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Report on data collection as a basis for the disonsabout the introduction of performance
requirements in GTR No. 2 (World-wide harmonizedoncycle emission test cycle (WMTC))

1. Introduction

After the establishment into the Global RegistryG3fR No. 2 in June 2005, the work on Stage 2 of the
World-wide harmonized motorcycle emission test ey¢dWMTC) started. One of issues for
consideration in Stage 2 of WMTC was the introduetof performance requirements. The informal
group was mandated by AC.3 (ECE/TRANS/WP.29/AC BttSollect data and prepare information as
a basis for the discussion.

With the status report to GRPE in June 2006 (ind 8w. GRPE-52-6) the WMTC informal group
recommends focusing on only limit values in Stage Zhe discussion about the worldwide
harmonization of other performance requirements likirability, off cycle emissions or evaporative
emissions should be postponed to a subsequent &tage

In line with the 1998 Agreement, Contracting Paraee preparing proposals for the introduction of
GTR No. 2 as an alternative to the existing natiogional legislation. This set of limit valuesthe
basic information about the current legal situategarding WMTC application. In parallel, IMMA has
collected comparative data and test results fargelation study, based on technology and reguiatio
that will be in use/force in 2006-08. This cantte basis for further discussion by ContractingiBsr

of a possible harmonization of limit values, aimonga timeframe of 2010 — 2012.

2. Existing national / regional legislation (poduat emissions) for motorcycles

The following tables gives only a rough summanthaf limit values. More detailed information about
some of the the national legislation can be foumthe ANNEX. The tables below don't include mopeds
(< 50 ccm), so "all* means > 50 ccm.



2.1. China
cycle classification stage Cco HC NOx HC+NOx
g/km g/km g/km g/km
ECE R 40 all 2004 55 1,2 0,3
ECE R 40 (cold) < 150 ccm 2007/§ 2,0 0,8 0,15
ECE R 40 + EUDC > 150 2007/8 2,0 0,3 0,15
(max. 90 km/h)
2.2. EU
cycle classification stage CcoO HC NOx HC+NOx
g/km g/km g/km g/km
ECE R 40 <150 ccm 2003/4 5,5 1,2 0,3 -
ECER 40 > 150 ccm 2003/4 55 1,0 0,3 -
ECE R 40 (cold) < 150 ccm 2006/7 2,0 0,8 0,15 -
ECE R 40 + EUDC > 150 ccm 2006/7 2,0 0,3 0,1% -
2.3. India
cycle classification stage CcoO HC NOXx HC+NOx
g/km gkm gkm g/km
IDC all 2005 15 - - 1,5
IDC all 2008/10 1,0 - - 1,0
Note: Durability factor of 1.2 is applicable on abmorms for CO & HC+NOx
2.4. Japan
cycle classification stage CO HC NOx g/km | HC+NOx
g/km g/km gkm
TRIAS/LA4 all / 2stroke 1999 8,0 3,0 0,1 -
TRIAS/LA4 all / 4stroke 1999 13,0 2,0 0,33 -
TRIAS/LA4 <125 ccm 2008 2,0 0,3 0,15 -
TRIAS/LA4 > 125 ccm 2008 2,0 0,5 0,15
2.5. Korea
cycle classification | stage Cco HC NOx HC+NOx
gkm g/km g/km g/km
ECE R 40 all - 8,0 4,0 0,1 -




2.6. us

cycle classification | stage Cco HC NOx HC+NOx
gkm gkm gkm g/km
FTP < 170 ccm 2006 12,0 1,0 -
FTP 170 - 279 2006 12,0 1,0 -
FTP > 280 2006 12,0 - - 1,4
FTP > 280 2010 12,0 - - 0,8
3. Status of transposition of GTR No. 2 into naslotregional legislation
3.1. EU

With directive 2006/72/EC the EU transposed GTR2Nato directive 97/24/EC. Equivalent to Euro 3
(see above 2.2.) manufacturers optional can chiooggpe approval the following limits:

Table: WMTC limits correlated to EURO 3 stage

cycle classification CO g/lkm HC g/km NOx g/lkm
WMTC-old (stage 1) vmax < 130 km/h 2,62 0,75 0,17
WMTC-old (stage 1) vmax 230 km/h | 2,62 0,33 0,22

3.2. Japan

Based on emissions tests with motorcycles meeliagdtest emission legislation, Japan will establis
equivalent limits on WMTC within 2008. Then theopedures for transposition of GTR No. 2 as an
option will be started. It can be expected, thatWMTC based limit values are on a similar leveira
3.1.

3.3. China

China is estimated to follow the EU approach.

3.4. us

The USA expects to introduce the WMTC as an altar@ao the FTP with equivalent limits to the
present USA emission regulations. After some jgeabtime (which would be determined through the
US rulemaking process), the US intends to phaseh@uETP option and ultimately rely exclusively on
the WMTC for motorcycle certification purposes. eTtiming of US regulatory action is currently not
determined.



3.5. India

In India, consideration for introducing WMTC asealtative to existing Indian regulation is under
discussion. Various issues such as class wise stdhdalues & combined HC+NOXx are being debated
in conjunction with fuel consumption & CO2 emissioDate for the implementation is presently not
decided.

4. Data and test results

4.1. Test data

The test data is tabled in Annex D. It should bemainto account that already two versions of WMTC
test cycles and classification exists. The verSWMTC-stage 1" is the basis, adopted as GTR Na. 2 i
2005. With amendment 1 of GTR no. 2 slight modifimas of the classification (classes 1, 2-1) ared th
test cycles (part 1, 2 alternative) had been iniced in 2007 (version "WMTC-stage 2").

Most of the data concern Class 3 vehicles and doome the JRC data. So for this class, the resuéis a
relatively homogenous.

Class 1 and 2 data are more spread around the.\vrenthermore due to market differences, legistatio
and technology used, one might assume that theg®sits may vary a lot according to the regionsTh

is why rough data of Class 1 and class 2 vehicle®wnalysed by region. Annex B shows figures with
the results separated for vehicles and region<lamss 1 and Annex C shows the results for class 2
vehicles.

4.2. Emission results separated for different gjokehicles and regions

4.2.1. Class 1 vehicles (Figures in ANNEX E)

The updated database contains 47 class 1 motoscyabe 26 of these motorcycles measurement values
are available for the Euro 3 cycle as well as far WMTC cycle. The figures in ANNEX E show the
emission results for the Euro 3 cycle and the WMCle for CO, THC, NOx and CO2. The vehicle
numbers are chosen in that way that the regionsaCldapan, India and Europe can clearly separgted b
different colours.

Figure E-1 shows the CO emissions for the EurocBcylhe Chinese results range between 2,1 and 5,4
g/km, the 2 European vehicles form a similar baddhwi The Japanese data range between 0,3 and 1,7
g/km, the Indian data is in the same range bubtjidnigher.

Figure E-2 shows the corresponding results forMHMdTC cycle. Ranking and ranges are almost the
same as for the Euro 3 cycle. Only the resultshfer2 European vehicles are closer together.

Figure E-4 and Figure E-5 show the results forThC emissions. The overall range is 0,096 to 1,07
g/km for the Euro 3 cycle and 0,068 to 0,68 g/kmtfee WMTC cycle. The highest variation is shown
for the Chinese data and the Euro 3 cycle. In eagion vehicles with 0,2 g/km or even lower emissio
can be found.

The NOx emissions are shown in Figure E-7 and Eigt#8. For the Euro 3 cycle the NOx emissions
are on average higher for the Chinese data anthtfien data than for the Japanese and European data



but 2 of the Chinese vehicles and 1 of the Indiahicles have results within the Japanese/European
range. The results for the WMTC cycle have a wilgead for the Chinese and the European data than
for the Euro 3 cycle. In all regions except Japame vehicles can be found for which the WMTC
results are significantly higher than for the EGraycle. For both cycles the average emissionfi®f t
Chinese and Indian vehicles are more than 2 tinigiseh than the average emissions of the Japanese
vehicles. Nevertheless and even for the WMTC cgolme Chinese vehicles have NOx emissions within
the variation range of the Japanese vehicles.

The CO2 emissions are shown in Figure E-10 andr&ifull. At first can be noticed that the emission
values for the different regions are closer togethan for the pollutant emissions, except for the
European vehicles that have significantly higher2C@missions than the rest. The average CO2
emissions have the following rank order in risindes: India, China, Japan, Europe. The WMTC cycle
results are always lower than the Euro 3 cycleltgsu

Figures E-3, E-6, E-9 and E-12 show comparisorteefesults for the Euro 3 and WMTC cycle for CO,
THC, NOx and CO2. The 2 European vehicles are cetbun light blue, 5 Chinese vehicles with
extremely lower CO2 emissions for the WMTC cyclarttior the Euro 3 cycle are highlighted in yellow.
The CO emissions follow a one by one trend, the Tetssions are close to that for the major part of
the vehicle sample. Also the NOx emissions areectosa one by one trend for most of the vehiclds bu
with an additional tendency to higher values f& WMTC. The average CO2 emissions of the WMTC
cycle is 86% of the Euro 3 cycle, if the Europead the 5 highlighted Chinese vehicles are disrezgghrd

4.2.2. Class 2 vehicles (Figures in ANNEX F)

The class 2 vehicle database is still smaller fioarthe other classes, even if some new vehicleg ha
been added. The whole sample consists of 29 vehidlé of them belonging to class 2-1 and 13
belonging to class 2-2. For all of them resultstfe WMTC cycle exist, results for the Euro 3 cyate
available for 20 vehicles. Concerning the regionssinbe mentioned that European data is completely
missing and that class 2-2 consists of 4 Japamet& #ndian vehicle only and 3 vehicles from Europe
Corresponding figures as shown for the class 1 Eamgre drawn and are shown in ANNEX F.

The CO emissions for the 2 cycles are shown inrBidget13and Figure F-14. The highest scatter is
found for the Chinese vehicles. For some vehidhesWMTC cycle shows significantly higher results
than the Euro 3 cycle. One extreme example is nd&a class 2-1 vehicle where the CO emission for
the WMTC is 5,3 times higher than for the Euro 8leyOn the other hand there is one Chinese vehicle
for which the CO emissions for the WMTC cycle idyodbi0% of the emission for the Euro 3 cycle.

The THC emissions are shown in Figure F-16and Eigul7. The WMTC cycle results have a lower
variation range than the Euro 3 cycle. For bothleg/the lowest values are found for the Japanese
vehicles.

The NOx emissions are shown in Figure F-19and Eiga0. The results show a high variation range,
especially for the WMTC cycle. The Japanese vesidetermine the lower end of the bandwidth for
both cycles. But 1 Chinese and 1 Indian vehicleehamparably low NOx emissions than the Japanese
vehicles for the WMTC cycle.

The CO2 emissions are shown in Figure F-22and €i§u23. The emissions for the WMTC cycle are
always lower than for the Euro 3 cycle but withthigdividual differences. The WMTC cycle emissions
are between 49% and 94% of the Euro 3 cycle emmissibor the pollutant emissions no significant
difference between class 2-1 and class 2-2 wasdfolhe CO2 emissions of the Japanese class 2-2



vehicles are significantly higher than the rest @nel lower envelope of the range is performed by
Chinese and Indian class 2-1 vehicles. But thesdsis 1 Japanese class 2-1 vehicle with the same lo
emission.

Figures F-15, F-18, F-21 and F-24 show comparisbtise results for the two cycles. No clear tread ¢
be seen for the CO emissions. The THC emissioriewioh one by one trend for low values but
increasingly lower values for the WMTC cycle conggito the Euro 3 cycle for increasing THC values.
For NOx emissions the trend is nearly the saméoferemission values and almost the opposite fon hig
values. As already stated the CO2 emissions ofMMTC cycle are always lower than for the Euro 3
cycle, but CO2 emission values of 49% to 61% ofEheo 3 cycle for the WMTC cycle can hardly be
imagined.

4.3. Evaluation of the test results - standstiflifivalues

4.3.1. Explanation of the standstill limit values

When changing from one test cycle to another, itisequestion to be resolved in thinking about new
limit values is, “What would the existing limitsdk like if adjusted to fit the new test cycle?” The
answer to this question is, the “standstill value”.

Assuming tests done with the same vehicle undesdh®e general test conditions, the standstill vislue
calculated with the following formula:

Lwmtc = Le X Rwmtc
Re

where:

Lwmtc = the limit value for the WMTC test cycle
Le = the Limit value with the existing cycle
Rwmtc = the test result with the WMTC cycle
Re = the test result with the existing test cycle

How the resulting data cloud is analysed dependb®@wbjectives. There are many statistical method
for finding out the stand still ratio. E.g. JRC dgbe method of taking the average of the ratiogézh
vehicle tested. In what follows, the IMMA analydisr example, used a regression line to estalttish
trend. Such an approach means that some vehigesbuld pass the existing test and limit values
would not do so with the new limit values. Theekin regression method assumes that there is a linea
relation ship between the emission results ofweedycles. Where such a relation does not exist, t
results arrived will be illogical tending to bedtional. Whether the linear relationship existaatrcan
easily be made out by comparing the coefficienegfession (B, which should be more than about
0.85.

The most important determinant of the comparisdhassample that is used to carry out the study. Fo
example, IMMA's analysis imposed a filter on theaden order to eliminate vehicles with a technology
that would not be useable for a future reductioliniit values. The data of vehicles on Euro-3 eycl
exceeding the Euro 2 limits were discarded. Aedédht basis for the comparison has been used by pas
and ongoing regional/national studies, such asdduaied out by the European Union.



Factors that will influence the results include:

the proportion of the different classes of vehinléhe sample: eg a sample with a high
concentration of Class 3 vehicles will not necesadequately reflect the situation for Class 1
vehicles
the design concept prevalent in the different miarieéll make it difficult to combine the results,
eg a design based on fuel economy will not combiek with a design based on sports
performance

the reference fuel used

All these factors should be taken into account wtmmsidering the results and standstill values
presented below.

4.3.2. IMMA Study on standstill limit values
/CRour?”y CHINA EU INDIA JPN us
egion
Stage CHN-2 EU-3 BS-1I JPN-2 EPA-Tierl
(current)
HC HC HC HC+ NOx
Limit | €O nox | €© NOx | CO Eg; co NOx | CO
'lm't <150 | >150 <150 | >150 <125 | >125 <170 | >170
values cc cc cc cc cc cc cc cc
(g/km)
55|12 | 10 [ 030 20| 08|03 01515 15 [ 20| 05 | 03 |015] 12 | 1.0 | 14
Step-1. - - |242| 079 | 034 | 020 - 1329|047 | 035|031 |17.0]| 1.27 | 1.77
2004 data
Step-2.
448060 | 054 | 029 | 2.82 | 063 | 037 | 0.18 | 2.65 | 1.80 | 2.54 | 0.39 | 0.27 | 0.31 | 19.3 | 1.29 | 1.77
All data
Step-2. .
555 | 0.76 | 0.65 | 0.34 | 243 | 068 | 0.29 | 018 |, | 202 [ 188 | 042 | 025 | 021 | 229 | 143 | 2.00
EU-2 filted B

.

Comment [d1]: Explain what
are the data concerr

)




4.3.3.

India study - class wise - standstill linalues

More background information regarding the claseveigaluation is tabled in ANNEX G

Correlation | Data source|Classes Data considered |No of data co THC ox HC + Nox
points Rsquare| SS(g/km) [Rsquare| SS(g/km) |Rsquare| SS(g/km) | Rsquare| SS (g/km)
EU3-vs All regions  |All class together |All data 111 0.660 2.824 0.610 0.626* 0.798 0.180
WMTC combined 0.367*
EURO 2 filter 59 0.504 2.432 0.742 0.683* 0.712 0.176
0.290**
CLASS 1 All data 43 0.769 2.307| 0.804 0.494 0.841 0.147,
with EURO filter 26 0.764 2.021 0.842 0.574 0.753 0.156
Class 2-1 All data 10 0.394) 3.206 0.829 0.409* 0.957 0.207,
0.257**
with EURO filter 5 0.162 4.413 0.654 0.543* 0.914 0.184
0.250**
Class 2-2 All data 10 0.750 2.860 0.895 0.589* 0.635 0.186
0.298**
with EURO filter 4 regression not possisble 0.960 0.476* 0.698 0.189
0.225**
CLASS 3 All 48 0.910 2.542 0.892 0.350 0.833 0.214
with EURO filter 24 0.839 2.416 0.824 0.333 0.726 0.199
INDIA All class together |All data 17 0.290 2.307| 0.950 0.714* 0.766 0.198
0.281**
EURO 2 filter 8 0.019 1.832 0.657 0.599 0.188 0.254)
CLASS 1 All 11 0.740 1.829 0.995 0.717 0.915 0.201
with EURO filter 6 0.588 1.788 0.895 0.685 0.527 0.232
Class 2-1 All data 3 regression not possisble 1.000 0.929% 0.891 0.217,
[ 0.273*/
with EURO filter 1 regression not possisble
Class 2-2 All data 3 0.593] 3.069[regression not possisble | 0.479] 0.205)
with EURO filter 1 regression not possisble
CLASS 3 All 1 regression not possisble
ACEM All class together |All data 38 0.887, 2.559 0.860 0.783* 0.804 0.227,
0.323**
EURO 2 filter 15 0.759 2.483 0.835 0.748* 0.659 0.209
0.282**
CLASS 1 All 1 regression not possisble
with EURO filter 1 regression not po: le
Class 2-1 All data 0 regression not po: le
with EURO filter regression not po: le
Class 2-2 All data 3 regression not possible | 0.795] 0.443|regression not possible
with EURO filter 0 regression not possisble
CLASS 3 All 34 0.903 2.632 0.906 0.300 0.809 0.230
with EURO filter 14 0.803 2.529 0.829 0.320 0.622 0.208,
EU3 -vs CHINA All class together |All data 31 0.717, 3.037, 0.889 0.480* 0.720 0.143
WMTC 0.326*
EURO 2 filter 14 0.477, 2.138 0.837 0.557* 0.485 0.141
0.280**
CLASS 1 All 26 0.730 3.003 0.905 0.495 0.760 0.136
with EURO filter 14 0.477, 2.138 0.837 0.558 0.485 0.141
Class 2-1 All data 5 0.656 2.755) 0.873 0.406* 0.616 0.177,
0.260**
with EURO filter 1 regression not possisble
Class 2-2 All data 0
with EURO filter 0
CLASS 3 All 0
with EURO filter 0
JAPAN All class together |All data 18 0.837, 2.351) 0.769 1.019* 0.885 0.162
0.358**
EURO 2 filter 16 0.860 2.429 0.860 0.497* 0.770 0.165
0.338**
CLASS 1 All 5 0.885 2.453 0.982 0.578 0.982 0.136
with EURO filter 5 0.885) 2.453 0.982 0.578 0.982 0.136
Class 2-1 All data 2 regression not possisble
with EURO filter 2 regression not possisble
Class 2-2 All data 4 0.968 2.368 0.957 0.328 0.894 0.149
with EURO filter NR 0.393 0.382 0.991 0.102
CLASS 3 All 8 0.828 2.684 0.775 0.418 0.884 0.177,
with EURO filter 6 0.917, 2.402 0.930 0.378 0.854 0.194
us All class together |All data 6 0.962 2.094 0.981 0.159 0.979 0.143
EURO 2 filter 4 0.859 2.070 0.911 0.372 0.980 0.184)
Class 1 0
Class 2-1 0
Class 2-2 0
CLASS 3 Al 6 0.962] 2.094) 0.981] 0.159]  0.979] 0.143
with EURO filter 4 0.859] 2.070) 0.911] 0.372] 0.980] 0.184)
INDIA vs INDIA All class together 23 Regression not possible Regression not possible
WMTC Class 1 11 0.378] 2.957|No separate norm No separate norm 0.492] 2.019
Class 2-1 8 No separate norm No separate norm 0.709] 1.513
Class 2-2 3 No separate norm No separate norm Regression not possible
Class 3 1
JAPANVS  |JAMA ALL 48 0.601] 2.543] 0.876] 0.270] 0.398] 0.310)
WMTC
class 1 9 | 0.845] 2.236] 0.962] 0.471* 0.717] 0.126]
0.274**
class 2-1 2 Regression not possible | Regression not possible | Regression not possible
CLASS 2-2 7 0.984 0.413* 0.974 0.222
0.259**
CLASS 3 30 | 0.539] 2.770] 0.848 0.290 0.326] 0.354)
us ALL 19 | 0.920| 19.288| 0.929 1.266|No separate norm 0.846] 1.773




Indian Analysis has been carried out separatelyefrh class and for each region. In the case of
EURO3-WMTC correlation, analysis has been carrigdvath all data, and also applying EURO 2 filter.

Comments from India:

« EURO-WMTC data points of 111 available include &idi1l8 and Chinese 31 vehicles, which do
not reflect proper correlation, as these vehictesnat tuned for compliance to EURO 3. Indian
data is based on Indian drive Cycle (IDC). Relathig data from IDC to Euro 3 norms and then
equating to WMTC equivalent values does not refdecbrrect correlation.

» The analysis of data on Indian motorcycles of Clads show abnormally high SS values for CO,
which are not justifiable. India had expressedeheservations in the FEG meeting held in Ann
Arbor on 20/21 Nov '07, while accepting the compromise formulae \Afe now convinced that
Part 2 (reduced speed) cycle is not suitable fdralrand similar countries, as the operating
conditions in such regions focus on commuting ared éfficiency, rather than high acceleration
and power.

« Comparative Emission traces, highlights the abnbmtaease of CO Emissions, when the same
motorcycle is tested on Part 2 (reduced speedg @mhpared to Part 1(reduced speed) cycle .
This explains the reason for the abnormal CO values

» India suggests that, the provision may be madbBeéraTR in such a way that, Class 2.1 vehicles
may also be allowed to be tested on Part 1 Redsjmeeld cycle.

5. Comments and conclusions

* In some of the WMTC classes (e.g. 2-1) the data sapoor because of the low no. of tests
conducted. The results should not be taken as égaces, but can show trends.

» A difference in national / regional legislation gt&i concerning NOx and HC. In some cases the
limits are seperated, sometimes combined (se€Thg.reason for seperated limits maybe a
focus on NOx controlling. Countries like India, f@sing more on fuel consumption and CO2
emissions, prefer a combined limit value. USA dtdtows a combined HC+NOX.

» Harmonisation of reference fuel is an importantdition for the introduction of harmonised
limit values, because on the influence on the teflemission tests.

» A comparison of the level of limit values from raatal / regional legislation is limited because of
the following reasons:
-- different classification,
-- motorcycles maybe designed for different purgpsike high performance or low fuel
consumption,
-- engines are designed to meet the existing lmlites under the special test conditions like
cycle, cold/warm-start, reference fuel.

» Concerning the suggestion made by India aboveMiE C informal group recommends to
avoid any additional amendment of the test cydesdassification in GTR No. 2 for the time
being. Special situations in Contracting Partigs lmataken into account by exemptions in the
transposition of GTR No. 2 into national legislatio



ANNEX A - Chinese legislation

The Chinese national exhaust emission legislattomfotorcycles, tricycles and mopeds is modelled on
the corresponding EU Directives and is summariadtie table below.

Table: Summary of Motorcycle Emission Standards of China

Limit  (g/km) i
Stage Vehicle Typg Displacemgnt Standard fitle Wethod Implementation Remarks
o] THC NOX Date
Two-wheeled§
" I GB14622- 55 12 0.3
motorcycle / ECE 40 2004.01.01
2002
Tricycle 7.0 15 0.4
I .
(current) Two-wheeled ) 12 - Equivalent to 97/24/EC C5
moped :
GB18176-
/ ECE 47 2005.01.01
Three - 2002
wheeled 35 12
moped
Compared to the latest EU directive, the main
lamendment is as follow:
- Dual idle test in the type test shall be canceled
<150 upc 20 08 015 - The requlrem?nts for motorcycles use the gas fuel
shall be added;
Two-wheeled - the maximum speed for the extra-urban driving
motorcycle GB14622- 2008.07.01 cycle will be restricted t80 km/h;
2007 o - Requirement for the durability test of the pdthat
control devices shall be added;
- The calculation method of the dilution coeffidien
>150 UDC+ EUD( 2.0 standard condition and density of the emission
0.3 0.15 calculation equation shall be changed;
. - Technical requirements of the reference fuel usgd
Tricycle / ubc 4.0 the test shall be changed.
Compared to the latest EU directive, the main
n lamendment is as follow:
- The requirements for motorcycles use the gas fyel
shall be added;
- 4 test cycle shall be added;
- Dual idle test in the type test shall be canceled
- Analysis and measurement procedure shall be
- - h: d;
Two-wheeled / GB18176 ECE 47 1 12 2008.07.01 changed;
moped 2007 . Lo -
- The calculation method of the dilution coeffidien
standard condition and density of the emission
calculation equation shall be changed;
- Requirement for the durability test of the pathat
control devices shall be added;
- COP Inspection requirements shall be added;
- Technical requirements of the reference fuel usgd
the test shall be changed.

ANNEX B - Indian legislation

Indian emission test and norms were made appliclible 1991. Test cycle was based on the data
collections in major cities in 1988, which was eg@ntative of the driving pattern in the citieseTh
Indian driving cycle is consisting of the seriespbfases idling, cruising, acceleration & decelerati
The distance of one cycle is 0.658km and perioctime 108sec. The overall cycle consists of
combination of 6 such cycles. The total distanceeoed during the emission test is 3.948 km, average
speed is 29.93 km/hr & maximum speed is 42 km/haxihum acceleration is 0.65 m/sec seq &
deceleration is 0.56 m/sec seq. India’s currentr@ppsed regulations are based on combining HC &
Nox for better fuel consumption & less CO2 emissiGontrolling of NOx independent of HC has an
adverse effect on the fuel consumption and CO2 samis Motorcycles in India are specifically
earmarked for introduction of CO2/ Fuel consumptiegulation due to the large number of vehicles
operating on Indian roads (74% of total fleet dfiicées).



In view of the above, India recommends that anooptif a combined HC + NOx limit value should be
included.

Existing / Proposed Indian legislation for motorepc

Regulation Vehicle Type Effective Date CO HC+NOx
(gm/km) (g/km)

India BSII All2 W 2005 1.5 1.5

India BSIII All2 W 2010 1.0 1.0

Note : Durability factor of 1.2 is applicable onoale norms for CO & HC+NOXx

ANNEX C - US legislation

The emissions test procedure used by the UnitegsStar motorcycle emission testing is known as the
Federal Test Procedure (FTP). The FTP was desigmetkasure a vehicle's tailpipe emissions under
urban driving conditions. The driving cycle useat the FTP was developed in the mid-1960's to
represent home-to-work commuting in Los Angeles)if@aia. The FTP includes a series of
accelerations, decelerations, and idling (sucht aso@ lights). It also includes starting the wéhiafter

it has been parked for an extended period of traled a “cold start”), as well as a start on amed-

up engine (called a “hot start”). The total dis&amrovered by the FTP is about 11 miles and theagee
speed is about 21 mph, with a maximum speed oftai®umph. The maximum acceleration rate is a
relatively mild 3.3 mph/sec, which is due to thaitations of the dynamometer technology at the time
the test was developed.

Federal regulations currently define a motorcyde'any motor vehicle with a headlight, taillightich
stoplight and having: two wheels, or three wheeld a curb mass less than or equal to 793 kilograms
(1749 pounds)” (see 40 CFR 86.402-98). Note thgtraotorcycle or motorcycle-like vehicle that falls
outside that definition would be considered a nadreehicle and be subject to different requirements

Table: Current U.S. Motorcycle Exhaust Emission Standards

Class | Engine Size (cc) Model Y ear HC HC+NOXx CcO
Effective Date (g/km) (g/km) (g/km)
I Less than 170 2006 1.0 -- 12.0
Il 170-279 2006 1.0 -- 12.0
1] 280 and greater 2006 -- 1.4 12.0
2010 -- 0.8 12.0

In addition to the exhaust emission standards deEstabove, EPA also regulates evaporative emission
from motorcycles with requirements that limit trermeation of gasoline through the walls of fueld®s
and fuel tanks.



ANNEX D  Test Data - total 134 units: 82 (stage 1 (20842 (stage 2 (2007/8))

Collect] data | Moto JPN-2 (6UDC) EURO 3 USIFTP WMTC BS-1T (INDIA)
edin_|source co [ THC | nox [ co2 col THc] nox| coz] co T tHc T nox He+nol coz2 | co HC ox [ co2 | co [ mHc T nox He+nol co2
RUNNER 200 4] 4.86 ] 0.660 | 0.170| 850 | 6.34 | 0.501 | 0.286 | 754 | 4.00] 0.424 | 0.210 | 0.634 | 65.8
MT00 00 | 7.38 | 1.210| 0.224| 86.0 | 7.38 [ 1.21 X
2.85 | 1.57:
H15-C23-249 41| 5.95| 0.307 | 0.204 | 77.1 | 9.66 [ 0.29:

0.170 | 0.640 | 58.0
0.029 85.0

H13-C2'-250 4T 6MT
H16-C24-250 4] 1.30] 0.145] 0.033 ] 111.6 | 1.43 0.092
T023-C3-250 1

H14-C3-399 4T
H13-C3-400 4T

11.10 ] 1.260 | 0.090 90.8
9.53]0.850 ] 0.480 [ 1.330 80.3 | 1

74
o1
06.
1 00 [108.i
-C32-500 4 1.46 | 0.378 | 0.081 | 0.458 | 132.2
39-C3-599
MT011-C3-600
MT011-C3-600-|
MTOL 00 147,
Kawasaki ZX6R| 127.4 | 7.45 | 0.752 | 0.054 | 0.805 | 117.9
H15-C32-645 4 109.2
5-C32-748 4 132.4
W64-C3-781 137.8
D2-C3-782 167.9
3 |H13-C3-800 4T 153 ] 0.400] 0.170 | 0.570 | 1308 ] 1
[ 3 |mT019-c3-800-{15.66 | 1.567 | 0.136 | 160.2 0.552 | 0.427 [ 1206
3 |MT026-C3-800 0.930 | 0.160 [ 136.6 2.30] 0853] 0310 124.1
[ 3 |mT025-C3-900 1.200 | 0.170 | 146.8 12.73] 1.220] 0.265 | 123.0
3 |pa-c3-953 0.947 | 0.093 [ 1653 16] 0992 0.137
3 |Honda CBR954{18.61 | 1.678 | 0.087 | 181.8 1.201 | 0.140 | 137.6 | 13.04 | 1.080 | 0.108 | 1.188 | 132.7 | 16.71| 1.467] 0.184
3 |pe-C3-955 0.712 : 57 0.565] 0.193
3 |MT017-C3-955 |19.22 | 1.519 | 0.095 | 158.4 0.756 01 0.728 [ 0.289
3 |pa-c3-996 0.684 10.06 | 0.793 ] 0.111
3 |H16-c32-10004 200 0.795 | 0.115 | 188.9 0.498 0.158 | 0.685 | 1243 51| 0583] 0.182
3 |mTo010-c3-1000] 229 | 1.738 | 0.152 | 160.4 1.043 4.71]1.136 [ 0.469
3 |mTo10-c3-1000] 6.21 | 3.663 | 0.166 | 144.4 2.214 78 2.499
s |H-D FLHTCUl | 242 0.334] 0.123] 262.6 175 0.75 | 0106 | 0.138 | 0.243 [ 178.7 20| 0.131
3 |H-D FLSTF 2.90] 0179|0132 268.7 | > 117 2.20[ 0149 0.166 176.2 64 0.181
3 |wes-C3-1064 ¥ 075
3 |pi-c3-1130 g 1350 | ¢
3 |w32-c3-1130 K 1503 | ¢ K
3 |MT008-C3-1150[10.15 | 0.987 | 0.079 | 1843 | 5. 1506 | ¢ B 8 I'c
D5-C3-1157 ¥ 215 3
[W38-C3-1170 X 421 1
W66-C3-1171 68 | 0.493 4
R 1200 GS 1.73] 0.480 | 0.040] 172.7| 093] 0.270 0.180 ] 0.410 | 1342 6
MT009-C3-1200] 7.43 | 1.832 [ 0.207 | 164.5 08 1.005 1
[W40-C3-1298 18] 70.366 | ¢ 1
H15-C32-12084 6.13| 0.794 | 0.028 | 182.8 | 4.81] 0.579 | 4
D7-C3-1298 27| 0525 [ ¢ 0
IWRS-CS-1A49 31174 6
[Triumph rocket ] 2,01 | 0.147 | 0.120 | 3105 7] 0.090 355 | 0.068 | 0.073 ] 0.341 | 185.7 7
EN-L
HINA-C|
HINA-CN-10
HINA-C|

oRRoR oo ORE

!
1
1
21
21
21
21
1 .9 .02
1 .7 ¥
1
1
1
1 IsiA
1 [SIA
1 [SIAM-10 2
1 |siA 29
1 |SIAM-11
1 |siAM-12 ¥
2-1 [SIAJ 4 ..
2-2 [SIAM-17 .27
2-1 ISIAM-15 .23
2-2 [SIAM-18 .16
3-1 [SIAM-20 12
2007 | INDIA | 223.00| 2-2 [SiAM-19 .25
2007 | INDIA | 346.00] 2-1 SiAM-16 036 041
2007 | JAMA | 125 | 21 Jus 31 162] 0232 0109] 0.341] 56.7| 2.19]0317]0.186 582
2007 | 3ama | 250 | 2-2 Jus32 2.96 | 0122 0118 [ 0.240| 828 3.93| 01370101 787
2007 | Jama | 805 | 3-2 JUS_ 33 3.80 | 0462 0549 | 1.011 | 1002 [ 3. 764 | 0.852 105
2007 | 9ARI | 49 | 1 oL 58 098 |49 90 0.4 9 303 | 0.093
2007 | 9aRl | 49 | 1 |2 60 115 | a7 86| 0.4 6 305 | 0.119
2007 | 9ARI | 115 | 1 |55 14 052 62 03 0.0 7 X 068 | 0.056
2007 | 9ARl | 124 | 1 foa 87 030 47 75 0.1 1 X . 168 | 0.037 X
2007 | 9ARI | 135 | 2-1 |36 095]0.163 | 0076 | 496 095 0.175| 0.088 | 522 2.00] 01320083 46.0
2007 | JaRI | 399 | 32 |33 1.45]0.182 | 0.066 | 139.4 | 0.81] 0.114 | 0.050 | 118.1 1.25] 0.084 ] 0.030 1086
2007 | ARl | 650 | 32 o7 1.73] 0.215] 0.068 | 1495 | 0.99] 0.119 ] 0.081 | 1212 1.19] 0.166 | 0.088 1062
2007 | us | 1584 | 32 [H-D FLHTCU 165 0130 0090 161.4| 132 0130 0.060 0.190 1506 213 0.180 0.120 143.1
2007 | us | 1250 | 3-3 |HDVRSCB [ | [ 108]0170] 0030 1711 ] 062] 0.120] 0.040] 0.160] 162.3 | 1011 0,150 0.040] 1530 | [ [ [
2008 |Jama| 107 |1 P19 0385 0.162 0.042 57.6]0.343 0161 0072 605 0288 0.122 0064 54.1
2008 | JAMA | 156 | 2-1 fcP1111Pro |1356 0.178 0018 83.7] 1196 0.137 0044 75.1 1250 0.142 0030 665
2008 | JAMA | 249 | 2-2 [KLX250 Pro |0.390 0.112 0.090 928 | 1.423 0.122 0169 86.2 1653 0.144 0115 751
2008 | JAMA | 249 | 2-2 [G373E Pro  |1751 0139 0.067 1107 ] 1223 0.099 0.077 940 2563 0.148 0.053 _ 80.6
2008 | JAMA| 49 1 d2(49) 1.32 | 019 | 01 | 45.7 101 | 0.16 | 0.07 | 43.9
2008 | JAMA| 49 1 c2(49) 0.95 | 0.25 | 0.09 | 44.4 136 | 022 | 0.08 | 42.3
2008 | JAMA| 125 | 1 b1'(125) Jo.84 | 033 | 0.09 |55.60 118 | 035 | 0.06 |51.74
2008 |Jama| 125 | 1 c1'(125) o053 | 017 [ 0.05 | 39.9 0.65 | 0.16 | 0.07 | 39.8
2008 | JAMA| 990 | 3-2| d3(990) Jo.88 | 0.21 | 0.12 §228.1 1.02 | 009 | 0.09 |159.9
2008 | JAMA| 250 | 2-2| b3(250) |122 o018 | o008 |111.0 2.79 | 0.15 | 0.07 | 85.4
2008 | JAMA| 582 | 3-2 c3(583) 087 | 011 ] 0.07 §155.2 1.40 | 0.11 | 0.04 |125.2
2008 | JAMA | 649 | 3-2| a2(649) |J1.49 | 037 | 0.06 |144.1 1.46 | 025 | 0.12 | 105.6
2008 | JAmA | 650 b2(650) Jo.55 | 0.19 | 0.07 11031 052 | 012 [ 018 [1175
2008 | JAMA | 1000 al1'(1000) | 1.48 | 0.28 | 0.06 | 207.1 152 | 023 | 0.05 |139.7
1250 d1'(1250) Jo0.55 | 0.21 | 0.05 | 2326 0.74 | 0.08 | 0.04 |158.7
7.03] 034] o020] 3694 017 02§ 0.2 odl 36
601 | 037] 014 4054 o2 o028 o2 ods 37
805 | 034] o12] 403y 03] o028 o02f odi 34
713 ] 037 o0.14] 4164 031 o02f 03] 0.3 35
6.18 | 038] 024] 482] 01 03§ 02 0. 36




ANNEX E - Figures F-1 - F-12 / Class 1
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Figure E-1: CO emissions of class 1 motorcyclesin different regionsfor Euro 3 cycle
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Figure E-2: CO emissions of class 1 motorcyclesin different regionsfor WMTC cycle
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Figure E-3: Class 1 vehicles, WM TC cycleversus Euro 3 cycleresults, CO emissions
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FigureE-4: THC emissions of class 1 motorcyclesin different regionsfor Euro 3 cycle
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Figure E-5: THC emissions of class 1 motorcyclesin different regionsfor WM TC cycle
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Figure E-6: Class 1 vehicles, WM TC cycleversus Euro 3 cycleresults, THC emissions
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Figure E-7: NOx emissions of class 1 motorcyclesin different regionsfor Euro 3 cycle
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Figure E-8: NOx emissions of class 1 maotorcyclesin different regionsfor WMTC cycle
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Figure E-9: Class 1 vehicles, WM TC cycle ver sus Euro 3 cycleresults, NOx emissions
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Figure E-10: CO2 emissions of class 1 motor cyclesin different regionsfor Euro 3 cycle
I I I
+ ® CO2, China
T W CO2, Japan
4 <& CO2, India
: A CO2, Europe A,
[}
1 e [ J -
-
4 ® ® . L
® 4 O [ |
is ® ® Lo 4 ... £ g
T [ J
: [ J
o 6 9 12 15 18 21 24 27 30 33
Number

Figure E-11: CO2 emissions of class 1 motor cyclesin different regionsfor WM TC cycle
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Figure E-12: Class 1 vehicles, WM TC cycle versus Euro 3 cycleresults, CO2 emissions



ANNEX F - Figures F-13 - F-24 / Class 2 vehicles
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Figure F-13: CO emissions of class 2 motorcyclesin different regionsfor Euro 3 cycle
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Figure F-14: CO emissions of class 2 motorcyclesin different regionsfor WMTC cycle
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Figure F-15: Class 2 vehicles, WM TC cycle versus Euro 3 cycleresults, CO emissions
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Figure F-16: THC emissions of class 2 motorcyclesin different regionsfor Euro 3 cycle
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Figure F-17: THC emissions of class 2 motorcyclesin different regionsfor WM TC cycle
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Figure F-18: Class 2 vehicles, WM TC cycleversus Euro 3 cycleresults, THC emissions




WWMTC cycle, NOx emission in g/km BEURO 3 cycle, NOx emission in g/kkm

WWMITC cyde, NOx enrissions ing/km

0.50

T T
® NOx, CI.

2-1, China
0.45 + MW NOX, Cl. 2-1, Japan
I @ NOx, Cl. 2-1, India
0.40 ¥
T O NOx, Cl. 2-2, Japan
0.35 + @ NOx, Cl. 2-2, India
0.30 ¥
0.25 F .
t e
020 f ®
+ =
0.15 ¥ -
0.10 + @ -
I ]
0.05 ¥
T o
000 T + + + 4 4 + 4 + + + + + +
1 3 4 7 8 ) 10 11 12 13
Number
Figure F-19: NOx emissions of class 2 motor cyclesin different regionsfor Euro 3 cycle
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Figure F-20: NOx emissions of class 2 motorcyclesin different regionsfor WM TC cycle
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Figure F-21: Class 2 vehicles, WM TC cycle versus Euro 3 cycleresults, NOx emissions
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Figure F-22: CO2 emissions of class 2 motorcyclesin different regionsfor Euro 3 cycle
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Figure F-23: CO2 emissions of class 2 motorcyclesin different regionsfor WM TC cycle
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Figure F-24: Class 2 vehicles, WM TC cycle versus Euro 3 cycleresults, CO2 emissions




ANNEX G - class wise evaluation

Tables Detailing Class Wise, Region Wise Number of Vehicles

Subjected for Tests

No. Of vehicles Total
Step 2 Data ( 2004+ 2007) + (2008) 008 2007 2008 Number %
All Data 52 62 20 134 100
Class 1: 0 42 5 47 35.1
Class 2.1 : 0 10 6 16 11.9
Class 2.2 : 6 4 3 13 9.7
Class 3 : 46 6 6 58 43.3

Class 2-1 and class2-2 have only 20% share ofdtee d

Table-2:

Distribution of vehicles subjected to EURO 3 & WMTC tests
Table 2.1 Class wise

All data After applying Euro 2 filter

No. of vehicles % No. of vehicles %

All Data 111 100 59 100
Class 1: 43 38.7 26 44.1
Class 2.1: 10 9.0 5 8.5
Class 2.2 : 10 9.0 4 6.8
Class 3 : 48 43.2 24 40.7

Table 2. 2: Region wise (in numbers)

Total

ACEM/JRC | China | India | Japan us Number | %
All data
class 1 1 26 11 5 0 43 38.7
class2-1 0 5 3 2 0 10 9.0
class2-2 3 3 4 0 10 9.0
class 3 34 1 7 6 48 43.2
Total 38 31 18 18 6 111 100
After applying Euro 2 filter
class 1 1 14 6 5 0 26 43.3
class2-1 1 1 1 2 0 5 8.3
class2-2 0 0 1 3 0 4 6.7
class 3 14 0 1 6 4 25 41.7
Total 16 15 9 16 4 60 100
Analysis combining all the classes will not be uisfihced by Class 2-1
and class2-2 data, as they have only 18% shahedbtal datal5% of
Euro? filtered data




Table 2.3 Region wise (in % age)

| class 1 | class2-1 | class2-2 | class 3
All data
ACEM/JRC 2.3 0.0 30.0 70.8
China 60.5 50.0 0 0
India 25.6 30.0 30.0 2.1
Japan 11.6 20.0 40.0 14.6
us 0 0 0 125
Total 100 100 100 100
After applying Euro 2 filter
ACEM/JRC 3.8 20 0 56
China 53.8 20 0 0
India 23.1 20 25 4
Japan 19.2 40 75 24
us 0 0 0 16
Total 100 100 100 100

which there is still clarity required.

1. Class 1 analysis will be heavily influenced byadiom China, on

2. Class 2-1- & 2-2 analysis will not be influenceddata from EU
3. Class 3 analysis will be influenced by data from EU

Table 3 : Distribution of vehicles Class wise subjected to Japan & WMTC tests

Step 2 Data ( 2004+ 2007) + (2008) Total
Number %
All Data 48 (100)
Class 1: 9 18.8
Class 2.1 : 2 4.2
Class 2.2 : 7 14.6
Class 3 : 30 62.5

Table 4 : pistribution of vehicles Class wise subjected to Indian IDC & WMTC tests

Step 2 Data ( 2004+ 2007) + (2008) Total

Number %
All Data 23 100
Class 1: 11 47.8
Class 2.1 : 8 34.8
Class 2.2 : 3 13.0
Class 3 : 1 4.3

Table 5: Distribution of Vehicles Class wise subjected to USA & WMTC Tests

Number %
All Data 19 100
Class 1 0 0
Class 2.1 1 5.3
Class 2.2 4 21.1
Class 3 14 73.7




