Bulgarian Geophysical Journal, Vol. 29, 2003, 1-4

Geophysical Institute, Bulgarian Academy of Sciences

N. Gromkova: Regulatory Model for Calculating of Vehicles’ Emissions - PART I
N. Gromkova: Regulatory Model for Calculating of Vehicles’ Emissions - PART I

REGULATORY MODEL FOR CALCULATING OF VEHICLES’ EMISSIONS, MODULE EMISSIONS OF SOFTWARE TRAFFIC ORACLE - PART I
N. Gromkova
Geophysical Institute, Bulgarian Academy of Sciences, Atmospheric Physics, Acad. G. Bonchev St., bl. 3, Sofia 1113, Bulgaria, e-mail: gromkova@geophys.bas.bg

Abstract.  The software Traffic Oracle is a PC utility tool used for the purposes of the environmental policy in the development of road communications as well as for the impact assessments of vehicle emissions in the surface layer. The method developed, has been funded by the Bulgarian Ministry of Environment and Waters and the project outputs have been approved as a national regulatory standard. The program consists of two main modules – EMISSIONS and DIFFUSION. The first module calculates the emission estimates from the road transport based on the Joint EMEP/CORINAIR Atmospheric Emission Inventory Guidebook, Third Edition, Road Transport, Copenhagen, 2001. It has been assumed that emissions of burnt-out gases of motor vehicles in their motion along streets and highways can be approximated as continuous linear or area sources with finite length. The module package has been coded in Visual Basic and works under WINDOWS’ 9X, NT or XP. Its structure provides an easy way across the tasks, that the users have to carry out. The input information screen is user-friendly, and has well-provided-to warning messages of missing or restrictions to the supplied data.
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Introduction

The product Traffic Oracle has been developed for the purposes of environmental policy in the development of the road communications as well as for the impact assessments of vehicle emissions in the surface layer. The program consists of two main modules – EMISSIONS and DIFFUSION. 

The module EMISSIONS calculates the emission estimates from the road transport. It has been assumed that emissions of toxic substances, contained in the burnt-out gasses of motor vehicles in their motion along streets, highways or determinate region (towns or villages), can be approximated respectively as continuous linear sources with finite length or area ones. 
The following vehicle category division adopted for description of road transportation is included in the software: 
Table 1. Vehicle category split
	
	Categories
	
	Categories 

	PASSENGER CARS
	 1. Gasoline <1.4 l

 2. Gasoline 1.4 – 2.0l

 3. Gasoline >1.4 l

 4. Diesel >2.0 l

 5. LPG

 6. Two Stroke Gasoline
	HEAVY DUTY VEHICLES
	  9. Gasoline

10. Diesel 7.5 – 16 t

11. Diesel 16 – 32 t

12. Urban Buses

13. Coaches

	LIGHT DUTY VEHICLES <3.5
	 7. Gasoline

 8. Diesel
	TWO WHEELERS
	14. Mopeds & Motorcycles< 50cm³

15. Motorcycles 50-750 cm³


And it covers exhaust emissions of:

Table 2. Pollutants
	NОx
	Nitrogen Oxides

(NOx: NO and NO2)
	Given as NO2 equivalent

	VOC
	Volatile Organic
Compounds 
	Given as CH1,85 equivalent

(Also -as HC in emission sds.)

	CH4
	Methane 
	Given as CH4

	CO
	Carbon Monoxide
	Given as CO

	CO2
	Carbon Dioxide
	Given as CO2

	N2O
	Nitrous Oxide
	Given as N2O

	SO2
	Sulphur Dioxide
	Given as SO2

	NH3
	Ammonia
	Given as NH3

	Cd
	Cadmium
	Given as Cd

	Pb
	Lead
	Given as Pb

	PAH
	PolyAromatic Hydrocarbons (PAHs) including:

indeno(1,2,3-cd)pyrene, 

benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene

	DIOX
	Polychlorinated Dibenzo Dioxins (PCDDs) and 

Polychlorinated Dibenzo Furans (PCDFs)
	Given as Dioxins and Furan

respectively

	PCBs
	polychlorinated biphenyls 

	PM
	Particulate Matter
	Given as the mass collected

on a filter below 52°C in

dilution tunnel measurements


Program Architecture

In the main menu of the EMISSIONS module - Fig.1, there are two options to select, depending on the source type: 
1. Line Source (roads and highways);
2. Area Source (towns and villages).
Both vehicle emission data from line or area sources are provided by two EMEP/CORINAIR calculation schemes - simpler and detailed. 
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Fig. 1
Start Panel of the Module EMISSIONS
SIMPLER METHODOLOGY
The methodology is based on total fuel consumption data which then have to be multiplied by bulk emission factors, produced by averaging the data submitted by different European countries to CORINAIR - Joint EMEP/CORINAIR Atmospheric Emission Inventory Guidebook (1996). The simpler methodology covers all vehicle categories (table 1) and pollutants from table 2 except emissions of SO2 и NH3.
DETAILED METHODOLOGY
The methodology is based on Joint EMEP/CORINAIR Atmospheric Emission Inventory Guidebook (2001). The detailed methodology covers all vehicle categories (table 1) and pollutants from table 2 except emissions of PCBs. The total emissions are calculated by summing emissions from the thermal stabilized engine operation (hot) rate and transient warming-up phase (cold start) for the respective driving situation: urban, rural or highway. 
The new emission standards and trends in the evolution of emissions from vehicles have been adopted. The stages of the emissions’ reduction are:

· Conventional vehicle classes - vehicles complying with directive ECE 15/04 (up 1990)
· EURO I - vehicles complying with directive 91/441/EEC (1991-1995)
· EURO II - vehicles complying with directive 94/12/EC (1996-2000)
· EURO III- vehicles complying with directive 98/69/EC Stage 2000
The emission factors for Conventional and EURO I stage for NОX, CО, VOC, PM, CH4 and Fuel consumption (FC) are approximated with a polynomial expression of the speed-dependency equation. The mean speeds which correspond to the driving patterns of vehicles on road classes ‘rural’, ‘urban’ and ‘highway’ for Bulgaria in the range of the approximation validity are:

Table 3. Mean Vehicle speeds
	
	Vehicle categories
	urban

[km/h]
	rural

[km/h]
	highway

[km/h]

	1
	PC Gasoline <1.4 l
	50
	90
	120

	2
	PC Gasoline 1.4 – 2.0l
	50
	90
	120

	3
	PC Gasoline >1.4 l
	50
	90
	120

	4
	PC Diesel >2.0 l
	50
	90
	120

	5
	PC LPG
	50
	90
	120

	6
	PC Two Stroke Gasoline
	50
	90
	120

	7
	LDV Gasoline
	50
	80
	110

	8
	LDV Diesel
	50
	80
	110

	9
	HDV Gasoline
	50
	80
	110

	10
	HDV Diesel 7.5 – 16 t
	50
	80
	110

	11
	HDV Diesel 16 – 32 t
	50
	80
	110

	12
	Urban Buses
	50
	0
	0

	13
	Coaches
	50
	70
	100

	14
	Motorcycles ( > 50 см3)
	50
	90
	120

	15
	Mopeds & Motorcycles ( < 50 см3)
	50
	50
	0


The emission factors of NH3, N2O, DIOX and PAH are constant. The emissions of CO2, SO2, Cd and Pb are fuel dependent and those of SO2 and Pb are calculated on the basis of the related sulphur and lead content in diesel and gasoline fuel respectively.

The emissions of the vehicles and the fuel consumption are affected by the road gradient and in case of heavy duty vehicles and busses the slope influence is much more significant. Therefore a slope correction was incorporated for the mentioned vehicle classes for NОX, CО, VOC, PM and FC emission factors –fig. 2.
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Fig. 2
Line Source Emissions by Detailed Methodology
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Регулаторен модел за изчисляване на емисиите от моторните превозни средства – модул EMISSIONS на програмния продукт TRAFFIC ORACLE - ЧАСТ I 
Н. Громкова

Резюме.  Софтуерната програма Traffic Oracle е създадена за целите на екологичната политика при определяне разсейването на емисиите на вредни вещества от превозни средства и тяхната концентрация в приземния атмосферен слой, както и за оценка на въздействието върху околната среда от транспорта. Разработването на методиката беше финансирано от Министерството на околната среда и водите, а резултатите от нея са одобрени за регулаторен национален стандарт. Програмата се състои от два модула - EMISSIONS и DIFFUSION. Първият модул разработен на базата на Joint EMEP/CORINAIR Atmospheric Emission Inventory Guidebook, Third Edition, Road Transport, Copenhagen, 2001, изчислява емисията на определени вредни вещества в отработилите газове от двигателите с вътрешно горене на моторните превозни средства (МПС). Приема се, че емисиите от МПС при движението им по автомагистрали и сложна улична мрежа, могат да се апроксимират като непрекъснато действащи линейни или площни източници. Програмата е създадена с Visual Basic и работи в среда на WINDOWS’ 9X, NT, XP. Логиката в структурата на програмата не затруднява потребителя да изпълни съответната задача и той е улеснен от предупредителните прозорци и съобщения за липсващи или неподходящо въведени входни данни.
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