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ABSTRACT

Road transport is the major source of air pollution in urban areas. Therefore, it is necessary to
guantify emission levels as accurately as possible, with appropriate spatial and temporal
resolution. Estimation of emissions from road vehicles is usually calculated through emission
factors dependent of mean speed. This paper discusses the effect of positive mean acceleration
when estimating gaseous emissions from passenger cars. The methodology is based in
experimental results using five local driving cycles representing traffic conditions in Santiago,
Chile. A model to determine positive mean acceleration from urban traffic flow is presented,
discussing its relationship with both average speed and road characteristics. Emissions from
both catalytic and non-catalytic passenger cars are shown, using average speed and positive
mean acceleration as controlling parameters. Nitrogen oxides are highly dependent of
acceleration, while carbon monoxide and total unburned hydrocarbons are well correlated with
average speed. Positive acceleration values up to 1.7 nVs> have been found under urban driving
conditions, whereas emission estimation from experimental results is available only until 1.2
m/s?. The whole effect of including acceleration into an emission inventory for mobile sourcesin
Santiago de Chile is presented. A mesoscale transportation model provides traffic activity and
emissions are calculated using a COPERT-based approach. This research is part of a wider
project funded by the Transport Planning Commission in Chile (SECTRA).

Key words. emission factors, acceleration, passenger cars, urban transport

1. INTRODUCTION

The modding of ar pollution produced by traffic activity has been widdy used to develop
emisson inventories in urban areas (Zachariadis e d, 1997, Bath et d, 1996). There are
different gpproaches to obtan spatidly and temporaly disaggregated traffic information, such as
surveys (Carddino, 1998), trangport models (Algers et d, 1998) or information on red time
(Reynolds & d, 2000). The main limitation of surveys is tha they provide information limited to
a given ingant of time and geographic location, whereas acquigtion of information on red time
requires a complex adaptive traffic control system. The more extended approach corresponds to
traffic models, which can amulate complete urban domains with different levels of spatid and
tempora disaggregation. However, they ill do not contain dl the required information for the
compilation of a complete emisson inventory (Bull et &, 1997).

Transport sector is a dominant source of urban ar pollution, so it is important to quantify
ther emisson levels as accurady as possble The more accurate the sSmulation of traffic
activity, the better the pollutant emisson estimation will be,



Main activity parameters provided by the trangport modd are the traffic volume and the
travel times associated with the sections or arches forming the road system of the urban area
under dudy. Esimation of ar pollution emissons is manly based on these two activity
parameters, multiplied by emission factors, which provide the mass of a specific pollutant by
distance unit traveled by each type of vehicdle. This estimation scheme is based on the bottomup
methodology and it has been used to cdculate the emisson inventory from mobile sources in the
city of Santiago, Chile.

2. MODEL DEVELOPMENT
2.1. Edimation of positive mean acceleration from traffic activity

The use of an acceeration estimation methodology by arch is suggested, which is included in the
HDM interurban method verson 4 (Modeling Road User Effects in Highway Development and
Management Research). Section 6 of sad mode (Congestion Effects) provides an acceleration
mode based on a work by Bester (1981), with modifications that improve this origind modd.
Additiondly, this study assesses the method's suitability to the urban case, comparing the
modd’s estimations with messurements carried out in networks of the road system of Santiago in
floating vehicles (“bubble’ method), equipped with instant speed sensors.

Bascadly, the Begster's origind modd assumes that a driver's accderations (postive and
negative) follow a norma didribution. The accderation sandard deviation or acceleration
“noisg” provides an indication of the seriousness of speed shifts. This acceeration noise 6 5) may
be considered to be composed by two dements. the naturad acceleration noise (Sa,) and the noise
induced by traffic (S 4).

S, =4, ' +s,’ 2.1)

The Bedter's origind modd proposes the use of a congant value for the naurd
accderaion noise, which corresponds to 10% of the maximum vaue of the accederation tota
noise. The noise associated with treffic is null for low vehide flow conditions and darts to
increase as a certain Q flow threshold is exceeded.

The HDM-4 modd modifications to the work of Bester incorporate vehicle flow as an
independent varidble ingtead of traffic dendty. Furthermore, it is established that the intersection
between naturd noise and noise associated with traffic is varidble and not constant. These
modifications result in the following equation:

Sa = \/S an2 (1- Satratz) +Samax ZS atratz (22)
where
Satma — Samax2 - San2 (23)
S, 1.04
Sarat = T — = (2.4)
S.ma 1t exp(a, +a XRELFLOW)

RELFLOW is the rdatve flow, a, and a, ae regresson coefficients, which are
estimated through the equations:



RELFLOW = -2 (2.5)
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Q is the totd flow in aroad, Q, is flow under which traffic intersections are inggnificant

and Q,, istheroad capacity.

This mode is vdid for light and medium szed vehides (private trangport) in interurban
conditions. The case of public trangport will not be discussed from the point of view of
accderaions because there is no nationad experimental information that permits to relate speed
shifts with emissons. Besdes, it is congdered much more rdevant to improve the qudity of the
road information assgned for public trangport instead of estimating accelerations associated with
this probably inaccurate information.

2.2  Adaptation of the HDM-4 mode to Santiago urban conditions

With the purpose of venifying the suitability of the method for estimating accderations in urban
conditions, their results have been compared with experimentd measurements obtained from
networks of the Santiago road sysem. To this end a database collected in the November-
December 1997 period was used within the framework of a study developed for determining
driving cycles of light passenger cars (Corvdéan et a, 2000).

The expearimenta information andyss has permitted to establish that the man deficiency
of the origind modd is the acceleration range (0-1 mVs%). In the urban case, mean accelerations
reech maximum vaues fluctuating between 1.5 and 2.0 m/s’, for which reason a new range from
0 to 1.7 m/s* was defined in the present modd. To this end the HDM-4 modd origind curves
were adapted, modifying the 2.4 and 2.7 equations by the following parameters:

s, 1.04.634
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In addition to the above, the fidd information andyss permitted to verify the vaidity of
the two hypotheses edtablished in the gpplication of this modd, which ae (8 the mean
accderation didribution in an arch is Norma and (b) this didribution mean is equa to zero.
Thanks to the verificaton of these hypotheses, now it is only necessary to mode the postive
accderations and assume that decderations (or negdaive accderations) will follow the same
tendency.

The fact that the mean digtribution is close to zero means that every modd accderation
event is followed by a deceeration, and that the total effect of postive and negative acceerations
results in null average for every ach. However, from the point of view of emissons it is



important to know the aggressveness level of these events snce the emisson rae is different
whether the vehicle is in one mode or the other and this difference increases as these incursons
get away from zero.

Applying the corrected equations set described in the previous paragraphs, the postive
mean acceleration curves are obtained in function of the tota flow in the arch, for each category.
The following figure shows a graphic representation of these curves (sections 19 are increasingly
digtributed from left-hand to right-hand):
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Figure 1. Positive accdleration as a function of traffic volume and road capacity

It may be appreciated from this figure that the maximum vaue is 1.7 m/s’ and a vaue
equd to 10% of this maximum has been used as the naturd acceleration noise.

2.3  Estimating emissionsfrom both average speed and positive mean acceleration

The incorporaion of acceeration as an important varigble in estimating emisson factors has been
widdy reported in the specidized internationa literature (Cadle, 2000; Holmén et a, 1998, Ross
et a, 1998, Shayler et d, 1997; Watson, 1995). Most of the authors support the hypothess
edablishing that the average speed is not a sufficient parameter for adequately determining the
exhaust emisson levels in trandent conditions (Bratt et a, 1999). However, there are scarce
models proposing a more adequate method as an dternative gpproach to the traditional one based
on speed (Sturm et a, 1997).

In order to determine the effect of speed and acceleration in the emissons of light and
medium szed vehicles usng gasoline as fud, the data generated by an IM-240 measurement unit
have been processed second by second. Both cadytic and non-catdytic vehicles were used
subject to five driving cycles with mean speeds of 30, 46, 47, 55 and 73 km/hr respectively. Each
one of the five cycles had a tota duration time of 240 seconds (Corvdén et a, 2002). An
example of thistype of information is shown in the following graphic:
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Figure 2. Vdocity Curves v/s emisson of NOx for IM240 cycle
(The NOx vaues have been dtered in order to adjust to the scale)

A process of anadyss of the daia avalable was edsablished, which permitted the
obtainment of about 16 regidtries per trid (each registry includes: mean speed, mean acceleration,
travel time, distance traveled, NOx, HC, and CO). In tota, 1,000 experimenta points were
processed corresponding to 60 trids from 14 catalytic and non-catalytic passenger cars.

The type of results obtained indicate that NOx emisson is strongly dependent on
accderdtion while this same pollutant shows a poor corrdation with the speed variable. A amilar
tendency is observed in the work of Sturm et d (1997). The results obtained from non-cataytic
vehicles are shown on Figures 3 and 4.
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Figure 3. Emission of NOx in function of acceleration
(non-catdytic vehicles)
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Figure 4. Emisson of NOx in function of velocity
(non-cataytic vehicles)

The experimenta points represented in the previous graphics permit to andyze the
importance of mean speed and the postive mean acceeration (PMA) for each one of the three
pollutants consgdered, for three-way cataytic and non-catdytic vehides. The andyds was made
through regresson curves (the best fit tendency with polynomias or powers) and through
neurond networks. A summary of the results is shown on Table 1 indicating the number of points
composing each sample, the corrdation leve (R?) of the regression curves and the importance
percentage in the emisson explanation for each variable according to neurond networks. In the
last case, values within brackets indicate the variable degree.

Table 1. Satidtic andysis of gaseous emissonsin function of veocity (Ve) and

acceleration (Acc)
Vehide ' Best fit tendency . Neuronal network
tvpe Pollutant | Points Ve Acc Points Ve(1) Acc(l) Acc(2) Acc(3)
P m R R # % % % %
NOx 524 0.047 0.625 693 -- 61 30 8
Non-cat CO 518 0.3%4 0.240 660 12 15 A 33
HC 518 0.527 0.290 673 30 -- 33 33
NOx 768 0.025 0.325 502 -- 72 23 5
Cat CO 763 0.216 0.0%4 473 -- 17 50 A
HC 763 0.0%4 0.192 477 -- 21 37 42

The fit value indicated in the fourth column corresponds to the reference used in the
actud emisson factors representing the vehicle fleet in Santiago, Chile, based on the mean trave
velocity. CO shows the best fit level, while NOx presents the worst correlation in both vehicle
types. HC shows a very good correlation in conventiona vehides (R?=0.53), but it decreases
notably for threeway cadytic vehides (R?=0.09). A compaison with the correlaion levels
indicated in the fifth column, usng accderation as the control parameter, shows tha NOXx
improves notorioudy for both vehicle types, whereas emissons of HC and CO continue to be
better explained by velocity.



The neuronal networks andyss indicated that the best percentage of importance in the
explanation of emissons is attributed to NOx (61% and 72%). Velocity gppears weekly linked to
emisson of CO and HC in conventiond vehicles, while there was no reationship detected
between velocity and NOx for the totd points of the sample. According to this type of anayss,
emissions seem to be better explained by acceleration for the three gases considered.

3. DISCUSSION

According to the results obtained, it is important to incorporate acceleration as a varigble for
edimating NOx emissons from urban land vehicle sources. This results in changing the present
emisson factors depending on the mean travel velocity for curves in function of podtive mean
acceleration.

However, the difficulty in getting accurae accderation vaues in complex road sysems
makes it difficult for an estimating scheme based only on acceeration to be goplied. Due to this,
a mixed cdculation method is proposed in which the emisson values obtained are corrected by
the pogitive mean accderation.

The incorporation of the acceleration variable in the edimation of NOx emissons is
highly dependant upon the degree of vehicle flow in the road sysem. For this reason it is
necessxy to develop specific methodologies for scenarios with a high vehicle flow and for free or
moderate vehicle flow conditions.

The effect of acceleration is greater at lower speeds. For this reason the use of different
correction factors according to the speed range is recommended. In this Study a cut at 55 km/hr is
congdered, factors from O to 55 km/hr and from 55 up to 100 km/hr are proposed. These results
ae adso dependant upon the vehice emissons control technology. In this particular case
conventiona and three-way cataytic vehicles are consdered separately.

A preiminay edimaion of emissons usng accderation as the correction dement for
mean speed, a a traffic activity time of high vehidle flow for the case of Santiago, indicates a
34% NOx emisson increase, compared with caculation only based on speed. This result changes
to 4% NOx reduction when consdering a moderate traffic activity time (no high vehicle flow) for
the same pollutant.
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