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1.

TECHNICAL REPORT — THC/MHC/NMHC emission tests
CNG/gasoline bi-fuel vehicles carried out c/o JRCSPRA (EC)

INTRODUCTION

This test program has been set up in order to dyahie difference in THC emissions
performance between OEM and retrofitted CNG-powerddcles. With the introduction of
the EURO 4 legislation, the limit of THC (0,1 gr/krbecame difficult to be complied,
namely for retrofitted CNG vehicles, equipped wattiginal catalyst designed for gasoline.
The OEM CNG vehicles have the advantage of beingpegd with a catalyst designed to
be used on CNG fuelled engine. Considering thathjority of HC emission from CNG
vehicle consists of MHC (CH4), and that CH4 is moxic, consequently in HC legislation
outside Europe is not considered a pollutant, @gsal has been made for applying a factor
to MHC emission limit for a retrofitted CNG vehisleso in this way they can comply with
legislation.

THC = KMHC + NMHC
1_nCNG

~NeasoLiNE

The factor K could be calculated a6 =

where neng is the HC conversion efficiency of CNG catalysd afsasoune is the HC
conversion efficiency of gasoline catalyst, butlagapto CNG engine.

2. TEST PROGRAM

Two vehicles have been chosen belonging of the sammodel:
0 FIAT GRANDE PUNTO 1368CC-57KW-EURO 4
in two different versions:

1°version: OEM vehicle bi-fuel CNG/gasoline inoduction line equipped with CNG
catalyst.

2° version:  Retrofitted vehicle bi-fuel CNG/gasel obtained by conversion of original
gasoline vehicle to CNG, in workshop.
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The tests of both vehicles have been carried oubling bench according the provisions of
ECE-ONU R.83 as follows:

0 Testcycle: NEDC (ECE + EUDC) — see Annex 1
0 Fuel: CNG — G20 as reference fuel
0 Adjustment period before each test: 3000 km

o OEM vehicle: 1° test with original CNG catalyst
2° test with remplacing CNG catalyst with gaselcatalyst

o Retrofitted vehicle: 1° test with original gasolicatalyst
2° test with remplacing gasoline with CNG cgsal

Every test for each vehicle has been repeateditmest

3. RESULTS

The tests have been performed in the VELA2 laboyaibd JRC-Ispra Joint Research Center
EU in the rolling bench on the NEDC cycle accordf@E-ONU R.83.

In the annexes 2, 3, 4, the detailed row dataeperted, meanwhile in the fig. 1 a table with
essential calculated data is shown.

The emissions of HC (as THC) in the ECE15 cycle anthe EUDC cycle have been
measured as total amount collected in the bagexpressed in gr/test pre and post catalyst.
Each emission amount is calculated as averagemtdasis. The NEDC total THC amounts
have been obtained adding the THC amounts collectdelCE15 and in EUDC cycles.
Then total THC amount in NEDC, pre and post, hasenbused to calculate the efficiency

of CNG and gasoline catalyst as the ratio porp HC amount- postHC amount.

preHC amount

The efficiencies of the two catalysts related toCTebnversion obtained from experimental
data are:

1° Version OEM Vehicle bi-fuel: (see fig. 1 and fig2)

CNG catalyst: Nene = 0,973
GASOLINE Catalyst: T GASOLINE = 0,924

The “K” coefficient proposed in the documents GF24@b; GFV-05-03 (K = 0,42) and
GFV-05-04 amended as K = 0,55, obtained from expental data is:

« __ 1Mo _1-0973

= =0,35 (Related to THC conversion efficiencies)
1-Measoume 1-0,924

(*) The samples of exhaust gaseous pre and paaslysahave been taken through two pumps at flod®fiter/min each and the HC
amounts have been measured and calculated acconeiri@VS procedure, in order to obtain the gr/test.
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We could apply this coefficient “K” to THC in th@dmula in the par. 1, and not only to
MHC. In the table in fig. 2 the emission data onINEare reported of OEM vehicle for

details.
FUEL F2 CNG G20
CATALYST GASOLINE CNG
Each test = average of 2 tes 1° TEST 2° TEST 1° TEST 2° TEST
ECE 15
THC [gr] PRE 11,82( 10,09( 10,51( 10,24(
THC [gr] POST 0,82( 0,87( 0,38( 0,34(
CATALYST n 93,10( 91,37( 96,42( 96,71(
EUDC
THC [gr] PRE 3,31( 3,56( 3,23( 2,84(
THC [gr] POST 0,21( 0,26( 0,00( 0,00(
CATALYST n 93,55( 92,56( 99,90( 99,91(
NEDC (ECE+EUDC)
THC [gr] PRE 15,13( 13,65( 13,7¢ 13,0¢
THC [gr] POST 1,03( 1,13( 0,38( 0,34(
CATALYST n 93,1¢ 91,7: 97,2¢ 97,4(
AVERAGE €fficiencies 92,455 97,315

Fig. 1 - VEHICLE: FIAT G. PUNTO Natural Power 1368cc (57kw — EURO 4)
OEM CNG Fuelled
Pre/Post Catalyst emissions measurements

FUEL F2 CNG G20

CATALYST GASOLINE CNG

Each test = average of 2 tes 1°TEST | 2°TEST 1°TEST | 2°TEST
THC (EURO 4) [0,1] gr/kr 0,07 0,C47

MHC gr/kmr 0,05¢ 0,C32

NMHC (Euro 4 [0,06€] gr/km 0,01¢ 0,01t

Fig. 2 - VEHICLE: FIAT G. PUNTO Natural Power 1368cc (57kw — EURO 4)
OEM CNG Fuelled
Emission data on NEDC
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2° Version Retrofitted Vehicle bi-fuel: (see fig. &and fig. 4)

CNG catalyst: Nene = 0,9706

GASOLINE catalyst: Neasoune = 0,9031

The “K” coefficient proposed in the documents GF2AWb; GFV-05-03 (K = 0,42) and
GFV-05-04 amended as K = 0,55, obtained from expental data is:

« __1-Moe _1-09706

= = =0,303 (Related to THC conversion efficiencies)
1-TMgasone 1-0,9031

According these results, we could apply this coedfit “K” to THC in the formula in the
par. 1, and not only to MHC, as proposed in theradment GFV-05-04.

FUEL F2 CNG G20

CATALYST GASOLINE CNG

Each test = average of 2 tes 1° TEST 2° TEST 1° TEST 2° TEST
ECE 15

THC [gr] PRE 10,3:¢ 5,91 12,3¢ 10,5¢
THC [gr] POST 0,6€ 0,62 0,37 0,4%
CATALYST n 93,6: 89,41 97,04 95,7¢
EUDC

THC [gr] PRE 3,74 0,34 4,0¢ 3,9¢
THC [gr] POST 0,20 0,2( 0,07 0,0z
CATALYST n 94,61 40,5¢ 98,2:¢ 99,6(
NEDC (ECE+EUDC)

THC [gr] PRE 14,0¢ 6,2€ (*) 16,4f 14,5¢
THC [gr] POST 0,8¢ 0,8: 0,44 0,47
CATALYST n 93,8¢ 86,7: 97,3¢ 96,7¢
AVERAGE €efficiencies 90,31 97,06

Fig. 3 - VEHICLE: FIAT G. PUNTO 1368cc (57kw — EURO 4)

OEM Gasoline fuelled — Retrofit CNG

Pre/Post Catalyst emissions measurements

(*) The 2° test has been performed with a diffexdibration of electronic control unit respece ttf test.
The conversion efficiency of catalyst can be takemight, anyway.
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FUEL F2 CNG G20
CATALYST GASOLINE CNG
Each test = average of 2 tes 1°TEST | 2°TEST 1°TEST | 2°TEST
THC (EURO 4) [0,1] gr/kr 0,07 0,03¢
MHC gr/kr 0,C42 0,00¢
NMHC (Euro 4 [0,06§ gr/km 0,03 0,03(

Fig. 4 - VEHICLE: FIAT G. PUNTO Natural Power 1368cc (57kw — EURO 4)
OEM Gasoline fuelled — Retrofit CNG
Emission data on NEDC

4. CONCLUSIONS
e Two vehicles have been tested on NEDC cycle:

— FIAT G.PUNTO OEM (bifuel CNG/Gasoline)
— FIAT G.PUNTO RETROFIT (bifuel CNG/Gasoline)

e Two Catalytic converters have been applied to betticles:

— CNG designed catalyst
— Gasoline design catalyst

e The value of “K” factor in the formulaK = 1 Moe has been determined as THC
~ NeasoLiNE
reduction efficiency pre/post sampling:

Koem venicle = 0,350
Kretrofit vehicle = 0,303



