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Barcelona suffers from severe air quality problems mainly due to: . . , A 50 /—'\/_\
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« Commuting increase (Fig. 1) that raised vehicles density (6.000 veh./km). 30
« Complex orography: Coastal city surrounded by mountains (Fig. 2). ‘jz
« Meteorological conditions: Strong summer sea breezes and sun radiation with low precipitation. o O
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Need in tackling air pollution: /
. ) ) i i i _ Figure 1: Evolution of commuters in 1986 and 2010 (AMB, 2014). Figure 3: Registered NO, results at traffic and background stations from
Air pollution causes every year 44.000 premature deaths in Spain, 3.000 in Barcelona (EEA, 2017; CREAL, 2007). 1996 to 2016 (ASPB, 2016) .
* Insufficient NO, decrease on the last decades, still above the EU limits (Fig. 3). NO, related sources measured from Barcelona's NOx modelled emissions
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« Technical improvements in diesel vehicle NOx emissions were ineffective (Carslaw et al. 2011; AMB, 2017), it is then
necessary to reduce the traffic activity by mobility policies.

* There were unsatisfactory results after the application of several traffic restriction policies (Holman, 2015; Cantillo &
Ortuzar, 2014).

« The mobility policies applied need to be evaluated with modelling tools capable of estimate

- - - - Figure 2: Daylight perpendicular circulations along the Mediterranean Figure 4: Modelled NO,, contributors, registered at street level and in total
their air d ual 'ty impact. coasts in summer (Millan et al., 2000) emissions (Ajuntament de Barcelona, 2016).
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. . — . — . . . Figure 6: Screenshot of AIMSUN traffic model over Barcelona. Figure 7: CALIOPE-Urban (bottom) modelled results (Benavides, 2017).
Microscopic traffic simulator Vehicle emission model Air Quality modelling system workflow.

First approach to vehicle emission models

Intercomparison between several vehicle emission models: (1) Panis ‘06 (Panis et al. 2006), (lI) PHEMIight (TUG, 2017) coupled with the microscopic traffic simulator AIMSUN (Fig. 6)
(TSS, 2014), (Ill) COPERT IV v10.0 (EMEP/EEA, 2012) and (IV) COPERT V (EMEP/EEA, 2017). Additionally, they were compared with the observed results of on-road measurements
done by RSD (Remote Sensing Device) on real driving vehicles in Barcelona (AMB, 2017).

Instantaneous NOx emissions

Emission factor comparison:

Car Diesel Euro 3
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« Case study: A 9-blocks area from Barcelona Eixample (Fig. 8) 400
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« Traffic simulation: The drive cycle was selected from a passenger car going around the study g 300 9
area for 99 seconds with an average speed of 26.7 km/h. i 250 @
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« The drive cycle was used to estimate the total emissions of Panis ‘06 and PHEMIight emission @ 50
models. e SCBNE N 100
+  For COPERT, the versions COPERT IV v10.0 and COPERT V were used. Petrol engine  RSFSSECHliai sl Sl _-? 50
degradation factors according to vehicle’s age have also been considered and compared. s ol o (P 51 3,";'5-. e I 20 0
(EMEP/EEA, 2017) NN IR o) | B Time (s)
« Emissions simulated: Passenger car Diesel and Petrol Euro 2, 3, 4, 5 and 6. Pre-Euro and speed = - +Av. Speed Panis’06  ——PHEMIght  ——COPERTIV&V
Euro 1 have not been studied since they are disused. Figure 8: Area used to extract the drive cycle Figure 9: Speed and NOx emissions in g/h along time with Panis, PHEMIight and COPERT IV and V
« The average speed of tested vehicles at urban locations during the RSD study was 28.6 km/h.
Results Diesel car (g/km) Petrol car (g/km)
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* Instantaneous NOx emissions (Fig. 9) Lo 0.60 =
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* Instantaneous emission models (Panis and PHEMlIlight) agree reasonably well, although o - 0.50
PHEMIight present higher peaks during acceleration. | _ 040
« COPERT represents the average emission during the whole cycle, without considering oo \ 0.30 N
accelerations. 0.4 -
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* NOx emissions in g/km (Fig. 10). 0. 010 I I I I § §
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' Diesel Euro 2 Diesel Euro 3 Diesel Euro 4 Diesel Euro 5 Diesel Euro 6 Petrol Euro 2 Petrol Euro 3 Petrol Euro 4 Petrol Euro 5 Petrol Euro 6
- PHEMIight overestimates emissions compared to observations for all EURO categories. mPanis 06 mPHEMIight =COPERT IVv10.0 mCOPERTV ERSD ® Panis 06 mPHEMIight ® COPERT IV v10.0 mCOPERTV = COPERT V (with degradation factor) =RSD
« Panis ‘06 agrees well with observations for Euro 2 and 3 (-15% and 4%), but _ _ | | tod betrol car with dearadation factor — total
overestimates for Euro 4, 5 and 6 by 30%, 20% and 52%. Diesel car - total grams emitted Petrol car - total grams emitte g o
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« COPERT V underestimates emissions for EURO 2 by 25% and overestimates for Euro 6 15 25
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by 28%, but agrees well for the other Euro categories.
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« PETROL 5 .
« COPERT V for EURO 2, 3 and 4 with degradation factor underestimates by a factor of : ”
1.2, 2.2 and 1.7 respectively. Without the degradation factor this increases to 3.1, 3.8 and , 4
2.7 In respect with observations. Euro 5 and 6 are underestimated by factors of 4.4 and . I I I I I 5 I
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* For Euro 3 and newer Categorles Panis is the CloseSt mOdel to RSD Observatlons' m Panis 06 = PHEMIight COPERT IVVv10.0 mCOPERTYV ®m Panis 06 = PHEMlIlight COPERT IVVv10.0 m=mCOPERTYV EPanis 06 ®=PHEMIight COPERT IVVv10.0 m=mCOPERTYV

’ PHEI\/IIIght underestimate for all Euro categories, similar to COPERT V with degradatlon. Figure 10: Diesel and petrol g/km (top) and total grams (bottom) estimated by Panis, PHEMIight, COPERT IV and V models and the observed average of the RSD study for Euro

categories from EURO 2 to EURO 6
Discussion

 The last corrections on COPERT diesel emission factors agree well with the observed RSD results, for petrol however Further research.

without the application of the degradation factor these result in large underestimations. _ _ o o
« To be able to better observe the benefits of instantaneous emission models a further analysis with the complete range of

* Considering that Panis ‘06 was a model that only measured emissions until Euro 3 category, its results are closer to vehicle emissions at different speeds from the RSD study is needed.
observations for Diesel Euro 2, 3, 4 and 5 than PHEMIight, a model with up to date measurements . Being also the most _ _ _
similar to observations for Petrol Euro 3, 4, 5, and 6 (without the degradation factor considered for COPERT models). * Itwill be needed to track the trajectory of the drive cycle analysed.

» Despite the similar results in g/km for diesel, Panis ‘06 and PHEMIight represent on average total emissions of 52% and
42% more NOx grams than COPERT V, respectively (Fig. 10). This might be due to the acceleration peaks that
microscopic emission models capture while average speed models do not.
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