Chapter 9: Cleaner Production; pollution control and economic development

Environmental pollution arises out of a wide range of human activities. The fuels (coal, fuel oil, gas) and processes involved in the production of usable energy, including electricity generation and steam generation in industrial plants, and the fossil fuels (petrol and diesel) used for road transportation are major sources of air pollution. The disposal of domestic, medical and hazardous industrial solid wastes may results in air pollution (if incineration is used) or land and water pollution if landfill is used as a means of disposal. Chemical processes such as oil refining, fertiliser production, iron and steel manufacturing and the production of various plastics are sources of air pollution. Leather production (the processing of hides and skins) results in pollutant discharges to air, water and to land. Mining of minerals results in water pollution (acid mine drainage) and large-scale solid waste dumps (mine tailings); ore smelting produces air pollution. Over the last 30-40 years emission reduction technology and alternative less polluting processes have been developed to mitigate the environmental impacts of all these activities.

Early attempts (1960-70 onwards) to limit and control environmental pollution focussed on so-called ‘end-of-pipe’ approaches, essentially the development of processes to reduce the pollutant concentrations in plant effluents (air, water discharges, mainly) through the addition of pollution abatement equipment immediately prior to the discharge of the air or water stream. The pollution control measures were relatively effective, particularly when applied to new installations. Environmental laws were introduced (for example, the Clean Air Act of 1970 in the United States, and similar laws in the United Kingdom and parts of Europe) to compel industries (including vehicle manufacturers) to utilise air pollution control devices, particularly on new installations and vehicles. But the retrospective fitting of these pollution control devices to existing plants is expensive and extended periods of grace were usually granted to industries for the installation of pollution control measures to existing plants thus undermining the potential benefits of new emission control technologies. In addition, continuing increases in the activities causing pollution (road traffic, industrial output) undermined the objective of an overall decrease in pollutant emissions. 

In the mid-1990’s there was a growing recognition that, while ‘end-of-pipe’ approaches to the management and reduction of emissions had resulted in considerable improvements, environmental problems (particularly air pollution problems) persisted and alternative approaches were needed to provide long-term solutions to environmental problems were required. Hence the development of the notion of ‘Cleaner Production’ as a broader approach to the development of techniques, approaches and technologies aimed at avoiding and minimising environmental impacts of economic activities. The United Nations Environmental Programme (UNEP) promotes the development and use of Cleaner Production through the promotion of biannual international seminars, facilitating access to the financing of related research and development activities, providing training and the publication of a quarterly journal, Industry and Development.

UNEP adopted the following definition of Cleaner Production: 
Cleaner Production is the continuous application of an integrated preventive environmental strategy to processes, products, and services to increase overall efficiency, and reduce risks to humans and the environment. Cleaner Production can be applied to the processes used in any industry, to products themselves and to various services provided in society. 
For production processes, Cleaner Production results from one or a combination of conserving raw materials, water and energy; eliminating toxic and dangerous raw materials; and reducing the quantity and toxicity of all emissions and wastes at source during the production process. 
For products, Cleaner Production aims to reduce the environmental, health and safety impacts of products over their entire life cycles, from raw materials extraction, through manufacturing and use, to the 'ultimate' disposal of the product.
For services, Cleaner Production implies incorporating environmental concerns into designing and delivering services.

Thus far, the promotion and use of Cleaner Production methods is essentially voluntary. The large-scale adoption of the Best Available Technology/ Techniques (BAT) or Cleaner Production methods to minimise environmental impacts depends on a more active regulatory approach.

Pollution Control Methods: Stationary source (stack) emission controls

The gaseous effluent from a plant is usually discharged to the atmosphere via a stack or chimney. Stack heights may be between 6m (small plant, low pollutant concentrations) and 300m (large coal fired power station or smelting plant, high pollutant concentrations) in height. The profile of pollutants from a stack depends on the process upstream (prior to) of the stack. For example, coal and heavy fuel oil combustion produce mainly the acidic gases SO2 and NOx, particulate matter, CO and volatile organic compounds. In contrast, fuel gas combustion releases NOx but negligible amounts of SO2 and PM. Specific processes such as glass making or oil refining have pollutant profiles that are characteristic of that industry. 

Several air pollution control devices have been developed that are capable of reducing pollutant concentrations prior to discharge of the effluent gas via the stack. Stack gas ‘scrubbers’ are mainly designed to ‘scrub out’ SO2, NO2 and PM, through contact between the gas and an alkaline (usually caustic soda, NaOH or soda ash, Na2CO3) aqueous solution, which is in turn becomes a liquid effluent that requires disposal or further treatment. ‘Dry scrubbers’ are designed to operate to produce a sludge i.e. a solid waste) and zero liquid effluent. Scrubbers may reduce PM concentrations simultaneously with the reduction in acid gas concentrations, but have relatively lower PM removal efficiency, particularly for fine (<PM2.5) and ultrafine (<PM1.0) particles.

A fabric filter or baghouse is a high efficiency device for filtering PM from the gas stream.

In some applications, an electrostatic precipitator (ESP) may be used to remove PM. 

For high efficiency removal of acidic gases and PM from the stack gas, a scrubber system followed by either a bag filtration system or an ESP have to be used in series.

Removal efficiencies of air pollution control devices:

SO2 removal efficiencies of 90 to 95+%, PM removal efficiencies of 99+% and NOx removal efficiencies of up to 60% are achievable. The actual efficiency attained depends on the specific application and the design of the air pollution control system.
Fuel switching

An alternative and/ or complementary approach to the use of stack gas cleaning equipment for emission reduction is to switch to the use of cleaner fuels. 

The emission factors for coal, fuel oil and gas, the three common industrial fuels, are given in Table 9.1.

Table 9.1: AP-42 Emission factors for coal, fuel oil and gas combustion plants without emission controls
 

	Fuel
	Pollutant

	
	SOxa
	NOxb
	PM10

	
	
	g/MJ
	g/kg
	g/MJ
	
	g/MJ

	Coal (x%S, m/m)
	(17.5-19)S g/kg
	Divide g/kg by 28.0
	2.5-15.5
	Divide g/kg by 28.0
	(1-5A*, 4.5 – 33) g/kg
	Divide g/kg by 28.0

	Fuel oil (x%S, m/m)
	18.8S g SO2/litre
	0.441S g SO2/MJ
	8.0 g NOx/l
	0.19 g NOx/ MJ
	(1.10S+0.385) mg/litre
	0.026S+0.0091 mg/MJ

	Gas (Natural or LPG)
	negligible
	
	
	0.13g NOx/ MJ
	negligible
	


a: SOx: SO2, SO3 and gaseous sulphate compounds; SO2 constitutes over 95%

b: NOx: NO, NO2; about 95% of NOx emitted as NO  

* where A is the ash content of the coal, %m/m.

Emissions from a particular installation depend on the fuel composition and the combustion technology in use. Emissions due to the use of the different fuels should be compared on the basis of a unit of energy (MJ) produced rather than per unit mass or volume of fuel, as illustrated in Table 9.2.

Table 9.2: Estimates of emission for coal, fuel oil and gas combustion plants without emission controls, per unit energy

	Fuel
	Pollutant emissions

	
	SOxa [g /MJ]
	NOxb [g /MJ]
	PM10 [mg /MJ]

	Coal (1.0%S, m/m)
	0.68
	0.32
	0.67

	Fuel oil (3.5%S, m/m)
	1.54
	0.19
	0.10

	Gas (Natural or LPG)
	negligible
	0.13
	negligible


The sulphur content values for coal and fuel oil used in Table 9.2 are typical South African values. Gas is the cleanest energy source since SO2 and PM emissions are negligible, and NOx emissions are significantly lower than for coal or fuel oil. The sulphur content of fuel oil tends to be considerable higher than that of coal, hence the higher SO2 emissions, but coal plants have much higher PM emissions per unit of energy generated. Switching energy generation plants to a cleaner fuel such as gas would therefore immediately reduce SOx, NOx and PM emissions. Note, though, that the price of gas, per unit of energy, is significantly higher than that of coal or fuel oil. The transport and storage of gas is expensive – gas is therefore not always available as an alternative fuel.

Vehicle emission controls, clean fuels

The control of emissions from vehicles requires both cleaner fuels (a reduction on the sulphur content of petrol and diesel, the use of lead-free petrol) and the use of emission control devices such as catalytic converters on cars. A reduction in the sulphur content of diesel results in lower PM and SO2 emissions. The use of unleaded petrol not only eliminates lead emissions but enables the use of catalytic converters in car exhaust systems. Catalytic converters are capable of reducing CO, NOx and VOC emissions by about 90%.

The (SA) government has adopted a policy to introduce cleaner fuels -  to stop the sale of leaded petrol, and to reduce the maximum sulphur content of diesel from the current level of 3000ppm to 500ppm - by January 2006, and to phase in the compulsory installation of catalytic converters in new cars. The average life of a car is over ten years. The vehicle population therefore changes relatively slowly, and the benefits of the new technology will therefore only gradually become apparent.

In the long term, the benefits of a reduction in vehicle emissions due to the introduction of emission control technology is likely to be reversed by the increase in the total number of vehicles. A long term solution to the problem of vehicle emissions must include a viable public transport system and other measures to reduce or limit both the number of private vehicles and the activity rate (number of kms travelled per year) .

Air Quality and Development

‘Economic Development’ may be interpreted to imply an increase in economic activity, with an attendant increase in the demand for energy, industrial activity and transport and the pollutant emissions associated with these activities. However the development and use of cleaner technologies and different approaches to satisfy energy and transport needs means that increasing economic activity and environmental impacts can be uncoupled. That is, an increase in ecoinomic activity does not have to lead to increase environmental impacts.

Modelling tools may be used to evaluate future scenarios, for example the impact of increased activity such as road traffic or the increased emissions arising out of new stationary sources. With the use of stricter emission controls (Best Available Technology or Techniques), improved emission standards or Cleaner Production methods it is possible to progressively reduce impacts whilst allowing increased activity. Modelling can be used to evaluate the potential improvements of different options, and to do a cost-benefit analysis.

Three major areas of activity that have long-term implications for the relationship between development and environmental impacts (including human health impacts) are: solid waste generation and disposal systems, energy consumption and methods of energy generation and public transport. 

As an example of the use of modelling tools to evaluate different scenarios, the following graph illustrates the beneficial impact of the introduction of 3-way catalytic controls and cleaner fuels on vehicle emissions in the Cape Metropolitan Area.
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Figure 9.1: Past and modelled future PM emissions (thousand tons/ year) from vehicles for the City of Cape Town, 1970 to 2025
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		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

		2019		8.76		9.67		0.18		1.21		0.25		1.45		0.45		7.82		8.27		28.33		70.75		38.94		1.35		2.95		3.73		6.68		2.17		10.38		12.56		130.28		6.81		10.12		0.56		0.00		0.02		0.02		1.61		48.75		50.35		67.85		0		1.46		0.26		0.03		0.03		0.06		0.64		3.48		4.12		5.91		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.151		0.469		0.676		0.017		0.021		0.038		1.306		6.979		8.285		9.619

		2020		6.96		10.34		0.19		1.24		0.26		1.50		0.46		7.69		8.15		27.14		56.22		41.52		1.42		3.04		3.84		6.88		2.22		9.83		12.05		118.10		5.41		10.78		0.59		0.00		0.02		0.02		1.65		47.58		49.23		66.03		0		1.57		0.28		0.03		0.04		0.06		0.66		3.24		3.90		5.80		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.120		0.503		0.712		0.017		0.022		0.039		1.339		7.191		8.531		9.905

		2021		5.40		10.98		0.20		1.28		0.26		1.54		0.47		7.56		8.03		26.15		43.60		43.95		1.49		3.13		3.96		7.09		2.27		9.28		11.56		107.68		4.20		11.41		0.61		0.00		0.02		0.02		1.69		46.44		48.13		64.37		0		1.67		0.29		0.03		0.04		0.06		0.67		3.00		3.67		5.70		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.093		0.535		0.748		0.018		0.023		0.040		1.376		7.409		8.785		10.202

		2022		4.08		11.58		0.21		1.32		0.27		1.59		0.48		7.44		7.92		25.38		32.92		46.21		1.56		3.23		4.07		7.30		2.33		8.75		11.08		99.07		3.17		11.99		0.64		0.00		0.02		0.02		1.74		45.35		47.09		62.91		0		1.76		0.30		0.03		0.04		0.07		0.69		2.76		3.46		5.59		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.070		0.566		0.783		0.018		0.023		0.042		1.415		7.632		9.047		10.508

		2023		2.99		12.14		0.22		1.36		0.28		1.64		0.50		7.33		7.83		24.82		24.15		48.33		1.62		3.33		4.20		7.52		2.40		8.25		10.65		92.27		2.32		12.53		0.67		0.00		0.02		0.02		1.79		44.38		46.17		61.72		0		1.85		0.32		0.03		0.04		0.07		0.71		2.54		3.25		5.49		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.052		0.595		0.818		0.019		0.024		0.043		1.457		7.861		9.319		10.825

		2024		2.13		12.67		0.23		1.40		0.29		1.69		0.51		7.26		7.77		24.48		17.16		50.32		1.69		3.43		4.32		7.75		2.47		7.80		10.27		87.19		1.65		13.03		0.70		0.00		0.02		0.02		1.84		43.59		45.43		60.84		0		1.94		0.33		0.03		0.04		0.07		0.73		2.34		3.07		5.41		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.037		0.621		0.852		0.019		0.025		0.044		1.503		8.096		9.599		11.153

		2025		1.46		13.17		0.24		1.44		0.30		1.74		0.53		7.21		7.74		24.34		11.79		52.22		1.75		3.53		4.45		7.98		2.55		7.42		9.98		83.72		1.13		13.51		0.73		0.00		0.02		0.02		1.90		43.03		44.93		60.33		0		2.02		0.34		0.03		0.04		0.07		0.76		2.17		2.92		5.36		0		0		0		0		0		0.00000		0		0		0		0		0.00		0.025		0.647		0.885		0.020		0.026		0.046		1.551		8.338		9.888		11.491
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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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