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Abstract

Concerns about high levels of air pollutants, together with the observed differences between the vehicle
emission running under normal operating conditions and the limits specified in the homologation tests,
has encouraged to conduct in Spain a study to meet the actual emissions of the circulating vehicle fleet.
For this purpose Madrid metropolitan area was selected to carry on this study, considering that the
characteristics of its circulating park can be extrapolated to the rest of the country fleet. The measuring
technology used was optical remote sensing that allows to measure the emissions in terms of ratios of
each emitted pollutant versus CO; in the exhaust plume. Some of the most relevant results are the high
levels of NO/CO: registered for euro 5 and euro 6 diesel vehicles, and the big differences among the
emissions when they are evaluated comparing the results of brands of the Spanish fleet.

Keys-words: RSD, Remote Sensing-Laboratory, traffic emissions.
Introduction

The use of remote emission measurements for characterizing emissions vehicles running in real
traffic conditions has grew in the last two decades. The main applications of these remote sensing
techniques are: fleet monitoring emissions, inspection and maintenance programs (I/M), and detection
of high emitters. Due to the most demanding application of emission standards and technological
developments especially focused on after-treatment systems, it is necessary to conduct periodic reviews
of the characterizations of fleet emissions. The use of remote sensing devices has been and is a quick
and economical tool for the characterization of fleets operating in real traffic conditions and also allows
a characterization in-situ and in a non-intrusively mode. Remote sensing equipment of emissions can
be used to analyze how an expected emission reductions (conditional on the introduction of a stricter
emission regulations) result in a change in the trend of emissions on the road. Its use is particularly
widespread in the US as inventors and precursors of this methodology are installed there. Some of the
most significant recent work has shown the collection of data acquired during a decade (Bishop and
Stedman, 2008) showing among its main conclusions a significant reduction in global emissions and a
high reliance on these emissions with the VSP ("Vehicle Specific Power”). Other remarkable campaigns
were conducted by Kuhns et al, 2004 or Fujita et al, 2012. The results of those campaigns cannot be
extrapolated to Europe because the weight of diesel vehicles in the European passenger car fleets is
very higher. In Europe, remote sensing measurements of emissions have also been used for the
characterization of fleets, highlighting Switzerland, Sweden and England. During 2000-2013, in a unique
location in Zurich in the same season of year, emissions data they were taken using remote sensing
devices (Chen and Borken-Kleefeld, 2014). In total more than 100,000 vehicles were registered,
dominated by diesel vehicles, making the classification by type of emission regulations and fuel type.
The main conclusion of this study emphasizes that, as other authors (Weiss et al, 2011) had indicated,
new NOx emission controls are not effective in actual driving. They also indicated that it is necessary to
determine the amount of primary NO2 and identify systematic differences among emissions of the
different dominant brands in European fleets. Along the same lines highlight the work done by the King's
College London (Carslaw et al, 2011; Carslaw et al, 2013a, Carslaw et al, 2013b). The campaign was
conducted from 2007 to 2010 (7 campaigns at different points) with a total of more than 80,000 valid
records, the high values of the emission of NOx/COz for modern vehicles (Euro 4/5) were also detected
contrary to expected emissions due to stricter emissions standards. All studies emphasize that recent
technologies do not adequately reduce this type of emission. These studies also found that for the post-
2000 vehicles (Euro 3, Euro 4 and Euro 5) diesel vehicles show a high dependence on the VSP in NOx
emissions, which was not observed in previous models or other contaminants. Other campaigns have
been conducted in Europe have been Sjodin and Jerksj6, 2008 in Sweden (15,000 vehicles).
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This work presents a part of the results of CORETRA project (Control Remoto de Emisiones de
Trafico) devoted to assess the performance of Remote Sensing Devices and also to apply this kind of
technology to study the Spanish circulating fleet. This paper is specifically focused on presenting and
discussing the results of the current park that mostly is formed by diesel vehicles (in a much higher
proportion than those presented in the rest of the works). The measurements were developed in Madrid
region and the sample is very representative of the national fleet. The work also includes a comparison
of results considering the different brands.

1. Methodology

This on-road emission study has been based on remote measurements implemented with an
AccuScanTM RSD4600 instrument. This remote sensing device allows performing emissions
measurements of vehicles in real road traffic conditions by non-intrusive optical technology. The system
uses two light beams, one in the ultraviolet (UV) and other one in the infrared range (IR), so that these
beams crossing the street or highway on a path perpendicular to the axis of the road on which the
measurements are made emissions and more or less in a path parallel to the surface. The beams are
reflected in a Corner Cube Mirror (CCM) and return where a similar way to the measurement equipment
where they are detected and analyzed. Emission specific concentrations of Hydrocarbon (HC), carbon
oxide (CO), carbon dioxide (CO2) and nitrogen oxide (NO) in the vehicle exhaust are calculated based
on the absorption of characteristic frequencies of IR/UV light. During the measurement process the
system also collects information on the speed and acceleration of each vehicle registered and takes
pictures of it (OCR or optical character recognition). The emissions and other related data are merged
into an individual vehicle record stored in a computer housed in a roadside van. This entire process
is accomplished in less than a single second. Trained operators customarily monitor and periodically
audit mobile roadside units to ensure data integrity. Through the study of number plates it is possible to

obtain the technical characteristics of all registered vehicles.
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Figure 1. RSD configuration in the road. CCM: Corner Cube Mirror. SDM: Enclosed
Source/Detector Module. S/A: Speed Acceleration

The RSD 4600 equipment provides as output ratios of the concentrations of CO/CO2, NO/CO:2 and
HC/CO2 present in each measured plume and the manufacturer's technical information (table 1)
provides the uncertainty of these data to two possible situations:



18" International Congress of Metrology, 11001 (2017) DOI: 10.1051/metrology/201711001

Table 1. Static background conditions and mean value CO; plume (>20 and <20)

COz2 plume > 20%-cm

CO% / CO2% +/- 0.007 or 10% of reading, whichever is greater
HC ppm /C0O2% +/- 6.6 or 10% of reading, whichever is greater
NO ppm /CO2% +/- 10 or 10% of reading, whichever is greater

COz2 plume < 20%-cm

CO% / CO2% +/- 0.015 or 15% of reading, whichever is greater
HC ppm /CO2% +/- 10 or 15% of reading, whichever is greater
NO ppm /CO2% +/- 10 or 15% of reading, whichever is greater

The Quality Assurance and Quality Control protocols applied during the campaigns were based on
the use of on-site calibration procedure with audited “puff’ release of reference blended gas (13.6%
CO2 , NO 1000 ppm, 2% CO, propane 1000ppm). The response of the instrument was periodically
verified in situ every 4 hours, following the specific procedure designed by the manufacturer. The device
used was the RSD 4600 and the fieldwork according to ISO 17025 methodologies was performed by
RSLAB.

The field work was conducted in 25 different locations around Madrid City during two experimental
campaigns (2014 and 2015). The 25 locations are shown in figure 2. A total number of 191,632 vehicles
were registered of which 139,450 were unique (no repetitions) and the rest were representing 73% of
the total measurements. The vehicle number distributions of these vehicles in the different points are
shown in figure 3.
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Figure 2. Geographical locations of the 25 measurement points in Madrid region.
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Figure 3. Vehicle number distributions in each of the 25 locations.

Diesel vehicles are a large part of the fleet (78%), while 22% represent the gasoline vehicles. It is
noteworthy that the vast majority of measured vehicles (92%) were passenger cars (M1), having a small
percentage (7% and 1%) of light commercial vehicles (N1-1 < 1305 kg, N1-ll between 1305 and 1760
kg, N1-Ill between 1760 and 3500 kg) and heavy commercial vehicles (M2, M3, N2, N3 = 3500 kg)
respectively. 67% of registered vehicles during the campaigns were Euro 4 or Euro 5 and most of the
registered vehicles circulated with speeds in the range 16-70 km/h.

Table 2. Number of vehicles depending on European emission standard, type of fuel and
vehicle category.

PRE EURO EURO 1 EURO 2 EURO 3 EURO S fUROD &
N?Veh W Veh N2Veh % Veh NEVeh % Veh N2Vel NVeh N¥Veh %Veh N*Veh %WVeh N2Veh N Veh
DIESEL 219 013N 521 033N 4576 3.03% 24541  17.06% 10959 29.11N 38258 27.5) ., 1.81% 111765

M1 %  006% 334 0.22% 4096 274% 21920 25.11%

EURO &

N1 0 0% 52 003% 59 O0M% 447 027% 1032 065M %06 060N 116 0.0 2642
N1 48 003% 66 O0M% 138 008% 793 051N 1010 O64% 1023 (069% 0 0.00% 3076
NI-flI 22 001% 48 003% 197 012% 1038 065% 1311 OB1% 1158 077% 0 000% Ere )

MJMIN2N3 23 00I% 23 00i% B 006% 343 0.23% 368 028% 383 033% 132 012% 1358

M 653 038% 870 059% 3000 196% 860] S82% B%50 625K 8126 S58% 558 0.3M% 30778 20.94%

Total N? Veh Total % Veh

N1 24 000% 7 000% 2 000% 28 002% 42 003% 9 001% 1 ooo%| 113 0.07%
N1l 0 000% 2 000% 2 000% 3 000% 4 000% 2 o00o% 0 ooox| 13 0.01%
NI-HI 2 0.00% 0 0.00% 1) 0.00% Q0 0.00% 8 0.01% b 0.00% 0 0.00% 16 0.01%
Totad 898 052% 1400 092% 7600 499% 33173 2290% 49963 3540% 46401 3309% 3250 2.18% 142685 100.00%
Ni NI M2,M3,N2,N3
o 3% 3N, EURO B
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Figure 4. Vehicle distribution depending on fuel, vehicle category, and European emission
standard.
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2. Results

The average values of the emission ratios of all registered vehicles are shown in table 3. In Figure 5
are shown the mean ratio emission for M1 category versus the European emission standard. The
general trend is that average vehicle emissions have been reduced with the application of each newer
European emission standards, although some exceptions have been observed. In the case of CO,
Heavy commercial vehicles (M2, M3, N2 and N3) exceed the limit established from Euro 3. In the case
of HC, the average emissions are above a certain level, however, for vehicles belonging to the Euro 5
and 6 Standards, the emission ratios are below.

NO is a separate case. In general, since before the existence of any Euro standard to the current
standard the NOx has been consecutively reduced, but it should be stressed that the actual emission
levels are well above those thresholds, except for some gasoline vehicle group.

In the case of M1 diesel vehicles, the behavior of NO/CO2 average ratios for modern cars is very
similar to pre-Euro models.

a) M1-Diese

. I -l . . .
RO FUR f if i 1 FLURI ELIT

L ___JEFgs, 1 T & Hr J

b) M1-Diesel

W rope an L —— e Trafl
c) M1-Diesel
5 I I |
54 : .
.. I ’ |
18 .

Figure 5. European limit vs mean ratio of CO/CO2, HC/CO2 and NO/CO2 obtained in real traffic

conditions. For calculating the European emission limit ratio, the limit value of this legislation

for each pollutant, by the average CO2 emitted in the NEDC cycle for this legislation has been
used. Converting all values to volume concentrations.
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NO/CO, distribution vs European emission standard
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Figure 6. NO/CO2 distribution depending on European emission standard and emission range
of the ratio NO/CO2 for diesel vehicles

Furthermore, as shown in Figure 6, there is a great dispersion in the NO/CO2 ratio values that is very
significant. The graph shows the distribution of ratios only from Euro 2, since for the Euro 1 and
PREEURO there is a no significant number of vehicles. Euro 5 has more than 40% of their vehicles with
ratios that exceed the value of 40. 10-4, while the Euro 4 standard only 30% of the registered vehicles
showed this behavior. From a technological point, there are differences among the abatement pollutant
solutions adopted for the last three Euro standards. Oxidation catalyst and DPF was used in Euro 4, in
the Euro 5, EGR, DPF and complex electronic control were the most common technologies, and finally
DPF, LNT or SCR and EGR for Euro 6. Kadijk et al (2016) report that no NOx reduction in modern
engines, especially Euro 5, might be the result of failing emission control at high power demand. This
high dispersion in the emission ratios could point to failures in some control technologies due to cost
reduction and technology differences between vehicle manufacturers. To test this hypothesis, the values
of NO/CO2 ratios of diesel vehicles corresponding to the most numerous brands in the circulating fleet
registered in the campaigns are shown in the following figures.
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Figure 7. NO/CO: ratio distribution of diesel Euro 4 vehicle by brand. In the bars is shown the
vehicle number registered of each brand and each ratio group.
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Figure 8. NO/CO; ratio distribution of diesel Euro 5 vehicle by brand. In the bars is shown the
vehicle number registered of each brand and each ratio group.
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Figure 9. NO/CO; ratio distribution of diesel Euro 6 vehicle by brand. In the bars is shown the
vehicle number registered of each brand and each ratio group.
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Figure 10. Average NO/CO: ratio vs VSP and brand. Only a few representative brands have
been represented.
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Some general remarks can be concluded from these results: Opel diesel vehicles have high
emissions in all regulations (figures); Group Hyundai engines were the most pollutants with Euro 4
standard, and while remaining the most pollutants in the Euro 5 and Euro 6 standards they came closer
to other manufacturers, especially with high VSP. Renault group’s vehicles have high emissions,
especially in the Euro 6. Mercedes, BMW and Volvo pollute the least, but with the entry of the EURO 5
standard, the difference became more evident. Ford and PSA group have average emissions in both
EURO 4 and EURO 5. Volkswagen group in Euro 4 standard presents a mean NO/CO2 ratio none
especially high but after the approval of Euro 5 standard its engines present a clear increase in the
general pollutant level of the brand even under low VSP conditions as shown in figure 10.

Conclusions

Remote sensing has been demonstrated as an effective technology to update vehicle emission
inventories, to study trends and to detect abnormalities of the circulating fleet. The emitting behavior of
a representative sample of the Spanish circulating fleet has been studied with a RSD 4600 instrument
in Madrid region during 2014 and 2015. One of the most relevant results of this study is related to the
trends of the NOx emissions produced by diesel cars that present clear anomalies because the average
NO/CO: ratios do not correlate with the Euro standards and have certain dependency from the vehicle
brands. In Euro 5 and Euro 6 diesel vehicles, these ratios are too high regarding the expected NO«
emission levels determined by the correspondent standards.

Given that emissions of nitrogen oxides are very high in European cities and considering that diesel
vehicles are predominant in the Spanish fleet, it is necessary to deepen the study of these emissions
and determine why vehicles in real traffic conditions emit more than expected.
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