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Abstract:

The effect emissions from roadways have on air iguas an increasingly importar
environmental issue. As a result, regulators anetldpers are being required to invest large
amounts of resources into managing and assessadgay effects on air quality.

—

One of the most useful tools is the emissions itwgn The quality of information that th|s
tools provides is dependent on the accuracy ofmasing the amount of pollutants beipg
discharged from the on-road vehicle fleet.

It is common practice to use emission models (BSEPA Mobile6) to estimate of the
guantity of pollutants discharged from vehiclesc&# studies show that vehicle emissjon
models often do not provide accurate estimatesalfworld emissions.

This paper undertakes a comparison between modatiddneasured vehicle emissions.| In
Auckland, during April 2003, the tailpipe emissidnam over 35,000 vehicles were measured
using remote sensing technology. The on-road welaohlissions are compared to modelled
emissions provided by the New Zealand Traffic EloisfRate database (NZTER).

The study provides the first attempt at validatngehicle emissions model in New Zealahd.
The implications of the study results for air gtyalnanagement, roading and health impact
assessments are clear and show where some impnotgecoelld be achieved.
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Introduction

The effect emissions from roadways have on air ityua an increasingly important
environmental issue. This trend is likely to congras the body of knowledge on the sources
and effects of roadway pollution grows. As a restdgulators and developers are being
required to invest large amounts of resourcesnmaoaging and assessing roadway effects on
air quality. One of the most critical, but ofteot nvell defined, pieces of information needed
is the accurate quantification of tailpipe emissiofihis data plays a pivotal role in numerous
air quality management tools and processes suclteragsion inventories; roadside and
regional environmental impact studies; identifioatof effective vehicle pollution mitigation
strategies; and design of successful air qualityagament plans.

The mobile nature number and variety of vehiclethiwifleets, makes obtaining fleet or site-

specific representative emission data problematahicle emissions have been measured
using chassis dynometer testing and defined vekligcle cycles. This is a time consuming

and relatively expensive process and thereforentimber of vehicles tested is often small.

The practical implication is that chassis dynoméésting - vehicle drive cycle testing has

limited ability to provide fleet representativedtelata.

In an attempt to overcome this issue a number vir@mmental agencies have undertaken
comprehensive chassis dynometer - vehicle drivéedgsting and used this information to
build a vehicle emission database. These datatmseshen made available for users to
estimate vehicle emissions from the fleet thatfi;iterest to them. An example of a vehicle
emission database is the United States EnvironinEBndéection Agency’s Mobile6 emission
model (USEPA, 2003).

Applying these generic emission models to spediBets is always accompanied by the
question, How well does this model represent real word emissions?” Obviously there are
significant issues associated with applying vehighgission models from another country
mainly due to differing fuel specifications and egion control regulations. However, even
country specific models still have uncertaintiesoagated with them. These uncertainties
include accounting for the effects of gross emissifrom badly tuned vehicles, vehicles
running in cold start conditions and, in New ZedldhZ), the effect of a large portion of
imported used vehicles on fleet emissions. Theitalof emission models to predict the
effects of improvements in fuel quality and emisstontrols over time adds uncertainty.

In summary vehicle emission data is a very impartaace of information, which is more
often than not, derived from model output whichtaeims a number of uncertainties.

A case study comparison between modelled and neshsughicle emission data is used to
refine and understand these uncertainties. The aosgm uses modelled emission data
obtained from the New Zealand Transport Emissiote RNZTER) database (Ministry of
Transport (MoT), 2000) and measured on-road emrisdaba from a remote sensing campaign
undertaken in Auckland in 2003. While the casalytamploys data specific to NZ, the
conclusions of the study are generic and equaliicgble to other countries.

The purposes of undertaking this comparison ahegialight the:
« Potential effect of the uncertainties associatetl wiodelled emission data; and
« Benefits of having accurate and representativeclelkmission data.
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Method
Modelling vehicle emissions

The New Zealand Traffic Emission Rates (NZTER) Hase (MoT, 2001) provides access to
the vehicle emission rates produced by the Vehidéet Emissions Model (VFEM). The
VFEM development is described in MoT, 1998(a). Thassis dynometer tests upon which
VFEM is based are detailed in MoT, 1998(b). VFEMswigveloped as a means of projecting
the performance of the national vehicle fleet, agwviolves through time in response to
varying policy and market influences that shapedésign and emissions technology profile
of the fleet. VFEM and NZTER were developed under Ministry of Transport's (MoT)
Vehicle Fleet Emissions Control Strategy (VFECB# details of which can be found at
http://www.mot.govt.nz/publications/vfecs/indexsiht

In this study single vehicle emission factors aledi from NZTER were used. Single vehicle
emission rates give the characteristic emissiotes by vehicle design and fuel type, as a
weighted average across all ages and manufactsioimges in the fleet, for any year between
1979 and 2021. To extract data from NZTER the disstr defines the year, road type, and
driving condition and vehicle type of interest. NZR then provides emission rates in a g/lkm
format for carbon monoxide (CO), oxides of nitrog®Ox), particulate matter (PM) and
volatile organic compounds (VOC). NZTER does natviite complete drive cycle emission
factors. NZTER requires the user to choose oneoaf driving conditions: free flow,
interrupted, congested and cold start. In thisysthé emission measurements were made in
free flowing traffic. Therefore of the options awadile in NZTER, free flow was the most
appropriate selection.

NZTER is the only freely available source of enuossifactors that provides information
specifically on NZ's vehicle fleet. This databasewidely used in NZ for planning and
assessment purposes. Despite its wide use andafj@ceeptance there have been a number
of concerns voiced about the information that ibvies. The most significant concerns
raised include accounting for the “real world” efi® of, gross emitting vehicles; the large
proportion (50%) of imported used cars in NZ's fleend the implementation of regulations
to improve fuel specifications; and to proposalgtcoduce vehicle emission testing.

Despite the concerns, NZTER is the most useful &wailable to estimate vehicle emissions
in NZ. However to date it has not been subjecteghioreal world validation.

Measuring vehicle emissions

A remote sensing device (RSD) was used to meakartaiipipe emissions from over 35,000
vehicles at 16 roadside sites throughout the Auncklegegion during April 2003. The RSD
consists of an infrared (IR) component for detect@O, carbon dioxide (CHand VOC, and

an ultraviolet (UV) spectrometer for measuringinioxide (NO). The source and detector
units are positioned on opposite sides of the rBadms of IR and UV light are passed across
the roadway into the IR detection unit. The IR &hd beams are focused into a detector that
gquantifies pollutant concentrations by measuringoaiiance at the respective frequency and
comparing it to a calibration spectrum. Furtheradebn the RSD and the Auckland
monitoring campaign have been published by the FamckRegional Council (ARC, 2003).
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The remote sensor used in this study reports th® %8eHC and %NO in the exhaust plume,
corrected for water and excess oxygen not usednmbastion. This data was converted into
vehicle gram per litre of fuel (g/emission factors using the method developed byFiel
Efficiency Automobile Test Data Centre (FEAT), Uaigity of Denver
(http://www.feat.biochem.du.edlu The methodology is described in detail by Witis
Bishop and Stedman, (2003). This methodology waptad for use in NZ by adjusting the
original US fuel related coefficients to reflecethpecifications of the local fuel. Members of
the FEAT team were provided with NZ fuel specifioas and from these calculated NZ
specific coefficients.

NZTER provides emission data in the format g/km.cbavert the RSD femission factors
to g/km they were multiplied by an estimated fuficeency of the type of vehicle under
consideration. The fuel efficiency of petrol carasnestimated using data collected from the
Australian  Greenhouse  Office, Fuel Consumption e@sid 1986 to 2003
(http://www.greenhouse.gov.au/fuelguidé was estimated that the average fuel efficyenic
the NZ petrol car fleet manufactured in 2003, dagvin suburban free flow conditions was
approximately 11.5 km/l. The fuel efficiency of g@& cars and light commercial vehicles
(LCV) was estimated using data collected from thetédl Kingdom’s Vehicle Certification
Agency's, Car Fuel databaseviw.vcacarfueldata.org.)klt was estimated that the average
fuel efficiency of the NZ diesel cars and LCV fleeanufactured in 2003 driving in suburban
free flow conditions was just under 14 km/l. Thelfefficiency of heavy-duty diesel vehicles
was taken from the fuel consumption rates usetlanduckland Regional Council’'s emission
inventory (Joynt, Ng, Metcalfe, Yan, Rolfe and @m, 2002). This emission inventory
suggests that fuel efficiencies for small (3.5 tdbtonnes), medium (7.5 to 12 tonnes) and
large (greater than 12 tonnes) diesel vehicledadeand 2 km/respectively under suburban
free flow traffic conditions. The fuel efficiencyf @ehicles manufactured before 2003 was
estimated to reduce by 0.9 % per year from the 2@8@hmark.

As noted above the conversion of g/l to g/km eroisgactors is dependant on the assumed
fuel efficiency for each vehicle type and year @mafacture. The uncertainty contained in the
assumed fuel efficiency will also be exhibited imetRSD measured emission factors.
Therefore the RSD measured emission factors pegémtthis paper must be considered as a
best estimate rather than a definitive quantityt@oimg no error. The uncertainty contained
in the fuel consumption for light duty vehiclesestimated to be +/- 10% while for heavy duty
vehicles the uncertainty increases to +/- 25%.

A primary contaminant of concern, nitrogen dioxid¢O,) is not measured by the RSD.
NZTER estimates NOx (total NO and BOemissions from vehicles. To facilitate the
comparison between NZTER and RSD emission ratesmtbasured NO emissions were
increased so that the total NOx contained 10, 20 30% NQ (by mass) for petrol, LCV
diesel and HCV diesel vehicles respectively.

The RSD hydrocarbon measurements were calibratibdpropane. Using this calibration gas,
RSD measurements have been shown to be underestimeatiotal amount of volatile organic
compounds (VOC) discharged by vehicles by a fastapproximately two when compared
to flame ionisation detectors (Singer, Harley, lejtihn, Ho and Vo, 1998). In this study the
RSD VOC measurements have been scaled up by a faictwo to take this issue into
account.

The RSD cannot measure the particulate conteneloithe exhaust plumes. However it does
measure the opacity of the plume, which can be aseal qualitative indicator of particulate
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emissions. The RSD opacity measurement is indieatwmly, and subject to greater
interference and uncertainty than the gaseous nmerasats. It therefore should be interpreted
with caution. In this study the trends in RSD adpadata and modelled particulate emission
rates with vehicle fleet year have been comparegréwide a qualitative indicator of the
relative trends over time of observed and moddfstdemissions.

A number of assumptions have been made to enabledtwersion of the RSD data into a
g/km emission factor. When these assumptions amsidered together with the precision of
the RSD data, it is clear that the RSD measuredsom factors cannot be considered exact.
The uncertainty contained in the measured g/km fanidactors is likely to be in the order of
+/- 10% pers. comm. Donald Stedman, FEAT). No information is provided the
uncertainty contained in the NZTER emission factdfer these reasons the conclusions
reached from the comparison of modelled and measuission factors should be viewed as
best available indications rather than precise arswl his caution is particularly pertinent to
the diesel heavy vehicle and bus results, wheresdngple size of vehicles measured by the
RSD is significantly smaller than for petrol of LQlesel vehicles.

Comparing measured and modelled vehicle emissions
Carbon monoxide emissions

The NZTER modelled, and RSD measured, CO emisgrons petrol cars operating in on
suburban roads under free flowing traffic condii@re compared. The CO emission rate for
a specific fleet year refers to all vehicles withie fleet operating at that year. This should not
be confused with year of vehicle manufacture. Agpnately 30,000 petrol vehicles were
measured in the RSD programme. Figure 1 compaees diveraged NZTER modelled and
RSD measured CO emission rates for petrol carthéoyears 1980 to 2002.

Figure 1 shows that both modelled and measuredr@i€s®on rates decrease as the fleet year
progresses in time. The measured rate of decrsas®iie rapid than is predicted by the
emission model. Figure 1 also shows that for efldgt years (pre-1996) the model is
consistently higher (by a factor of approximatelg3) than modelled free flow emission
factors. For more recent fleet years the measurddreodelled emission factors are within +/-
10% of each other. The data displayed in Figuraudgssts that if the observed rate of
decrease in CO emission rates continues then forefilleet years NZTER may over predict
fleet average emission rates.

In any fleet there will be a proportion of vehiaperating under cold start conditions or
vehicles that are badly out of tune and emittinglisproportionate (gross) amount of
pollutants. These high emitting vehicles must beoanted for when estimating fleet average
emissions. Figure 2 compares petrol vehicle RCDsoregl CO emission rates with NZTER
modelled rates that have been adjusted to accouritOB6 of the fleet operating under cold
start conditions.
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Figure 1 Comparison of modelled and measured CO ession rates for petrol cars

Figure 2 shows that when modelled emissions anestet] to account for 10% of the petrol
vehicles operating under cold start conditions mhedel tends to over-predict measured
emissions. In earlier fleet years the model ovedigtion is relatively small (less than 10%)
but for newer vehicles (post 1995) the differemureéases to an average factor of 1.25. In the
most recent year (2002) the model over predictadmut 50%.
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Figure 2 Comparison of modelled (including 10% coldstart) and measured CO

emissions for petrol cars

For Figure 3 the RSD measured emission data hasfltteeed to remove the highest 10% of
emitters. Figure 3 compares NZTER modelled ratils the measured emissions from the
petrol vehicle fleet with the top 10% of gross eerid removed.
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Figure 3 Comparison of modelled and measured (topO26 gross emitters removed)

CO emissions for petrol cars

Figure 3 shows that when RSD measured CO emissiangiltered to remove the highest
10% of emitters, NZTER tends to over predict meagugmissions. The tendency for the
model to over predict increases with more receadtfyears.

Figures 2 and 3 demonstrate that fleet averageidlgegmissions are significantly affected by
a relatively small number of high emitting vehiclésfollows that it is important to account
for the relatively small number of gross emittinghicles running caused by cold start or
badly tuned motors. Figures 2 and 3 suggest thah@we recent fleet years, incorporating the
effect of cold start vehicles into NZTER exaggesdtee model’s tendency to over predict CO
emission rates.

Effects of imported Japanese used vehicles ondleetsions

Approximately 50% of New Zealand’s petrol vehicleet are imported used vehicles from
Japan. In New Zealand it was commonly thought tin@ge were highly polluting vehicles, as
they were generally 4-7 years old. Before the RS@hitoring campaign the actual effect of
the imported vehicles on NZ's fleet average emissioad not been established. The users of
NZTER debated whether this issue increased thertatgy contained in the model outputs.
Figure 4 compares the fleet modelled CO emissioitis the measured emissions of New
Zealand new (NZN) and Japanese used (JPN) petales for fleet year 2002.

Figure 4 shows measured petrol vehicle CO emissaies from NZN vehicles are
approximately 3% higher than JPN vehicles for flgear 2002. Both NZN and JPAO
emission rates are lower than the NZTER modelletssion rate. The data displayed in
Figure 4 shows the influence of CO from JPN veBidke to reduce the fleet average CO
emissions by a small amount.
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Japanese used (JPN) CO emissions for petrol carg fieet year 2002

Figure 5 compares measured diesel vehicle CO amisates to modelled emissions of diesel
cars and light commercial vehicles (LCV) adjustedatcount for 10% of the fleet operating
under cold start conditions. Approximately 5,00@s#l vehicles were measured during the
RSD monitoring campaign. There were relatively $malmbers of diesel vehicles
manufactured pre-1990 in the RSD sampled fleetré&fbee the comparison of fleet years
displayed in Figure 5 is limited to the years 1992002.
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CO emissions with RSD measurements
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Figure 5 shows that RSD measured CO emissionsaterigith more recent fleet years. The
modelled data generally follows the same geneealdtbut unexpected increases are observed
in the modelled LCV and car data in 1998 and 1%3®ectively. The monitored diesel fleet
was not split into diesel cars and LCV. The measuwmission rate decrease is more rapid
than is predicted by the NZTER. For pre-1997 flgears the measured emission rate is
greater the modelled emission factors for bothadiears and LCV. From 1999 onwards the
measured emission rate are lower than the modeited for diesel cars and LCV.

As with the petrol fleet a significant proportiom Z’'s diesel vehicles are Japanese used
vehicles. A comparison of the measured CO emissiamm NZN and JPN diesel vehicles
shows that JPN vehicle emissions are approximdi®s lower than NZN vehicles. This
finding is consistent with the difference obserbetdween NZN and JPN petrol vehicles.

Figure 6 compares measured diesel vehicle CO amisates to modelled emissions for the
small (3.5 to 7.5 tonnes), medium (7.5 to 12 tohreewl large (greater than 12 tonnes) of
diesel heavy commercial vehicles (HCV). Figure soatompares modelled and measured
emissions from buses. The NZTER emission rateslayisp in Figure 6 are adjusted to

account for 10% of the fleet operating under cadgttsconditions. This comparison should be
treated with some caution and regarded as indeatather than precise. There are two
reasons for this. Firstly, the RSD sampled fleeH&V and buses was small. Approximately
450 small, 200 medium and 200 large HCV and 46 dugere measured by the RSD. In

addition to this the diesel fuel use of these aaly be approximated due to the large variation
of fuel use within each class. The fuel efficierfoy small, medium and large HCV was

assumed to 5, 4 and 2 Hméspectively (Joyngt. al. 2002) The fuel efficiency for buses was

assumed to 3 kih(Joyntet. al. 2002).
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Figure 6 Comparison of NZTER modelled and RSD measad CO emissions for

diesel HCV and buses
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Figure 6 suggests that NZTER underestimated the@iSsions from all classes of HCV and
buses. With the fuel efficiencies employed in ttisdy the measured emissions of HCV and
busses are approximately a factor of two largemn thfze respective NZTER modelled
emissions. Even with the uncertainty in the fued 0§ HCV, Figure 6 suggests that NZTER
under predicts CO emissions from HCV and buses.

Volatile organic compound emissions

The NZTER modelled (including 10% cold start) anB0Rmeasured emissions of volatile
organic compound (VOC) emissions have been comparedmmary of the comparison for
fleet year 2002 is provided in Table 1.

The information contained in Table 1 shows thdtaet year 2002, NZTER predicts a higher
VOC emission rate (+60%) than have been measurgaetonl cars. When the years 1980 to
2001 are considered, both the measured and modélk%il emission rates decrease with as
the fleet year moves toward 2001 and the modelhigston rate is consistently higher than
the measured rate. However, observed emission hates decreased more rapidly in recent
fleet years than was predicted by the model. Tloelarating decrease results in a significant
over prediction by NZTER in the most recent pewethicle fleet years.

Table 1 shows that NZTER has a tendency to unasligirVOC measured emission rates for
diesel cars, LCV, HCV and buses. For fleet year2208ZTER’s under prediction of
measured emission rates ranges from 15 to 60 %diesel cars and LCV over fleet years
1993 to 2001, the decrease in VOC emission ratéseirmeasured data for is much steeper
than is predicted by NZTER.

Table 1 Comparison of NZTER modelled and RSD meased VOC emission rates
for fleet year 2002
Fuel and NZTER RSD
Vehicle modelled | measured| Difference between | Influence of Japanese used
tvoe emissions| emissions| NZTER and RSD. vehicles
P (gkm) | (g/km)
NZTER higher than | JPN approximately 5%
Petrol cars | 1.80 1.10 RSD by approx 60% | lower than NZN emissions
Diesel Cars | Car 0.35 0.40 NZTER is lower than| JPN approximately 25%
and LCV LCVO0.35 | ™ RSD by approx 15% | lower than NZN emissions

Small 0.82| Small 1.61| NZTER lower than | NA
Diesel HCV | Med. 0.99| Med. 2.26| RSD by 50%-60%
Lge. 1.79 | Lge. 3.60

NZTER is lower than| NA
Buses 1.79 2.72 RSD by approx
35%*.

*Bus comparison must be treated with caution dutécssmall number of vehicles sampled.
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Oxides of nitrogen (N¢Q emissions

The NZTER modelled (including 10 % cold start) adR8D measured emissions of NO
emissions have been compared. A summary of the aosam of the fleet year 2002 is
provided in Table 2.

The information contained in Table 2 suggests MATER tends to predict higher emission
rates of NQ than were measured for petrol cars for fleet g€@2. When the years preceding
2002 are compared the difference between NZTER&SD data increases to around 60%
for early year fleets. This shows that NZTER presii greater rate of decrease over time in
NOx emissions than is observed in RSD data.

Table 2 also shows that NZTER has a tendency ghtsli over predict N@Q measured
emission rates for diesel cars and LCVs for flesdry2002. For the years 1993 to 2001 the
measured NQemission rates for diesel cars and LCV are reddpranstant with fleet year.
The model significantly over predicts N®missions for the years 1993 to 1999. However due
to the large improvements in N@missions over time that NZTER predicts (but thegenot
observed in the measured data) the model appro#ttheseasured emission rates for recent
year fleets.

Finally Table 2 shows that NZTER has a tendencignificantly over predict NOmeasured
emission rates for HCVs and buses.

Table 2 Comparison of NZTER modelled and RSD meased NOyx emission rates
for fleet year 2002
Fuel and NZTER RSD _
Vehicle mo_del_led measgred Difference between | Influence of Qapanese used
type emissions| emissions| NZTER and RSD vehicles
(9/km) (g/km)
NZTER higher than | JPN approx 40% lower than
Petrol cars | 1.15 0.94 RSD by approx 20% | NZN emissions
Diesel Cars | Car 0.64 0.61 NZTER higher than | JPN approx 34% lower than
and LCV LCV0.68 | RSD by 5 to 10% NZN emissions
Small 8.07] Small 3.06] NZTER higher than | NA
Diesel HCV | Med. 9.93| Med. 5.10] RSD by 190%- 260%
Lge. 21.54| Lge. 11.49
NZTER higher than | NA
Buses 21.54 8.21 RSD by approx
260%*

*Bus comparison must be treated with caution dutécssmall number of vehicles sampled.
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Particulate emissions

As noted in the methodology of this paper the R&Bnot measure the particulate content of
vehicle exhaust plumes. However it does measuregheity of the plume, which can be used
as a qualitative indicator of particulate emissidnsthis section the trends in RSD opacity
data and modelled particulate emission rates wetticle fleet year have been compared. The
aim of this comparison is to provide a qualitatreality check of NZTER modelled PM
emissions.

The opacity of petrol fuelled vehicle plumes isatelely low and the data collected is often
lower than the detection limit of the RSD. The apeaof diesel fuelled vehicles tends to be
much higher. This subset of the measured fleet glatades a much more robust set of RSD
opacity data. To ensure that a representative numobevehicles are considered, the
comparison has been undertaken for light duty tigs€V and cars). Figure 7 compares the
trend in RSD measured opacity of light duty diasdicles to the trend in NZTER particulate
emission rates for diesel cars and LCV over thesy2890 to 2002.

Figure 7 shows that both the measured opacity edelliplumes and modelled particulate
emission rates decrease for newer vehicles. Tlagivielrates of decrease are different. The
measured opacity of plumes decreases approxim&b&ly between the fleet years 1990 and
2002. The NZTER modelled emission rates for dieset and LCV decrease 31% and 36%
respectively over the years 1990 to 2002. The sendmeasured opacity and modelled
emission rates are both downward and but the nuéelicts a slightly lower rate of reduction

than is observed in the opacity data.
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Conclusions

Vehicle emission data is a very important pieceindbrmation for emission inventories,

roadside and regional environmental impact studidentification of effective vehicle

pollution mitigation strategies and design of sestel air quality management plans. More
often than not emission data is derived from mooleiput that contains a number of
uncertainties.

This paper presented a case study comparison betweelelled and measured vehicle
emission data. The comparison uses modelled emisisita obtained from the New Zealand
Transport Emission Rate (NZTER) database and om-eoassion data from 35,000 vehicles
measured by a remote sensor in Auckland during 2003e study provides the first
comprehensive validation of a vehicle emissions ehadNew Zealand. One of the purposes
of undertaking this comparison is to highlight thetential uncertainties associated with
modelled emission data.

As noted in the methodology the conversion of RSidadio g/km emission factors is
dependant a number of assumptions. These assumptidmoduce uncertainty into the
resulting RSD measured emission factors. Therefloee RSD measured emission factors
presented in this paper must be considered ast@&t@mate rather than a definitive quantity
containing no error. The conclusions presentedvbstmould be considered in this light.

The RSD measured CO, VOC and Néhnission rates from petrol vehicles for fleet y2@02
were lower (-10% to -60%) than NZTER predictionsewhhe effects of the small proportion
of gross (cold start or badly tuned) emitters wareounted for. The measured CO, VOC and
NO, emissions from NZ new petrol vehicles are highantJapanese imported used vehicles.

The RSD measured CO emissions from light duty tleskeicles for the fleet year 2002 are
over predicted (+30% to +40%) by NZTER if the effecf the small proportion of gross
emitters are accounted for. The RSD measured aemisates of VOC and NCare predicted
reasonably well (+/- approx 10%) by NZTER for lighity diesel vehicles of fleet year 2002.
The measured CO, VOC and N@missions from NZ new light duty diesel vehicles a
higher than Japanese imported used vehicles.

The RSD measured CO and VOC emissions from heatyyeiesel vehicles are significantly
higher than NZTER predictions. The RSD measured difissions from heavy-duty diesel
vehicles are significantly lower than NZTER preitios.

While it is not possible to use RSD data to cakeuRM emission rates, the observed trends in
measured opacity over time, suggest that the tatdigh NZTER predicts PM emissions to
decline with time may be slightly pessimistic.

In summary, the emissions from petrol vehicles efent fleet years appear to be over
predicted by NZTER. The same conclusion is readbe@missions of CO from light duty
diesel vehicles. NZTER predictions of VOC and N@ni light duty diesel vehicles compare
reasonably well to RSD measured emission rates RBI2 measured emissions from heavy-
duty diesel vehicles (HDV) do not compare well t6TNER. However, it must be noted that in
this study the assumed fuel efficiency of HDV may he an accurate representation of the
actual fleet average. Also the HDV RSD data seigsificantly smaller than those of either
the petrol or light duty diesel fleets. The repregagveness of HDV RSD measured emission
of the actual on road fleet needs further invetitga
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Implications

The results of this study have important implicasidor various air quality management tools
and processes including:
« Emission inventories
« Roadside and regional environmental impact studies
« Human health effect studies
Identification of effective vehicle pollution mitigion strategies
« Design of successful air quality management plans
The implications are summarised briefly below.

The quality of information provided by emission @miories, roadside and regional

environmental impact studies, and human healthiedudre all heavily dependant on the
accurate quantification of vehicle emissions. Tésults of the comparison undertaken here
suggest that the quality of the outcome of anyystudich has used NZTER emission factors,
is likely to vary depending on the pollutant undensideration and relative contribution of

different vehicle types to the fleet under consadien.

Using NZTER emission factors for a fleet with a #rpeoportion of HDVs is likely to result

in an over estimation of the total amount of COcldesged. Examples where this finding
could have ramifications include roadside environtakimpact assessment, health effects
studies and emission inventories for suburban/essidl areas.

In contrast, using NZTER VOC emission factors fofleet that contains a significant
proportion of HDVs is likely to result in an underediction the total amount of VOC
discharged. Examples where this finding could haeenifications include roadside
environmental impact assessment, health effecdiestutand emission inventories for any
district that contains significant amounts of inias traffic.

Identification of effective vehicle pollution mitigion strategies and successful air quality
management plans are strongly dependant on undérsgaand anticipating how vehicle
emissions vary as time progresses. For example RZ3ikggests that NOemissions from
petrol vehicles will decrease relatively rapidlfy.ehvironmental regulators were to depend
wholly on this information, they may be temptedpmgress with aBusiness as usual”
approach and assume that improving vehicle teclgyohall solve the NQ issue. However
the RSD data suggest that the “on-road” reductiopetrol vehicle N@ emission is much
slower than the model suggests. This informationy mastify the need for a more
interventionist management strategy, such as faggegross emitters or new vehicle
inspection and maintenance programmes.

The application of RSD technology to quantify oadovehicle emissions and the use of this
data to the validation vehicle emission models Bbpplications in many environmental
jurisdictions, especially those where vehicle emiss are a significant issue. For example, if
it is assumed that NZ and Australia have compliafgleicle fleet and fuel quality, the New
Zealand RSD emission factors suggest that the Aliestr National Pollutant Inventory
(Environment Australia, 2000), may overestimate @@ from petrol cars (22 vs. 7.8 g/km),
and underestimate NOx from heavy diesel vehicle&3(8s. 11.49 g/km).
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Summary

This study has used the data from a remote sepsaggamme to establish representative on-
road vehicle emission factors. The measured emidsictors have been used to validate a
widely used emission model. The results have nunsaplications for managing the effects
on urban air quality from roadway vehicle emissiohise results show where improvements
can be achieved and the benefits of having accaraderepresentative vehicle emission data
have been identified. The case study presentedirhpications for other environmental
jurisdictions within New Zealand and overseas.
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