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ABSTRACT

In this work, we show the characterization of
aldehydes emission from exhaust muffler using wexio
PROMOT M4 motorcycles with different engine
displacements and fuel type.

The procedure used to quantify the total aldehydes
was the ABNT NBR 16668, that is an standard deezop
specifically for 2 wheels and similar vehicles.

The motorcycles used in this work were all
homologated in accordance with requirements of
CONAMA Resolution No. 432 of 2011, commonly known
as PROMOT 4.

The results suggest that the aldehydes emission
amount tends to be higher for motorcycles with dmgine
displacement when compared with small engine
motorcycles, which is to be expected. And the aldeb
level are very low for gasoline engines, if compate the
limit set for next gas emission phase, PROMOT M5.

Although, when we compare the results with gasoline
and ethanol fuel in flex-fuel engines, it is showmat
aldehydes emission with ethanol is about 7 timeghdri
than with gasoline.

INTRODUCTION

Aldehydes are organic compounds of the carbonyl
group, resulted by the oxidation of primary alcahol
dehydrogenation, or catalytic oxidation. It irrgatthe eyes
and mucous membranes, it is toxic (carcinogenia) &n
contributes to the formation of tropospheric ozone.

The control of aldehydes emission contained in the
exhaust gases was first introduced for light vedsich 1992

by CONAMA Resolution No. 03 of 1989, as PROCONVE
[1] L2 phase.

Currently, the PROCONVE for light vehicles is in
phase L6, in force since Janua®y df 2014, which set the
limit of 0,02 g/km for this pollutant.

For the motorcycles and similar vehicles, CONAMA
instituted the PROMOT [2], by the CONAMA Resolution
No. 297/2002. Currently, the PROMOT is at phase M4,
force since Januarystlof 2014, which introduced the
World-wide Motorcycle Emissions Test Cycle (WMT@j),
accordance with the European Community Directive
ECE/TRANS/180/Add2, and also set a new requirement
and limit for evaporative emissions.

Finally, last year, CONAMA published the resolution
No. 493 in June 2% of 2019. This resolution set the
PROMOT M5 phase and defined the maximum limit for
aldehydes emission as well as for other pollutants,
according to table 1 below.

Table 1. Maximum limits of emission of pollutants the

dynamometric cycle for the PROMOT M5 phase.
Values stated in mg/km

Year Models CO  |THCq) | NMHC |NOx | PMe) | Aldehydes | CO2
01/01/2023 |For the new | 1,000 100 |68 60 |4.5 |200r30(3)|Inform
01/01/2025 | For all 1,000 |100 |68 60 |45 |20 Inform

(1) Limit to be met only for vehicles using natural gas as fuel.

(2) Limit to be met only for vehicles with total or partial direct fuel injection system.

(3) Limit for motorcycles with maximum end speed higher than 130 km/h.
Source: CONAMA resolution No. 493 of 2019

Aldehydes emission for motorcycles was not
introduced at PROMOT M4 phase mainly for two reason
Lack of a specific procedure for motorcycles anck laf
typical values of aldehydes emission to set a lifoit
motorcycles.

(Allowed reproduction with source mention: AEA — Sigip Internacional de Engenharia Automotiva — SIMEDR1 — Sdo Paulo, Brasil)
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Thus, after the resolution of PROMOT M4 phase was comply with the limit set for next gas emission pha
published in 2013, several studies related to deter the PROMOT 5.
characteristics of aldehydes emission in the myties
have been carried out. 2. METHODOLOGY AND PROCEDURES

In 2014, Szwarc et al. [3], using a popular 150 cc
flex-fuel motorcycle, measured the aldehydes emwnissi
using E22 fuel (gasoline with 22% of anhydrous etia
obtaining the value of 6 mg/km with WMTC cycle ahd
mg/km with ECE R40 cycle [4]. In case of measureimen
using ethanol fuel, it was obtained 30 mg/km witiMWC for 2 wheels and similar vehicles. It was elabatatg the
cycle and 46 mg/km with ECE R40 cycle. The methmd t AEA 2 wheels technical committee and the base stahd
measure the aldehydes amount was based on the ABNTwas the ABNT NBR 12026, current used for light dragd
NBR 12026 [5], by using the HPLC (High Performance vehicles. The principle of determination of aldekyds by
Liquid Chromatography) technic analysis. high performance liquid chromatograph (HPLC) and

DNPH method.

Szwarc et al. concluded that aldehydes emitted by
motorcycles are higher than cars and from tropasphe
ozone formation point of view, it is 30% higher it
ethanol when compared with gasoline and 3 timekédhrig
when compared with cars. However, the motorcyckedus

The methodology and procedures adopted to
determine the total aldehydes emission in this work
followed the ABNT NBR 16668.

This standard was recently issued, and it is ek@us

The main differences of the two standards are shown
at table 2:

Table 2. Differences between ABNT standards

by _Sz_vvarc et aI_., was a PROMOT M3 motorcycle, which Sl NBR 12026 NBR 16668
emission requirements are much less severe than
PROCONVE L5 or L6 cars. The ideal is to compare the |Application| Light duty road Motorcycles and
results by using a PROMOT M4 motorcycle. Current M4 vehicles similar vehicle
phase is much more severe than M3 phase. Thus, it i | Drive cycle | FTP75 cycle WMTC cycle
important to better understand the behavior of laldes pattemn (NBR 6601[8]) (NBR 16369[9])
emission on PROMOT M4 motorcycles. Weighting | Cold phase: 0,43 | Class 1:

, factor for | Hot phase: 0,57 - Part 1: 0,50

_ Ip 20.16, Ggrald| et al. [6] mea_sureq the aldeh){des calculation - Part 1 (hot): 0,50

emission in various motorcycles with different erai Class 2:
displacements and fuel systems. All measurementg we - Part 1: 0,30
carried using the WMTC cycle and A22 fuel (Standard - Part 2: 0,70
gasoline L6 mixed with 22% of standard anhydrous Class 3:
ethanol). The procedure used to determine the atmafun -Part 1: 0,25
aldehydes emission was the same procedure elabdrgte - Part 2: 0,50
the AEA’s 2 wheels technical committee, based orNAB - Part3: 0,2t

NBR 12026, that originates the ABNT NBR 16668 [Z],
years later.

2.1. LABORATORIES AND EQUIPMENT - The
measurements were carried in 3 different laborasoDue
to confidential issues, the list of used equipmifitnot be
described here, although all 3 laboratories arecdded by
IBAMA to perform motorcycle gas emission homologati
Also, the laboratories are participants of the INNRD EP
program for motorcycles emission.

Geraldi et al. concluded that motorcycles with big
engine emit more aldehydes than motorcycles witlllsm
engine. Unless the differences of engine displacésner
fuel systems, they also demonstrate that the measunt
results of all the 9 motorcycles can easily meetdhrrent
limit of 20 mg/km set for passenger cars. Howevers
necessary to observe that the results obtainedengld et
al. considered only the motorcycles with A22 fuels not
clear in case of flex fuel motorcycles that useart fuel,
if the aldehydes emission level can also meet ¢ference
limit of 20 mg/km. Thus, it is important to better
understand the behavior of aldehydes emission etitanol
fuel on PROMOT M4 flex fuel motorcycles.

2.2. TEST FUELS - The fuels used were gasohol A22
(Reference Gasoline mixed with 22% of Reference
Anhydrous Ethanol) and EHR (Reference Hydrated
Ethanol) as specification defined by ANP regulation

2.3. TEST MOTORCYCLES - All motorcycles used
in this work were homologated and are complyindhwfite
gas emission limits defined by PROMOT M4 regulation
They were divided by classes following the vehicle
classification in terms of engine capacity and nmaxn
vehicle speed as show at table 3.

1. OBJECTIVE

The objective of this work is to quantify and
characterize the total aldehydes emitted by theeotir
PROMOT M4 motorcycles. With these results, it is
possible to have an overview of how much is the tmap
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Table 3. Vehicle classification for gas emissiostitey

Table 4. Measurement results with gasool A22

Class |Subclass|Description
1 i engine capacity < 150 ¢nand
Vmax < 100 km/t
engine capacity < 150 ¢nand
100 km/h< Vmax < 115 km/h
2.1 |or
2 engine capacity 150 cni and
Vmax < 115 km/h
2.2 |115km/h<Vmax < 13Ckm/h
3 31 13C km/h < Vmax < 140 km/h
3.2 |Vmax=> 140 km/h

Class 1 — In this class, there were 2 models wstral
engine capacity of 125 cc and both are flex-fugiees.

Class 2, subclass 2.1 — In this class and subdles®,
were 5 models with usual engine capacity betweedhcts
and 160 cc and all models are flex-fuel engines.

Class 2, subclass 2.2 — In this class and subdles®,
were 5 models with usual engine capacity betwedh @5
and 300 cc and all models are flex-fuel engines.

Class 3, subclass 3.1 — There were no models $n thi
subclass.

Class 3, subclass 3.2 — In this class and subdles®,
were 3 models with usual engine capacity betwedh @0
and 800 cc and all models are only gasoline engines

3. RESULTSAND ANALYSIS

The results were separated by fuel type and classes
For each class and subclass, it is shown the awethg
maximum and the minimum values of the total aldetsyd
(formaldehydes + acetaldehydes) expressed in mg/km.

3.1 RESULTS WITH GASOOL A22 — The results of
total aldehydes measurements with gasool A22 asersh
at table 4 and figure 1.

The highest value of total aldehydes emission
measured with gasool A22 was 5,7 mg/km, observed in
motorcycle of class 3. The class 3 motorcycles also
presented the highest average of 2,8 mg/km.

This is an expected result, considering the size of
engine that requires a high amount of fuel into the
cylinders. Another factor that can increase thealtot
aldehydes into the gas exhaust is the third partrofe
cycle pattern in high speed that is required onlydass 3
motorcycles.

Class | Subdass Total aldehydes (mg/km)
Min. Ave M ax.
1 - 1,2 2,1 2,7
5 2.1 1,2 1,4 1,
2.2 0,c 1, 1,6
3 3.2 1,1 2,6 5,7

PROMOT M4 Motorcycles - Results with gasool A22
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Figure 1. Aldehydes measurements with gasool A22

In general, the total aldehydes emission amount of
PROMOT M4 motorcycles with gasool A22 were very low
with average between of 1,5 to 2,8 mg/km. As refeee
the current aldehydes emission limit set by PROCEBNV
L6 for light vehicles is 20 mg/km.

3.2 RESULTS WITH EHR — The results of total
aldehydes measurements with EHR are shown at fable
and figure 2.

Table 5. Measurement results with EHR

Class |Subclass Total aldehydes (mg/km)
Min. Ave Max.
1 - 7,1 11,2 15,€
5 2.1 6,¢ 9,4 18,(
2.2 8,C 14,¢ 31,C

PROMOT M4 Motorcycles - Results with EHR
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Figure 2. Aldehydes measurements with EHR
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In case of EHR fuel, the highest value of total
aldehydes emission measured was 31,0 mg/km, oluserve
a motorcycle of class 2, subclass 2.2. And theamesfor
this subclass was 14,8 mg/km.

Measurement results for class 1 (125cc engines) and

class 2, subclass 2.1 (150cc to 160 cc engines simmilar
with average around 10 mg/km. The minimum value was
7,1 mg/km and the maximum value was 18,0 mg/km.

3.3 ANALYSIS - It is known that aldehydes emission
amount of Otto cycle engines is direct relatechis ¢ontent
of ethanol mixed into the gasoline.

Comparing the aldehydes emission results between

gasohol A22 and EHR, by taking the average oflases,
EHR emits about 7 times more than gasool A22.

Comparing the EHR results with the limits set by
PROMOT M5 phase, confirm that additional developtmen
is necessary to adapt current PROMOT M4 motorcycles
but only for those with flex-fuel engines.

CONCLUSION AND CONSIDERATIONS

Through this work developed by the AEA 2-wheels
technical committee, it was possible to charactetfie total
aldehydes emission for a wide range of PROMOT M4
motorcycles and different fuels.

Aldehyde emissions for gasoline engines motorcycles
are already in comply with the limit established the
PROMOT Mb5. In the case of flex-fuel engine motofegc
powered by ethanol, aldehyde emissions are clostheto
limit and in some cases even higher, demonstratiag
they will need to be developed to adequate theeatirr
levels of aldehyde emissions.

Considering that the measurement and control of
aldehyde emissions on motorcycles is an exclusive
requirement to Brazil and that the limits estaldishfor
PROMOT 5 will only impact flex-fuel motorcycles, ish
creates a burden to the development of these shicl
Depending on the difficulty of adaptation and depehent
cost, this new requirement may inhibit future petg§eand
even exclude the option of using ethanol in thedgales.

It is very important to control and continuousheke
to reduce the levels of harmful gas emissions ethiby the
exhaust of motorcycles, but at the same time, apeaire
must be taken when we create or establish exclasivery
strict criteria that sometimes differ with the réagion of
others countries.

Brazil's relevance within the global two-wheel nmetrk
is small, so that when there are new requiremémy, will
not always be prioritized within the developmentodtfier
markets. Thus, the lack of harmonization between
regulations can create restrictions in the devekagnof
new products for the Brazilian market. This is tied case

with the PROMOT M5, which is well aligned with the
EURO 5 guidelines, except for aldehydes emissions tiu
the use of ethanol in Brazil, and the acceleratimise
emission.

Brazil is the exclusive market where ethanol isduse
as an alternative fuel and following the cars, el
motorcycles were developed. But in recent yearg th
Brazilian economic and political scenario has reith
favored nor encouraged its use and expansion. fere
the maintenance of flex-fuel technology, that oftbe
option for using ethanol, in the motorcycles is draing
questionable in terms of cost. Comparing to césjmpact
to dilute this additional cost into the motorcyclest is very
high.
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