Ch 5: The main sources of the common air pollutants; methods of estimating emission rates

Ambient air pollutant concentrations are the result of the interaction of pollutant emissions, chemical and physical transformations, dispersion of the pollutants and pollutant deposition
. There are natural and ‘anthropogenic’ (the result of human activities) sources of pollution.  Dispersion of pollutants is greatly influenced by meteorology, mainly wind speed and direction, and vertical air movement. The oceans and surfaces of plants, the earth’s surface and buildings act as pollutant ‘sinks’
.

The sources of air pollution may be classified as stationary point sources (generally industrial in origin), diffuse or area sources and mobile sources (mainly cars and trucks). The stationary industrial sources are usually classified by process type or sub-type. Thus an oil refining plant also includes large industrial boilers as a sub-type. Small and medium scale plants such as garment or food processing plants may include industrial boilers, a common source of air pollution. The quality and type of fuel used for energy production are important determinants of the air pollution potential of a plant. Each type of plant or activity generally emits more than one pollutant, and the pollutant emission rate depends on the fuel type and quality, the design of the plant (and whether fitted with air pollution control devices or not), and the activity rate or rate of fuel use or production rate of the plant.

Table 3 lists some stationary sources and typical pollutants emitted by these sources. Depending on the classification system, stationary sources may be classified into 50 to 100 different categories. South African regulations, for example, list of about 70 ‘Scheduled Industries’.

Table 5.1: Examples of stationary sources and the main pollutants emitted

	Source
	Pollutants

	Coal Fired Power Stations 
	SO2, NOx, PM, VOCs, …  

	Boilers, Combustion Plants 
	SO2, NOx, PM, VOCs, … 

	Oil refineries 
	SO2, NOx, PM, VOCs, … 

	Incinerators 
	Dioxins, SO2, NOx, PM, VOCs, … 

	Sulphuric Acid Plants 
	SO2, sulphuric acid mist, SO3 

	Nitric Acid Plants 
	NOx 

	Fertiliser Plants 
	PM (ammonium nitrate, phosphate rock, etc. 

	Glass manufacture
	SO2, NOx, PM

	Landfills
	CH4, H2S, odourous gases

	Mines and smelters 
	PM, NOx, SO2, ..

	Open burning of solid waste
	Dioxins, PM, VOCs, …

	VOC storage facilities, paintshops, dry cleaners etc…. 
	VOCs 

	
	


The list of pollutants in Table 5.1 is by no means complete. 

Source apportionment data

Ambient air quality in a given geographical region is influenced not only by the emission rates of various pollutants, by factors such a meteorology and local topography (mountains and other geographical features). The area influenced by local air pollution may be called an ‘airshed’. In order to develop an effective pollution reduction plan in a given region, a knowledge of the relative contribution of each source or group of sources to total emissions of a pollutant in the ‘airshed’ is required. A single pollutant (SO2 for example) may have a number of sources, illustrated in the source apportionment graphic, Figure 5.1, below.
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It is important to note that the relative contribution of different sources (the source apportionment) to the total emissions of a particular pollutant may vary considerably from city to city within a country, and from country to country. In the example above the major SO2 source is an electric power station. But in a city or an urban area without a local power station (such as Durban) electric power generation would not be a significant SO2 source. 
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In the South Durban region the main SO2 sources are the two oil refineries – together they contribute more than 50% to the regional SO2 inventory. The results (for SO2 emissions) of an emission inventory study in the South Durban Industrial Area
 are shown in Figure 5.2.
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Methods of estimating industrial point source emissions:

[image: image8.jpg]


The process of identifying all significant emission sources and estimating or measuring the emission rates (units of g/s are frequently used) of pollutants from each point source are essential prerequisites to developing a point source emission inventory, a far from trivial task.

Whilst continuous stack emission monitoring would yield a record of emission rates for each stack, this method is generally only used for large point sources, in countries where continuous emission monitoring (CEM) is mandatory (compulsory). In the absence of CEM, periodic stack measurements may be used to obtain an estimate of emission rates. However, these periodic emission rates should be used with caution – a measurement taken over a period of a few hours annually may not be representative of average operating conditions, and accurate measurements require considerable care.

A widely used alternative is the use of emission factors to estimate emission rates.

The general formula for estimating emission rates is:

Emission rate [g/s] = Activity rate [kg/s or l/s] * Emission factor [g/kg or g/l].

(Other consistent units may be used.)

The US EPA’s Compilation Of Air Pollutant Emission Factors (AP-42) is a widely used reference both of emission factors and methodology. Needless to say, due care should be taken to check that the AP-42 emission factors are applicable to the specific local source, for example by checking if the fuel used, the technology installed and the stack gas cleanup systems are sufficiently similar for the AP-42 emission factors to be applicable.

In general, the use of fossil fuels (coal, fuel oil or gas (LPG or LNG)) is a major source of pollutant emissions, and emissions of the greenhouse gas carbon dioxide (CO2). However, the pollutant profile of each of these fuel sources is markedly different, with gas being by far the least polluting. 

Fuels may be compared for pollution potential on the basis of their emissions per kg or per litre, as illustrated in the Table 5.2.

Table 5.2: Emission Factors for different fuel types (CT Brown Haze Study)

	
	Pollutant

	Fuel
	Units
	SO2
	NOx
	PM10
	VOCs

	Coal
	g/kg
	19
	1.5
	4.1
	5.0

	Paraffin
	g/l
	8.5
	1.5
	0.2
	0.09

	LPG
	g/l
	0.01
	1.4
	0.07
	0.5

	wood
	g/kg
	0.75
	5
	17.3
	22


Of the above fuels, LPG (liquefied petroleum gas) is the ‘cleanest’ – it produces far lower emissions of SO2, PM10 and VOCs compared with the other fuels, and NOx levels are similar. 

Note that these emission factors are to some extent dependent on the individual fuel composition. For example, the SO2 emissions from coal and fuel oil are a direct function of the sulphur content of these fuels. Good design and the installation of emission control devices such as precipitators or baghouses (to reduce PM10 emissions), or stack gas scrubbers (for SO2 emissions) may reduce emissions of these pollutants by 70 to 90%.

The above emission factors may be compared to the US EPA AP-42 values.


A point source emission inventory is a database (usually electronic) of all point source emission rates (for each pollutant), together with relevant data on the location of each source, annual production rate or fuel consumption rate used as the basis for estimating the emission rate (or measured stack flow rates and concentrations) in a defined area. Questions of the completeness of the database (whether all significant sources have been included), the accuracy of the measured or estimated emission rates, and the activity pattern (whether the plant operates continuously or periodically) should be addressed in compiling the database.

An example of part of the South Durban emissions database is shown in Table 5.3 below.
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Estimating mobile source emissions

Mobile sources refer mainly to emissions from cars, trucks, minibuses and buses. The fuel source may be petrol or diesel, and emissions include exhaust emissions and fugitive emissions. The procedure is complex, as is illustrated in the diagram (Figure 5.3) below.

Figure 5.3: Procedure for estimating mobile source emissions
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OUTPUT:


INPUT DATA:

    






Petrol and Diesel Consumption

(Fuel Balance)

Total Emissions

Total Emissions
per Vehicle Class
(For details of the methodology, see the paper by Mert and Cairncross.)

Table 5.4 lists typical mobile source emissions in the United States.

Table 5.4: US EPA List of Mobile Source Air Toxics and

	US EPA List of Mobile Source Air Toxics

	Acetaldehyde

Acrolein

Arsenic Compounds

Benzene

1,3-Butadiene

Chromium Compounds

Dioxin/Furans
	Diesel Exhaust

Ethylbenzene

Formaldehyde

n-hexane

Lead Compounds

Manganese Compounds

Mercury Compounds
	MTBE

Naphthalene

Nickel Compounds

Polycyclic Aromatic Hydrocarbons (PAH) 

Styrene

Toluene

Xylene


A number of these compounds are known or suspected carcinogens.

Vehicle emissions include SO2, PM, NOx, VOCs and Pb. 

Emissions per km travelled depend on vehicle type (petrol or diesel), size, speed, engine design and emission control technology. Tables 5.5 to 5.9 illustrate the differences in emissions per km with and without emission control devices.

Table 5.5: EU Auto-oil Vehicle Emission Factors (Petrol Cars): 

Uncontrolled: Fuel Economy 11.2 l/100 km

	
	NOx
	CH4
	VOC
	CO
	N2O
	CO2

	Total g/km
	2.24
	0.07
	5.40
	46.5
	0.005
	269

	Exhaust
	2.24
	0.07
	4.03
	46.5
	0.005
	269

	Evaporative
	
	
	1.37
	
	
	

	g/kg fuel
	26.6
	0.83
	64.0
	551
	0.059
	3183

	g/MJ
	0.610
	0.019
	1.47
	12.7
	0.001
	73.2


Table 5.6: EU Auto-oil Vehicle Emission Factors (Petrol Cars): 

Early non-catalyst controls: Fuel Economy 9.4 l/100 km

	
	NOx
	CH4
	VOC
	CO
	N2O
	CO2

	Total g/km
	2.05
	0.08
	5.31
	28.6
	0.005
	225

	Exhaust
	2.05
	0.08
	3.94
	28.6
	
.005
	225

	Evaporative
	
	
	1.37
	
	
	

	g/kg fuel
	29
	1.13
	75.2
	405
	0.071
	3183

	g/MJ
	0.668
	0.026
	1.73
	9.3
	0.002
	73.2


Table 5.7: EU Auto-oil Vehicle Emission Factors (Petrol Cars):
Non-catalyst controls: Fuel Economy 8.3 l/100 km


	Total g/km
	2.3
	0.07
	4.58
	18.7
	0.005
	199

	Exhaust
	2.3
	0.07
	3.32
	18.7
	0.005
	199

	Evaporative
	
	
	1.37
	
	
	

	g/kg fuel
	36.7
	1.12
	73.2
	298
	0.08
	3183

	g/MJ
	0.845
	0.026
	1.68
	6.86
	0.002
	73.2


Table 5.8: EU Auto-oil Vehicle Emission Factors (Petrol Cars): 

Oxidation catalyst: Fuel Economy 8.1 l/100 km
	Total g/km
	1.35
	0.07
	1.51
	7.52
	0.005
	193

	Exhaust
	1.35
	0.07
	1.07
	7.52
	0.005
	193

	Evaporative
	
	
	0.44
	
	
	

	g/kg fuel
	22.3
	1.15
	24.9
	124
	0.082
	3183

	g/MJ
	0.512
	0.027
	0.572
	2.85
	0.002
	73.2


Table 5.9: EU Auto-oil Vehicle Emission Factors (Petrol Cars):

Three-way catalyst: Fuel Economy 8.5l/100 km

	
	NOx
	CH4
	VOC
	CO
	N2O
	CO2

	Total g/km
	0.52
	0.02
	0.47
	2.86
	0.05
	203

	Exhaust
	0.52
	0.02
	0.41
	2.86
	0.05
	203

	Evaporative
	
	
	0.06
	
	
	

	g/kg fuel
	8.16
	0.314
	7.37
	44.9
	0.784
	3183

	g/MJ
	0.187
	0.007
	0.169
	1.03
	0.018
	73.2


(Ref. EU Emission Inventory Guidebook, ROAD TRANSPORT rt070100 B710-14 1 September, 1999)
Note the progressive reduction in emissions (for example, NOx emissions decrease from 2.24 in Table 5.5 to 0.52 g/km in Table 5.9) with the improvement in emission control technology.

Total emissions in a given area may be estimated using the following general relationship:

Emission Rate = Emission Factor x Activity Rate

A complex example of the application of emission factors and other input data is the emission inventory that is currently being developed for the Cape Metropolitan Area, under the DAPPS project:
The role of an emission inventory 

An emission inventory is a periodically updated database of pollutants emitted to the atmosphere, usually expressed as total annual emissions. In some countries, for example the USA, Canada, Mexico) the detailed emission inventory is publicly available (on the internet). Citizen’s groups are then able to access the data and to pressurise industries to reduce emissions. (See the annual emission inventory summary reports for the USA and Canada in the Materials folder. Else search for these on the Web.)

An emission inventory (usually expressed as g/s) may be used as input to an air pollution modelling study.

More recently, emission inventories include emissions to all media (air, water and soil), and transfers between media. (Alternate names: Toxic Release Inventory in the US, Pollutant Release and Transfer Registry (PRTR) by UNEP.) At a national level, emissions are estimated based on a common methodology. Total emissions are the sum of emissions from all sources, both stationary and mobile.

A typical emission inventory may include 150 to 200 substances. The list is based on an insight into the activities and processes that are likely to produce specific emissions, and the practicality of estimating and tracking the specific pollutants. Emissions may be estimated using emission factors (literature values, validated whenever possible through direct source emission measurements) and activity rates, with due allowance for emission control devices if applicable. 

An appropriate emission factor for each compound may be derived through an analysis of all factors affecting vehicle emissions – fuel composition, vehicle characteristics, driving cycle, a profile of the different vehicles in the fleet, etc., - to obtain a factor that may be expressed as mg Pollutant per litre of fuel consumed, or mg/ km travelled. The factor is then applied to the activity rate (litres per annum or km per annum) to estimate total emissions. If an emission control device is fitted to a vehicle, the emission factor would be adjusted to account for the reducing achieved. Similarly, for stationary emission sources such as a refinery furnace, an appropriate emission factor is applied to the total fuel burnt per annum. 

The compilation and maintenance of an emission inventory is a considerable task, although not particularly costly to maintain once the regulatory and administrative infrastructure has been established. Technical (and possibly financial) assistance for the establishment of a PRTR is available from several countries and the United Nations Environmental Program. (See the UNEP website.) The initial inventory may be a first approximation only, but successive annual inventories should reflect a progressive improvement in the quality and completeness of the data.

An emission inventory (or PRTR) cannot be established without regulations for the compulsory provision of input data. The legal framework for such regulations, and the necessary administrative infrastructure, are therefore prerequisites.

Public access to the PRTR data is imperative. The experience in a number of countries that have implemented a PRTR is that public access to the data enables affected communities to exercise their environmental rights, and results in a decrease in emissions, with or without regulatory intervention.

Case Studies: Estimating emission rates using emission factors

a) Consol Glass


Approximate data:

Fuel: HFO (heavy fuel oil);          30 000kl per annum; 

sulphur content: 1.0 to 2.0%S

stack heights: 45 to 60m

What are the approximate SO2, PM10 and NOx emission rates? Stack gas concentrations?

b) Abnormal emissions example: Oil Refinery: flare at SAPREF (Durban)

[image: image2.jpg]



Vehicle emissions
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Problems and assignments







Exercise: If 90% of the sulphur in coal is emitted through the boiler stack in the form of sulphur dioxide, calculate an approximate emission factor (kg SO2/ kg coal) for coal containing 0.9% sulphur.
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Figure 5.2: SO2 source apportionment, South Durban
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Figure 5.1: Source apportionment example for the common air pollutants
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Table 5.3: Part of the South Durban Emission Inventory (1998 – 2000 data)











Figure 5.1 Stack emissions from Consol Glass< Sacks Circle, Bellville
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14.7749090102

15.231864294

15.7029529801

16.1886117421

16.6892901761

17.2054540599

17.7375822095

18.2861664798

18.8517197967

19.4165278226

19.9980044272

20.5969223753

21.2141987868

21.8508150429

22.5077676587

23.1860382482

23.8865851425

24.6102984529

25.358006591

26.105849538

26.8788479734

27.6775318198

28.5025413614

29.354598606

29.9137646798

30.7842418551

31.683285255

32.6120709069

33.5718840361

34.5640268642

35.5580411851

36.5851896349

37.646713201

38.743853569

42.2774087638

43.396867346

40.5335142277

37.6196056604

34.6530149691

31.6486384254

25.9939318057

23.2499851845

20.5472577363

17.9175427184

15.3903481551

13.0003871163

10.7806257438

8.759966935

6.9609796046

5.3980090306

4.0759183466

2.9896928754

2.1250354766

1.4598972775
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				Mobile sources - Emission of Hydrocarbons																				Mobile sources - Emission of Carbon Monoxide																				Mobile sources - Emission of Oxides of Nitrogen																				Mobile sources - Emission of Particulate Matter																				Mobile sources - Emission of Lead																						Mobile sources - Emission of Oxides of Sulphur

				Total Car		Total Car		Total		2-stroke		4-stroke		Total		LDV		HDV		Total		Total		Total Car		Total Car		Total		2-stroke		4-stroke		Total		LDV		HDV		Total		Total		Total Car		Total Car		Total		2-stroke		4-stroke		Total		LDV		HDV		Total		Total		Total Car		Total Car		Total		2-stroke		4-stroke		Total		LDV		HDV		Total		Total		Total Car		Total Car		Total		2-stroke		4-stroke		Total		LDV		HDV		Total		Total		Total		Total Car		Total Car		Total		2-stroke		4-stroke		Total		LDV		HDV		Total		Total
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				non-cat		cat		Cars		cycles		cycles		cycles		vehicles		vehicles		vehicles		Emissions		non-cat		cat		Cars		cycles		cycles		cycles		vehicles		vehicles		vehicles		Emissions		non-cat		cat		Cars		cycles		cycles		cycles		vehicles		vehicles		vehicles		Emissions		non-cat		cat		Cars		cycles		cycles		cycles		vehicles		vehicles		vehicles		Emissions		non-cat		cat		Cars		cycles		cycles		cycles		vehicles		vehicles		vehicles		Emissions		Emissions		non-cat		cat		Cars		cycles		cycles		cycles		vehicles		vehicles		vehicles		Emissions

				kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year		kT/year

		1970		13.90		0.00		0.01		0.26		0.05		0.31		0.08		3.75		3.82		18.04		132.77		0.00		0.05		0.58		0.74		1.32		0.45		5.48		5.93		140.07		10.44		0.00		0.03		0.00		0.00		0.00		0.41		18.32		18.73		29.20		0		0		0.01		0.01		0.01		0.01		0.11		1.98		2.09		2.11		0.44		0		0		0.00082		0.00117		0.00198		0		0		0		0.45		0.90		0.229		0		0.039		0.004		0.005		0.009		0.446		1.746		2.193		2.470

		1971		14.33		0.00		0.01		0.27		0.06		0.32		0.08		3.86		3.94		18.60		136.88		0.00		0.05		0.60		0.76		1.36		0.46		5.65		6.11		144.40		10.76		0.00		0.03		0.00		0.00		0.01		0.48		18.89		19.37		30.17		0		0		0.01		0.01		0.01		0.01		0.12		2.04		2.17		2.19		0.46		0		0		0.00084		0.00120		0.00205		0		0		0		0.46		0.92		0.236		0		0.041		0.004		0.005		0.009		0.460		1.800		2.260		2.546

		1972		14.77		0.00		0.01		0.28		0.06		0.33		0.08		3.98		4.06		19.18		141.11		0.00		0.05		0.62		0.78		1.41		0.48		5.82		6.30		148.87		11.10		0.00		0.03		0.00		0.00		0.01		0.54		19.48		20.02		31.15		0		0		0.01		0.01		0.01		0.01		0.14		2.11		2.24		2.27		0.47		0		0		0.00087		0.00124		0.00211		0		0		0		0.47		0.95		0.244		0		0.042		0.004		0.005		0.009		0.474		1.856		2.330		2.625

		1973		15.23		0.00		0.01		0.28		0.06		0.34		0.08		4.11		4.19		19.77		145.48		0.00		0.05		0.64		0.81		1.45		0.49		6.01		6.50		153.48		11.44		0.00		0.03		0.00		0.00		0.01		0.56		20.08		20.64		32.12		0		0		0.01		0.01		0.01		0.02		0.14		2.17		2.31		2.34		0.49		0		0		0.00089		0.00128		0.00217		0		0		0		0.49		0.98		0.251		0		0.043		0.004		0.005		0.010		0.487		1.914		2.402		2.705

		1974		15.70		0.00		0.01		0.29		0.06		0.35		0.09		4.23		4.32		20.38		149.98		0.00		0.05		0.66		0.83		1.49		0.51		6.19		6.70		158.22		11.79		0.00		0.03		0.00		0.00		0.01		0.57		20.72		21.29		33.12		0		0		0.01		0.01		0.01		0.02		0.14		2.24		2.39		2.41		0.50		0		0		0.00092		0.00132		0.00224		0		0		0		0.50		1.01		0.259		0		0.044		0.004		0.006		0.010		0.501		1.974		2.475		2.788

		1975		16.19		0.00		0.01		0.30		0.06		0.36		0.09		4.37		4.46		21.02		154.62		0.00		0.06		0.68		0.86		1.54		0.52		6.39		6.91		163.12		12.16		0.00		0.03		0.00		0.00		0.01		0.59		21.37		21.96		34.16		0		0		0.01		0.01		0.01		0.02		0.15		2.31		2.46		2.49		0.52		0		0		0.00095		0.00136		0.00231		0		0		0		0.52		1.04		0.267		0		0.046		0.004		0.006		0.010		0.513		2.037		2.550		2.873

		1976		16.69		0.00		0.01		0.31		0.06		0.38		0.09		4.51		4.60		21.67		159.40		0.00		0.06		0.70		0.89		1.59		0.53		6.60		7.13		168.17		12.53		0.00		0.04		0.00		0.00		0.01		0.60		22.06		22.66		35.24		0		0		0.01		0.01		0.01		0.02		0.15		2.39		2.54		2.57		0.53		0		0		0.00098		0.00140		0.00238		0		0		0		0.54		1.08		0.275		0		0.047		0.005		0.006		0.010		0.524		2.103		2.626		2.959

		1977		17.21		0.00		0.01		0.32		0.07		0.39		0.09		4.66		4.75		22.35		164.33		0.00		0.06		0.72		0.91		1.64		0.54		6.82		7.35		173.37		12.92		0.00		0.04		0.00		0.01		0.01		0.61		22.79		23.40		36.37		0		0		0.01		0.01		0.01		0.02		0.15		2.47		2.62		2.65		0.55		0		0		0.00101		0.00145		0.00246		0		0		0		0.55		1.11		0.284		0		0.049		0.005		0.006		0.011		0.531		2.173		2.703		3.047

		1978		17.74		0.00		0.01		0.33		0.07		0.40		0.09		4.82		4.91		23.06		169.41		0.00		0.06		0.75		0.94		1.69		0.54		7.05		7.59		178.75		13.32		0.00		0.04		0.00		0.01		0.01		0.61		23.58		24.18		37.55		0		0		0.01		0.01		0.01		0.02		0.15		2.55		2.70		2.73		0.57		0		0		0.00104		0.00149		0.00253		0		0		0		0.57		1.14		0.293		0		0.050		0.005		0.006		0.011		0.534		2.247		2.780		3.134

		1979		18.29		0.00		0.01		0.34		0.07		0.41		0.09		4.99		5.08		23.79		174.65		0.00		0.06		0.77		0.97		1.74		0.53		7.30		7.84		184.29		13.73		0.00		0.04		0.00		0.01		0.01		0.60		24.42		25.02		38.80		0		0		0.01		0.01		0.01		0.02		0.15		2.64		2.79		2.82		0.59		0		0		0.00107		0.00154		0.00261		0		0		0		0.59		1.18		0.302		0		0.052		0.005		0.006		0.011		0.530		2.327		2.857		3.222

		1980		18.85		0.00		0.01		0.35		0.07		0.42		0.09		5.18		5.27		24.55		180.05		0.00		0.06		0.79		1.00		1.79		0.52		7.57		8.10		190.00		14.16		0.00		0.04		0.00		0.01		0.01		0.59		25.33		25.92		40.12		0		0		0.01		0.01		0.01		0.02		0.15		2.74		2.89		2.92		0.60		0		0		0.00111		0.00158		0.00269		0		0		0		0.61		1.21		0.311		0		0.053		0.005		0.007		0.012		0.518		2.414		2.932		3.308

		1981		19.42		0.00		0.01		0.36		0.07		0.44		0.09		5.38		5.47		25.33		185.44		0.00		0.07		0.82		1.03		1.85		0.50		7.87		8.37		195.73		14.58		0.00		0.04		0.00		0.01		0.01		0.56		26.31		26.87		41.51		0		0		0.01		0.01		0.01		0.02		0.14		2.85		2.99		3.02		0.62		0		0		0.00114		0.00163		0.00277		0		0		0		0.62		1.25		0.320		0		0.058		0.005		0.007		0.012		0.497		2.508		3.005		3.395

		1982		20.00		0.00		0.01		0.37		0.08		0.45		0.08		5.59		5.67		26.13		191.00		0.00		0.08		0.84		1.06		1.91		0.47		8.18		8.65		201.63		15.02		0.00		0.05		0.00		0.01		0.01		0.53		27.36		27.89		42.96		0		0		0.01		0.01		0.01		0.02		0.13		2.96		3.09		3.13		0.64		0		0		0.00118		0.00168		0.00286		0		0		0		0.64		1.29		0.330		0		0.062		0.006		0.007		0.013		0.470		2.608		3.077		3.482

		1983		20.60		0.00		0.01		0.39		0.08		0.47		0.08		5.82		5.89		26.96		196.72		0.00		0.08		0.87		1.10		1.97		0.44		8.51		8.95		207.71		15.47		0.00		0.05		0.00		0.01		0.01		0.49		28.45		28.94		44.47		0		0		0.02		0.01		0.01		0.02		0.13		3.08		3.20		3.24		0.66		0		0		0.00121		0.00174		0.00295		0		0		0		0.66		1.33		0.340		0		0.067		0.006		0.007		0.013		0.441		2.711		3.152		3.571

		1984		21.21		0.00		0.01		0.40		0.08		0.48		0.07		6.04		6.11		27.81		202.61		0.00		0.09		0.90		1.13		2.03		0.42		8.83		9.25		213.98		15.93		0.00		0.05		0.00		0.01		0.01		0.47		29.52		29.99		45.98		0		0		0.02		0.01		0.01		0.02		0.12		3.19		3.31		3.35		0.68		0		0		0.00125		0.00179		0.00304		0		0		0		0.68		1.37		0.350		0		0.071		0.006		0.007		0.013		0.418		2.814		3.232		3.667

		1985		21.85		0.00		0.01		0.41		0.08		0.49		0.07		6.24		6.32		28.67		208.69		0.00		0.09		0.92		1.17		2.09		0.41		9.13		9.55		220.42		16.41		0.00		0.06		0.00		0.01		0.01		0.46		30.55		31.00		47.48		0		0		0.02		0.01		0.01		0.02		0.12		3.31		3.42		3.46		0.33		0		0		0.00061		0.00088		0.00149		0		0		0		0.33		0.67		0.360		0		0.076		0.006		0.008		0.014		0.411		2.911		3.322		3.773

		1986		22.51		0.00		0.01		0.42		0.09		0.51		0.07		6.44		6.51		29.54		214.97		0.00		0.10		0.95		1.20		2.15		0.43		9.41		9.84		227.06		16.90		0.00		0.06		0.00		0.01		0.01		0.47		31.48		31.95		48.93		0		0		0.02		0.01		0.01		0.02		0.12		3.41		3.53		3.57		0.34		0		0		0.00063		0.00091		0.00154		0		0		0		0.34		0.69		0.371		0		0.081		0.006		0.008		0.014		0.426		3.000		3.426		3.893

		1987		23.19		0.00		0.01		0.44		0.09		0.53		0.08		6.61		6.69		30.41		221.45		0.00		0.10		0.98		1.24		2.22		0.46		9.67		10.13		233.90		17.41		0.00		0.06		0.00		0.01		0.01		0.51		32.33		32.84		50.33		0		0		0.02		0.01		0.01		0.02		0.13		3.50		3.63		3.67		0.35		0		0		0.00065		0.00093		0.00159		0		0		0		0.35		0.71		0.382		0		0.086		0.006		0.008		0.015		0.461		3.082		3.543		4.026

		1988		23.89		0.00		0.01		0.45		0.09		0.54		0.09		6.78		6.86		31.30		228.14		0.00		0.11		1.01		1.28		2.29		0.51		9.91		10.42		240.96		17.94		0.00		0.07		0.00		0.01		0.01		0.56		33.14		33.71		51.72		0		0		0.02		0.01		0.01		0.02		0.14		3.59		3.73		3.77		0.36		0		0		0.00067		0.00096		0.00164		0		0		0		0.37		0.73		0.394		0		0.091		0.007		0.008		0.015		0.510		3.159		3.669		4.169

		1989		24.61		0.00		0.01		0.46		0.10		0.56		0.10		6.94		7.04		32.22		235.05		0.00		0.12		1.04		1.32		2.36		0.57		10.15		10.72		248.25		18.48		0.00		0.07		0.00		0.01		0.01		0.63		33.94		34.57		53.14		0		0		0.02		0.01		0.01		0.02		0.16		3.67		3.83		3.88		0.37		0		0		0.00069		0.00099		0.00169		0		0		0		0.38		0.75		0.406		0		0.096		0.007		0.009		0.016		0.566		3.235		3.802		4.319

		1990		25.36		0.00		0.01		0.48		0.10		0.58		0.11		7.11		7.22		33.17		242.19		0.00		0.12		1.08		1.36		2.43		0.63		10.40		11.03		255.77		19.04		0.00		0.08		0.00		0.01		0.01		0.69		34.78		35.47		54.60		0		0		0.02		0.01		0.01		0.03		0.18		3.76		3.94		3.99		0.39		0		0		0.00071		0.00102		0.00174		0		0		0		0.39		0.78		0.418		0		0.101		0.007		0.009		0.016		0.623		3.315		3.938		4.473

		1991		26.11		0.00		0.01		0.49		0.10		0.59		0.12		7.29		7.41		34.12		249.33		0.00		0.13		1.11		1.40		2.51		0.68		10.67		11.35		263.32		19.61		0.00		0.08		0.00		0.01		0.01		0.75		35.67		36.42		56.12		0		0		0.02		0.01		0.01		0.03		0.19		3.86		4.05		4.10		0.40		0		0		0.00074		0.00106		0.00179		0		0		0		0.40		0.80		0.430		0		0.109		0.007		0.009		0.017		0.676		3.400		4.076		4.632

		1992		26.88		0.00		0.02		0.51		0.10		0.61		0.12		7.49		7.62		35.12		256.72		0.00		0.14		1.14		1.44		2.59		0.73		10.96		11.68		271.13		20.19		0.00		0.09		0.00		0.01		0.01		0.80		36.65		37.45		57.74		0		0		0.03		0.01		0.02		0.03		0.20		3.97		4.17		4.22		0.41		0		0		0.00076		0.00109		0.00185		0		0		0		0.41		0.82		0.443		0		0.117		0.007		0.010		0.017		0.720		3.493		4.213		4.790

		1993		27.68		0.00		0.02		0.52		0.11		0.63		0.13		7.71		7.84		36.17		264.34		0.00		0.15		1.18		1.49		2.67		0.76		11.28		12.04		279.20		20.79		0.00		0.09		0.00		0.01		0.01		0.85		37.72		38.56		59.45		0		0		0.03		0.01		0.02		0.03		0.21		4.08		4.30		4.35		0.42		0		0		0.00078		0.00112		0.00190		0		0		0		0.42		0.85		0.456		0		0.126		0.008		0.010		0.018		0.754		3.595		4.348		4.948

		1994		28.50		0.00		0.02		0.54		0.11		0.65		0.13		7.95		8.08		37.25		272.22		0.00		0.16		1.21		1.53		2.75		0.78		11.63		12.41		287.54		21.41		0.00		0.10		0.00		0.01		0.01		0.88		38.88		39.75		61.27		0		0		0.03		0.01		0.02		0.03		0.22		4.21		4.43		4.49		0.43		0		0		0.00081		0.00116		0.00196		0		0		0		0.44		0.87		0.470		0		0.134		0.008		0.010		0.018		0.778		3.705		4.483		5.105

		1995		29.35		0.00		0.02		0.56		0.11		0.67		0.14		8.20		8.34		38.39		280.36		0.00		0.17		1.25		1.58		2.83		0.80		12.00		12.80		296.16		22.05		0.00		0.11		0.00		0.01		0.01		0.90		40.12		41.02		63.18		0		0		0.03		0.01		0.02		0.03		0.23		4.34		4.57		4.63		0.45		0		0		0.00083		0.00119		0.00202		0		0		0		0.45		0.90		0.484		0		0.142		0.008		0.010		0.019		0.794		3.824		4.618		5.263

		1996		29.91		0.00		0.02		0.57		0.12		0.68		0.14		8.47		8.61		39.23		280.63		0.00		0.19		1.26		1.58		2.84		0.81		12.39		13.20		296.86		22.89		0.00		0.12		0.00		0.01		0.01		0.91		41.44		42.35		65.37		0		0		0.03		0.01		0.02		0.03		0.23		4.48		4.71		4.78		0.46		0		0		0.00086		0.00123		0.00209		0		0		0		0.46		0.93		0.498		0		0.154		0.008		0.011		0.019		0.806		3.949		4.755		5.426

		1997		30.78		0.00		0.02		0.58		0.12		0.71		0.14		8.75		8.89		40.40		288.80		0.00		0.20		1.29		1.63		2.93		0.82		12.80		13.62		305.55		23.56		0.00		0.12		0.00		0.01		0.01		0.92		42.81		43.72		67.42		0		0		0.04		0.01		0.02		0.03		0.23		4.63		4.86		4.93		0.47		0		0		0.00088		0.00127		0.00215		0		0		0		0.48		0.95		0.513		0		0.167		0.009		0.011		0.020		0.815		4.080		4.894		5.593

		1998		31.68		0.00		0.02		0.60		0.12		0.73		0.14		9.04		9.18		41.62		297.23		0.00		0.22		1.33		1.68		3.02		0.83		13.22		14.05		314.52		24.25		0.00		0.13		0.00		0.01		0.01		0.93		44.22		45.15		69.54		0		0		0.04		0.01		0.02		0.03		0.24		4.79		5.02		5.09		0.49		0		0		0.00091		0.00131		0.00222		0		0		0		0.49		0.98		0.528		0		0.179		0.009		0.011		0.020		0.823		4.215		5.038		5.765

		1999		32.61		0.00		0.03		0.62		0.13		0.75		0.14		9.34		9.48		42.87		305.94		0.00		0.23		1.38		1.74		3.11		0.84		13.66		14.50		323.79		24.96		0.00		0.14		0.00		0.01		0.01		0.93		45.69		46.62		71.74		0		0		0.04		0.01		0.02		0.03		0.24		4.94		5.18		5.26		0.50		0		0		0.00094		0.00135		0.00229		0		0		0		0.50		1.01		0.543		0		0.192		0.009		0.012		0.021		0.831		4.354		5.185		5.941

		2000		33.57		0.00		0.03		0.64		0.13		0.77		0.15		9.65		9.79		44.17		314.95		0.00		0.25		1.42		1.79		3.21		0.85		14.11		14.96		333.36		25.69		0.00		0.15		0.00		0.01		0.01		0.94		47.19		48.13		73.99		0		0		0.05		0.02		0.02		0.03		0.24		5.11		5.35		5.43		0.52		0		0		0.00097		0.00139		0.00236		0		0		0		0.52		1.04		0.559		0		0.205		0.010		0.012		0.022		0.840		4.498		5.338		6.123

		2001		34.56		0.00		0.03		0.66		0.14		0.80		0.15		9.96		10.11		45.50		324.26		0.00		0.26		1.46		1.85		3.31		0.86		14.57		15.43		343.26		26.45		0.00		0.16		0.00		0.01		0.01		0.95		48.73		49.69		76.31		0		0		0.05		0.02		0.02		0.04		0.24		5.27		5.52		5.60		0.53		0		0		0.00100		0.00143		0.00243		0		0		0		0.53		1.07		0.576		0		0.217		0.010		0.013		0.022		0.851		4.644		5.496		6.311

		2002		35.56		0.00		0.03		0.68		0.14		0.82		0.15		10.27		10.42		46.83		333.58		0.00		0.28		1.51		1.90		3.41		0.87		15.03		15.90		353.17		27.21		0.00		0.17		0.00		0.01		0.01		0.97		50.26		51.23		78.63		0		0		0.05		0.02		0.02		0.04		0.25		5.44		5.68		5.77		0.55		0		0		0.00103		0.00147		0.00250		0		0		0		0.55		1.10		0.592		0		0.230		0.010		0.013		0.023		0.865		4.790		5.655		6.500

		2003		36.59		0.00		0.03		0.70		0.14		0.85		0.15		10.59		10.74		48.21		343.22		0.00		0.29		1.55		1.96		3.51		0.89		15.49		16.38		363.40		28.00		0.00		0.18		0.00		0.01		0.01		0.99		51.81		52.80		80.99		0		0		0.05		0.02		0.02		0.04		0.25		5.61		5.86		5.95		0.56		0		0		0.00106		0.00152		0.00258		0		0		0		0.57		1.13		0.609		0		0.242		0.010		0.013		0.024		0.883		4.938		5.821		6.696

		2004		37.65		0.00		0.03		0.72		0.15		0.87		0.16		10.91		11.07		49.62		353.18		0.00		0.31		1.60		2.02		3.61		0.91		15.96		16.88		373.97		28.81		0.00		0.19		0.00		0.01		0.01		1.01		53.38		54.39		83.41		0		0		0.06		0.02		0.02		0.04		0.26		5.78		6.03		6.13		0.58		0		0		0.00109		0.00156		0.00266		0		0		0		0.58		1.17		0.627		0		0.255		0.011		0.014		0.024		0.906		5.088		5.994		6.900

		2005		38.74		0.00		0.04		0.74		0.15		0.90		0.16		11.24		11.40		51.08		363.47		0.00		0.32		1.65		2.08		3.72		0.94		16.44		17.38		384.90		29.65		0.00		0.20		0.00		0.01		0.01		1.05		54.97		56.02		85.88		0		0		0.06		0.02		0.02		0.04		0.27		5.95		6.21		6.31		0.60		0		0		0.00112		0.00161		0.00273		0		0		0		0.60		1.20		0.645		0		0.267		0.011		0.014		0.025		0.935		5.239		6.175		7.112

		2006		42.28		0.00		0.07		0.82		0.17		0.99		0.29		9.28		9.58		52.91		442.66		0.00		0.58		2.01		2.54		4.55		1.58		16.27		17.85		465.64		28.54		0.00		0.21		0.00		0.01		0.01		1.05		61.34		62.39		91.15		0		0		0.10		0.02		0.02		0.04		0.42		6.05		6.47		6.61		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.662		0		0.261		0.011		0.015		0.026		0.858		4.769		5.627		6.576

		2007		43.40		0.00		0.08		0.85		0.17		1.02		0.30		9.55		9.86		54.35		454.38		0.00		0.63		2.07		2.62		4.69		1.64		16.75		18.39		478.09		29.29		0.00		0.24		0.00		0.01		0.01		1.09		63.11		64.20		93.75		0		0		0.11		0.02		0.02		0.04		0.44		6.23		6.66		6.82		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.680		0		0.286		0.012		0.015		0.027		0.894		4.906		5.800		6.793

		2008		40.53		0.79		0.08		0.87		0.18		1.05		0.32		9.39		9.71		52.16		424.40		3.21		0.68		2.13		2.69		4.83		1.70		16.20		17.90		451.02		27.36		0.74		0.26		0.00		0.01		0.01		1.14		61.79		62.94		91.31		0		0.12		0.12		0.02		0.02		0.04		0.46		6.00		6.45		6.73		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.635		0.038		0.312		0.012		0.015		0.028		0.932		5.047		5.980		6.992

		2009		37.62		1.64		0.09		0.90		0.18		1.08		0.33		9.22		9.55		49.98		393.89		7.00		0.72		2.20		2.77		4.97		1.75		15.65		17.40		423.99		25.39		1.66		0.28		0.00		0.01		0.02		1.19		60.47		61.66		89.01		0		0.24		0.13		0.02		0.03		0.05		0.48		5.76		6.24		6.65		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.589		0.076		0.337		0.012		0.016		0.028		0.973		5.192		6.165		7.196

		2010		34.65		2.51		0.10		0.92		0.19		1.11		0.35		9.06		9.40		47.78		362.83		10.90		0.77		2.26		2.86		5.12		1.81		15.10		16.91		396.53		23.39		2.64		0.30		0.00		0.01		0.02		1.24		59.15		60.39		86.74		0		0.36		0.14		0.02		0.03		0.05		0.50		5.53		6.02		6.57		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.543		0.116		0.363		0.013		0.016		0.029		1.014		5.342		6.356		7.406

		2011		31.65		3.41		0.10		0.95		0.20		1.15		0.36		8.90		9.26		45.56		331.37		14.90		0.82		2.33		2.94		5.28		1.86		14.56		16.42		368.79		21.36		3.67		0.32		0.00		0.01		0.02		1.29		57.87		59.17		84.53		0		0.49		0.15		0.02		0.03		0.05		0.51		5.29		5.81		6.49		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.496		0.156		0.388		0.013		0.017		0.030		1.053		5.498		6.550		7.621

		2012		25.99		4.13		0.11		0.98		0.20		1.18		0.37		8.75		9.12		40.53		210.31		16.90		0.86		2.40		3.03		5.43		1.91		14.03		15.93		249.44		20.19		4.27		0.34		0.00		0.01		0.02		1.34		56.65		57.98		82.80		0		0.61		0.16		0.02		0.03		0.05		0.53		5.07		5.60		6.42		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.448		0.197		0.414		0.014		0.017		0.031		1.090		5.660		6.750		7.840

		2013		23.25		4.99		0.12		1.01		0.21		1.22		0.38		8.61		8.99		38.57		187.89		20.53		0.93		2.47		3.12		5.60		1.95		13.51		15.46		230.41		18.07		5.27		0.37		0.00		0.01		0.02		1.38		55.47		56.85		80.57		0		0.74		0.18		0.02		0.03		0.05		0.55		4.84		5.39		6.36		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.401		0.237		0.452		0.014		0.018		0.032		1.124		5.829		6.953		8.075

		2014		20.55		5.83		0.13		1.04		0.21		1.25		0.39		8.47		8.87		36.63		165.94		23.97		1.00		2.55		3.22		5.77		1.99		13.00		14.99		211.67		15.97		6.19		0.40		0.00		0.01		0.02		1.42		54.34		55.77		78.35		0		0.87		0.19		0.02		0.03		0.05		0.57		4.62		5.19		6.29		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.355		0.278		0.489		0.014		0.018		0.033		1.156		6.005		7.161		8.315

		2015		17.92		6.64		0.14		1.07		0.22		1.29		0.40		8.34		8.75		34.74		144.71		27.18		1.07		2.63		3.31		5.94		2.03		12.49		14.52		193.41		13.93		7.04		0.43		0.00		0.01		0.02		1.46		53.24		54.70		76.12		0		0.99		0.20		0.02		0.03		0.05		0.58		4.40		4.98		6.23		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.309		0.318		0.527		0.015		0.019		0.034		1.186		6.187		7.373		8.561

		2016		15.39		7.44		0.15		1.10		0.23		1.33		0.41		8.22		8.63		32.94		124.30		30.31		1.14		2.70		3.41		6.12		2.06		11.98		14.04		175.90		11.96		7.87		0.46		0.00		0.02		0.02		1.50		52.14		53.64		73.95		0		1.11		0.22		0.02		0.03		0.06		0.60		4.18		4.77		6.16		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.266		0.357		0.565		0.015		0.020		0.035		1.215		6.376		7.591		8.814

		2017		13.00		8.21		0.16		1.14		0.23		1.37		0.42		8.09		8.51		31.25		104.99		33.31		1.21		2.79		3.51		6.30		2.10		11.46		13.55		159.38		10.10		8.65		0.49		0.00		0.02		0.02		1.53		51.04		52.57		71.84		0		1.23		0.23		0.03		0.03		0.06		0.61		3.95		4.56		6.09		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.224		0.396		0.602		0.016		0.020		0.036		1.244		6.571		7.816		9.074

		2018		10.78		8.96		0.17		1.17		0.24		1.41		0.43		7.96		8.39		29.71		87.07		36.20		1.28		2.87		3.62		6.49		2.13		10.93		13.06		144.10		8.38		9.40		0.53		0.00		0.02		0.02		1.57		49.90		51.47		69.80		0		1.35		0.25		0.03		0.03		0.06		0.62		3.72		4.34		6.00		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.186		0.433		0.639		0.016		0.021		0.037		1.274		6.772		8.046		9.342
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Total Car Gasoline cat

Total Diesel Cars

Total  Motor- cycles

Total commercial vehicles
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Lead emissions (kT/a)

Total Lead Emissions (kT/a)
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Total Car Gasoline non-cat

Total Car Gasoline cat

Total Diesel Cars

Total  Motor- cycles

Total commercial vehicles

Total Mobile Emissions

Mobile Emissions: Oxides of Sulphur (kT/a)
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