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Summarv

This report presents a gcnral overview of the results of the Dutch In-Use Compliance
programma for passenger cars over the year 2004. The work in this vear was exeeuted
under a contract with the Dutch Ministry of Housing, Spatial Planning and the
Environment for the period 2000-2004. The passenger car In-Usa Compliance
programma basically assesses car ernssion perfbrmance in usa, against the
corresponding ernissions legislalion.

In 2000 the Euro 3 emission legisiatiori and limits entered into force. In the years 2001
to 2003 the In-Usa Compliance programma therefore focused on gathering information
on the ernissiori performance of this gerieration of vehicles. In these years a large
number of Euro 3 and Furo 4 vehicles v,as tested. Anticipating the 2005 introduction of
the Enro 4 limits, the regular programma of 2004 focused on expanding the ernission
datahase.

Additional to checking undar type approval test conditions, further testing has heen
done to establish real-world emission factors of passenger cars in order to understand
the rnechanîsms that laad to differences hetween Type Approval (TA) and real-world
resting. These insights are also important for emission factors modelling purposes. For
this purpose additional tests were executed using two sets of special test cvcles:
• Highway traffie situations, using the categorisation from the Dutch Ernissions &

Congestion project. in order to extend the existing emission datahase with Furo 3
and Euro 4 data (initially only Euro 1 and 2 were included).

• General real-world emissions, using the (ommon Artemis Driving C’,cle (CADC), in
order to estahlish emission data under d namic circurnstance for the purpose of
adanced emission modelling ciosely linked to other European research wurk.

in 2002 it was agreed with the Ministry of Housing, Spatial Planning and the
Environnient to set up the programme differently in order to he ahie to fulfil the actual
research needs of the Ministr’, As a consequence additional research topics were
addressed in 2004 in several different sub-programmes. These sub-procramines which
were identified in co-operation with the Ministry ware the following:
• The cold stari effect under real world conditions. For this purposc a CADQ Urhan

cycle was driven w ith a cold start at o)’Q
• ‘Ihe effect of chiptuning on emissions
• Ernissions of 4 new Dutch real world highway cycles
• Testing done for the FU 5’ 1 rarnework project ‘OSCAR’ <co-financcd
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The next table give.s an overview of the vehicles tested in 2004:

Tahk 1 Vumhdrofvehc1c fpes tevr’din 2004 per suh-progrzrnrne

Petrol Diesel LPG
glprgrammc 5 3 2
Real world cold start 9 9 2

PP__
Dutch real world 9

ij_çi__— ——

—-9 9

Besides the information of in-use emission performance, valuahle mtormation is
gathered in order to support policy makers. This is made available through direct
communication with the Ministry as ell as by rneans of the output of the [)utch vehicle
emission model VERSIT and the future emission model VERSITi. The Dutch annual
traffic etnissions are calculated b input based on the VERSIT model given to RIVM
through the channels of the Dutch Uaakgroep Verkeer”.

further dissemination is achieved bv TNO-Autoniotive activel’, taking part in
ARTEMIS workshops and the DACTI±NI group. Furthermore. publications have been

were presented at the annual ‘[ransport and Air Pollution conference.

The main findings and couclusions for the year 2004 svere the folloing.

For the petrol i’ehicles tèsted in the regular proramme of’ 2004 it cao be conciuded
that thev had ery lo emissions levels. just like in previous years. Most of the vehicles
tested (both buro 3 and 4) complied with the buro 4 lirnits. ‘The buro 4 vehicles did not
shos a significantly different emissions characteristic con:pared v. ith the buro 3
sehicles. A considerable proportion of the emissions sas produced during the cold start.

The resuits for the Enro 3 diesel vehicle types shos that the technolo has reached a
les ei where the litnits con he reached easily. Ool one exception occurred in 2004.
where one vehicle had a PM result of 10% ahove the Limit value. As alreadv nientioned
in the 2003 report. the prohiems with buro 3 diesel vehicles as encountered in earlier
ears of the in use compliance programme noss detinitively helong to the past.

As buro 3 diesel vehicles are ahnost faultle nossudays, this can’t he said for Enro 4
diesel vehicles howèwr. Although only one of the first buro $ vehicles type. that has
become commercialiv availabie has been tested. the same scenario as for the early buro
3 sehicle types seems to repeat itselt’, at lea.st for sehicles without additional
aftertreatinent devices such as particitlatc traps or F)esO sstems, As the next
legislative step tightens the limits considerably, the oid’ buro 3 technolog bas been
optimised esen further to hecome buro 4 technology. As a result, the first instanee of
this buro 4 technolog>, as seen in the 2004 in use compliance programme. failed to
meet the buro 4 PM limits on initial test in all thrce instances. Furthermore this vehicle
type appeared to he very sensitive to the maintenance condition and the test procedure
fbllowed EspecLdl pre coru inioning and optirnied drive wind cooling. as presrihed
by a manutheturer, seem to infiuence the result considerahi . As a sehicle in general
oniy car meet the limits on a set of boundar conditions specified hv the manufacturer.
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a vehicle will not automatically meet the limits in any other laboratory, even if this
laboratory is officially equipped to perform type approval test procedures as prescribed
by the European Union.

The tvo LPG vehiele types tested in 2004, one OEM Furo 3 vehicle and one retrofit
G3 vehicle, both performed very well on an average basis. On an individual basis one
failure of meeting the HC±NO limit cao be reported for the retrofit G3 vehicle, When
hoth vehicles are compared, the OF.M vehicle bas a somewhat more stahie emission
result and the lowest cold start effect for C() and HC.

The resuits from additional tests on the real-world tcstcycles (Emissions and
congestion’ cycles and Comrnon Arternis Driving Cycles) were added to the resuits that
had heen gathered in previous years to irnprove the statistical foundation of the
emission characteristics. The emissiori resuits under real world cold start conditions
show that the indiidual resuits vary a lot, especially for the component (‘0 and HC. A
statistical sound cold start effect onder real world conditions therefore can not be
determined vet with the results that vere ohtained.

Regarding the tests ith chip-tuning, a distinction hetween ‘simple’ and ‘sophisticated’
types of chip-tuning inusi he made. The tests have shown that the Targest effeets occur
ith the simple chip-tuning, where by means of”fooling” the ECU. the arnount of fliel
injected is incteased. Since no adaptations to the injection timing are made, the change
in fuel amount and injectiori duration has its effects on the NO. (decrease) and PM
(increase) emissions. The effects measured on the more sophisticated types of chip
tuning are of a lower rnaenitude, and in man cases the emissions remained close to the
level of the standard ‘.chicie.

In recent sears the neeJ for a more refined set of real world highway driirig cycles
within the speed range of 80 to 100 km/h became apparent. Especially situations with a
speed lirnit of 80 ss ith trajectury speed limit enfcircement hecame subject of much
public and political attention, For this reason TNO decided to develup fiur more
driving c des that address these specific situations. These cycles were developed
ssithin the frainework of the “Driving cycles” target funding programma in 2003 and
2004. The four driving cycles that were developed cao be described as follosss:

1h!c 2 ( ‘h rO..!,’ritu(j#; o.’ addiru,nui Dur,h reo! 4 orId I/iaa-i c1e’

____

( vele Speed hoOi 1 rafhic Spced himit 1 ocation of recorded

no. lkrnhl characterisation cttforcernent traffi data

80Fl- 8û Irea fl-j Trajecturv specu tirnit Al , lklft - Rotterdam

enforecern art

8(it’,Tl 8i Isledium intcraaion 1 rajeeiot speed lirzut Al , Delft Pottardsm

eoture,ti,trnent

100FF 100 1 :ce 0 Dm0 dcnsit speed AQ, S±tphiI ‘ Amstelscer.

radar,

t OOMi lOO Mmiium iraraoum High tTlSIt’ ‘speed A’Q. SchLphol - Amstek eer

radars

Flased on ertils-don test ‘,ith 20 vehicles the tenerai conciusion can be drassri that the
80Fl- cycle is the traftic regime that is to he preferred from an emissions point of view
over the 100FF cycle, conipared to the IDOME. Especially the effect for NO emissions
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from diesel vehicles seems signiflcant. and in combination with the fact that this vehicle
categoy has the largest absolute emission levels too for hoth NO and PM, the effect of
imposing a 80FF traffic regime can have an effect on the air quaiity as well. It is
difficult at this point to attach a percentage to the amoun! with which the emissions
could be reduced however. This strongly depends on the reference situation (speed limit
regime, congestion) and the vehicle fleet composition. But also the emission test resuits
show a variation of such kind that it is impossibie to calculate any statistical significant
emission factors for each vehicle class (e.g. diesel Euro 4). for use in air quality
inodelling. Before this cao be done, the numher of vehicles per vehicie class That have
been tested on these cycles must he increased. lherefore an exiension of the number of
emission tests with the ne Dutch real world highway cycles has heen plarined for
2005.

in 2004 TNO Automotive participatcd in the FU 5 Frameork project OSCAR.
OSCAR will dcl iver a wol to enahie users to ealuate road traffic-related air pollution,
and to identify suitable impact reduction options. The tool (the OSCAR ‘Assessment
S’,sten il1 he designed primaril> to address the management of local air quaiitv
during periods of traffic congestion. The 10 neiy developed OSCAR driving cvcles
were supplied to TNO Automotive, where the emission tests were conducted on a
chassis dynamometer en a total of 20 ehicles. The primar goal of these ernission
measurements was to expand existing ernission databases for slow-moving and
stationary tratTic on which the emissions will he modelled in the OSCAR Emissions
Module. This Emissions Module is planned as a separate entit in the OSCAR svszem,
and would act as an input to all air qua!it, prediction modeis,
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Introduction

This report presents a general overview of the resuits of the Dutch In-Use C’ompliance
programme for passenger cars over the year 2004, The work in this year was executed
under a contract with the Dutch Ministrv of Ifousing, Spatial Planning and the
Environment for the period 2000-2004. The passenger car In-Use Compliance
programme basically assesses car emission performance in use, aainst the
corresponding emissions legislation.

The passenger car In-Use Compijance programme was started in 1986 in order to obtain
objective relevant data on the environmental performance of the then sold first
generation of ‘clean” vehicles. These vehicles received a tax incentie based on the
expected environmental henefits. but these henefits stili had to be proven in real-world
use. This basic concept of vehicles proving their actual environmental performance in
real-world use is stili utilised in the ongoing programnie for the years 2000-2004, hut
with evolving vehicle technologv and legislation over the years. the set-up of the ln-Use
Compliance prograrnine has changed also. A rnajor point that has gained importanee
over the vears is real-world driving cunditions during testing. In this respect the
European Type Approval Procedure proves to he insuftïciently representative for real-
world driving. Therefore next to testing vehicles on the type approval procedure.
additional tests are condueted to gain insight into the real-world emission hehavicur ot
passenger cars. The data gained from testing have proved to be very useful for emission
modelling purposes. Therefore gathering informatinn mi the reaI-vorld emis,inn
hehaviour of passenger cars has hecome one of the basic targets of the Dutch In-Use
Compliance programme.

The basic programrne generally conssts of testiog about 50 diffirent types of ehicles
per year (tested basically in threetbld per type). The selection of the ehicles to be
tested is hased on the actuat sales (in the year hefore of certain engine faruilies.
Generally relatively young cars are tesied (usually helow 35,000 kilunietres in the SO
caHed initial test) in order to cheek whether the cars that have actually heen sold duririg
the last ears meet their ernission lirnits “in usc also. l.xecuting the Iii-l.;se (ompliance
programme in this set-up for many executive years nov supplies a valuable datahase mi
the entission performance of the Dutch passenger car fleet. in additiun to the ‘initial
vehicles”, vehicles ith a higher age and mileage are tesred to check whether the
durabilitu ofexhaust aftertreatmeni systems meets the durabilit requiremenis.

In 2000 the Ewo 3 emissiori letislation and limits entered into force. In the ears 20() 1
to 2004 the In-Use (ornpliance progrunllrle therefore focused on gathering information
on the cm issiori performance of this generation ot vehicles. In these years a large
number of Euro 3 and Euro 4 vehicles was tested. Anticipating, the 2005 introduction of
the Furo 4 limits. the regular programme of 2004 focused nu expanding the emission
datahase.

Additional to checking onder type approval test conditions, further testing has been
done to estahlish real—sserld emission factors of passenger cars in order to understand
the mechanisins that lead to differences hetween 1 ype Approval (UA) and real-world
testing. These insighis are also important for emission factors inodelling purposes. For
this purpose additional tests v.ere executed using two sets of special test cycles:
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• High’ay traftc siwations. using the categorisation from the Dutch Emissions &
Congestion project, in order to extend the existing emissiori database with Euro 3
and Furo 4 data (initiallv onh Euro 1 and 2 were inciuded).

• General real-world eniissions. usirig the Common Artemis Driving Cycle t.CADC. in
order to establish emission data under dynamic circumstances for the purpose of
advanced emissmnn niodelling closels linked to other European research work.

n 2002 it was agreed with the Ministr of Housing, Spatial Planning and the
Environment to set up the programme differentl in order to he able to fullil the actual
research needs of the Ministry. As a consequence additional research topics were
addressed in 2004 in several different sub-programmas. 1 hesc suh-prograinrnes which
were identitied in co-operation ssith the Ministry sere the follow ing:
• The cold start effect onder real ssorld cnnditions. For this purpose a (‘ADC Urban

evele was driven with a cold start at 9C.
• The effect of chiptuning on ernissions
• Emissions of 4 ness Dutch real world higliwav Cycies
• Testing done for the EU 5t5 Framessork project OSCAR’ (co-financed>

The next table gies an overviess of the vehicletested in 2004:

Tabit’ 3 Mmibr o/ v’hzclc nps h’.iad in 2004 p,n’ ubprgrurnmt’

—-—--——-—.— --———1?L__ _
i2ieL_4

Regularprorarnme 5

_____

3
Real world cold start 9 9 2

hituning
Dutch real world 9
highwtn escles

——-----.--.---1
----:---—OSCAR’

______

9 2

Beides the information of in-use emist inn performance. saluable information is
gathered in order In support poiicy makers. This is made availahie through direct
cofnmunication with the Ministr> as well as b3 means of the output of the Dutch vchicle
emission model VIRSII and the titwre ernission model VERSI T . The Dutch annual
traftic ernissions are caiculated hy input hased ori the VERSIT model gien to Ri\’M
thrnih the channels of the Dutch “Taakgruep Verkeer’,

In the next chapters an os ers iess is given of the resuits of each of the ahove-mentioned
subj ects.
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2 Description of the general procedures

In this section, short descriptiors are given to show how the haaic e)ements of the In
Use Compliance programme are arranged.

2.1 Selection of the vehicle types

Vehicle types which are eligible for the test programme are selected on the basis of
Dutch sales registrations held by the \ational Road Traffic Departmen! (RD\V). Every
quarter the RDW provides an overview of the nurnher of sales in the previous quarter.
Because a certain eneine can be available in various models anc[!or brands. this
information is used to drafi a list of sales figures per engine type sold in the
Netheriands. TNO Automotive then makes a sugestion for a vehicle selection on the
basis of numher of sales per engine type, and aiso taking account of the engine tpes
tested in prevlous years. Per engine type that meets these criteria, the vehicle type that
has the highest sales figures is added to the vehicle electïon.
The vehicle selection is theo propo.sed to the Miristry of the Environment and the
steering committee of the In-Use Compliance programme. Afler their approval TNO
Automotive continues with the mailing (see helow).

2.2 Mailing

After the vehicle selection has heen approved, the narnes and addresses are requested of
owners of the appropriate vehicle types living in Delft and surroundings. About 25-30
persons per vehicle type are approached. In the case of vehicles with lo sales figures.
names and addresses are requested for a wider area. The cars used for the 1n4se
(‘ompliance prograinme are primariiy borrowed from private individuais. In some cases
companies arecf’or comniercial drivers are approached as scll,

Un the basis of the response to the mailing a decision silI lie made as to whethcr or not
a vehicle is in principle suitable for the prtnrarnme. This is based on the reply coupons
that have been f’illed out. 1f different tires have heen fitted to a vehicle or modifications
have been made to the engine. the vehicle in qUetiOn v. ili not lie uscd for the
program me.

lrutially. three vehicles per type wil] he used for the In-Use Compliance test.

2.3 (‘heeks at reception

Un arrival the vehicles are checked for possible visihie damage. 1 hey are also checked
with the technical specifications provided by the manufacturer. The vehicle is eighed
to verifv the inertia class. Ihe seria! numhers of the engine. engine aceessorie, exhaust
systeni etc. are then verified and a check is made on hether the tire size is the same as
the original (with regard to transmission ratio). 1f any di.crepaneies are fourid in any of
these items, the eest is terminated.
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2.3 Preconditioning

After the checks at reception of the vehicle. a preconditioning cycle is driven. Peiroland LPG vehicles drive for 15 minutes at 80 krn/h in order to discharge the canister ofthe evaporation control system Of necessary). Diesel vehicles drive the preconditioningcycle according to the Directive. Then the vehicie is placed in a conditioned hall (20.30C’) for a minimum of 6 hours until the uil and water temperatures differ from theamhient temperature hy a maximum of- 2C. In practice this rneans that the vehicle isnot tested until the t’ollowing day. In the case of diesel vehicles, the conditioning periodis limited to 36 hours. in praetiee this is not exceeded for petrol vehicles as welL

2.5 Tests before correctiou

Next day, the first test is the one that ‘.sas the basis for certification. At present this testis in nearly all cases the Lurotest, also knotsn onder the name New European L)rivingCycle (NEDC) or the MVEGB cycle. The Eurotest consisis of the Urhan DrivingCycle (tlDC and the Extra Urhan Driving Cycle (El. IDC ). The Eurotest is driven froma cold start ei 20°C.

2.6 (‘orrection

In case a vehicle doos not cunlph to the limit values on the first test, the vehkle iscliecked on a numher points releting, to tuning and maintenance. The follossing aspectsare examined (eg.):
• FOBI) read out
• Ignition timing
• Spark plugs: electrode gap and general condition (petrol vehieles)
• Air cleaner: contamination
1f at a certain aspect a problem is encountered. parts sill ho nuijusted or exchangcd.in cases where no prohiern een he found, the importer or manufacturer iscontacted for help or advice. rEe problent tna he related to a typical part of a certainvehicte type. The importer cao also precribe a diftèrent preconditiomtirig procedure thanthe one already used.

2.7 Test after correction

After the nocessarv actiuns lieve heen uridertaken. the vehicle is put es•ay again fopreconditioning and the following da, another test is done. In caae the vehicle againdoesn’t comply to the lirnits, the impurter and or manufacturer are notified in order tolook for a possible causc of this. 1f necessary, the sehicle ssill Ee tested again afler themud i fi eet juli.

In cases where a problem uccurs sith only one ‘ehicle of the thre vehicles tested pertype, the problem is regarded as an incident. Ilossever. when there seerns to Ee a morestructural problem. tso more vehicles of tEa: type xsill ho tested -as sell. In such a casefive vehicles per ehicle type have heen tested. 1f the prohiem persisns, i.e. a vehicletype consequently fails the emission test, the Ministr of the Frivironment hadiscussions with the importer or manufac turer to make agreenments which are intended
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to lead to an irnproement of the situation. [t’ necessar, this is verified hy TNO in
further tests on a new series of vehicles.

2.8 Additional tests

When a vehicle does not need to be retested after the first Lurotest, the vehicle is used
for additional tests, Annually these tests are agreed v,ith the Ministry of ihe
Environment and are based on its actual research needs. Usually these tests inciude
sorne type of real world driving cycles or cold start tests. These additior1al tests are only
done with one vehicle per vehicle tpe.

Soinetirnes the vehicies needed for tests for a certain research need of the Ministry of
the Environment falis outside the scope of the regular programme. in such cases, the
vehicles are arrar’.ged from private persons or from importers. Norte of the ahove
deserihed procedures are applicabie to these vehicles however.
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3 Petrol passenger vehicles

3.1 Initial tests

the vehicles tested in 2004 were both Euro 3 and Euro 4 hicles. The emissic,n lirnitvalues in force for the petrol vehicles tested in the 2004 programme are shown in Table

lhhk 4 Emçzon 11m1r, /tr ijp arroai ofperrulpti wger vchwk

CO
HC’
NO

2,3
0.20
0.15

The exhau.st ernissions are measured using ihe standard Furo 3 test procedure ith acold slart ai 20C. Since 1 Januar) 2002 the —7C cold start test is compulsory at typeapproval for every ne vehicle type. Althoult this test is applicable to any of thevehicles tested, this test has not heen done as the TNO facilities are not equipped to docold start testirig. Therefore the tests executed represent the full type approval test set-up for exhaust emissions. sith the exception of the —7Q cold start test and of the use ofmarket fuel rather than reference fuel.

Tahie 3 shows the 5 vehicle types that sere testd in 2004.

Ih1 5 V.hic1e ops iesicd in 2004 (p&’trol,

Kia
Mazda
Peugeot
Suzuki

VeNcie make Vehic1JyLpe Euro3Euro 4 DI

In Figure 1, the average emissions test results (for 3 vehicies tested per vehicle type) ofeach vehicle type are plotted in comparison with the Euro 3 and Euro 4 lirnits.

Emis’oncornponent E3uro3 lirnit value[uro41imitvaiue

1,0
0,10
0,08

Sorento 2.4
61.8
307 SW L6 16
Alto 1,1
louran 1,6 FSI
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• E$-s
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Figure 1 Resulis 0/ Jfl-14Se ptrol vehick tipcs durrng the staniorJ type approval rcsi procdur (awrage
per vehi1e t.

As shown in Figure 1, all vehicle types comply with their corresponding Furo 3 or Euro
4 limits ftr all emission components. Further, w.o Out of three Furo 3 vehicle types
tested also complied ith the Euro 4 lirnits. and in almost every respect performed even
better than the Euro 4 vehicle tpes. Apparently in the vears befhre the entry into force
of the Furo 4 limits. the difference betv.een Euro .3 and Furo 4 vehicle tpes has
hecorne a certification matter only, without any difference in emission control
technology and the corresporiding emission levels. A reaon for this could he the
djscontjnuation of the Euro 4 stirnulation subsidies and some rrianufacturers therefore
choose for a safer margin towards the limit values, epeciall regarding the long-term
durahility. As Euro 4 is due to be enforced in 2005, this approach sould also reduce the
engineering changes required doe to the introduction of the stricter legislation. The
individual vehicle resuits. shosvn in Figure 2, indicate this also.
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When ohserving the individual vehicle resuits (Figure 2). the large level of scattertypical for petrol vehicles is apparent. Oni) one buro 3 vehicle v1as not able to achieveburo 4 resuits due to a slightly higher CQ ernission level. hut stili ithin the buro 3lirnil. with a considerable margin. Per vehicie type, the spread in emission resuits pertype is shown in Figures 3-5.
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It.appears that, as observed in preious years, the (‘0, HC and NO, emissions show arelati’ely small spread for vehicles of the same type. with the exception 0 the (‘0resuk of one of the Euro 3 C vehicle type. Fspeciall the Furo 3 A vehicle type showeda very small spread.

3.2 Cold start emissions

Apart from executing the standard Euro 3 test ecle with a 203C cold start, one vehieleper vehicle type undenent an additioral test to collect data cm the effects of a cold starton ernissions, For this purpose. the urban part of the Furotest (the UDC) was drientwice:
1. With a eold start from 2OC, and
2. With a hot start (conditioned on a full UDC ±

The differences in ernissions between cold and hot start are mainly caused b the time ittakes for the catalvst to reach light-off temperature from cold start. (‘old startenrichment (and therefore non x=l operatiotil will most probably play no mle of anyimportance, since at or ahove 2OC this fuelling inethod i.s not often utilised anymore intnodem multi-point injected engines. In Figures 6-9, the resuits for petrol engines arepresented per emission component.
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As can ho coneluded from Fgure 6, the (0 emissions after hot start are mostlv close to
zero, whereas the cold start emissions are higher and vary considerably from 0.8 gini
to 2.1 gkrn. Apparently the ‘lint’ and ‘cold’ emissions have no direct relation to each
other and differ considorably from car tpe to car type. Luro 3 and Euro 4 vehicio types
are intermixed. As already notieed in previnus years. a dear separation of Euro 3 and 4
ehie1es is not evident.

Although Luro 4 approval also involves nieeting the 7i( test, ii appears that this has
riot influenced the differenee between vehicle emissions from a 20 C cold start and that
of a ‘.s arm start. A possible reison for this is that any reduction of cataly st lic,h-off time
through application of catalysts sith 1over heat cupacity cao ho traded off by reduciniz
exhaust ga temperature, leading to increased engine thennal efticiency. As most Furo
3 vehicles complied with Furo 4 limits, further reduction of light-off times is not
necessary and the existing air-fuel ratio control s eems sufficient fur 20’Q cold starts.
The extra 7( requirement has therefore likely lead to extensiou of the lie,ht—off
control to cover the temperature rarige of 7C to 20C’. with the rnain concern being
}[C ernissions during cold start (FiguTe 7). Ihe busje structuro of the aftertreatment
systern is not significaritly different for stoichiometric engines for Furo 3 and Euru 4.
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liie HC emissions present a siniilar result. The warm start emissions are ver Io,whiie the cold start emissions are considerably higher and wideh spread, ranging from0.08 to 0.13 gikrn. As for UO, the Furo 3 and 4 vehicles are intermixed,

Pigure S — CDL” coIdstorternlssiopzs vcr.ius UDChst Start e,nzssions/oroetrol iehtcles. ‘‘O,

The No. behaviour shows less dependency of this emissions component on the coldstart. Note that the values are relatively loi, due to the low loads and engineternperatures on the IJDC’. For one ‘.ehic1e, the cold start resulted in loer NO.emissions than the warm start. It is evident that catalyst light-off has a lower effect onthe NO emissions than for HQ and EO. Once again, the Euro 3 and 4 vehicles are notclearly distinguishable. DI vehicles can have a better NO. hehaviour on a cold start than
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the CO emi’sions increase due to cold start shos a stable panem. The averae cold
start penalty for Euro 3 and Furo 4 vehicles arnounts to 13%. This effect points at
increased friction at a 2Y: start, increased thermal 1osse and probahlv some ininor
cold start enrichment effecis.

In 2004 additional ssork bas been done on cold start hehaviour under real world
circumstances The resuits of this work are descrihed in chapter 6.

From the previous section it can ho conciuded that now petrol vehicles have ser’ loss
einissions levels. Most of the vehicles tested (both luro 3 and 4) complied ssith the
Furo 4 limits. The Luro 4 vehicles did not shov a signiticantty ditïerent eniissions
characterislic compared with the Furo 3 vehicles, On a per vehicle type basis the
einissions also appear to ho very stahie, A signiflcant proportion of the emissions is
produced during the cold start. The initial impression is that the —7Q test has had little
effect on emissions from a 20C cold start,
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3.3 Sumntary of resuits for petrol vehicles
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4 Diesel passenger vehjcles

4.1 Initial tests

In 2004 three diesel vehicle tpes were selected in the Irt-Use Compliance progranirne,ofwhich two feil into the Furo 3 categor. Since the Euro 4 limits enter into force from2005 onwards. vehicles falling into this category were sold in 2004 alreadv. ThereforeTNO was ahie to select one of the first Euro 4 diesel vehicles available ori the Dutchmarket.

The emission limit values in force for diesel Luro 3 and Euro 3 vehiclès are shmsn inTable 4.

Jabk’ 6 1msio’ /lmiti lor tpc appr2i o/ d:e 1pasinger vch;cles

Ennssmn Euro3hmit value Euro4hmit value
[km1

CO 0,64 0,50
NO. 0,50 0,25
HC + NO. 0,56 0,30

__

C

__

The ex.haust ernissions are measured using the standard Furo 3 test procedure. The threeehicle types tested in 2003 are shosn in Table 5.

[ahk 7 J ‘hiclt’ tvpar:rJ in 20Q4 (dis1

n Vehietyp Iuw3Furo4J[arionyrnous* [anonyrnousl* /
Alfa Romeo 147 1 . JT[)

IRenault Megane 1,5 dCiv” 1In th light of the further dicussion in thN chapter, this ehiele type has beeji made a000’,mous
because it is the only Furu 4 dIesI vehi.de that was tested in 20)4

All vehicles sere, apart from an oxidation catalyst and EGR. equipped vith noadditional aftertreatment devices such as a particulate filter or a DeNO systern.

in figure 10, the a’erage ernissions test resuits (for three vehicles tested per vehicletype) of cach vehicle type are plotted in comparison with the huro 3 and Furo 4 limits.
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Trom these tgure can [ie conciuded that hoth Luro 3 vehicle types meet the limits for
all eomponents hy a rather safe margimi. lor the Euro 4 vehicle the situation was slightly
different hoever. For the componeats CO, NO, and HC’—NO, this vehicle type met the
Euro 4 lirnit, hut not for PM. On the initial test this vehicle type showed on average
(three ehicies a PM emission of almost twice the Ëuro 4 limit. ()nly after corrections
and adjusttnents had heen applied to the vehicies hy ÏNO and the manufacturer, this
vehicle type about averaged the Euro $ iimnit value. A further discussion will follo the
next flgures where the individual resuits have been dipla\ed.
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Figwe ii - Resulis of in-use diesel vehicle types during the standard type approval rest procedure(individual resulis).

The Euro 3 vehicles all (except one) met the limits on an individual vehicle base. Onevehicle exceeded the PM limit by 10%. As the other vehicles of this type performedvery well, and the average of the three vebicles was within the limit value, this singleexceedance was considered to be an incident. No further tests were undertaken.The Euro 4 vehicle type counted three individual vehicLes, which all failed to meet theEuro 4 PM limit on the initial test at TNO. What happened then will be describedshortly per vehicle.

Vehicle 1
After the initial test on vehicle 1 the engine oil and the oilfilter were changed, and thevehicle was fuelled with reference diesel fuel. On advice of the manufacturer, of whichrepresentatives were present at TNO during testing of this vehicle type, a heavy pre
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conditioning’ and a stahi]ization pre-conditioning’ procedure were done. The tests
following these procedures stilt showed the same resul as the initial test of around
0,030 g/km. It was decided thea to send the vehicle to the manufacturer for further
investigations. Although the manufacturer did not specify what procedures were
followed er which parts sserc exchanged. the vehicle emitted 0,022 g/km PM at the
manufacturer’s facility. On return at TNO the vehicle showed a result of 0,025 g’km,
which is exacti> the limit value. A probable cause for the difference hetween the TNO
result and the manufacturer result is the drive wind sirnulation. by mearis of a large fan
that is piaced direcily in front of a ‘ehicle. Drhe wind is needed to cool the engine
during the rneasurernents .At the manufacturer’s facility the fari is fitted with an
additional air guide to direct the cool air directly at the imercooler of the vehicle. The
fari at the TNO Iaboratory is not equipped with an additional air guide. The standard
blades of the fan were directed as much as possible at the intercooier though.
Measurements of the air intake temperature showed, how ever, that this temperature was
about l0C lower during the tests at the manufacturer than at TNO,

Vehicle 2
After the initial test en ‘ehicle 2 the engine nu, the oilfUter and the airfilter were
changed. and the vehicle was fuelled with reference diesel fuel. On adice of the
rnanufacturer a heavy pre-conditioning’ procedure was done. The test following these
procedures showed a considerable improvement of the PM resuli from 0,045 gikm to
0,035 g/km, which is stilI nutside the limit value though. It was decided not to
undertake any further investigations on vehicle 2 though.

Vehiele 3
The initial test of vehicle 3 show cd a PM result of more than twice the limit vakie. After
another test, foilowing a stabiliiation pre conditioning’ procedure in which the result
even worsened, it was decided to send this ehicle to the manufacturer as well. There
all injeetors were exehanged hecause the original injectors showed an iricorrect yield.
On return at TNo vehicle 3 showed a PM result of 0,01 S gkm. which is well within the
Euro 4 limit value. The manufacturer stated that this was an exceptional ease and could
he regarded as an incident.

It is remarkahle that the NO, ernission resuits were not affected much b all the
measures taken on all ihree vehicles. In all cases the NO., emission varied hetween 0,20
gkni and 0,24 gkrn.

In the 2005 year of the in use compliance programme it will he considered to test two
more vehicles of this type to in estigate whether these pruhlens are of a more structural
character.

The detailed analyses of the ernission performance of ehicles from the same type
(Figures 12,13.14 and 15) gi’e another view of the emission performances of the
vehicles tested. For each component vehicle Euro 3 8’ show cd the most stable resuks,
and in all cases well below the lirnit values, indieating that Furo 3 technology has now
becorne a well mature technology. These figures also give another perspective of the
problenis encountered with Furo 4 vehicle.
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4.2 (‘old start emissions

lor the sarne reason as lbr petro! cars, the additional ernissions due to a 20°C coki start
ere measured. l3ecause of the problems encountered with the F.uw 4 vehicle, only the
Euro S vehicles were suhjected to an additional 1DC test ith a hot start in order to be
able to compare this result with the cold UDC test. The resuits are shosn in Figures 16,
17,18.19 and 20.
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• E3 -

fg-ure 20— DC cold start cnivywns vrms t 7)C hot start cmjçOo,o,/r d;es’l .eh,cks (‘0

From the coid start graphs It cao be concluded that the }{C and (‘C emissions of diesel
cars when hot are ‘er mw, bui the cold emissions var a lot. The cause for this is (in
analogy vith petrol vehicles) the period until light-off of the catalyst (in this case an
oxidation type). during which produets of incomplete coruhustion ase not oxidised in
the catalvst before heing emitted. After Iight-off of the catalyst eruissions drop to almost
zero. For PM there is a small cold start inerease of emissioris which indicates that the
cornhcstion proporties of modern diesel engines appear to ho optimal directi after cold
start. This eau not ho firmly suhstantiated as only tso vehicle types vere rneasured, hot
agrees with resuits from 2002 and 2003.

For the two vehicles tested the N( ) ernissions remain at the sarne level or even shov a
reduction b\ cold start. This is doe to the lack of thermal aftertreatment system for NO,
in the tested vehicles that could ho subject to heating up effects, The losser value is
likely doe to the lower intake air temperature during engine warmup. Future techno1og
(NO-storage systems) will most prohahly ho more affected h) cold start, similar to the
results affected hy the oxidation catalvst heatina.

The C02 emissions resulting from the cold start show consistent results, Roth vehicles
show an increase of 17%, likely caused h increased fricrion and heat losses directh
after cold start. Fuel enrichnient is no issue for diesel engines.

4.3 Summary of resuits for diesel vehicles

The resuits for the diesel vehicle types must be suhdivided into the Luro 3 and huro 4
chLss vehicle types.

The resuits for the Furo 3 vehicle types sho’s that the technology has reached a level
where the limits cao ho reached easily. 0niy one exceptiun occurred in 2004. where one
vehicle had a PM result of 10% above the limit value. As alread mentioned in the 2003
report, the problems with Furo 3 diesel vehicles as encountered in earlier years of the in
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use compliance prograinme now definitively helong to the past.
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As Euro 3 diesel vehicles are airnost faultless nowadays, this can’t he said for Buro 4
diesel vehicles however. Althouh onh one of the first Euro 4 vehicles types that have
become commercially available bas heen tested, the same scenario as for the eany Buro
3 vehicle types seems to repeat itself. aL least for vehicles without additional
aftertreatment devices such as pardeulate traps or DeNO systems. As the next
legislative step tightens the linits considerably. the old’ Euro 3 technolog has been
optimised even furthcr to hecome Buro 4 tecluiologv. As a result, the first iristance of
this Buro 4 technologv, as seen in the 2004 in use compliance programme. failed to
meet the Buro 4 PM limits on initial test in all three instances. Furthermore this ehicle
type appeared to he ver sensitive to the maintenance condition and the test procedure
followed. I:speciallY pre conditioning and optimised drive wind cooling. as prescribed
by a manufacturer, seem to infiuence the result considerably. As a vehicie in general
only can meet the limits in a set of houndary condilions specified by the manufacturer,
a vehicle siil not automaticallv meet the lirnits in anv other lahoratory. even if this
laboratory is officially equipped to perform type approval test procedures as prescrihed
b the European Tniûn.
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5 LPG passenger vehicles

in the Netherlands the third main stream fuel is LPG. LPG fuelled vehicles are available
direetly from vehicle manufacturers (OEM vehicies or come as retrolit vehicles. where
the LPG system has been built into aehic1e after it has heen delivered.

5.1 Initial tests

In order to he granted with the incentives from the [)utch government in the form of
road tax reduction, LPO retrofit vehicles have to meet the so-called 63 speciflcatons.
In relation to the limits this means that the emission.s should be below 70% of the Euro
2 petrol vehicle limits of 1997. This irnplicates that the LPG vehicles have to be te.sted
on the o1d’ Eurotesr inciuding 4C seconds idling hefore the measurements start. In the
current NEDC pröcedure the measuremems start directly after the engine is started.
Therefore the LPCi 03 emission values can not be compared directly ssith emission
values obtained with the current NEDC.

In 2004 two LPG vehicle types were selected in the In-Use (‘ompliance programme. of
which one OEM vehicle and one retrofitted vehicle. The OFM vehicle type was type
approved by the manufacturer under Euro 3, the retrofit vehicle type feli into the 63
category.

Table h The emission lima vaiuer in Iipce/or the LFG vehick aje

Emission component Furo 3 limit value LPG 63 limit value
[gikni} 70% Euro 2)

CO 2,3 1,54
0,20

-

N0 0,15 -

HC±NO.

_________

-

_______

0,35

Ihe two vehicle types tested in 2004 are shown in Table 7.

lable 9 Wucle ripe reswd in 2004 çLPG

Vehicle make Vehicle type Retrofit OEM 1

____

(LPU(i3i (Luro3)
Opel iatira ZLXE v (Kolrec)

1 Volvo S60 2.4 Bi-Fu1

_________
____________

Roth vehicle types were tested on the Lurotest twice: running on LPG and running on
petrol. Both vehicles in the standard petrol specification fail into the Luro 3 category.

In Figure 21, the average emissions test resuits (for three vehicles tested per vehicle
type) of each vehicle type are plotted in comparisnn with the LPO 63 and Euro 3 lirnits.
Although the Euro 3 category does not have a litnit value for HC-’-N05emissions as the
Euro 2 categor> did tand thus also LPG 63), to compare both categories the 1 IC rNO
salues have been added together for the Furo 3 sehicles.
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As can he seen in the figure, both ehicle types met the corresponding ernission liinits
when running ori LPG or on petrol. No spcifk probetns ere encountered during
testing. Because of the small sample size and the diftèreiii test procedures for iPO (33
and Luro , no general conciusions can he dran hete on the general ernission
performance of LPG 03 compared to LPG ()E1 Furo 3 or petrol Euro 3.

The individual results (see figure 22 sho somehat more scatter of the emission
resuits though. One LPG (33 \ehicle failed to meet the lIC+NO limit. Because the
average of the three vehicles was well shhin the limit value, this exceedance was
regarded a an incident.
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The detaiied analyses of the emission performance of vehicles from the same type
(Figures 23, 24 ,26 and 26) give another view of the emission perfonnanees of the
vehicles tested. From these figures can be conciuded that the OEM LPG has a
some\\hat more stable ernissiori result than the retrotitte’d vehicie.
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Cold start emissions

The additional emissions due to a 2OC cold start were measured as well for the LPG
vehicles. For this purpose both vehicies were tested on the Euro 3 urban cold and the
Urban hot cycle. The resuits are shown in Figures 25, 26, 27. 28 and 29.
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For the cold start effèct the same general conciusions can be drasn as for the petrol
vehicles as discussed in chapter 3. For (‘0 and HC the OEM LPG vehicle had a lower
cold start effect than the retrofit LPG 03 vehicle. The N0 cold start emissions were the
lovest for the LPG 03 vehicle thouh. The increase in (O ernissions averacd 20°:.

5.3 Summary of resuits for LPG ‘ehicIes

The two LPG ehicIe types tested in 2004, one OEM Euro S vehicle and one retrofit 03
vehicle, hoth performed very el1 on an average basis. On an individual hasis one
faHure of meeting the HQ+N0, limit carl be reported for the retrofit 03 vehicle. When
both sehicles are compared. the OEM vehicle bas a somewhat more stahie emission
result and the lowest cold start effèct for (‘0 and IIC. The retrofit 03 vehicle showed
the lowest cold start effect for N0.
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6 Real world emissions

An important ohjective of the Dutch In-Use Compliance progranime is to gather
information on the real-world emission behaviour of vehicles on the road. With
changing situations on the roads, and vehicle technolog heing able to adapt to these
changed situations, the data gathered using the European type approval procedure is
more and more losing its value as representative emission data. These data were not
reallv meant to be used for this purpose, bot have been used as (a basis for; emission
factors for a long time. since liule else was asailahie and originally the> could be used
for this purpose ithout much enor. The increasing discrepancy between type approval
testing and real-world emissions bas heen acknowledged by TNO and other European
research institutes. leading to a demand for real—orid test procedures (stalling ith
real-world test cycles). These test cvcles have their origin in a large amount of real-
world recorded trip data. which have been “compressed” to short test cycles to he
driven on a chassis dnamometer.

For the purpose of deriving real-world emission factors for the Dutch national situation,
in fact two things are needed: 1) I)utch real-world driving cycles and 2) data of a
representative Dutch vehicle sampie. The second issuc is easy to solve within the Dutch
ln-tse Compliance programme, since one of the main ideas hehind the programme is
exaetlv to test a sample that is represeritative for the Dutch fieet. The first issue is more
difticult to address, since there is not yet a national full set of represenrative real-v.orld
driving pattems, although TNO Automotive is currently developing these cycles. It is
expected that these cycles ill he finished early 2005 so that they can he added to the
2005 programme,

The only option at this moment close to a nalional set, is a set of ii differerit driving
pattems that have been recorded on Dutch motorsays irl 1999 (Emissions and
Congestion project) IGense, 2001]. lor the urhan and rural part of real-world driving
the Common Artemis Driving Cycles (CADC) are used. The CADC’ cycles have heen
deeloped in the European 5th Frameork project Artemis in which all prorninent
European institutes participate. As a result, these cycles are considered representative
for average European real-world driving,

In summary, it was decided to use the following cycles t& measuring the real-world
emissions of the Dutch car fleet:
1. the Fmissions and Congestion’ test cycles (11 different leveis of highwas traffic
fiow)
2. the Com.mon Arremis Driine Cycles QADC), for urhan. rural and highway
conditions

In practice this meant that from every vehicle type selected, one vehicle was
additionally tested on set 1, and another one was additionally tested on set 2. The resuits
from using both sets of test cycles will be further discussed in the lhllovitig section.
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6.1 Emissions and congestion

On hehalf of the Transport Research (‘entre of the Dtc1i Ministry of Transport and the
Dutch Ministry of Housing, Spatial planning and the Environment, TNO executed a
research prograrnme in order to determine the effeets of traffie congestion on exhaust
gas ernissions and fliel consumption of road vehicles on rnotorways. The need for
information en this topic occurred when policy makers wanted to kno what the
benefits for ernissions could he of decreasing traffic congestion hy using traftic
management measures. As a result an extensive research progranime was executed in
1999 and 2000 [Gense, 2001). Important milestones in this project vere the
development of test c.ycles that represent Dutch motorvay traffic and an extensive
nieasurement carnpaign in which 19 vehicles were tested in the 1 NO lahoratory on
these test cycles. Tahie 6 shows the congestion categorisation used in the project.

77b1e J& (‘ongesuun ca1cgor:arion a. std in th ernLrÇiorLÇ CJfld CUfltiOfl snul)

Congestioncatego Definition

___________ ____

1 aa Speed< 10 kin h: « stop and go’
1 ab Speed hetween 10 and 25 kmn’h

laa and lab combined, speed hetween 0 en 25 kmh
1h Speed betv, een 25 and 40 krn/h
le Speed between 40 and 75 km/h
2a Speed 75-120 krn1, traffic olume over 1000 vehicles

per lane per hoor, speed limit = 100 krnb
2b Speed 75-120 km’h, traftic volume over 1000 vehicles

per lane per hour, speed limit 120 km’h
2e Speed 75-120 km’Tm. traftic volume helow 1000 vehicles

per lane per hour, speed lirnit 100 km1
2d Speed 75-120 km’h, traffic volume be1ov 1000 vchie1e

per lane per hour, speed limit = 120 krnlm
2e Speed over 120 km:’h, independent of traftic volume
3 Traffic jam ‘asoidance’ route

When the emnission resuits were weighted ftr the share of different vehicle types in the
Dutch sehiele fieet of 1998, the following average hathtub-shaped’ emission correction
curves were constructed fbr the riational Dutch vehicle f’leet. Driving pattem 2C is set at
1 OOt o (see 1 igure 29).
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Figure 29. Relarive emissionprofile total Durchfleei in 1998 (2C’1OO), includingpetrol, diesel and LPG
vehicles,

The vehicle selection used in the study mentioned only consisted of cars up to Euro 2
and inciudes petrol, diesel and LPG vehicles. In order to gain more insight into the
actual situation on the road and to make the predictions for the future more accurate,
Buro 3 and Euro 4 vehicles from the selection in the recent years of the In-Use
Compliance programme have been tested on these real-world motorway test cycles in
order to update these curves, Figures 30-32 show the overall relative resuits for the
200 1—2004 vehicle selection for indirect injection petrol (average of 36 vehieles), DI
petrol (average of 3 vehicles) and diesel (average of 14 vehicles), respectively. Due to
the limited number of DI-petrol vehicles tested, the DI-petrol resuits are not expected to
be statistically significant.

1.A 1A B 1C 2A 2B 2C 20 2E 3
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Figare 30 - Average emissions for Euro 3 and 4 petra! vehicles wirh indirect injection an the Ernissions and
Congesrion dr/ving cycles, relative ernissions on the 2C cycle.
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Figure 31 - Average emissionsfor Euro 3 and 4 petra! vehicies ith direct injecrion on the Ernissions and
(‘ongestion driving cvcles. relative emissions on the 2C g,cle
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2O4O 6158 46e5

Figure 32 - .4 verage emissions for Euro 3 diesel vehicles on the Ernissions and Con gestion driving cycles,relative emissions on the 2C cycle

Based on the resuits for Euro 3 and 4 vehicles, the total Dutch fleet emission profile has
been updated (Figure 33). The emission levels for the various vehicle types have been
weighted for their share of the 2004 fleet.

1M 1A 18 IC 2A 26 2C 20 2E 3
Dwe Cycie
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Figure 33 - Relarive emission profile total Dutch fleet in 2004 (2C’= 100), inciudiugperrol, diesel and LPG
vehicles

The relative values show an appreeiable change with respect to the previous results
(Figure 29). This is especially true for the considerable relative increase in CO and HC
for the low speed cycles, and CO on the 2E (high speed) cycle.
The absolute values, however, are all reduced, some significantly (Figure 34). As
certain emission componerits are reduced by a much lower factor on given drive cycles
(especially CO), the emission level relative to the 2C cycle has increased. It can
therefore be conciuded that with the introduction of Euro 3 and 4, fleet emission levels
are reduced under all conditions, but that this reduction is not the same under all driving
conditions. The lowest reduction is seen by stop-and-go and high speed driving for CO
and NO emissions.

Dwe Cyoe
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Figure 34 -Percentage reduction of the 2004fieet absolute ernission levels coinpared with the 1998fleet.

Dl petrol vehicles have been tested only in 2003 and 2004. Compared to multi-point
vehicles, the HC emission is much higher on the IAA and 1A cycles, while the NO, is
lower for the 2D and 2E cycles.

6.2 Common Artemis Driving Cycles

The Common Artemis Driving Cycles (CADC) are used for producing information on
the real-world emission behaviour of cars in comparison to the Type Approval (TA)
testing. The CADC consists of an urban part, an extra-urban part and a highway part.

Comparing the data from the CADC-cycles with the TA test data gives relevant
information on the transient behaviour of vehicle emissions outside the TA test window.
This information is essential for emission modeling purposes.

Figures 35-39 show the test resuits of the vehicle types from the 2002—2004 vehicle
selection combined. The number of vehicles that have been tested in the framework of
the In-Use Compliance programme on which these figures are based are:
Petrol Euro 3: 9 vehicles
Petrol Euro 4: 6 vehicles
Petrol DI (Euro 3 and Euro 4): 4 vehicles
Diesel Euro 3: 8 vehicles
Diesel Luro 4: 1 vehicle
LPG: 6 vehicles
The bars in the figures indicate the l-c values of the emissions produced assuming
normally distributed values. The results will now be discussed per emission component.

The CO emission resuits, see figure 35, show very low [evels on the CADC Urban
cycle, the Euro 3 and Euro 4 diesel emissions being close to zero. The LPG resuits
show higher CO emissions and a relatively large spread on the urban cycle. On the
CADC road cycle, the petrol resuits go up and the spread increases as well. The diesel
resuits remain very low and the LPG resuits are comparable to the petro) resulis. The

1M IA 18 IC 2A 23 2C 20 2E 3
D,ve CycJe
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resuts on the QADC Highway cycle shos strongly elevated ernissions for Euro 3 petrol
vehicles, and a very large spread as well. This poin to sorne major high bad
enrichment effects on several vehicle types. This effect is less present for the Euro 3
petrol, the Dl petro and the LPG vehicles.

Figure 36 shoss the HC emission resuits on the CADC c’cles. For the CADC t.!rha.n
cycle the high Euro 3 diesel result is very remarkahie. This is caused by two (out of 8)
vehicles having significanth higher IK emissions than the other vehicles. This effect is
also visible on the CADC Road cycle and to a less extent on the CADC Highsay cycle.
The other vehicle tpes show vers bow HC emissions, rancine. from close to zero to0,04 g’lm.

For the NO results, see figure .37. the intluence of vehicle technobogy and emission
legislation clearly hecomes visible. The diesel vehicle has as expected the highest NO
ernissions. Especially on the highssay ccle the difference with petrol vehicles is very
large. It is also dear that the step from Euro 3 to Euro 4 also bas its impact on the real
world NO. emissions. although hased on only one Euro 4 diesel vehicle it is too eari to
say whether or not the 50% reduction of the ernission lirnit from [uro 3 to Furo 4 will
result in the same reduction under real sorld circumstarices. The 1)1 petrol ‘,ehicles that
have been tested emit more NO.. on the C’ADC Urhan cydie than the petrol vehicles.1 his can he explained by the fact that the 1)1 vehicles tested so far are calibrated for lean
bum operation in the loser part of the engine map. Through the excess of air under lean
bum operation, the NO.. emissions inerease, which will happen especially in urhanconditions. Vrijer conditions s’.ith a higher engine bad, such as road or highway, theengine returns to stoichiometric operalion, and the NO emissions will he about the
sarne as conventional petrol vehicles. The [,PG vehicles shov higher NO, emissions
than petrol ‘,ehcles. Especialty on the CADC Ilighv,ay cycle the IPO NO. emissions
are significantlv higher than the petrol emissions.

The (O etnission resuits. see tigure 38, are much influenced b the average weight of
the vehicles that have been tested. so it is difficult to dras general concbusions at this
time. What is dear though is that diesel vehieles generally have the bowest COentissions, tiullcned by I.PG vehicles. Conventional petrol vehicles have the highest
CO emissions. The advantage ot 1)1 petrol vehicbes as claimed by several
manulheturers bas not hecorne apparent, hased on the vehicles tested in the ln-UseContpliance prograrnme.

1 he PM emissions have heen rneasured on the CADQ cycles as well, see figure 3Ç, PM
emissions are measured by default on diesel vehicles onby. In 2003 the PM emissions
from 3 DI petrol vehicles have been measured too, From the figures the difference
between the petrol DI and the diesel results is immediateby apparent. The Euro 4 diesel
vehicle does not have a significantl> lower PM emission compared to the Euro 3
vehicles. although the spread on the Euro 3 ‘ehicles is relatkely large. The vehicle in
question is actualk Vehicle U as discussed in section 3.1, and theretbre did not meetthe Furo 4 PM limits at the time the CAD(’ ‘.sas driven.



8
8

m t

C
D

fo
1
.’

I
C

D
Ij

,i
j

1

1
2
0

-
.

S

2 2 2

0 0 0 p

t 2 t E t C1

Ei

8 ;ii 2 In a 2 0

t fl1
0

t 2

2

t 8 9

7



TNO report 1 05,OR.VM.010. 1/HvdB May 19, 2005 50 / 96

CAC Urban

0 ¶2

j 008

oa

0 ¶8

012

006

012

1

004

010

=
—

Po,a E,n 3 PF,oI Ern 4 Pnlrn t4 Don€I Ern 3 Dn& Eor 4 LPOO
n,hk4. y.

CADC Po64

034

01:0’
—

PoIr11 04,0 P1111 Oor, 4 Pe(rol Dl Dlo, 0.110 Dranal Oor, 4
.hiol. ryp.

CADC Hihway

0120

0 ¶0

——J020
Pelrol Oor, 3 PetrU Eoro 4 Poiynl Dl DrooM Our, 3 DroOP 00’, 4

,.lllol. 030e
LPO

Figure 36 - I-e HC emissions from the CADC cyclesfor severalfuel and technolo types (No te: only one
Evro diesel vehicle type bas been lesed)



000

II
1

L
i

[
1i

‘II
II

—
II

0
-
0

u

1
t
’
I

I4
jO

J

t:00
.

z



TNO report 05.OR.VM.OI0.IfHvdB 1 May 19, 2005

ISC

CAJ3C Urban

Pa4 buro 3 P.tru4 buro 4 Pabc4 DI tn,d buro 3 D..oeI buro 4
u.h,nI. ryp.

52/96

Figw-e 38 - 1-ci C02 einissions from he CADC c’’cIesforseveralJuel and lechnology t)pes (Note: only one
Euro diesel vehicle type bas been tesred)

EE

Pbo4 buro 3 PeIr buro 4 Porrur DI buro 3 C*eoal Eur 4 LPG
n.htyp.

CADC Road

200

[1
EE —

P.3ru1buro 3 P.tl buro 4 Pelrol DI De,e Erro 3 Lonoel buro 4 LPD
1h04 bp.

CADC Hhw3y

rol

200

200

00

20

50

Ei= =



TNO report 1 05.OR.VM.010.Il}-TvdB May 19, 2005 53/96

CADC Urbn

J 004

002

D.sI Eo 3 t1e Em 4

lp.

CADC Rca$

PeOo4 Dl

004

000

j
004

________

004

Di4I Eo,., 3 o.o4 Eo,o 4 P4t,ol DI
lyp.

C*DC Hihwly

0 10

004

1004

J004

002

1

4411101.typ.

Figure 39 - I- PM emissionsfrom the CADC cyclesfor severalfuel and technology types (?ote: only oneFoto diesel vehicle type has been tesred



1N0 rport 05OR.VM.010 1 thdB Ma> 19, 2005 $4196

6.3 Real 4orld cold start elnissions from average ambient temperature

During the previou years of the Irt-Use Compliance programme, a lot of emission data
has been collected on real world cyc les such as the CADC cycles. So far hoseer, real
world ernissions onder cold start conditions hae been paid litle attention to. Therefore
in the 2004 In-Use Compliance progranirne a separate measurernent canipaign was set
up for this purpose. It was chosen to drive the CADC urban cycle twice, with a cold
start and with a hot start, because the additional cold start ernissions vill prirnaril he
ernitted under urban conditions as people leave their hornes or s’ork. The temperature
that was chosen for the cold start was 9C. the yearly average Dutch outside
temperature. This temperature is also sithin the context of the calculations done b the
Taakgroep Verkeer en Vervoer’ see setion lii) [Klein. 2004. Before the cold start
test, the vehicles were conditioned at this temperature for at least 8 hours. 20 vehicles
ere selected to imdergo the real world coid start test. see tahie 9.

I2h1e 1) Jihwk’e le’red far real world cold start rest

fLJeç!e mak ehicep - Eurol Esro 3_JEuro
Petrol Ford

- Focusl616v -

PetroiMazda e18
Petro Nissan - Almera 1 4i

Petrn Ope -

Petro JPot •7
.

etro Sijzuk rAt01
Petro Vokswaen Po!o416v

PtF ... Volkswa Tpya 16 FSI
-

- -

Petro Voh.’o V40 20

pi1lanc)nym
.

[anonyrnous]
DeseI AUdL A4 1 9 IDI
Diesel Ford Fiesta 1 S D

—

Jsel Opei Astra1.7DTi.
Diesel Peugeot 9D

1 Rult MeaneHdCi
pSeI Toyota P’cn•c22
g L t19TDl

Diesel VoIuo V70 2 4 DS
LPG Alfa Romeo 147 1.6 T S 77kW V (LPG

LPG
Volvo

S60 2
4 Bi-Fu&

______

_______ __________

In the Itelit f the turther dzscuçsien in thi, ehapter. this vehicic tpe ha heen niade artoninous
because t is the oni> huro 4 diesel sehcIe that v,as tested in 2(04

The resuits of the cold start CADC urhari test compared to the hot start CADC’ urban
test are disilayed in the next fluures per emission component.
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Real world cold start CO emissions
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Figure 40 - CO emissian resuits on the CADC urban cycle with a hot start and a cold start at 9’C

The cold start vs. the hot start CO emissions clearly show the difference in cold startbehavior of the three fuel types petrol, diesel and LPG. Because of cold start enrichmentand catalyst light off the petrol and to a less extent the LPG vehicles, have the highest
cold start effect. It is remarkable that there seems to be no trend in the decrease of thecold start effect at this temperature from petrol Buro 1 to Buro 4 vehicles. The Buro 1vehicle indeed had the highest cold start emissions. but followed by a Euro 4 vehicle. In
general the Buro 1 to Buro 4 cold start effect for petrol vehicles alternated between highand low values. The two LPG vehicles both showed a relatively low cold start effect.
Because of the low engine out emissions for diesel vehicles, their cold start effect for
CO is veiy low. The light off of the oxidation catalyst, which was present on mostvehicles tested, reduced the hot start emissions, but the effect is not as large as for the
petrol vehicles.

In table 10, the cold start effects (grams per cold start) on the UDC cycle at 20°C and onthe CADC Urban at 9°C are compared. For this purpose all data was used that was
available in the emission database of the In-Use Compliance programme. It is important
to note that from Buro 2 to Buro 3, the cold start procedure was changed. The oldprocedure inciuded 40 seconds idling before the measurement started. For the new Euro
3 onwards procedure, the 40 seconds idling was dropped and the mea.surement started
immediately after engine start. Therefore the emission resuits from using the new
procedure are worse than from the old one.

For the UDC cycle much more data are available than the 20 vehicles tested on theCADC in 2004. In order to obtain a more robust dataset, the resuits from the 2003 study
“Evaluation of the environmental impact of modern passenger cars on petrol, diesel,
automotive LPG, CNG” [Hendriksen, 2003] were addeci to the dataset. Only Euro 3vehicles were tested in this study, 6 per fuel type, so only the resuits for this category
have increased in significance,

When both cold start effeets are compared for CO petrol, as expected, the effect on theCADC Urban at 9°C is much higher than on the UDC at 20°C. At lower temperatures it
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takes more time for the catal st to reach the light offiemperature. During the warm up
phase of the catalyst, the emîssions are primarily engine Out’ emissions. Therefore the
additional effect exists that due to driving a real world ccle. the engine nut emission
will increase strongly over the UDC cycle.

1 urthermore it is rernarkahie that the CADC cold start effect for petrol vehicies does not
decrease from Euro 2 to Euro 4, bearing in mmd the small satnpie size for Furo 2 and
Euro 4 and the strongly ahernating cold start results.

For diesel ‘,ehicles. the CAI)C cold start effect varies from 1,5 to 3,5 grams per cold
start. The LPG 03 vehicle showed a remarkable low cold start effect on the CADQ
Urban c des. hereas the LPG Furo 3 cold start effect waa more in range with the
resuits on petrol vehicles.

Tohlc 12 (‘old start effctjTr Gun the ([)C at 20’(’ (ornoarcd to the (1DC t ‘rhan af 9C

1 (‘ADC Urban 9’T’ Difference
jg/co)d start} IWcoIdij_... II_

Petrol

____________
_________

1 35.4 n-1 257%

Diesel 1uro 1 1.3(n’3t) 33(n-’l) 158%
Furo2 1 3.0 (nt 1.7 (n3) 1 -32%
iirO3*Jl(n-22 i1(n10)’L

__EL______

1.PU L._JJL ..

7) J39u
indudint the teç-jks Oom the stud> “Fsiluatiç:n of the envimnmeital impact of modem pasengcr ear
0fl petrot, desel, aulomoflse t P6, (‘NO’, [Ilendriksen, 2003)
For the Furo 3 oi;iards proedire, the 40 eonJs idling has heen droppec arii the rneaLirementis

etarted irnmediatels alter ergine start

Fuel Emission class tDC’ 20°C

Furo 1 9.9 (n22Ot

Furo 2 4.9 tn74) 1 14 3 (n3 193%
‘ 5.4(n28j j 19.0n,* j 253%

f Iuro4 4 1r’ 191 160(n ‘t 1 28)°o

The cold start resuhs for hydrocarhons (IIC) are displayed in the next figure.
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Real world cold start HC en,lsslons
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Figure 4! - HC emission resulis on the C.4DC urban cycle wiih a ho: start and a cold start af 9°C

For the petrol vehicles, the same picture appears as for the CO emissions. The HC coldstart resuits for Euro 1 to Euro 4 petrol vehicles alternate strongly, and the highest valuethat was measured was emitted by a Euro 2 vehicle, and not, as would be expected, by
the Euro 1 vehicle. The LPG vehicles showed relatively low emission Levels al coldstart. The diesel vehicles had the lowest HC cold start emissions of all.

The comparison with the UDC cold start at 20°C is given in the tabie 11. Again asexpected, the CADC 9°C values are much higher compared to the UDC 20°C values. 11
is remarkable that the CADC cold start effect appears to remain stable from Euro 1 toEuro 4 vehicles, in between 2 and 3 grams per cold start, although the effect hasdecreased on the UDC cycle. Again bearing in mmd the small sample size for Euro 1, 2and 4 and the strongly alternating cold start resuits, it might be conciuded that the UDC
cold start has been optimized for low emissions over the years, but the cold start at other(lower) temperatures and driving conditions not. It is dear however, that more vehicles
need to be tested in order to be able to draw more robust conciusions.
The LPG vehicles show a similar behavior although the level of the cold start emissions
is considerably lower. The diesel vehicles have low cold start emissions en both the
UDC at 20°C as well as the CADC Urban at 9°C.
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Tahi 13 Co!d start effect thr FIC on the t L)C al 211 C compared to the C41)C (‘rhan al 9’C

Eux

T.DC 20°C (A1)C J.rban 9°C Differenee
Ig/cold starti Ig/cold startl

1.7/r,’22Ot 2.4n it

T’ 1PG3 06 IHnitl2S°o---.--*——
Furo 3 0.4 n 1 t t .9 to “t° 365°

° ireluding the reuhs from the stud “ ‘.aluanon of the ene irenmencal impsct cfn. oren passeriger cats
on ptrI, diesel, automotise 1 P0, (Mi”, [Hendriksen, 2c03J

°° For the Füru 3 onssards proeedure, the 4o seconds’.dting has heen droprxd and the rneasurcmcnt is
started tenmediatets’ attcr engino taii

For CO and HC, nes petrol vehicle types from 1 January 2002 must undergo uit
additional cold start test at type approval. ‘This cold start test consists of four
conseeutive t,rhan Driving Cycies tUDC) starting at a temperature of -7 ‘C. The
emissiort limits are 15 gm for CC) and 1,8 g/km for HC. Of the petro] vehicles tested
in 2004, only the tso Euro 4 vehicles had to hè type approed vith the -7 C test, Since
no -7”C test was done at TNO, the type approval values are mentioned in table 12, in
which the test resuits are iricluded too.

Iiihk’ 14 Jpit aprorai erlues of the —7’C rest camr;ared in the ,wasured af he 1 I)(’ cii
and the (‘4PC t.’rhan al (

-‘“( Tet(4°1.1X’

— jgknij*_jg,,// stt

_______
______

___.zzzzz
__ ____

Type apprc’vai values, Ome for 1’)) is tSg rn and thr I’R’ 1,8 g’km

From this table can he conciuded that both vehicles met the -7’C’ test at type approval
by a rarher large niargin. especiafly for CO. Therefore it rnight be assumed that the
manufacturers did not need to take measures, in addition to the mea±,ures needed to
meet the Furotest from 20’C. to meet these 7°C limits. ‘The resuits also sho the
unpredietahilitv of the cold start emissions, therefore more data is needed on the cold
start behaviour al luwer temperatures.

1 Fuet Emission ctass

E,uri, 1Petrot

Euro2 I.2(n—74t 2.1 n-3 76°s
Pure 3’° 0.6 (n’28j 2.7ir-9)° 322°o

44

Diesel Luro t t), 1 (n’3l)

Euro 4 0.6 (n’ls 2 t) In ‘2t

-.‘-‘-‘.----.Paro 2 0.6 cn64) 0.4 in”3i
Juro3 L)2(n’22) 0.tin-1O)° 400o

Oh In ‘0 3400o

0.1 to ‘1)

CC) Euro4A
Euro4B

5.4 / 87.2

0i)(’ at 20”C

o. krnl / [te cold start]

1.7, 26.0
2.0/8.0

Luro 4 A

______

0.55 /8.8

E’jro 4 13 /0,4 133

CAO t t :‘rhm al 9E.(.

joltartj

6.41281

1.1 /4.2

0.13/0.52

1.0/3.8

(i.12 /0.44

0.65 2,9

0.28/1.2

The cold start results for NO, are displased in the next figure.
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Rea’ world cod start N0, emissions
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Figure 42 - NO emission resuits on the C’ADC urban cv cle with a hot start and a cold stort at 9’C

From this figure can be conciuded that the hot and the cold start NO. emissions lie more
closely together than the CO and HC emissions did. In some cases the cold start
emissions are even lower than the hot start emissions. This can be caused by the fact
that the first part of the CADC Urban cycle requires a low bad from the engine with
consequently a low engine out NO,, emission. The Last part of the CADC Urban cycle
requires higher loads where the engine out NO,, emissions are higher too. Although the
catalyst is working. this might overcomperisate for the relatively low NO,, emissioris
from the first part of the cycle.

The comparison of the cold start effect for NO5 in general on the UDC cycle and the
CADC Urban cycle is relatively low. Petrol, diesel and LPG vehicles show the same
range of values.
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Table 15 Coldstart effect for PQ on the UDC al 2(1°C compared to rh CADC Urhan al 9’C

Fuel Emission class UDC 20°C CADC Urban 9°C Difference
Ig/cold starti (g/cold startj 1%]

Petrol Euro 1 0.8 (n=220) 0.7 (nl) -8%
Euro 2 0.4 (n74) 0.7 (n3) 73%
Euro 3** 0.2 (n28) 0.3 (n9)’ 51%
Euro 4 0.2 (n=19) 0.0 (n—2) -98%

Diesel Euro 1 0.2 (n=3l) -0.7 (n—1) - -392%
Euro 2 — 0.2 (n64; 0.9 (n3) 402%
Euro 3** -0.3 (n22) 0.4 (n—IO)° 242%
Euro4

- 0.6(nl) -

LPO LPG G3 0.2 (n8) 0.7 (nI) 1 351%
Euro3** 0.1 (n=l) l.2(n7) 1 1883%

including the resuhs from the study “Evaluation of the environmental impact of modern passenger carsori perol, diesel. automotive LPG, CNG”, [Hendriksen, 2003]
For the Luw 3 onwards procedure, the 40 seconds idling bas been dropped and the measurement isstarted immediately after engine start

The cold start PM emissions of the diesel vehicles has been measured as well

Real world cold start PM emlssions
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Figure 43 - - P1..! ernission resuits on the CADC urban cycle with a hot Start and ci cold Start al ‘C

Diesel vehicles clearly also have a cold start effect for PM emissions, which is caused
by poor vaporization of diesel fuel under cold conditions. The arnount of cold start
emissions can vary a lot.
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Table 16 Cold start effect for PMon iiie UDC ar 20’C compared to the CADC Urban al C

Fuel Emission class UDC 20°C CADC Urban 9°C Difference
[glcold start) 1 glcold start] j%)

Diesel Euro 1 0.14 (n=31) 0.61 tn=1) 333%
Euro2 0.06 (n=64) 0.25 (n=3) 310%
Euro3°4 0.04 (n22) 0.09 (n=10)° 121%
Euro4

- 0.22(n1) -

° inciuding the results from the study “Evaiuation of the cnvironmental impact of modern passenger carson petrol, diesel, automotive [PG, CNG”, [Hendriksen, 2003]
° For the Euro 3 onwards procedure, the 40 seconds idling has been dropped and the measurement isstarted immediately after cngine start

Real world colrJ start C0 emissions
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Figure 44 - C01 etnission resulis on the CADC urban cycle with a hot start and a coid start al 9”C’

The cold start emissions for C02 are not influenced by any catalyst light of effect. Onlythe increased friction at low temperatures and fuel enrichment are the cause of higher
C02 emissions (and a higher fuel consumption). In general on a cycie of around 5kilometres long, the C02 emissions are 15% to 20% higher than the warm emissions.Table 15 shows that this increase is about the same for the UDC cycle at 20°C and the
CADC Urban cycle at 9°C. It could be that the lower starting temperature of the CADCUrban cycle is compensated by the increased speed of warm ing up of the engine due tothe higher engine loads of the CADC Urban cycle over the UDC.
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Tahk !? Ustort eijircr far (‘Oon !he LD( Jt2 ejorcd to the C4D( t rhan er C

Fuel Emjssion class DC 20C (ADC Urban 9°C Difference
—________ %l J’l
Petro Furo 1 l3-n22

-- 13 °o u:-1)
Euro 2 16% n 74 12 % n3; -25%
buro 3 15 0c(n -28) 14 o )n9: --1%
Eure4 18%n-19j1 15°on-2 -21%

Diesel Luro 1 16%tn31 27(n1 74%
Furo2 18%(n-4, i6°o)n3 -6%

Luro 3** 19° n—22 20% 2°
——

_•

T(T JLG G3

uro 3 jl5o(n-h 15 an-7
ir.eludng the resuks from the stud, “t ‘.aluetinn of the ensronmenta lmpazt of modem poseneer cson petro, dee1, autnrrlotive [.PG. (NU”, tl{eridriksen, 2003]
For the Euro 3 onsards procedure, the 40 ccond dling bas hcn dropped and the measurernent ostarted imn:ediatc)y after engrne star

6.4 Summary of the real world cycles

In 2004 the real world tests consisted of the i)1oing three parts:
• The ernissions and congestion cycles
• The (‘ommon Artemis Driving Qycies (QADC)
• The real world cold start effect

The ernission tests performed within each of these parts have generated a lot of usefulintbrrnation that ha been added to the TNO ernission datahase to improve the statisticalfoundation of the emission characteristics. Lspecially the real world characteristics ofvehicles of the huro 2 and Euro 3 categor’ are sufficient represented in the iNt)
datahase now, For the huro 4 category, especially diesel, the number of vehicles tested
is too mw yet in order to ereate a general picture of their emission charac!eristis,

The ernission resuits under real sorld cold start einissions show that the individualresulis vary a lot, especially for the cornponents (‘0 and HC. A statistical sound coldstart effect under real s%orld conditioris therefore can not be determined yet with theseresislts.
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7 Durability

In order to assess the stabilit of emission levels during the lifetime of the vehicle.
measurements have been performed on selected vehieles at various times during thevehicle life. This provides an indication of the inerease or reduction of a ehic1e’semission due to wear caused b continual use.

In 2004 the durahiIit test fleet consisted two vehicles:
1 Volkswagen Passat TDI 74 kW Euro 3
2 Volvo V70 D5 Euro 3
These vehicles are the first ones where the CADC c\cles have been used to assessemissions durahility.

In 2003 an Volksagen Passat IDI 66kW and a Ford Monden D were also suhjected todurabilit tests, however these vehic les ere discontinued in the test programme due to
vehicle availahilit\

The tests during the lifetime of the Volksagen Passat TD1 74 kW were conducted at
the intervals shown in Table 6.

Tahie /, O.1o,ntto rcadmgv and dak itjrhi!itt. tesfr the VW Paoat JD1 ‘1kW

HtDate -_____ Odometer

__

21-10-2003 46245km
26-08-2004 77 667 km

____
___

____

91_002kmJ

1 he tests during the lifetime of the Volvo V70 DS were condueted at the intervalsshown in Tahie 7.

fahie 19 OJo’n’rcr readmg5 tmddji’ nfdurubi!ift tesls lor the Volvo J’W 1)5

jt Date

______

Odorneterreacling
19-06-2003 29 149 kin
05-05-2004 70 555 kin

_________

The emission resuits over the test duration are displayed in Figures 46 and 47.
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The NO. and PM emissions during the lifetime of the Volkswagen Passat TO! 74kW
seem to have a correlation with the exchange interval of the belt, that drives the
camsha that operates the valves and the unit injectors. This helt was replaced at 90.000
km. From the first measurement to the second, the Nt), ernissions decrease and the PM
emissions increase. This is possibly caused hy lengthening of the belt during it’s
lifetime that ehanges (retards) the injection timirkg. As a result the NO’, emissions
decrease and the PM ernissions inerease. After the replacement of the belt, the injection
timing was set again at its original value. The emission test thereafter showed as
expected that the NO, emissions increased again, and the PM ernissions dec.reased.
Possihiy hecause of some injector wear and contarnination, the PM value does not
return to its value at the first measurement.
The CO and HC emissions more or less follov the sarne pattern as the PM eçnissions,
except that these values stay low under any circumstance.
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From this figure cao be coneluded that the CC), }IC and PM ernisions of the Volvo V70
fl5 increased significantly over it’s lifetime, Al the second test, the PM emission on the
turotest even exceeded the [uro 3 limit ‘,alue of 0,05 gkm. Since the engine is
equipped vith c-ommon rail fuel injection, where the injection tirning is not determined
by abelt, and beeause the NO5 emissions appear to be ‘er stable, a change of injection
timing is not a Ukely cause of the iricrease of the PM emissions, More likely causes are
ear of the injectors er contamination of the injectors. ‘The tests that are planned for
2005 will show whether the emissions will deteriorate further er s’,ill stabilise,
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8 Chip-tuning

8.1 Introduction to chip-tuning

C’hip-tuning nowadays is a popular way of performance enhancement of road vehicles.
Chip-tuning is an operatiori that inciudes all types of electronic modifications of an
engine management v ith the purpose of irnproving the vehicles performance. The
modiflcations are rnostly eas to instail (even h the vehicles owner and are relatively
cheap altematives to a higher poered version in a vehicle range. EspeciaNy modem
electronical1 controlled turhocharged engines are very suited for chip-tuning. ‘The
reason for this is that turho charged vehicles generally have the possihilitv to increase
the amount of air available for comhustion. which allows for the increase of the amouru
of fuel to injeet ahd therefore increases engine power and torque. These ehanges in air
and fuel arnount can be achieved by reprogramming the eiectroriic motor management
of the engine to increase turho pressure and fuel injector timing. 1f the airfuel ration
would he constant for all engine bad settings, chip-tuning ssould he an easy and reliahie
operation, involving linear changes in some pararneters stored in the erigine
management computer. ‘Ihe only reservation that would have to be made in relation to
chip-tuning would he some concern about the durahility of the engine since ii (in some
cases) was not developed for the increased power and torque generated.

In practice the air”fuel ratio is far from constant and largely depends on a large variet
of pararneters like, engine speed, coolant temperature, throttle position etc. Next to the
amount of fuel injected in relation to the arnount of comhustion air available, the timing
of the in.jection of the fuel is variahle and very critical. All parameters have strong
infiuence on the exhaust gas qua1it and fuel consurnption of the vehicle. Qar
manut’acturers exeeute extensive development prograinmes en optimising these
para!neter settings shich leads to complex software in the vehicles engine management
computer. This imphcates that a chip-tuner will have to execute intensive research in
order to make his product equivalent in environmental performance to the factory setup.
But as cao be expected, chip-tuners can have different perspectives. With differences in
Dutch market prices of about Furo 2000,- hetween the standard and high powered
engine listed variant (430% power and torque). chip-tuning eau be a profitable business,
Prices for chip-tuning var from about 70,- Euro to about 1000,- Luro. which implicates
large differences between types of chip-tuning being sold.

The eslimates varv, bot it is assumed that up to 25% of new sold diesel cars in the
Netherlands are equippçd with chip-tuning. All systems are retrotit and therefore are not
part of t)pe approval or vehicle related taxation schemes (exeept for VAlt. The Dutch
taiation scherne (high luxury tax en vehicles and lease vehicle value added to the
income) favours after market power inerease above “new sold” high power. With this
popularity of chip-tuning there is a concern that chip-tunirig cars could lead to a
significant increase of the total Dutch eniission emitted annually. Since chip-tuning is
applied outside of the European Type Approval process (after market) there is no
insight inta the actual emission performance of these modified vehicles and the
consequences for the [)utch air qualit. Therefore it was decided to test one vehicle with
three typical levels of sophistication of chip-tuning with prices of 70,- , 400,- and 950,-
Euro within the frarnework of the In-Use Compliance programme. The teclinical
description of all three is presented bebovs.
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8.2 Description of versiuns of chip-tuning tested

The vehicle used for these tests was a Volkswatzen Passat 1.9 1 Dl 73kW Euro 3, ‘,s hichis a typical vehicle type that is often fined wiih chip-iunng. sirice it’s the low poteredversion of the 1.9TDI engine, with the 96 kW ersion of the same base engine being1700,- Euro more expensive. Consequentiy, the vehicie was equipped with thefollossing three types of chip-tuning.

Chip-tuning l 4jJempraurçmgdificag
The first chip-tuning tested does not actually deserve the litie “chip-tuning”. Ir’s a smallbox containing a resistor that is fitted in the engine compartmertt heteen the fueltemperature sensor and the Electronic Control Unit ECTJ) and thereb bypasses thefuel temperature sensor. The resistor generates a fixed value that sirnulates a high fheltemperature all the time (independent of actual fuel temperature) given hy the fueltemperature sensor. rhe EC then thinks’ that the fuel has a higher teinperature (andtherefore a lower density) than it real1 has, and therefore decides to inerease theamount of fuel to he inected. As a result the maximum power and torque inerease h) afew percent.

The consequences of this approach are that the power incrcase js at it’s niaximuin whenthe actual fuel temperature is at it’s lowest, directly after a coid start. In modern dieselengines fuel ternperatures can rise towards 80 C (hecause of ultra high injectionpresures and fuel hackfloss from the injectors), which is the cause fr the fueltemperaturè to be thermostatically regulated in the fuel filter). Fhe effect of thistechnical setup is that wheneer the engine is at operating teinperature, the actualpower incrcase under norn’ial running conditions is limited. ‘1 his set-up leads to thedelicate factors engine (softs are) calibration being “fooled” all the time and thereftrethe injection arnount, the injecUon timing and the comhustion air amount heingprincipally not optimal all the time. At cold start the error is at it’s maximum.

Chipunini #2: External diojtal_signaIulation
The secorid type of chip-tuning tested is of a more sophisticated kind. The sienal linebetwee n the ECU and the injector control unit is interrupted, feeding the signals into anextemal signal-processing unit. In this so-called “power box”, the signals to the inectorcontrol unit are modified regarding fuel arnount and injection tirning. But since thesignal transfer is ‘ia a digital CAN-bus, the signal of kr instanee the turho pressurecontrol can he modified as well, In principle this set-up is very fiexible and enables arather good adoption of the engine settings.

The current digital CAN-bus approach of “posser hoxes” is much more suphisticatedthan earlier ones on analoguc rotary pump injector systems tearlv 11)1 engines). Theseanalogue posser boxes just boosted the signa! to the injector pump dependirtg front thethrottle position oni>. Injection timing and lurho pressure were not rnodfied, leading tovisihie smoking of the vehicles hecause of lacL ofcombustion air athigh loads.

Power boxes are ver> popular hecause the> cao be fitted ea.sily to nu engine in a fewminutes and therefore cao also he removed easil> when going to the workshop (in caseof roadsorthiness tests) or when changing cars. The perfmtance of the power boxeshossever is largely dictated hy the amount of tork the developer of the s stem bas put
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into the software. 1f the developer can take into account the levels of freedom the CAN
bus manipulation basically offers, the systern can be rather well balanced. For doing this
job right he needs high level diesel technology kno4ledge and test facilities. The
amount of work that has been put in the poer box iii therefore autornatically he
reflected in the price of the power box.

Çjptuninn #3: Internal jgjtal signal manipulation
The third chip-tuning tested hasically has the same principle of chip-tuning 2. but
instead of manipulating the signal from the EC1 to the injector control unit, the ECU
itself is modified. This involves reprogramming the EPROM in the ECU that contains
the calibration software. This kind of chip-tuning is even more flexible than the
extemal) digital power-box, because all parameters of the engine calibration can be

changed, Changing the parameters correctly dernands a large amount of knowledge
from the developer. TherefOre chip-tuning #3 does riot necessarily have to he hetter than
the power-box. Only in comhination with a high development effort. chip-tuning #3
will reveal the extra potential of an engine.

The advantage of chip-tuning 3 is that no additional cormections and hardare are
needed which increases the reliahility of the chip-tuning. Cii the other hand, the ECl.
has to be opened and the new EPROM has to he welded in, which is a delicate
operation that should only be executed by qualified personnel. Ehe latest EC’l f’s allow
the EPROM’s to hy reprogrammed externally via the OBD connector, bul industr is
disabling this option gradually in order to prevent “easy” chip-tuning. The extemal
reprogramming was jnitially foreseen to enahle sorkshops to bad manufacturers
software tipdates into the ECL, hut is nos heing misused for chip-tuning. The
“disahiement” of the rnanufacturers is utilised hv limiting the amount of allo\sed
sottare updates (to for iristance max. 2) or disabling the option of reprogrammirig via
the OBD connector. Official factory softsare updates will have to take place hy
opening the ECU again and using dedicated connectors and pa.ssord protection.

Chip-tuning #3 is supplied by a wide variet of after market suppliers and is generally
fitted to the vehicle hy this supplier, because of the welding in the ECli or the need for
a dedicated OBI) reprogramming tool. The market price vary from 400 Euro to over
1000 Euro.

The chip-tuning tested by FN() was supplied b’, the iinporter of the vehicle. It can he
bought as a (BPM free) after market extra and is availahie at the VW dealerships in the
Netherlands, together with a full warranty of the vehicle (in most cases). The sofiare
application itself is developed hy a cornpan that is closely linked to VW’s sport
actiities, which gives this company direct access to the calibration engineers and
software of original vehicle. The result is a fuli dediated softare update for eaeh
individual vehicle type (up to the level of production month and accessories
configuration). As such it can he regarded as an official importer approved way of chip
tuning.

8.3 Emission tests

In order to assess the effects of all 3 types of chip-tuning regarding their environmental
performance, TNO has set up a dedicated test programrne. This progranime inolved
the execution of ernission tests using the standard European Type Approal procedure
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For CO the larget effècts oecur on the Eurotest and the (‘AJK’ urhan cycle. Theemission values on the Furotest are well belo the 0,64 g/km hooever. 1 he (‘0ernisions on the CADC urhan cycle are signifieantly loer for all three tpes of chiptuning. ()n the (ADC road and motorway cycles no rernarkable differences areobserved, the (‘0 emissions are ven low in all cases.

(Eurotest) and a hroadly accepted real world test procedure CADC, Common ArternisDriving (‘ycle). The rcsults of these tests are shown in the next figures.
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Under an circumstances, the HC emissions measured are verx low and the largest
effects are seen mi tlie CADC urhan cvcle. On all CADC cycles, Tuning3 has the
highest HC emissions though.
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f;gurt 49— EÉ vchip-runmg on \O crnzan, Furntst a,;J C•4DC ccI’s

The resuits for the NO ernissions are more distinctive. It can he seen that en all ccles
luning #I hits significantly lower NO. emissions, up to -17% en the CADC urhan
cycle, This can be explained hy the fact that Tuning #1 only inereases the amount of
fuel to iriject hy exrending the duration of the injection of fuel. The injection timing is
not being advanced and as a result the average injection timing retards. When the
injection is retarded, the comhustion peak pressures and temperatures drop, resulting in
a lewer production of NOK. but en the contrary a higher production of PM as resultirLg
from this retarding.

Tuning 2 and 3 show linie er no eftct on the NO emissions en the Lurotest, the
(‘ADC urhan and road cycles. The more integrated approach where all engine
parameters are optimised towards higher maximum power shows that urtder these
mediale driving conditions a chip tuned car’s emissions eau he quite close to the
standard car. With the request for more engine power (on the rnotorway) the NO.
CADC inotoray emissions for Tuning #3 were higher than the standard car though,
making more use of the high potser and torque setting at e1eated throttle positions. in
all cases no exceedances of the Euro 3 NO limit were measured.
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As can ho expected, nain1 linked to the retarding of the average inection tirning, thePM emissions of ‘1 uning #1 increase signiticantl> up to 40% on the Eurotest and theCAI)Q urban cycle. The result en the Eurotest even oxceeds the Eur 3 limit value of0.05 g’krn. No increase of the PM ernissions en the CADQ road cycte ‘.as observed.and en the (‘ADQ motorwa c.ycle the PM emission even decrease. prubahly due to thecalibration being off.

The large increase in emissions of luning #1 may be explained b’ the fact that this typeuf tuning has the [argest effect at the moment the fuul is at it’s coldest, which occursduring testing direetly after the cold start of the Eurotest. The CADC test is started witha ann (not hot) engine. With the fuel therefore alread at an elevated temperature. theturting rernains Jimited v hen compared to cold fueh During the driving of the (‘ADCthe fuel heats up even further, further Jirniting the effect of the tuning. Tuning 43showed on all cycles an increase of the PM ernissions of 4% to 10%. On the other hand,funing 42 emitted up to 14% les PM en all cycles. These effècts are typicailv causedby certain choices in the recalibration regarding drive ability, fitel consumption and

0 c T —- ____
— ..——- --

manum power/torque.
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figur 51 Effrct ofchip1ung 0fl (Ü mivs1ns, Eurozs: and (‘A[)C c-1e.

The effeets of chip-tuning on C02 etnisions (and fuel consumption) are small. The
differences measured range from -2% to -i-3%. Tuning #2 emitted 7% less C’O on the
CADC’ urhan cycle though.

When the resuits of the tests v ith chip-tuning are summarised, a distinction hetween
•simple and ‘sophisticated’ types of chip-tuning must he made. The tests have shown
that the largest effects oceur with the simple luning Pl. where by means of ‘fooling”
the ECL. the amount of fuel injected is inereased. Since no adaptations to the injectiori
timing are made, the change in fuel amount and injeetion duration has its etleots on the
NO (decrease) and PM (increase) emissions.

The effeets measured on the more sophîsticated luning 2 and #3 are of a lower
magnitude, and in rnany cases the emissions remained close to the level ol the standard
vehicle.

It is important to note that the eircumstances urider which the various forms of chip
tuning ssere tested were kept equal. All tests ‘sere carried out with the same Furotest
and CADC cycles, It is to be expected though that higher powered vehicles will in
practice tempt a driver to a more sporty’, dynamic driving pattern, that consequentl
will lead to higher etnissions of NO and PM.

The actual effect for the consumer puwer-and torque inerease) has not heen quantified.
It could hosever be observed that the subjective feeling was that Tuning #2 gave the
highest arnount of extra power. because of the sharp increase in acceleration (torque) at
about 1800 rpm. The setting of Tuning P3 was less “aggressive”, hut the actual
maximum achiesable acceleration was slightly better than Tuning #2. Turiing #1 onh
showed increased acceleration with a cold engine.

0

0
t.,

—X—- Sa.ara

—&-Tjr #3

lEO +

----- --—-----—.------- ..- -
-.-.-. -

CADC ertr CAfi C,.DC

8.4 Summar of chip-tuning
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Ihe driveahiIit of the three variants was quite different as ell. Compared to the
standard vehicle. Tuning had poor cold start drive-ahility and unsrnooth poer
display at constant speed. Tuning 2 also as unsmooth to drive after coid staff, hut
when warm had a goud driveability. The drive-ahility of Tuning 3 was at the same
level of the smndard vehicle (not taking into account the additional power and torque).
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9 Ernissions on four Dutch real world highway cycles

As alread described in section 6J, much work on emissions from passenger cars under
real world highway situations has heen done in the Emissions and congestion’ project
[Gense, 2001]. The ten driving cycles that were developed in this project have been part
of the En-Use Compliarice programme for several years nos. However the need for a
more retined set of driving cycles withhi the speed range of 80 to 100 km!h became
apparent in recent sears. Especially situatiorts with a speed litnit of 80 with trajector
speed lirnit enforcement became suhject of much public and political attention. For this
reason TNO decided to develop four more drivi.ng cycles that address these specitic
situations. These cycles ssere des eloped within the framework of the “Driving cycles”
target funding programme in 2003 and 200$. An extensise description of the
developrnent of these cycles is given in [Eist, 2005].

The four drivirig cycles that were developed can be described as follows:

Tahli 2() ( rothriano ofadditoma! Dutch raal world h:ghsm

Cycle pced limit 1 raflic Speed lirnit Location of recorded
no. Fkmiil characterisation enforcernent traffic data
83Fl 80 Free fo Trajatry speed limit A13, [leUt - Rotterdam

—-___________ enftrecerrient
80M1 80 Medium lneratLor Trajeetar speed limit A L3, [leUt - Rotterdam

enforeixrnent
l{)0FE lOt) t-ree fl.o’, High densit speed A0. Shiphot - Aintekeen

radars
t UOt t cdrJm interautioti 1-Iigh den-atv

radar

AÇ, Schiphol - Aunteiven

The characterisation, in terms of aserage speed and dynamics [RPAj. of these thur
cycles is displayed in the next tigure.
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Characteristice of Dutch real world hlghway cycles
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Figure 52 - Characteristies ofDutch real world highwav cycles

As can be conciuded from this figure, the differences between the 80 MediumInteraction (Ml) cycle and the 80 Free Flow (FF) cycle are greater than the differencesbetween the IGOMI and the 100FF cycles. Apparently the type of speed limit
enforcement and the speed limit itself has much influence on the traffic flow.

The emissions on these four driving cycles were measured on 20 vehicles, the same thatwere already selected for the real world cold start tests. The vehicles are listed in table
9. The resuits of the emission measurements are given in the next figures.

CO emlsslons on Dutch real world highway cycles
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Figure 53 - CO ernission resulis cm the Dutch real ‘.iorld highway cycles
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HC emissions 0fl Dutch real world hlqhway cycles
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Figure 54 MC’ emission resuirs on the Dutch real world highwav cycles

The vehicles tested emitted very low levels of CO and HC emissions on these driving
cycles. It is difficult though to observe a general trend on CO and HC emissions from
these figures. Given the low priority of CO and HC within the framework of urban air
quality management, no flirther attention will be given to these pollutants at this point.

NO, amissions on Dutch real world hlghway cycles
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Figw-e 55 - NO emission resztlts on the Dutch real world highway cvcles

The NO emissions as displayed in the previous figure show a familiar pattem, the NO
emissions of diesel vehicles being the highest and decreasing with the Euro-classes. The
NO emissions on all cycles for the petrol and LPG vehicles are very low though.
In most cases the vehicles have the lowest emissions on the 80FF cycle, followed by the
IOOMI cycle. This is especially the case for the diesel vehicles, which also have the
highest absolute emission levels. The emissions on the 80M1 cycle, with the highest
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driving dynamics, are in most cases higher than the emissions on the 80FF cycle. This is
not the case for the 100FF and 100MI cycles. Apparently the higher speed is more
dominant than the differences in driving dynamics.

For the PM emissions of the diesel vehicles, the resuits are as follows:

PM emissions on Dutch real world hlghway cycles
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Figure 56 - P1.1 ernission rt’su!ts on the Dutch real world highwa cycles (‘diesel vehicles)

Since no dear patterns appears in the absolute PM emissions from the diesel vehicles,
the emissions have been ranked too, see the next table. Despite the absolute differences
between the cycles are small, in general the 80M1 cycle seems to have the lowest
emissions, especially for the most modem diesel vehicles. The NO — PM trade off
clearly plays a role here. Because of the higher power demand on the 80M[ cycle, the
engine management will advance the ignition timing. As a result the NO ernissions go
up, and the PM emissions decrease. The differences between the 100FF and the 100MI
cycles are relatively small, especially for the modem diesel vehicles.

The CO-, emissions have been measured as well.
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CO emissions on Dutch real world highway cycles
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Figure 57 - CO emission res-uits on the Dutch real world highway cycles

From this figure can be conciuded that the C02 emissions (and fuel consumption) for
the 80 km/h and the 100 km/h cycles can be clearly distinguished from each other, The
difference amounts to approximately 15% for the petrol and LPG vehicles and 20% for
the diesel vehicles that were mea.sured, The differences between the Free Flow and the
Medium Interaction cycles averaged 1%.

In areas where highway traftic contributes to the local air quality problems. imposing a
speed limit of 80 kni/h and/or enforcing the limit (80 or 100 km!h) strictly (e.g. by
means trajectory speed limitation) could be a means for improvement of the air quality.
In practice this could mean imposing a 80FF or 100FF situation where currently a
IOOMI situation exists. Since this issue is very complicated though, it will not be further
discussed in this report, but will be referred to the report “Quickscan oprirnai speed
limit on Dutch highways” [Riemersma, 2004]. As an aid though for the interpre’tation of
the test results, the next table gives a simplified overview of the differences in NO and
PM emissions for the lOOMI cycle compared to the 80FF, 80M1 and 100FF cycles per
vehicle type tested.
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Tatle 21 Dif,Çrences in NO. 431k! Ptt erninionsfrsr ihe 10(1!Jcycie curnpcired to th t 0FF. 0tIJa’rd
100FF tycles

S01F 80M1 100FF

—_____

Petrol Euro 2 A o t
Pe[Furo2B -t ±+ -

Petrol Luro 2 (‘ + ,- -- +-

Ptrol Furo 3 A o -

Petrøi Furo 3 13 o — -

Perrol Furo 3 (‘ 4-t +4-

Petrol Euro 4 A o

Petrul luro 4 13 -* -. --

D,esel Eur 1 A r + o +-
— u

Diesel Euro 2 A + o o ci 0
Diesel Furo 2 B + ci 0 0

Diesel Euro 2 C + -f -t.

Diesel Furo 3 A + + 0 -- -- 0

Diesel Eiiro 3 13 t— 0 + - ÷ -

Diesel Euro3C t - + + -

Diesel Furo 3 D t o + t 0

Diesel Furo 4 .4 - -— o 4- 4- -

: LP3 -4 -

+
1.PG Furo 3 4 ÷ --

-

egend. 4 much less emi-,sions ( —û”, dlfilerke ), 4 lc+s eml,slons -l0 to -50°i diflrence, o rieutral (-10 to
-t LOo ef13tL - more emissions (+10 to *53 d;flerencci, — much more emisisons t> t50 d ercrie

This table shows that for the petrol and l.PU vehicles tested the effects on the NO.
emissions that were measured could he either very positive or vers negative. thüugh the
positive effects occur more often, especial1 for the 00FF ccle compared 10 the
IOOMI cycle. For the diesel vehicies it is dear that tithout exceptlun the 80FF cycle
has much lower NO5 emisson levels than the 100MI cvcle. The comparison of the
100FF and IOOMI cycles for NO emissions of the diesel ehicles tested, the differences
are in most cases rather small. The PM emissions of diesel vehicles tested shots more
variation than the NO5 emissions, but the same picture emerges as for the NO.
ernissions, the 80FF cvcle shovfing the largest emission decrease compared to the
100MI c.vcle than the 100FF ccle.

This leads to the more generalised conciusion that the 80FF cvcle is the traffic regime
that is to he preferred from an emissions point of view over the 100FF cycle. Ë.speciafl
the effect for NO emissions from diesel \ehicles seems significant, and in comhination
with the fact that this vehicle category has the largest absolute emission levels trio for
hoth NO5 and PM, the effect of impos ing a 80FF traffic regime can have an effect on
the air quahity as well. It is difficult at this print to attach a percentage to the amount
with which the emissions could be reduced however. This strongly depends cm the

NO PM

100FF
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reference situation (speed lirnit regime, congestion) and the vehicle fleet composition.
But also the emission test resuhs sho a variatiori of such kind that It is impossible to
calculate any statistical signiticant emission factors for eaeh vehicle ciass (e.g. diesel
Euro 4), for use in air quality modelling. Before this can be done, the number of
vehicles per vehicle class that have been tested on these cycles must ‘be increased.
Therefore an extension of the numher of ernission tests ith the now Dutch real world
highway cycles has been planned for 2005.
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10 Emission measurements for the EU 5m Frainework
project OSCAR

In 2004 TNO Automotive participated in the ELF 5 Framework project OSCAR. The
vork of TNO Automotive in OSCAR is co-financed by the Dutch Ministry of Housing,
Spatial Planning and the Environment as part of the 2004 contract for the In-Use
Compliance programme. A description of the project and the contribution of TNO
Automotive is discussed in the next sections, and adapted from [Boulter, 20051.

10.1 introduction to OSCAR

OSCAR is a European Commission 5 Frameork project which will deliver a tooi to
enable users to evaluate road traffic-related air pollution, and to identify suitable impact
reduction options. The tooi (the OSCtR Assessment System’) will he designed
prirnarily to address the management of local air quality during periods of traffie
congestion, The development of a tool which can he applied across Europe requires an
uriderstanding of the sirnilarities and differences between road traffic patterns,
emissions and air pollution levels in different urban areas of different geographical
regions. Consequentl, measurement campaigris hase been conducted in four ‘main’
European cities - Athens, Helsinki, London and Madrid - as part of the development of
the OSCAR System. These eampaigns have provided new data relating to the
following:

• Driving patterns. vehicle operation conditions and traffic characteristics on rnain
urban roads.

• Exhaust emissions associated with different levels of congestion.
• Roadside and urban background concentrations of nitrogen oxides (NOu). nitric

oide (NO), nitrogen dioxide(N02).particles with a diameter of less than lOp.m
lPM1), and particles with a diameter of less than 2.5j.tm (PM,. s).

• Meteorological parameters.

Irnproved emission and air pollution models will he created from these measurements.
and these will suhsequently he incorporated in the OSCAR Assessment System.
Releiant data from three supplementarv’ cities will also he incorporated. The
Assessment System approach vil1 he validated and verified hy application in the inain
and suppiementary cities.

10.2 Aims of vehicle emission measurement and modefling in OSCAR

An important element in the development of the OSCAR Assessment System is an
improved understanding of driving characteristics, sehicle operation and exhaust
emissions at low speeds. whieh should lead to irnprovements in the modelling of
emissions associated with diftèrent levels of congestion.
In OSCAR, new exhaust ernission measurements have heen conducted on 20 passenger
cars, see section 10.4. However, for the OSCAR system to be appiicahle consistentl 0fl
a European level, these new measurements would not, on their own. he sufficientl
extensive. Hence, the emissions work has not been designed to provide a completely
new emission model. but ra:her to suppiement and improve the underiying data and
methodo1ogie of existing models. The usefulness of the emission measurements
conducted in OSCAR wis therefore maximised hv ensuring that the conformed to the
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current needs of emission model developers. in particular. the measurements had to he
compatible with the structures of the latest ernission models being developed in Europe.The specific objectives of the ernissions work were:

To characterise drising patterus in the four main cities, hased na measurement of
vehicle operation and traffic conditions.

• To irnprove existing emission datahases hy meisuring emission factors for slow
moving and stationary traf±ic.
To develop an Emissions Module for use in the OSCAR system which irnproves
existing models.

• To develop a best practice for determining congestion-related emission factors.

10.3 Deveiopment of the OSCAR driving cycles

One of the objectives of OSCAR is to improve }o-speed emission factors for roadvehicles, and To develop a method which would allo users to distinguish hetweendiffirent levels of traffic congestion in a pragmatic ay. There were two principal tasksassociated wjth these obiectives:
1 To measure emission factors for different levels of cortgestion
2 To develop art ertiissions module for use in the OSCAR system

The driving cycies in OSCAR were developed hy TRL. They should reflect varyingdegrees of congestion 0fl main roads in Ia.rge urhan areas, and to improve existing
approaches to defining difhrent les eis of congestion from a perspectise which is likeisto be meaningful in terms of vehicle emissions. The process of constructing driving
cycles bas a direct bearing on the av the emissions data can be used in a model. Tnorder to estirnate emissions using a model, there must he a means hy which the modeluser can compare the pararneters which desrihe typicai sehicle operation associatedwith a given scenario to the cycles over whieh emissions are measured. One or moreintermediate variables must he used to link the tso. and these must ho meaningfui interrns of emissions. Many emission models hase used aserage speed as the soleintermediate variahie.

ihe stages of the rnethodolog for the development of the OSCAR driving cc1es sereas toilows:
1. \‘ehicle operation patterns, road conditions and traffic conditions were recorded

on specified links in cach of the fitur main cities Athens. Helsinki, 1 ondon and
Madrid.

11. The power characteristics of each drivingpattern were determined.
iii. Relationships were estahlished between traffic speed and densiry. and the po er

hased cycle pararneters.
IV. The real-world driving patterns were groLiped according to these two sets of

paratreters.
V. Representative driving pattems were selected from the different grcups, and used

to construct driving cycies which reflected drising in all cities for given road and
traffic conditions.

An extensne description of the sork done hy TR1. can be found in [Boulter, 2005). At
this point, some milestones of the development will be highlighted.

For each driving pattem measured on urhan roads in OS(AR, the 1-hour average trafficdensity (v’krn, again based on LDV equivalents) was calculated for the correspondirigperiod. The traffic density value as calculated as the 1-hoor average tntftic fioss
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Figure 58 - .4verage link speed as afunction of traffic derzsity on urban roads (speed limit 70 kmh) in
each of the four mom OSCAR cities

Driving cycles were constructed to represent each of the six regions C to H of figure 59
Cycles were not developed for regions A and B, as OSCAR is primarily concemed with
low speeds. For each of regions C to H, the average values of speed, RPA, power, and
number of power peaks per kin were determined. Typical driving patterns were selected
for each box by virtue of their proximity to these average values. The driving patterns
from each region were then combined to form a driving cycle for that region to be used
on the chassis dynamometer. The parameters of the driving cycle (average speed,
average engine speed, RPA, etc) were within one standard deviation of the region
average in each case. Original gear selections were retained.

divided by the 1-hour average speed. Average link speed was plotted against traffic
density for these links, as shown in figure 58. Each point in figure 58 represents a single
driving pattern. The plot indicates that, in relation to traffic density, the traftic on
different links with different speed limits do, in general terms, behave similarly (for
example, the data for different cities sometimes appear to follow the same general
curve). However, it was not known what the most significant influences on driving
pattems had been during the OSCAR measurements, and that the similarity was likely
to be strongly inf]uenced by unrecorded parameters, such as the phasing of the traffic
signals.
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Figure 59 A rerage speed and traffic density regions Traffic speed and denskies are hourlv averages

The characteristics of the OSCAR driving cycles are summarised in table 22. Cycles C,
D2, E, F, Gi and HI correspond to typical driving conditions for the a.ssociated
boundary conditions, Four additional cycles were developed where the data aHowed.
These were:
Dl low number of power peaks
G2 — high number of power peaks
1-11 - medium number of power peaks
H3 — very high number of power peaks

Although these additional cycles allow the user some flexibility in the modefling, the
cycles do not reflect the typical driving for the associated region, and can ony be
referenced via the speedidensity criteria plus a subjective descriptor (e.g. ‘smooth flow’,
interrupted flow witli high accelerations’). This will be addressed during the emission

modelling phase. Some traffic situations (and vehicle operation conditions) may not be
adequately covered by the OSCAR database, though some of these are considered to be
unlikely (e.g. high speed and high traffic density).
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Table 22 Characreristics ofOSCAR dnving cyc/es

Cycle Distance Duration [s] Average Maximum RPA [mIs2l % of me
IkmI speed 1km/bI speed 1km/bI idling

C 398 402 35.6 70.8 02)2 12
Dl 2.70 430 22.6 46 7 0.16] 21
D2 2.33 364 23.0 54.7 0.224 20
E 2.05 372 19.9 54.7 0.247 33
F 1.60 424 13,6 49.0 0.244 50
Gi 1.56 456 12.3 40.2 0.221 38
G2 1.12 351 11.5 51.5 0.277 32
111 0.80 371 7.8 31.0 0.169 35
112 0.95 425 8.) 30.6 0.242 42
113 0.85 375 8.2 38.6 0.270 41

10.4 OSCAR emission measurements

The derived OSCAR driving cycles were supplied by TRL to TNO Automotive, where
the ernission tests were conciucted on a chassis dynamometer. A total of 20 vehicles was
inciuded in the test programme, the same as used for the real world cold start tests
(section 5.3) and the real world highway cycles (sectiori 9). The vehicles are listed in
table 9 in section 5.3. The primary goal of these emission measurements was to expand
existing emission databases for slow-moving and stationary traffic on which the
emissions will be modelled. Therefore the objective of OSCAR is not to judge on the
individual emission resuits that have been measured at TNO. To give an impression of
the emissions measured though, the resuits for NO,, and PM, the most important for air
pollution, are given in the next figures.
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Figzire 60- NO emissions on the OSCAR driving cycles
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Figure 61 - PUemissions on the OSAR driving cycles (diesel vehicles

Based on these figures the following general observalions can be made:
• For NO5 of diesel vehicles the highest emissions appear on the 02, 111, H2 and H3

cycles. These cycles represent highly congested traffic at low speeds and a high
percentage of idling.

• For the NO5 of petrol and LPG vehicles it is more difficult to draw general
conciusions. For some vehicles the ‘congested’ cycles have the highest emissions,
but for other vehicles the ‘free tiow’ cycles have the highest NO5 emissions. Some
vehicles have such low emissions that the various OSCAR cycles can haidly be
distinguished from each other. It is remarkable too that the emission levels of the
petrol vehicles do not vary a lot over the emission classes.

• The PM resuits for the diesel vehicles show a lot of variation in terms of absolute
levels of the emissions, but also in which cycle has the highest (or lowest) emission.
This differs per vehicle.

In order to gain more insight in the emission results, the following tables have been
made. In these tables the OSCAR cycles have been ranked per vehicle according to the
emission on the cycles (1 = highest emission, 10 lowest emission). The colours are
used to accentuate to tables, where red represents the three highest cycles per vehicles,
green the three lowest and orange the four intermediate cycles.

For the petrol NO5 emission, this approach results in the following table.
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Table 23 Ranking of OSCAR cycles for NO emissions ofpetrol vehicles

Petiol Euro 3 A

Peisol Buro 3 8

Petrol Euro 3 C

Pctrol Euso 4 A

Petxol Buro 4 B

For the NO emission from petrol vehicles no dear trend becomes visible in this table.
The cycles HI, Dl and 01 seem to have the best ranking overall. Especially cycles Hi
and Dl have rather low driving dynamics, as expressed in Relative Positive
Acceleration (RPA). Cycles E, G2 and C have the worst ranking. These cycles do have
a rather high RPA, but do not stand out from the other cycles. As the absolute emission
differences between the cycles per vehicle are relatively small and other cycle
parameters play a role, it is difficult to draw general conciusions on the NO emission
behaviour for petrol vehicles at cycles with high driving dynamics.

Table 24 Ranking ofOSCAR cyclesfor NOx emissions ofdiesel vehicles

Diesel Buro 1 A

Diesel Euro 2 A

Diesel Euro 2 B

Diesel Buro 2 C

Diesel Euro 3 A

Diesel Euro 3 B

Diesel Euro 3 C

Diesel Buro 3 D

Diesel Buro 4 A

[________________________
OSCAR driving cycle_________________________________

61

4

5

5

7

S

5

6

6

5

The ranking of the cycles for the diesel vehicles gives a much more clearer picture. The
cycles C, Dl and D2 (free flow) clearly have the best performance for NO diesel,
whereas the cycles 1-11, H2 and H3 (strong congestion) perform the worst. Apparently,
the drivirig dynamics play a rather small role here.

Petrol Euro 1 A

Petrol Buro 2 A

Petrol Euro 2 8

OSCAR drivin2 cvclc

Petrol Buro 2 C

IDI F
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Table 25 Ranking of OSClR cyctes for PMemissions ofdiesel vehicles

r— OSCAR driving Cycle

Diesel Euro 1 A

Diesel Euro 2

Diesel Euro 2 B

Diesel Euro 2 C

Diesel Euro 3 A

Diesel Euro 3 8

Diesel Euro 3 C

Diesel Euro 3 D

Diesel Erno 4 A 7

The ranking for the PM emissions from diesel vehicles gives a somewhat less dear
picture. It is very dear though that cycle Dl is the cycle with the lowest PM emissions
for each vehicle. On the other hand, cycles H2 and H3 have the lowest ranking.

Given the high absolute NO5 emissions from diesel vehicles, these vehicles will
dominate the N05/N02related air quality problems in urban areas. Therefore situations
that resemble the C, Dl and D2 cycles are to be favoured as driving patterns in urban
areas. For the PM emissions from diesel vehicles the most optimal situation is cycle
Dl. This leads to the rather obvious observation that situations in which traffic drives at
moderate speeds with low dynamics and a low stop time is to be preferred in the light of
urban air quality.

10.5 Emission modelling in the OSCAR system

The Emissions Module is planned as a separate entity in the OSCAR system, and would
act as an input to all air quality prediction models. This is clearly advantageous, as ii
would provide:

1. The ability to produce emission estimates alone.
II. A consistent input to all models.

III. The most logical and consistent way of addressing different traftic scenarios.
IV. The ability to incorporate new emission functions at a later date without having

to change each air quality prediction model.
V. Easier input of large traffic data files.

VI. An input which could be made country-specific, to a greater or lesser extent
depending on the time available.

VII. Flexibility in terms of integration with other emission models.
A possible approach for estimating emissions (and the effects of scenarios) within the
OSCAR system is depicted in figure 62, Both the traffic data pre-processor (TPP) and
the emissions model forrn part of the emissions module. The scenario tool forms part of
a separate scenario module.

It bas been assumed that the emission modelling process within OSCAR will vork
roughly along the following lines. The user will define the baseline traffic
characteristics mi the road network, selecting each link at a time via the rnain user
interface and entering the appropriate traffic data (possibly also for each lane and

1F IG1 1G2 IHI 1H2 183 j
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direction). Within the emission module, the TPP will convert the traffic data for each
link into a format which can be used for modelling emissions. Once this process has
heen completed for all links, the baseline traffie data will be fed into the emissions
model (a set of functions to determine emissions from the traffic), and the result of the
emissions model will be fed into the different air quality models in the OSCAR system.
For scenario analysis, a Scenario Tool will be used to apply changes to the baseline
traffic data, according to the particular scenario being tested. The traffic data associated
with the scenario will then be fed into the emission and air quality models as before.

The emissions model within the OSCAR emissions module will be based upon
emission factors that will be generated with the TNO VERSIT+ model, see section
10.6. For this purpose a total of 900 sets of emission factors will be generated for 900
driving patterns that have been recorded in the four main cities.

The work on the OSCAR emissions module is expected to be finished in the first half of
2005.

10.6 The TNO VERSIT+ model

The TNO VERSIT+ emission model is one of the latest developments in the field of
emission modelling. The new modelling approach developed for VERSIT+ is able to
assess tailpipe emissions of passenger cars under speciiïc driving conditions where

Detining the trarflc
data fora scenario

Figure 62- Proposedstructure of the OSCAR ernissions module, and links to other syssein madules
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there is no availability of measurement data. Drivin condftions ma refer to a traffic
situation or a certain driving style. or a combination of hoth. Tailpipe emissions refer to
CO, HC, NO, and C02 in [gkm] and PM for diesel vehicie. BasicaH’ the new
modelling approach makes use of correlations hetween average emission resulb over
complete test cycles and cycle pa.rameters. C.ycle pararneters are characteristic
parameters that are calculated from the speed-time pattern of the driving cycle. These
can he very straightfonard. for instarice aserage speed or acceleration. hot also more
complex. for example Relative Positive Acceleration (RPA t.

1f the emission is required for a certain traffic situation. It can ho calculated by
suhstit-utino the cycle parameters for that situation in the equation. liie now model ill
he provided with a graphical user interface, offering the user to choose betweeri several
traffic situations. Also a custom feature will ho huilt in, enabling the user to enter any
raridom test c’cle. This ay a great flexibility is ensured,

In VERSI1 + for each type of vehicle (e.g. petrol Euro 3j cyee parameters have heen
detemiined that correlate best with the emission component. using multivariable tiog
linear) regression analysis. For cach emission component this may be a different set of
parameters. For each vehicle type and emission component an equation is ohtained that
calculates the emission as a function of two or more cycle parameters. 1 he input for
these analysis, on which VERSJT-+ is hased, is constituted by the 1n4 Ise Coinpliance
Dataha,se which consisis of more than 20000 data entries. It is important to note in this
context that the measurernents that have heen executed for the OSCAR project base
been added to this database. Therefore It is ensured that VERSIÏ÷ has a higher
statisticalsignificance undersituations where OSCAR-alike ccles are used.

A more detailed deseription of the 1 NO VERSIÏ4 model is given in [Smit. 2005j.
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11 Additional work

Apart from the work deserihed in this report. several other topics were carried nut in
2004 in the context of the In-Usa (‘ompliance Prograrnme.

11.1 Taakgroep Verkeer en Vervoer

Just like previeus years, in 2004 TNO Automotive participated in the “Taakgroep
Verkeer & Vervoer”, in which also the Dutch Institute for Public Health and
Envirorunent (RIVM) and the Dutch Statistics Institute (CBS) participate. The goal of
this orkgroup is gathering emission data on transport for the annual Dutch emission
inventory. TNO Automotive delivers emission data for passenger cars, light duty vans
and heavv duty vehicles. These data are derived from the emission resulis gathered in
the In-Use (‘ompliance programme.
Apart from its basic task, the workgroup also acts as 0 discussiori fornm for any topic 0fl
transflort) ernissions.

11,2 DA(’E{NI.

Germany. Austria and Switzeriand also run In-t tse (‘ompliance progranunes. In order to
he able to exchange ideas and results hetxeen these countries and to increase the
international hamionisatiun of e!nission faciors. a discussion forum vas set up in 1998.
In 1999 the Netherlands also hacarne a member cl the group, that meets ts.o or three
times annuully. In 2004 Sweden participated in one meeting as well.

11.3 Arteniis

In 200$ the participating institutes have resumed their work under the 5 framesork
project Artamis. ‘1 he rasults from Artemis. being harmonised and inteerated emision
models for all transport inodes are expected now for early 2005. Thc ork of FNO
Automotive in \Vork Package 300 (on passenger cars) and Wcirk Package 500 (on
motorcycles is cu-finariced by the Dutch Ministr> of 1 lousing. Spatial Planning and the
Environment as part of the contract for the In-Use (‘ompliance prograirlme. The
progress made in each work package in 2004 is disetssed in the next sections.

11,3. 1 WP 300 Passunger ( ‘ars

I’he progres in WP 300 for passenger cars ha been sios in 2004. Onl a fes. items
need to he finished for this work package. one of them being Round Robin tests.

In order to do a first check en the emission reproducihilily a Round Rohin test as
executed. One Renault Mégane 1.c patrol Ëuro 3 as sent to the 8 lahoratories
participatin in WP300. The emission tests that were done were the Eurotest ss ith a cold
and a hot start, and the CADC urban and road cycles. One set of calihration gases have
heen analyzed h> all Inboratories as well. The results from these tests will he collected
and analyzed in 2005.



TNO ftport 05.OR.VM.0101•}{vdB May 19. 2005 94/96

For the laboratorv correlation of the resuits of the diesel car, WP300 relies on the resuits
of the particulate project in yhich also Round Rohin testing programme was executed.
although this programme typically focused on the measurement of particulate the other
exhaust gas cornponents ere sarnpled as well, but not yet analysed.

Nextto the Round Rohin tests, the checks and the adaptations on the data-records of the
WP 301) emissions database have been finalized. It is expected that the work under WP
300 will be finished early 2005.

Ii 3,2 WP 500 - Motorcycles

In 2004. activities in WP 500 were started-up again at the end of the year hy a re-kick
off meeting that was scheduled in Iludapest, Hungary. Howeer, only a fes items stili
renained to he tinished for this work package. The actual emission measurenients on 90
mûtorccles have already heen conducted in 2002. Also the resuits of the measurerrients
carried out at the 1 flV-Nord (Germany) lahoratorv can he inciuded since TCV-Nord is
now an official partner.

In 2004, most progress has been made on the emission mode!. WP 500 dec i.:led to apply
three approaches in analo wilh WP 300— ot’ emissi n rnodelling. 1 hese are:
1. Average speed hased (MEFT / (,‘OPE.R 1’)
2. t trhan, Rural. Motorway emission factors
3. Traftic Siwation scheme emissicin factors
A tburth ontion — multi—variahle regressiun approach - v. ill be left open fom tuture
activities.

For the 1 raffic Situation scherne approach, two activities have to be. carried out:
• developinera of dris ing cy des representative ft>r the identitied situations
• developnent of emission factors for the identified situation.

Hoth activities will he carried Out by RW-T(V (German)). The driing cycles will he
developed from real—world data that is available from diftèrent rneasurements on road
with mnororcycles these driving cycle; nood to fit in the 1 raffic Situations matrix that
will be developed by iNREIS (F’rancei. ‘The approach to develop PTW emission factors
will most prohably be borrowed from the DAQI 1 ‘Haridhuch emission model. The
‘Iraffic Situation emission flictors will he the basis to derive emission lhctors for the
1. ‘R/M- and average speed-approach. LA T A ‘1 h ((ireecC) will ho cuntacted since the>
have extensive experience with the aserage speed approach.

Siace the measuremenis wero all carried out in 2002, no beond Furo 1 certitied
niotorcvcles were measured. ‘Iherefore, \VP5UC agreed to contact other ources that
could prohably provide emission factors for current and future niotorcycles. These
sources have been contacted and some data has already been received. All emission
data will be collected in a cu”aornsed emission factor datahase whic-h origins tbm the
work RW- 1 Cv did for the r)AQI 1 ‘liandbuch’ model.

The key results of WP 500 in 2004 are:
1fV-Nord and RW-T t”V are linall> acknowledged as ofticial Ariemis WPSOÜ
partner. TCIV-Nord has delivered hag and continuous einission data of 45



1’J) rport 05OR.VM.010.1/HdB My 19, 2005 95 / 96

motorcycles which means that emissiori factors for 115 motorcycles instead of the
original 90 are available. RW-TÜV will derive PTW ernission factors;

• Collection of additional ernission factors for motorcycles that meet current and future
legislation requirements;

• Definition of three modelling approaches average speed. lJrbanfRural!Motorway
and Traffic Siruations like in WP300) including development of a detailed ork plan
for modelling and task division over the partners

Remaining issues to be conducted in order to finish WP 501):
• Additionai research with regard to the effect on the emissions of:

cold start;
— fijel properties;

inspection and maintenance;
• Dcv elopinent of driving cycies representative for the to be identitied iraftic

S ituations;
• Derive emission factors for the identified 1 raftïc Situations; these emission factors

will serve as the basis tbr the average speed and lirban/Rural/Motorway approach;
• Deliverv of the emission factor data to INFRAS:
• Delivery of the fintl report.

All \VP 500 partners committed themselves to finish the needed work within the time
frame oithe current contract. All relevant other ork packages that need input from WP
500 are aware of this.
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