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Modelling of NO2 concentration

Dispersion modelling was used to evaluate the development of NOx emissions and NO2 concentrations in Helsinki in those areas where the limit value is estimated to be exceeded. 

Model

For modelling NO2 concentrations in Helsinki we used a street canyon model (Operational Street Pollution Model (OSPM)) developed by the National Environmental Research Institute, Department of Atmospheric Environment, Denmark. (Berkowicz, 2000).

Emission factors

We have used emission factors from the HBEFA (version 3.1) database for congested traffic for most of the vehicles. 
Because of lack of sufficient EEV data in the HBEFA database the emission factors for EEV buses are based on the RASTU project (RASTU project, 2009). According to the results of the RASTU project the emission factors for EEV buses are 30 % better than for EURO 4 buses. The RASTU project was a three- year project (2006-2008). Besides research on fuel saving for heavy-duty vehicles the research integrate also included tasks relating to emissions, IT applications and safety. During the research period, a total of approximately 140 heavy-duty vehicles were tested using a chassis dynamometer. 

Background and meteorological data

Background concentration data measured at the urban background station (Kallio) is used from year 2010 in all projections. Also meteorological data is used from year 2010 in all projections. NO2 concentration levels were higher in 2010 than earlier years in Helsinki region most probably because of unfavourable weather conditions (Malkki et al 2011). Thus the background and meteorological data that were used in this modelling represent the realistic worst case scenarios.
Traffic volumes and vehicle distributions in different vehicle categories
The total number of vehicles and their amount in different vehicle categories are based on an estimation by City of Helsinki, City Planning Department.
The share of primary NO2 
Primary NO2 is estimated to be 17.5 % (year 2010), 17.5 % (year 2011), 18 % (year 2012), 18.5 % (year 2013), 19.5 % (year 2014) and 20 % (year 2015) of total NOx emissions. This estimation is based on a study by Anttila et al., 2011 and on an expert evaluation by HSY.
Share of personal diesel cars

The number of diesel passenger cars is much lower in Finland than in the Central Europe. However, in the Helsinki Region the share of diesel passenger cars is higher than the average share in whole Finland. For example in the Helsinki region the share of diesel passenger cars varied between 19 % and 36 % in the main roads in 2008 when the whole country average was 17 % (Figure 1 and 2). 
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Figure 1. Share of diesel passenger cars in the main roads in Helsinki in 2008 (Kärkinen, 2009).
The number of new registrations of diesel cars increased considerably in year 2008 because of changes in Finnish legislation. Taxes were differentiated according to CO2 emissions and diesel cars came more attractive than earlier. In 2008 50 % of new registrations were diesel cars but it seems that number is decreasing. In 2010 the share of diesel cars was 42 % (Figure 2).

[image: image2.jpg]Dieselautojen osuus henkil6autojen ensirekisterdinneista ja autokannasta
‘Share of diesel cars

Dieselautojen osuus henkildautokannasta ja
ensirekisterdinneista

50,0

4501 mmmKanta Carparc — Ensirekistersinnit New registrations %
40,0

350 /
300 //
250

200
150
10,0 4
50
00

Osuus % Share%

R R R N Y
$ & & $ §
R N
Vuosi Year

ISR @

@@é”@é\@q‘b @{Sm“

Lahde: Traf, Tilastokeskus
‘Source: Traf, Statistics Finland




Figure 2. The share of diesel cars in new registrations and in the car fleet in Finland (Autoalan tiedotuskeskus, 2011).
The share of diesel passenger cars in the city centre is estimated to be 27 % (year 2010), 27 % (year 2011), 28 % (year 2012), 29 % (year 2013), 30 % (year 2014) and 30 % (year 2015) in the modelled projections. 

Average speed
Average speed in the street canyon is based on the study by City Planning Department, City of Helsinki (Hellman, 2009). 

Emission standard categories
The vehicle fleet composition in different emission standard categories for vehicles is based on the LIPASTO database developed by VTT Technical Research Centre of Finland (LIPASTO, 2011). For more detailed estimation for passenger cars is based on an expert evaluation by VTT. The estimated percentage of urban buses falling into different emission standard categories is based on information from the Helsinki Regional Transport Authority HSL.

Exceedance area
Estimated exceedance area is 8 km of street canyons in the centre of Helsinki city. According to our measurements and modelling results the street canyon Töölöntulli is the most polluted site in Helsinki and is the most challenging site in terms of achieving the limit value by 2015.The length of the street canyon Töölöntulli is 1.8 km.

Projections 
1) Present state 2010
Background concentration data from urban background station (Kallio) is used from year 2010. Also meteorological data is from 2010. NO2 concentration levels were higher in 2010 than earlier years in Helsinki region because of unfavourable weather conditions (Malkki et al 2011). 

The total number of vehicles and their amount in different vehicle categories is estimated by City of Helsinki, City Planning Department.
Primary NO2 is estimated to be 17.5 % year 2010. At the moment the share of diesel passenger cars in Helsinki region is estimated to be 27 %. 
The vehicle fleet composition in different emission standard categories is based on the LIPASTO database developed by VTT Technical Research Centre of Finland (LIPASTO, 2011). The more detailed estimation for passenger cars is based on an expert evaluation by VTT. The estimated percentage of urban buses falling into different emission standard categories is based on information from the Helsinki Regional Transport Authority HSL.
2) Business as usual projection (BAU): 

The only changes are known improvements in vehicle technology. The vehicle fleet is renewed according to the normal rate. 
The annual NO2 background concentration is expected to decrease 1 % per year. The estimation is based on the study by Anttila and Tuovinen (2010).

The total number of vehicles and their amount in different vehicle categories are based on the estimation by City of Helsinki, City Planning Department.
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Present state 2005 50 200 34 993 4 999 4 942 1 268 373 3 624

Without measures 2010 51 300 29 834 11 035 5 050 1 296 381 3 704

Present state 2010 47 600 27 682 10 239 4 686 1 202 354 3 437

BAU 2011 47 600 27 682 10 239 4 686 1 202 354 3 437

Traffic volume forecast 2011 46 200 26 868 9 938 4 548 1 167 343 3 336

BAU 2012 47 600 27 303 10 618 4 686 1 202 354 3 437

Traffic volume forecast 2012 44 800 25 697 9 993 4 410 1 132 333 3 235

BAU 2013 47 600 26 924 10 997 4 686 1 202 354 3 437

Traffic volume forecast 2013 43 500 24 605 10 050 4 282 1 099 323 3 141

Environmental zone 2013 43 500 24 605 10 050 4 282 1 099 323 3 141

Smoother traffic 2013 43 500 24 605 10 050 4 282 1 099 323 3 141

BAU 2014 47 600 26 545 11 376 4 686 1 202 354 3 437

Traffic volume forecast 2014 42 200 23 533 10 086 4 154 1 066 314 3 047

Environmental zone 2014 42 200 23 533 10 086 4 154 1 066 314 3 047

Smoother traffic 2014 42 200 23 533 10 086 4 154 1 066 314 3 047

BAU 2015 47 600 26 545 11 376 4 686 1 202 354 3 437

Traffic volume forecast 2015 41 000 22 864 9 799 4 036 1 036 305 2 960

Environmental zone 2015 41 000 22 864 9 799 4 036 1 036 305 2 960

Smoother traffic 2015 41 000 22 864 9 799 4 036 1 036 305 2 960

Töölöntulli vehicles/year


Primary NO2 is evaluated to be 17.5 % (year 2010), 17.5 % (year 2011), 18 % (year 2012), 18.5 % (year 2013), 19.5 % (year 2014) and 20 % (year 2015) of total NOx emissions. This estimation is based on an article by Anttila et al., 2011 and expert evaluation by HSY.

The vehicle fleet composition in different emission standard categories for vehicles is based on LIPASTO database developed by VTT Technical Research Centre of Finland (LIPASTO, 2011).The more detailed estimation for passenger cars is based on an expert evaluation by VTT. In Finland the average age of vehicles is higher than in the Central Europe. E.g. the average age of passenger cars was 11.9 years in 2010 (Source: Statistics Finland/ TraFi).
The estimated percentage of urban buses falling into different emission standard categories is based on information from the Helsinki Regional Transport Authority.
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3) Traffic volume forecast
The total number of vehicles and their number in different vehicle categories are based on an estimate by the City of Helsinki, City Planning Department.
The number of vehicles is expected to decrease at some points (including Töölöntulli) because of increased the attractiveness of public transport and improved public transport connections. 
The projection includes also improvements in vehicle technology.
4) Environmental zone: 

The City Board of Helsinki decided on 31.5.2010 to implement an environmental zone in the city centre. The zone extends to the south of Hakamäentie Road and covers the areas that are most problematic from the point of view of air quality, including the busiest street canyons (see Figure 3). This zone overlaps with the restriction area where heavy goods vehicles (HGVs) with a length over 12 meters are not allowed. This restriction does not apply to buses nor to HGV`s which have been granted a special permission. There are recommended routes for HGVs into the city harbours within the restriction area.

The environmental zone applies only to the internal and regional bus traffic and waste transport vans. The bus traffic is submitted to competitive tendering by HSL (Helsinki Regional Transport Authority) and waste transport is submitted to competitive tendering by HSY (Helsinki Region Environmental Services Authority). HSL and HSY apply stricter emission criteria for buses and waste trucks in the environmental zone. When new contracts are submitted to tendering, buses in the environmental zone must comply with Euro 3 standards and waste transport vans with Euro 5 standards. The impact of waste transport vans on air quality is marginal, but the impact of city buses is significant.   
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Figure 3: The environmental zone of the city of Helsinki (delineated in green) and the restriction area of the heavy goods vehicles (delineated in orange). 

The renovation of buses is faster than in the BAU projection. The estimated percentage of urban buses falling into different emission standard categories is based on information from the Helsinki Regional Transport Authority. 
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The projection includes also improvements in vehicle technology and the estimated decrease in the number of vehicles.

5) Smoother traffic

It is evaluated that traffic is smoother because there is less traffic. The average speed is 3 km/h higher than in the BAU projection. The projection includes also improvements in vehicle technology, the estimated decrease in the number of vehicles and stricter emission criteria applied for urban buses
The emissions of NOx and annual NO2 concentrations were modelled also for two other situations: a) No measures 2010: It is assumed that there have been no measures to achieve compliance. Traffic volumes are from 2006, which result in a lower average speed (-3 km/h) than in the present state 2010. b) Present state 2005: Background concentration data measured at the urban background station (Kallio) is used from year 2005. Also meteorological data is from year 2005. Emission factors from the HBEFA database for year 2005 are used. Primary NO2 is evaluated to be 15 % year 2005. The share of diesel passenger cars in Helsinki region was 12.5 %. 

Modelling results
Töölöntulli:

According to the modelling results it is possible to achieve the limit value the street canyon Töölöntulli where the concentrations are the highest in the region(table 1). It is possible to reach the limit value in Helsinki by 2015 but not earlier (see table 1 and figure 3).
NOx emissions in Tööölöntulli in the different projections between 2010 and 2015 are presented in figure 4.

Table 1 Modelled NO2 concentrations in the present state in 2010 and in projections for 2015 in the street canyon Töölöntulli.
	Töölöntulli
	Vehicles / day
	Concentration µgNO2/m3

	2010


	46 000
	57

	BAU 2015

Improvements in vehicle technology


	46 000
	44

	Traffic volume forecast 2015

The number of vehicles decreased


	41 000
	42

	Environmental zone 2015

Urban buses: changes in emission standard categories


	41 000
	40

	Smoother traffic 2015

Average speed +3 km/h
	41 000
	39
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Figure 3. Modelled NO2 concentration in the different projections in Töölöntulli.
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Figure 4. NOx emissions in the different projections in Töölöntulli.
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Figure 5. Modelled NO2 concentration in the different projections in Mannerheimintie.
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Figure 6. NOx emissions in the different projections in Mannerheimintie.
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Figure 7. Modelled NO2 concentration in the different projections in Kaisaniemenkatu.
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Figure 8. NOx emissions in the different projections in Kaisaniemenkatu..
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Figure 9. Modelled NO2 concentration in the different projections in Mäkelänkatu.
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Figure 10. NOx emissions in the different projections in Mäkelänkatu.
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Figure 11. Modelled NO2 concentration in the different projections in Hämeentie.
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Figure 12. NOx emissions in the different projections in Hämeentie.
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Figure 13. Modelled NO2 concentration in the different projections in Sturenkatu.
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Figure 14. NOx emissions in the different projections in Sturenkatu.
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Figure 15. Modelled NO2 concentration in the different projections in Unioninkatu.
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Figure 16. NOx emissions in the different projections in Unioninkatu.

Comparison of modelled results to measured concentrations

Töölöntulli was estimated to be the worst case scenario, where the concentrations are the highest so far measured in the area. Because of the precautionary principle we have used HBEFA emission factors, which seem to slightly overestimate the concentration in Töölöntulli, instead of VTT factors. 
Figure 17 shows that modelling with HBEFA factors gives an annual concentration of NO2 which is slightly higher than the concentration measured at the Töölöntulli monitoring site in 2010. Thus the real concentrations are estimated to be slightly lower than those modelled at the Töölöntulli monitoring site.
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Figure 17. Modelled and measured concentrations at the Töölöntulli monitoring site. Modelling was carried out using HBEFA and VTT emission factors.
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