOF E7belh= A Adh

121} CNG/LPG Bi-fuel 2}k th3al A+ =15
= ZrolE L7t @itk S S84 SEUSF F
LPG A}2Fe] 5255 14%(20109 5 715)0l

°lF AEE LPGx Tul9 dlxZl diAds}
e otk FUleA] BAAARE S TR
CNG/LPG Bi-fuel Al2=8lo|] tjgt #+4]o] ZF7}abar
QO 1} o} A 7hA] CNG/LPG Bi-fuel X} o gl uj
E7F BT Ak FAA QA 2=AFE A7)

NYER] ke Zoz welth upgha] B Ao A
= ol A HE 2 23 %= CNG/LPG Bi-fuel %
L22 402 PG A= AFE Y CONG A& AME

o W wjE7tA BEAS AL B E )

=1]=3]

2. AREA] | AlREE

=

]

2.1 AEHEA|

Aldabegel w7l A AFE FAI7E(Raw
exhaust gas) S A A|7Fo 2 B2&17] 9)8te] AVL A}
©] SESAM(System for Emission Sampling and
Measurement) FTIR(Fourier transform infrared) 3
7% ol gdtel METbaT St B ATl
o]- &% FTIR #3712 8 A2 Table 17} 2t}
FTIR 237]5= AlZHA o 4 7 A5l o
3] B o] FAEH, CO,, CO, NOy, CHy, N2O B
NH; & 23810] 25744 sl tidk 54o] 7Fs
Sttt

CNG/LPG Bi-fuel -&=Foll thgk vi7] wi&
AL Mg i E7FAE EX = HhH o 2 28
At 31X E wiE7k~E A SH7] 91814 Horiba
A}2] CVS(Constant Volume Sampler) 9100< ©]-8-3}
a1, wE7A BALS 918 MEXA 92002 ©] 83
3 CO,, CO, NOy, CHy B THCE S48} Th

o

I

Table 1 Specifications of FTIR spectroscopy

Model 2030
0.5-128 cm™
Helium-Neon

LN»-cooled MCT
MKS Baratron

13-58 psia
Gas cell temperature 191°C

Spectral resolution

Reference laser

Detector

Pressure transducer

Pressure for sample gas cell inlet
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st Al xS disk A2, FHFYAE &
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Table 2 Specifications of the vehicles tested

No | Transmission | Year | Odometer | Make Model

1 manual 2007 | 294,415 Kia Lotze

2 manual 2007 | 224,476 Kia Lotze

3 manual 2008 | 121,819 |Hyundai |NF Sonata
4

5

automatic 2008 | 103,100 Kia Lotze
manual 2007 | 289,127 Kia Lotze

Regulator Solenoid Valve

Injector Module

Gas Filter

Fig. 1 CNG fuel rail installation
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Fig. 2 Exhaust test results with LPG fuel mode
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Table 3 Emissions rate at each phase for LPG fuel mode
2 Wi S 7h2 ul S T (g) W WS &
CO |NMHC| NOy CO, CHy N0
FWE| 933 | 038 | 0.78 |3109.5| 0.15 | 0.17
Phase 1 79% 72% 82% 34% 50% 85%
Phase2 | 14% 3% 4% 38% 8% 0%
Phase 3 7% 24% 14% 28% 42% 15%
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Fig. 3 Greenhouse gas emissions with LPG fuel mode

Table 4 Emissions rate at each phase for CNG fuel mode
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Fig. 4 Exhaust test results with CNG fuel mode
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Fig. 5 Greenhouse gas emissions with CNG fuel mode
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