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Abstract

Air pollution in developing countries are increasing most rapidly. Air pollution is caused mainly by transport, industries and fossil burning and contributions by minor industries like cement, mining etc are observed. The air quality crisis in cities is often attributed in large measures (40%–80%) to vehicular emissions. Most of the cities are growing rapidly. Moreover, urban populations are growing at a faster rate than national averages, as subsistence workers migrate from rural areas to the cities in search of disposable income. Existing cities are expanding and new cities are coming up. This rapid growth of the urban population also brings with it an increasing demand for Transportation. India has witnessed a rapid increase in its vehicle population from 3 million vehicles in the 1960 to 40 million in 2002. The unbridled growth of the vehicular population has resulted in the deterioration of environmental quality.

Vehicle emissions by burning of diesel and petrol include oxides of sulphur, suspended particulate matter etc. The concentration of obnoxious gases like sulphur dioxides continue to pose a major health hazard for the public. 

India has adopted the motor vehicles emission standards. The reduction of emissions through introduction of new control technology is being carried out. The control technology for gasoline engines, diesel engines are discussed. Fuel modification for the reduction of emissions has also been discussed. Fuels derived from edible and non-edible oils are of interest as clean fuels.

The study presents an assessment on the impacts of sulphur reduction in petrol and diesel after introduction of emission norms. Further other financial and technical  constraints and possible initiatives  for reducing vehicle emissions are discussed. 
While the human health of India is a priority that cannot be compromised, the path towards that goal needs to be paved with policies that are scientifically sound and relevant to the Indian context.
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CHAPTER-1
AIR POLLUTION

Since the onset of the industrial revolution, there has been a steady change in the composition of the atmosphere mainly due to the combustion of fossil fuels used for the generation of energy and transportation[23]. 
Deterioration of air quality is a major environmental problem in many large urban centers in both developed  and developing countries. Although urban air quality in  developed countries has been controlled to some extent during the past two decades, in most of the developing countries it is worsening and becoming a major threat to the health and welfare of people and the environment[5]. 

In our  modern society, quality of life is greatly measured by the amount of  consumption of electricity or by the  use of car. Electricity generation and operation of  vehicles mostly use fossil fuel.  As these fuels are burnt, huge quantity of  lethal chemicals and poisonous particulate  matter are released as a part of emission into the surrounding atmosphere due to incomplete combustion causing serious air pollution, affecting public health[5].

1.1 Sources of air pollution
Air pollutants consist of gaseous pollutants, odours, and SPM, (suspended particulate matter) such as dust, fumes, mist, and smoke. The concentration of these in and near the urban areas causes severe pollution to the surroundings. The largest sources of human-created air pollution are energy generation, transportation, and industries that use a great deal of energy sources. Depending on their source and interactions with other components of the air, they can have different chemical compositions and health impacts. Since these pollutants are generally concentrated in and around urban areas, the outdoor urban pollution levels are far higher than in the rural areas. [23]
Fires are another major source of air pollution and can lead to severe problems if the smoke is inhaled for a period of time. These fires can either be forest fires, oil well fires, burning of leaves in the backyard or as in the case of rural areas, large-scale burning of agricultural waste. Other sources include industries and power plants located in these areas

Table 1 Common atmospheric pollution sources and their pollutants[23]
	Category
	Source
	Emitting pollutants

	Agriculture 
	Open burning
	Suspended particulate matter, carbon monoxide, volatile organic compounds

	Mining
	Coal mining; crude oil and gas production; stone quarrying 
	Suspended particulate matter, sulphur dioxide, oxides of nitrogen, volatile organic compounds

	Power generation
	Power plant
	Suspended particulate matter, sulphur dioxide, oxides of nitrogen, carbon monoxide, volatile organic compounds, sulphur trioxide, lead 

	Transport
	Combustion engines
	Suspended particulate matter, sulphur dioxide, oxides of nitrogen, carbon monoxide, volatile organic compounds, lead

	Community service
	Municipal incinerators
	Suspended particulate matter, sulphur dioxide, oxides of nitrogen, carbon monoxide, volatile organic compounds, lead


1. 2
HARMFUL EFFECTS OF EMISSIONS: 
The high concentration of particulates in the atmosphere over large urban and industrial areas can produce a number of general effects. Smoke and fumes can increase the atmospheric turbidity and reduce the amount of solar radiation reaching the ground. The overall effect of air pollution upon the biosphere and the built environment can be broadly considered under following three headings[24]. 

Human being 

The effects of air pollution on health are very complex as there are many different sources and their individual effects vary from one to the other. It is not only the ambient air quality in the cities but also the indoor air quality in the rural and the urban areas that are causing concern. In fact in the developing world the highest air pollution exposures occur in the indoor environment. Air pollutants that are inhaled have serious impact on human health affecting the lungs and the respiratory system; they are also taken up by the blood and pumped all round the body. These pollutants are also deposited on soil, plants, and in the water, further contributing to human exposure. [23]

	Pollutant 
	Health Effects

	Carbon Monoxide 
	Poor reflexes 

	
	Ringing in the ears

	
	Headache

	
	Dizziness

	
	Nausea

	
	Breathing Difficulties

	
	Drowsiness

	
	Reduced work capacity

	
	Comatose state (can lead to death)

	Lead (Pb)
	Kidney Damage

	
	Reproductive system damage

	
	Nervous system damage (including brain dysfunction and altered neurophysical behaviours)

	Oxides of Nitrogen 

(NOX )
	Increased risk of viral infections

	
	Lung irritation (including pulmonary fibrosis and emphysema)

	
	Higher respiratory illness rates

	
	Airway resistance

	
	Chest tightness and discomfort

	
	Eye burning

	
	Headache

	Ozone (O3 )
	Respiratory system damage (lung damage from free radicals)

	
	Reduces mental activity

	
	Damage to cell lining (especially in nasal passage)

	
	Reduces effectiveness of the immune system 

	
	Headache

	
	Eye irritation

	
	Chest discomfort

	
	Breathing difficulties

	
	Chronic lung diseases ( including asthma and emphysema)

	
	Nausea

	Sulphur dioxide (SO2)
	Aggravates heart and lung diseases

	
	Increases the risk for respiratory illness (including chronic bronchitis, asthma, pulmonary emphysema)

	
	Cancer ( may not show for decades after exposure)

	Respirable Particulate Matter (PM10 )
	Respiratory illness (including chronic bronchitis, increased asthma attacks, pulmonary emphysema)

	
	Aggravates heart disease


[source: www.cpcb.nic.in]

Soil, vegetation and Animal Life: The presence of gaseous pollutants in the air and deposition of particulates on to the soil can effect plants. It can effect the cattle and animals too as they have been found to develop breathing difficulties and suffer from low yield of milk, lameness and joint stiffness in a polluted environment  [24]

Buildings and Materials:  The fabric of buildings, that are surrounded by heavily polluted air for years undergo chemical changes. Gradual erosion takes place and this is only too evident when grimy upper surface is removed[24].

In the urban centres, the air pollution level has exceeded the prescribed WHO standards. The air quality standards in small towns are also worsening. It has been estimated that 2.0 million Indians die annually due to air pollution. India is spending Rs. 4,550 crores per year to treat health problems caused by air pollution. Increase in average temperature, acid rain over some cities and indoor air pollution due to wood fires are some of the other problems[28]. 

Vehicular pollution is the main cause of air pollution, contributing to 57% of it and industries contribute to another 20% in India[28].

Recent estimates show that about 3,000 metric tonnes of air pollutants are emitted everyday in Delhi. The major sources of air pollutants being[20]:

1. Emissions from vehicles (67%),

2. Coal based thermal power plants (13%),

3. Industrial units (12%) and

4. Domestic (8%).

According to the World Health Organization, diesel exhaust is ‘probably carcinogenic’, while the United States Environmental Protection Agency declared it ‘likely to be carcinogenic’. Diesel exhaust has a high fraction of  polycyclic aromatic hydrocarbons (PAHs) and suspended particulate matter (SPM) that cause cell mutations which may ultimately lead to cancer. High-quality diesel with low sulphur (or ultra-low sulphur diesel, ULSD) emits very minute particles, which can even penetrate deep into the lungs [22].
1.3 Vehicular Pollution

The rising trend in air pollution load from vehicular exhaust can also be noticed  from the rise in the consumption of both major auto fuels i.e. petrol and diesel. The rising number of vehicles on our roads has meant increased air pollution. 

The contribution of motor vehicles to air pollution was first recognized by Prof. Hazen Smit who discovered that the two invisible  vehicular emissions namely hydrocarbons and oxides of  nitrogen were responsible for the famous Los Angeles ‘photochemical smog’ [5]. 

These gases interact with one another and other components of the atmosphere to generate several harmful compounds viz. carcinogens. The auto exhaust also affects our valuable cultural heritage, historical places/ monuments/ architecture and the environment. The number of vehicles in India has increased from 1.86 million in 1971 to 33.78 million in 1996 and about 48.86 million in 2000. Meteorological and  topographical conditions affect dispersion and transport of  these pollutants  in ambient air. [5]

Emission load in Delhi was much greater than the emission load in other metropolitan cities such as Kolkata, Mumbai and Chennai as illustrated in below : 

Estimated Pollution load in the Cities (Source :  Auto Fuel Policy, 2002)[9]

	City
	Pollution Load in the Cities

	
	CO
	NOX
	HC
	PM

	Delhi
	421.84
	110.45
	184.37
	12.77

	Mumbai
	189.55
	46.37
	89.93
	10.58

	Kolkata
	137.50
	54.09
	47.63
	10.80

	Chennai
	177.00
	27.30
	95.64
	7.29

	Bangalore
	207.04
	29.72
	117.37
	8.11

	Hyderabad
	163.95
	36.89
	90.09
	8.00

	Kanpur
	28.75
	7.25
	11.7
	1.91

	Agra
	17.93
	3.30
	10.28
	0.91


1.4 Events related of fuel policy in India [13]
A chronology of the events related to fuel policy in India is given below :

	Year
	Development

	1986 


	M. C. Mehta files a public interest litigation case in the Supreme Court of India (SC) about air pollution in Delhi.

	1986–96
	SC rulings result in the introduction of unleaded petrol, catalytic converters, CNG-powered government vehicles and low-sulphur diesel.

	1991
	Government issues first set of emission standards.

	1996
	Government issues second set of emission standards.

	1998
	SC appoints the Environment Pollution (Prevention and Control) Authority for the National Capital Region (also known as the BhureLal Committee). SC directs phasing out 15-year-old vehicles and conversion of buses, old taxis and three-wheelers to CNG-based engines by April 2001.

	1999
	SC advances emission standards and mandates 500 ppm diesel and petrol.

	2000
	The Society of Indian Automobile Manufacturers issues a road map for clean fuels; proposes accelerated introduction of Euro III and IV norms.

	2001
	The Inter-Ministerial Task Force submits its report on fuel quality and vehicular emissions; the proposed timeline and recommendations similar to the Mashelkar report.SC extends April 2001 deadline to September 2001. SC directs the Bhure Lal Committee to examine polluting potential of ultra-low sulphur diesel (diesel with sulphur less than 50 ppm). Bhure Lal Committee concludes that CNG is cleaner than ultra-low sulphur diesel. In August 2001, Delhi has the largest fleet of CNG buses in the world.

The Prime Minister of India constitutes a committee under the chair-manship of R.A. Mashelkar to recommend a national auto fuel policy.

	2002
	Interim report of the Mashelkar committee on national auto fuel policy is released; the Union cabinet approves and accepts its recomm-endations. SC ruling reiterates its preference for CNG-fuelled buses


CHAPTER-2
AUTOMOTIVE ENGINE AND EMISSIONS

Transport sector is the major oil-consuming area in India. Conventional automobiles running on road are Spark Ignition (SI) or Compression Ignition (CI) engines powered respectively by petrol and diesel. Auto fuels, after combustion in the engines provide the energy for propulsion. Besides providing energy, they must enable satisfactory vehicle performance in terms of cold/hot weather start ability, trouble-free drivability, power generation, fuel economy and reduced emission of pollutants.  

2.1  AUTOMOTIVE ENGINE TYPES 

Automobiles use two groups of engines, based on – Compression Ignition Engine which in practice is diesel engine and runs on constant pressure cycle. The fuel for this kind of engine is diesel a major fraction of crude oil distillation. These are used for all our heavy vehicles in railway transport, in tractors etc.

Spark Ignition Engine, which in practice is our petrol engines and runs on  constant volume cycle. The fuel for this kind of engine is gasoline cut of the crude oil. These engines are used for all light vehicles like cars, three wheelers and two wheelers. 

Vehicular emissions are dictated by combinations of vehicle technology, auto fuel quality, vehicle maintenance, driving patterns and various other factors. It is the tailpipe emissions that affect the ambient air quality. Therefore, any combination of engine technology and fuel that meets the prescribed vehicular emission norms are acceptable from environmental angle. 

2.2  EMISSIONS TYPES FROM MOTOR VEHICLES  [5]
Emission from vehicles especially automobiles contribute significantly two third of air pollution in the urban area. Main sources of emission from automobiles are : 

i).   Evaporative Emissions- are HC vapors lost constantly  and directly to the atmosphere due to volatile nature of petrol, mainly from the  fuel line’s, fuel tank and carburetor depending upon fuel composition, engine operating temperature and ambient temperature. Losses from the carburetor, called Hot Soak Emissions, occur when a  hot engine is stopped. It should be noted that out of total emissions, which are much more in case of petrol than diesel, 20-32% of the total emissions are due to evaporation losses, of which the HCs happen to be the chief constituents. 

ii).  Crankcase Emission (also called running loss emissions) – are unburnt or partially burned fuel components that, under pressure, escape from the combustion chamber, pass the pistons and enter the crankcase.   This mixture is called blow-by. The main constituent of blow-by emission is HCs. If uncontrolled, it may constitute 13–25% of total emissions. Since, diesel engines compress only air, blow-by contain very low levels of pollutants.  

iii).  Exhaust Emission- Automotive exhaust is the major source constituting about 60% of the total emission. Automobile exhaust consists wide range of pollutants from simple to carcinogenic substances such as 

(1) Hydrocarbons (Unburnt),

(2) Carbon monoxide, 

(3) Oxides of nitrogen (NOx), 

(4) Lead oxides, 

(5) Particulate matters e.g. lead, carbon, alkaline earth compounds, iron oxide, tar, oil, mist 

(6) sulphur dioxide

(7) Traces of aldehydes, esters, ethers, peroxides,  ketones benzene (C6H6), 1, 3 butadine, Poly Aromatic Hydrocarbons (PAH), metal dust, asbestos fibre, dioxin, furon, ammonia, organic acids ,  chlorofluorocarbons (CFCs) etc.

Hydrocarbons and CO appears in the exhaust gas products of incomplete combustion. Oxides of nitrogen result from the reaction of nitrogen and oxygen contained in the combustion air at high temperature prevailing during combustion. Further, many of these primary pollutants react with each other to form secondary pollutants. Chief among these are HC, CO, NOx when mixed with atmospheric water vapors in presence of sunlight form ozone and variety of complex organic gases and resultant particulates known as Photochemical Smog.

2.3 Emissions from Gasoline Vehicles [5]
Gasoline- powered engines are of two types – 4 strokes and 2 strokes. The exhaust consists of CO, HC, NOx, SO2 and partial  oxides of aldehydes, besides particulate matter, lead salts account for the larger chunk of all pollution from gasoline-run vehicles.
The 2 stroke engine require 2 T oil for lubrication of engine. Since the burning quality of mineral based lubricating oil is very poor, major fraction either remain unburned or burns partially and comes out through exhaust and responsible for smoke and SPM emissions. 

	Sl No
	Source
	Amount of Emissions (%)

	
	
	4-stroke
	2-stroke

	1
	Crankcase blowby
	20
	-

	2
	Evaporative Emissions
	20
	3

	3
	Exhaust Emissions
	60
	97


2.4  Emissions from Diesel Vehicles [5]
Due to low volatility, evaporative emissions are non-significant. Though the concentration of CO and unburnt HC in the diesel exhaust are rather low, they are compensated by high concentration of NOx. There are smoke particles and oxygenated HC, including aldehydes and odour-producing compounds.[5]
2.5 POLLUTANTS FROM MOTOR VEHICLES AND THEIR SOURCES
 The major pollutants emitted from gasoline fueled vehicles are CO, HC, NOx and Pb while  pollutants from diesel-fueled vehicles are particulate matter (including smoke), NOX, SO2, PAH. 

Carbon monoxide (CO)- Colorless and odorless gas, slightly denser  than air. is produced by the incomplete burning of carbon-based fuels [23].  Residence time and turbulence in the combustion chamber, flame temperature and excess O2 affect CO formation. Conversion of CO to CO2 in the atmosphere is slow and takes 2 to 5 months. In developing countries the transport sector account for 53% of CO emissions and the residential and commercial sectors, 46%.  [5] It lowers the amount of oxygen that enters our blood. It can slow our reflexes and make us confused and sleepy. [23].

Hydrocarbon Compounds (HC)- Compounds consisting of carbon and hydrogen and include a variety of other volatile organic compounds (VOCs). Most HCs are not directly harmful to health at concentrations found in the ambient air. Through chemical reactions in the troposphere, however they play an important role in forming NO2 and O3 which are health and environmental hazards. Among the various HC, methane (CH4) does not participate in these reactions. Remaining HC, non methane hydrocarbons (NMHC) are reactive in forming secondary air pollutants. NMHC are photo chemically reactive. [5]
Lead and some of its chemical compounds are virtually ubiquitous in the environment. Lead comes into the atmosphere, mostly through vehicular exhaust[9]. It is present in petrol, diesel, lead batteries, paints, hair dye products, etc. Lead affects children in particular. It can cause nervous system damage and digestive problems and, in some cases, cause cancer. [23].
Benzene and Polyaromatic Hydrocarbons (PAH)- Motor vehicles emit toxic HC including benzene, aldehydes and polyaromatic hydrocarbons (PAH). About 85 to 90% benzene emissions come from exhaust and the remainder comes directly from gasoline evaporation and through distribution losses. Toluene and xylene HC compounds  are present in the gasoline whereas  aldehydes, 1, 3 butadiene are not present in gasoline, diesel fuel, ethanol or methanol but are present in their exhaust emissions as partial combustion products. PAH are emitted at a higher rate in exhaust of diesel-fueled vehicles than gasoline –fueled vehicles[5].

Nitrogen oxides (NOX)- includes nitric oxide (NO), nitrous oxide ( N2O), nitrogen dioxide (NO2),  dinitrogen trioxide  (N2O3) and  nitrogen pentoxide  (N2O5). NO and NO2 collectively represented as NOX, are the main nitrogen oxides emitted by vehicles[5]. The Oxides of Nitrogen (NOx) are formed during the combustion processes mainly because of oxidation of atmospheric nitrogen and to a lesser degree by oxidation of organic nitrogen in fuels [9]. About 90% of these emissions are in the form of NO. NO is produced in the vehicle engine by combustion of nitrogen at high temperatures. NO2 formed by oxidation of NO, has a redish brown color and pungent odor.
In the atmosphere,  NO2 involved in a series of reactions in the presence of UV radiation that produce photochemical smog, reducing visibility. It may also reacts with moisture to form nitric acid (HNO3) aerosols. In the lower atmosphere (troposphere), NO2   forms O3 by reacting with HC. In the upper atmosphere, it reacts with chlorine monoxide to form chlorine nitrates. In developing countries, the transport sector accounts for 49% of NOX emissions and the power sector, 25%; the industrial sector, 11%; the residential and commercial sectors, 10% and other sources 5%. [5]
It causes smog and acid rain. It is produced from burning fuels including petrol, diesel, and coal. Nitrogen oxides can make children susceptible to respiratory diseases in winters. [23].
Sulfur dioxide (SO2)- is a stable, nonflammable, nonexplosive, colorless gas. It is produced from burning fuels including petrol, diesel, and coal. Some industrial processes, such as production of paper and smelting of metals, produce sulphur dioxide. [23]. It has been observed that out of the SOx in the ambient air, the percentage of SO2 may be more than 95 % while the remaining 5 % or less may be in the form of SO3. The major anthropogenic sources of SO2 in the atmosphere are burning of fossil fuels for industrial and domestic purposes as well as their use in industrial processes, viz., petroleum, chemical, metallurgical and mineral based industries[9].

In the atmosphere, SOX may be converted to sulfur trioxide (SO3) by reacting with O2. SO2 and SO3 react with moisture in air to form sulfurous (H2SO3) and sulfuric (H2SO4) acids may precipitate to earth as acid rain. Sulfates may also be produced through reaction of these sulfur compounds with metals present in particulate matter. [5] It is a major contributor to smog and acid rain. Sulfur dioxide can lead to lung diseases. [23].
Ozone (O3)- occur naturally in the upper layers of the atmosphere. This important gas shields the earth from the harmful ultraviolet rays of the sun. However, at the ground level, it is a pollutant with highly toxic effects[23]. Ground level ozone (GLO)  is formed by the reaction of VOCs and NOX with ambient O2 in the presence of sunlight and high temperatures. GLO  is a major constituent of smog in urban areas and motor vehicles are the main emission source of its precursors. The reactions that form GLO also produce small  quantities of other organic and inorganic compounds such as peroxyacetyl nitrate (PAN) and nitric acid. GLO concentrations depend on the absolute and relative concentrations of its precursors and the intensity of solar radiation, which exhibits diurnal and seasonal variations. Thermal inversions increase GLO concentrations. [5] Ozone makes our eyes itch, burn, and water. It lowers our resistance to colds and pneumonia. [23].
Particulate matter (PM)- consists of  fine solids and liquid droplets other than pure water that are dispersed  in air. Total suspended particulates are particles with an aerodynamic diameter of   >70 m. PM with an aerodynamic diameter of ≥  10 m known as suspended inhalable particulate matter/ Respirable Suspended Particulate Matter (RSPM) or PM10, remains in the atmosphere for longer periods because of its low settling velocity. PM10 can penetrate deeply into the respiratory tract and cause respiratory illness in humans. PM with an aerodynamic diameter of 2.5-10 m or less is defined as fine particles (PM2.5), while the larger PM is called coarse particles. Nearly all  PM emitted by motor vehicles consists of fine particles and a large fraction of these particles has an aerodynamic diameter less than 1m.  

PM2.5 can also be formed in the atmosphere as aerosols from chemical reactions that involve gases such as  SO2, NOX and VOC. Sulfates, which are commonly generated by conversion from primary sulfur emissions, make up the largest fraction of PM2.5 by mass. PM2.5 can also form as a result of solidification of volatile metals salts as crystals following cooling of hot exhaust gases from vehicles in ambient air. Gasoline fueled vehicles have lower PM emission rates than diesel–fueled vehicles. PM emissions from gasoline fueled vehicles result from unburned lubricating oil and ash-forming fuel and oil additives. PM emitted by diesel-fueled vehicles consists of soot formed during combustion, heavy  HC condensed or adsorbed on the soot and sulfates. These emissions contain PAH. With the advancement of emission control measures in engines, however, the contribution of soot has been reduced  considerably. [5]  It is also the main source of haze which reduces visibility. The finer of these particles, when breathed in can lodge in our lungs and cause lung damage and respiratory problems. [23].
Black smoke, associated with the soot portion of PM emitted by diesel-fueled vehicles, is caused by O2 deficiency during the full combustion or expansion phase. Blue, gray and white smoke are caused by the condensed HC in the exhaust of diesel-fueled vehicles. Blue  or gray smoke- results from vaporized lubricating oil and white  smoke occurs during engine start-up  in cold weather. Diesel fuel additives such as Ba, Ca and Mg reduce smoke emissions but increase PM sulfate emissions. These additives may also increase PAH emissions. [5]
Dioxins- Cu based additives can reduce PM emissions but may catalyze the reaction between HC and trace amounts of chlorides in diesel fuel to form dioxins which are emitted in the exhaust. [5]
Chlorofluorocarbons (CFCs)- The source of CFC emissions from motor vehicles is the freon gases used in air conditioners[23].. CFC emitted into the atmosphere  rise to the stratosphere layer within 10 years and are estimated  to remain there for 400 years. CFC molecules struck by UV radiation release chlorine  atoms,  which destroy O3 by forming chlorine monoxide. Furthermore, when a free O2 atom reacts with a chlorine molecule, an O2 molecule is formed and a chlorine atom is released to destroy more O3. [5]
Carbon dioxide (CO2)- is a green house gas associated with global worming, results  mainly from increased combustion of fossil fuels including motor vehicle fuels. [5]
2.6 ADVERSE HUMAN HEALTH EFFECTS [5]
 Air pollutants emitted by motor vehicles have a number of adverse effects on human health and ecology. Diseases such as silicosis, pneumoconiosis, coniosis, allergy, asthma, inflammatory lung diseases, infections and cases of mycotoxicosis and neurological or vascular disorders have been associated with exposure to pollutants and bio aerosols (bacteria, fungi and their by-products). Exposure by inhalation directly affects respiratory, nervous and cardiovascular systems of humans, resulting in impaired pulmonary functions, sickness and even death. Pollution hampers the body normal immune system and consequently secondary diseases kill the subject. Pollution is a hidden enemy of civilization. There is no specific drugs for the diseases cause by the pollution. Pollutants thus give rise to enormous health costs, in addition to the general discomfort and poor quality of life in urban area.

The effect of air pollutant Human health is given below :

Particulate matters cause breathing and pulmonary disorders like asthma, bronchitis, lowering of the general immune system, cancer and long term irreparable damage to the lungs.

CO binds with hemoglobin to form carboxyhemoglobin (COHb) which  reduces the blood’s carrying capacity  to transport O2 to the tissues. 

SO2  is known to cause decreased lung functions and a variety of respiratory diseases and increased  risk of mortality and morbidity. Adverse effects include coughing, phlegm, chest discomfort and bronchitis. 

Nitrogen oxides-NO2 is linked with increased airway resistance in asthmatics and decreased pulmonary function. NO2  has been associated with respiratory illness in children (cough, runny nose, and sore throat). Occupational exposure to NO2 range from inflammation  of the mucous membrane of the  tracheobronchial  tree to bronchitis, bronchopneumonia and acute pulmonary edema.

Lead prevents haemoglobin synthesis in red blood celles in bone marrow, impairs liver and kidney function and causes neurological damage. PAH are known as carcinogenic[5].

Ozone-adverse health effects include changes in pulmonary function, eye, noese and throat irritation, coughing, throat dryness, thoracic pain, increased mucous production, chest tightness, lassitude, malaise and nausea.

Chlorofluorocarbons-exposure to increased UV-B radiation is suspected  to increase the  risk of  skin cancer and eye illness especially  cataract and to adversely affect the immune system.

Benzene – about 50% of inhaled benzene is adsorbed . Part of the absorbed benzene is exhaled by respiration and eliminated through the urinary tract. Benzene is accumulated in the fat tissue and bone marrow. Benzene has toxic and  carcinogenic effects. The toxic effects, are associated with central nervous system, hematological and immunological systems.     Higher exposure can damage the respiratory tract, lung tissue and bone marrow and cause death. Carcinogenic effects include leukemia.   

Polyaromatic Hydrocarbons – PAH absorbed in the lungs and intestines and metabolized in the human body, are mutagenic and carcinogenic.  

Aldehydes-are absorbed in the respiratory and gastrointestinal tracts and metabolized.Adverse health effects of HCOH include eye and nose irritation, irritation of mucous membranes and alteration in respiration, coughing nausea and shortness of breath.

Pollution and health go hand in hand. Any type of pollution has an effect on the human body. Only the scale may differ. The effect depends on the severity of pollution to which a person has been exposed to. Air pollution from vehicles, industries and dust results in respiratory disorders like asthma, bronchitis, bronchial irritation, etc. 

India spends a sizable portion of its revenue on health problems. In the 36 major cities of India this accounts for about Rs. 9000 crores per year[28].
It has been estimated that 2.0 million Indians die annually due to air pollution. India is spending Rs. 4,550 crores per year to treat health problems caused by air pollution. Increase in average temperature, acid rain over some cities and indoor air pollution due to wood fires are some of the other problems[28].
CHAPTER-3

SULPHUR AND ITS EFFECTS
3.1 Sulphur Compound in Air

At ambient temperature and pressure, sulphur dioxide is a colorless gas consisting of one atom of sulphur and two atoms of oxygen. In the past (late nineteenth century and first half of the present century) sulphur dioxide in combination with sooty particles was responsible for smog episodes in industrial cities.

All India SO2 emissions are estimated at 3.54 MT in 1990, 4.64 MT in 1995 and 5.3 MT in 2002. In 1990, coal consumption contributed 64% of total SO2 emissions in India, oil products 29 %, bio mass 4.5 % and non-energy consumption 2.5 %. [18] The global emission of So2 in 2002 is given below [29] :
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3.2 Source, sinks and Chemistry of So2

Man made sulphur dioxide results from the combustion of sulphur-containing fossil fuels (principally coal and heavy oils) and the smelting of sulphur containing ores  Over the past 25 years, there has been a tendency towards declining emissions due to changes in the types or amounts of fuels consumed and emission control measures; in addition and more importantly, the pattern of the sources has changed away from small multiple sources (domestic, commercial, industrial) towards large single sources emitting SO2 from tall stacks.

Volcanoes and oceans are the major natural sources of sulphur dioxide. In 1993, these sources were estimated to contribute only around 2 % of the total emissions of sulphur dioxide[6]. After being released in the atmosphere, sulphur dioxide is further oxidized to sulfate and sulfuric acid forming an aerosol often associated with other pollutants in droplets or solid particles extending over a wide range of sizes.

SO2 and its oxidation products are removed from the atmosphere by wet and dry deposition In spite of these processes of transformation and removal, sulphur dioxide can be transported over large distances, causing transboundary pollution. Nowadays, it is also recognized that sulfate (SO4=) aerosols play an important cooling role in the radiative climate of the earth through the phenomena of sunlight scattering in cloud free air and as cloud condensation nuclei.

3.3   Human health effect and risk 
Sulphur dioxide causes its irritant effects by stimulating nerves in the lining of the nose, throat and the lung airways. This later affects the people suffering from asthma and chronic lung disease, whose airways get inflamed and easily irritated. Studies of normal healthy volunteers, exposed to sulphur dioxide in chambers have shown that measurable narrowing of the airways may occur after breathing the gas for 5 minutes at concentration of 4-5 ppm but the effects were not detectable at concentrations below 1 ppm. The most common acute exposure to SO2 concentration ³ 0.4 ppm is indication of broncho-constriction in asthmatics after exposure lasting only 5 minutes. The effects of SO2 on airway of asthmatics are reversible with recovery occurring within one hour. Exposure at lower levels can cause increased upper respiratory symptoms such as cough, sore throat and changes in lung function. The morbidity effects are associated with long-term exposure to particulates and or sulphur dioxide. The acidic aerosols composed of particulate matter and acids cause inflammation of airways and lungs and reduce the ability of small airways to clear mucous and particles. The health morbidity indices are lung function decrement, upper and lower respiratory disease symptoms, increase in rates for cough, bronchitis and other health problems[22].

3.4  Environment effect and Risk 

SO2 directly affects vegetation by uptake through parts of the plants that are above the ground; the direct effects on leaves are mainly determined by air concentrations. Depending on the amount of SO2 taken up per unit of time, various kind of biochemical and physiological effects take place in the plant tissue; these include the degradation of chlorophyll, reduced photosynthesis, raised respiration rates, and changes in protein metabolism. The lower plants such as lichens and mosses, due to their structure have a particular sensitivity to SO2. The decisive factors in the action of SO2 on plants are existing stresses on the plant, the concentration of SO2, the duration of exposure, and the frequency and sequence of impact; within certain ranges of concentration and for a given dose (concentration times exposure duration), the extend of foliar injury increases with increasing concentration. The significance of very low concentrations of SO2 on growth and yield, and on changing plant sensitivity to other environmental stresses is now also recognized Some plants can also recover in pollution-free periods if the duration of exposure to injuring concentrations is not too long and if the pollution-free period is sufficiently long.

Individual species and varieties, and individuals within a population, react with different degrees of sensitivity to stress resulting from air pollution Sulfur is also an essential plant nutrient. In certain areas, where soils are deficient in sulfur (mainly calcareous-based on chalk and limestone), atmospheric sulfur may be taken up by leaves of some species and help contributing to the plant vitality But uptake is low and therefore not relevant to the setting of limit values. Due to falling emissions of SO2 in many areas in Europe and to the recognition of O3 and nitrogen compounds as being of much greater significance with regard to plant injury, the relative importance of SO2 as a phytotoxic pollutant has diminished to a certain extent. Nevertheless SO2 can locally play a role in vegetation damage, especially in combination with other pollutants[22].

3.5  Effect on Materials and Cultural Heritage 

Deterioration of materials and objects of cultural heritage is a process which occurs at a rate which is determined by meteorological parameters such as relative humidity, temperature and precipitation, and by air pollutants. Since the time of wetness and temperature exhibit only small variations in the temperate climatic zone, the concentration of atmospheric pollutants is often the dominant variable affecting the rate of corrosion. Among  the anthropogenic air pollutants, SO2 can be considered as the most important in deterioration of several materials. Many materials are affected; among them, e.g. stones used in historic and cultural monuments, which have resisted atmospheric attacks for hundreds or even thousands of years. But during recent decades, an accelerated degradation of their surface has been observed in many parts of Europe There are several ways how SO2 emissions can contribute to corrosion of materials: it deposits readily on surfaces and is then subsequently converted to sulfates; in ambient air, SO2 is also partly converted to sulfate particulates which may be deposited on surfaces and can also cause corrosion. Both SO2 and sulfate particulates may also dissolve in rain droplets and increase the acidity of precipitations thus enhancing the phenomena of corrosion[22]. 

The decisive effect of SO2 on corrosion of several materials like metals, calcareous stones, or stained medieval glass windows has been shown in several laboratory and field exposures. In the last years, however, a synergistic corrosive effect of SO2 and NO2 and later of SO2 and O3 has been discovered first in laboratory exposure; this has been confirmed later on by field exposure studies. They enhance the corrosive effect of SO2 by promoting its oxidation to sulphate. This underlines the necessity to treat the deterioration of materials taking into account the interrelated role of SO2, NO2 and O3 in a multi-pollutant situation. In practical and economic terms, the corrosion due to SO2 is closely tied to densely populated areas. Here, three conditions coincide: a high content of atmospheric pollutants, a high population density and a large use of materials. The corrosion rate decreases in general rapidly with increasing distance from the source of emission. In many regions, atmospheric corrosion is therefore a local effect. In certain densely populated regions such as Western or Central Europe, an important part of corrosion damage can also be caused by the transport of pollutants over national borders[22]. 

From a trend analysis undertaken in the frame the UN-ECE ICP, it appears that at numerous sites where the SO2 levels have decreased between 1987 and 1992,,a pronounced decrease has been found in the corrosion rates. 

In India, the emphasis continues to be on ineffectual intermediate steps. Indeed, the adoption of Euro II and Euro III standards — whose strategy largely hinges on using reduced sulphur levels (from 500 ppm to 350 ppm but only in some cities) in combination with diesel oxidation catalysts (DOC) — is likely to increase health risks. DOC oxidises almost all fuel sulphur and lead to deadlier and more toxic sulphate particles. Paradoxically, sulphate emissions from a young and expanding fleet — old vehicles do not even have any such gizmo fitted in them — will form a large part of total diesel particulate emissions [4]
WHO says, sulphate particles are more harmful than PM10. It says that sulphate particles are the major factor in causing more hospital admissions, and mortality. An increase of 10 µg/cum of sulphates in the air can increase hospital admissions and daily mortality by as much as 50-60 per cent[4]. Most diesel vehicles in Delhi are fitted with oxidation catalysts running on low sulphur fuels like 350 ppm, in order to meet the Euro III standards but, as scientific evidence shows, this will increase harmful sulphate emissions[4].

	A study by the US Department of Energy and its National Renewable Energy Laboratory conducted under the programme, ‘Diesel Emission Control-sulphur Effects Project (DECSE)’, shows that at high temperatures and high-speed operations, the use of 350 ppm sulphur fuel triples PM emissions from the tailpipe over the engine out emissions[4].
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Source: Shawn D.Whitacre, Diesel Fuel Sulphur Effects on the Performance of DOCs, Cummins, Inc. August 24, 2000, Diesel Engine Emissions Reduction Workshop, USA [4]


This increase is due to sulphate particles; a diesel oxicat, when used in combination with moderately high sulphur fuel, therefore dramatically increases the number of harmful sulphate particles[4].

.
    2.7 National Ambient Air Quality Standards

	Pollutants
	Time-weighted average
	Concentration in ambient air
	Method of measurement

	
	
	Industrial Areas 
	Residential, Rural & other Areas
	Sensitive Areas
	

	Sulphur Dioxide (SO2) 
	Annual Average*
	80 µg/m3
	60 µg/m3
	15 µg/m3
	- Improved West and Geake Method
- Ultraviolet Fluorescence

	
	24 hours**
	120 µg/m3
	80 µg/m3
	30 µg/m3
	

	Oxides of
Nitrogen as
(NOx) 
	Annual Average*
	80 µg/m3 
	60 µg/m3 
	15 µg/m3 
	- Jacob & Hochheiser Modified (Na-Arsenite) Method

	
	24 hours**
	120 µg/m3
	80 µg/m3
	30 µg/m3
	- Gas Phase Chemiluminescence

	Suspended Particulate Matter (SPM)
	Annual Average*
	360 µg/m3
	140 µg/m3
	70 µg/m3
	- High Volume Sampling, (Average flow rate not less than 1.1 m3/minute).

	
	24 hours**
	500 µg/m3
	200 µg/m3
	100 µg/m3
	

	RespirableParticulate Matter (RPM) (size less than 10 microns)
	Annual Average*
	120 µg/m3
	60 µg/m3
	50 µg/m3
	-Respirable particulate matter sampler

	
	24 hours**
	150 µg/m3
	100 µg/m3
	75 µg/m3
	

	
	24 hours**
	0.4 mg/ m3
	0.4 mg/m3
	0.4 mg/m3
	.

	CarbonMonoxide (CO)
	8 hours**
	5.0 mg/m3
	2.0 mg/m3
	1.0 mg/ m3
	- Non Dispersive Infra Red (NDIR)

	
	1 hour
	10.0 mg/m3
	4.0 mg/m3
	2.0 mg/m3
	Spectroscopy

	* 
	Annual Arithmetic mean of minimum 104 measurements in a year taken twice a week 24 hourly at uniform interval.

	** 
	24 hourly/8 hourly values should be met 98% of the time in a year. However, 2% of the time, it may exceed but not on two consecutive days.


     [Source : www.cpcb.nic.in]

CHAPTER-4
PETROL AND DIESEL QUALITY
India has imported about 82 Mt of crude oil (70% of its requirement) and petroleum products during the year  2003–2004 causing a heavy burden on foreign exchange and the country’s energy dependence of oil is about 35%.  The demand of crude oil increases dramatically year by year and the country’s production and import of crude oil is given in Table. The demand of high-speed diesel has been estimated to be 66.9 Mt for the year 2011–2012, which would be 1.6 times higher than that of current demand. 
. The known worldwide reserves of petroleum are 100 billion barrels and these petroleum reserves are predicted to be consumed in about 40 years[7]. So, the availability of petroleum is uncertain in future. Renewable fuels particularly biodiesel and ethanol get more attention in India. The main driving forces behind the implementation of these biofuels in the country are rural economy, energy self-sufficiency and environmental  concerns. The diesel fuel consumption in India is about five times higher than gasoline fuel as shown in Table
Table 4.1 Production and import of crude oil in India

	Year
	Production(Mt)
	Import(Mt)
	Total(Mt)
	Import as % of import
	Import Value in Crores

	1971
	6.8
	11.7
	18.5
	63
	107

	1981
	10.5
	16.2
	26.7
	61
	3349

	1991
	33
	20.7
	53.7
	39
	6118

	2000
	32
	57.9
	89.9
	64
	30695

	2003-04
	33.4
	90.4
	123.8
	73
	81000

	2004-05
	33.4
	100
	133.4
	75
	121500


Source: Ministry of Petroleum and Natural gas. Energy Security and Sustainable Alternatives[6]

Table 4.2 Demand of gasoline and diesel in India
	Year
	Gasoline demand in Mt
	Diesel demand in Mt
	Ratio Diesel/Gasoline

	2002-03
	7.62
	42.15
	5.53

	2003-04
	8.20
	44.51
	5.42

	2004-05
	8.81
	46.97
	5.33

	2005-06
	9.42
	49.56
	5.26

	2006-07
	10.07
	52.33
	5.20

	2011-12
	12.85
	66.90
	5.21


Source: Planning Commission, Government of India [10]

4.1  Petrol quality and its impact on emissions 

Lead content- To enhance the octane rating of petrol lead alkyl additives have been used worldwide. Health effects associated with the use of this additive have led to the elimination of leaded petrol in several countries. Vehicle emission control technologies, like catalytic converters and oxygen sensors necessitates the use of unleaded petrol. Tolerance to lead contamination is very low as the vehicle catalyst efficiencies decrease and even slight lead contamination can destroy a modern catalyst. Lead-free petrol, therefore, is essential in  the long-term. [11]
Octane number- Octane rating denotes the ability to resist auto-ignition which can cause engine knock. Generally, vehicles are designed for a particular octane number. Petrol with an octane number lower than that required may result in knocking which could lead to severe engine damage. Lower octane number can be handled by the engines equipped with knock sensors by retarding the spark timing. However, fuel consumption and full power may suffer and at very low octane number, knock may still occur but using higher octane rating petrol than that required will not improve the vehicle performance[11].

Octane number has no direct correlation with emissions. High octane number fuel permits use of higher compression ratio engines which on account of higher thermal efficiency give better fuel economy and lower CO2 emissions[11]. 

Sulphur content- The extensive testing done on the impact of sulphur on vehicle emissions indicates the emission reduction that occurs with different vehicle technologies as sulphur is reduced from high levels to low levels. The percentage emission reduction due to lower sulphur in petrol shall be high in case of vehicles complying with advanced vehicle emission technologies and low for vehicles with lower level of technology. Sulphur affects efficiency of the catalyst used in after treatment devices. Sulphur also adversely affects heated exhaust gas oxygen sensors. Reduced sulphur in fuel will provide reduction of emissions from all catalyst-equipped vehicles [11].

Ash forming additives- To provide the precise closed-loop control of emission, sophisticated emission control equipments such as three way catalysts and exhaust gas sensors are employed in modern vehicles. To maintain low emissions for the lifetime of the vehicle, the emission control systems must be kept in optimal condition[11]. Ash forming additives can adversely affect the operation of catalysts and other components (e.g. oxygen sensors) in a way that increases emissions. Therefore, ash forming additives must be avoided in petrol. 

Oxygenates- Because of several reasons, oxygenated organic components such as ethers, and ethanol may be added in petrol to increase octane number, to increase in petrol production or to induce a lean shift in engine stoichiometry, to reduce carbon monoxide emissions. Carbon monoxide emissions are reduced during leaner operation, specially with carburetor vehicles without electronic feedback controlled fuel systems. In modern electronic feedback controlled vehicles, the leaning effect only occurs during cold operations or during rapid accelerations  which is why the emission benefits from leaner operation are not realised. Fuel leaning caused by oxygenates can affect drivability. In few cases the over-leaning can also cause emissions to increase. As ethanol has a higher heat of vaporization than ethers, some of the drivability degradation of petrol oxygenated with ethanol can be attributed to the additional heat needed to vaporize petrol[11].

Olefin content- Olefins are unsaturated hydrocarbons and, in many cases, are also good octane components of petrol. Higher olefins in petrol may lead to deposit formation and increased emissions of reactive hydrocarbons and undesirable compounds. In 2/3 wheelers, they have been reported to lead to pre-ignitions. Being thermally unstable, higher olefins may lead to gum formation and deposits in an engines intake system. Their evaporation into the atmosphere as chemically reactive species contributes to ozone formation[11].

Aromatic content- Generally aromatics are good octane components of petrol and high energy density fuel molecules. High aromatic content can increase engine deposits and increase tailpipe emissions including CO2. Engine deposit formation, particularly combustion chamber deposits have been linked to heavy aromatics and other high molecular compounds and these deposits increase tailpipe emissions, including HC and NOx. The tailpipe CO2 emissions is a direct effect of petrol aromatic content[11].

Benzene content- Apart from being a product of catalytic reforming that produces high-octane petrol streams, benzene is a natural constituent of crude oil. It is known to be a human carcinogen. Evaporative and exhaust emissions of benzene from automobiles can be directly controlled by controlling benzene levels in petrol. An effective way to reduce human exposure to benzene is to control benzene in petrol[11].

Volatility- During operation of spark ignition engines, both performance and emissions are affected by the volatility of gasoline, Therefore, proper volatility of petrol has to be fixed. It is characterised by vapour pressure and distillation. Volatility needs of vehicles at different temperatures differ to a large extent, so the vapour pressure should be controlled seasonally. To reduce the possibility of hot fuel handling problems, such as vapour lock or carbon canister overloading at high temperatures, the vapour pressure must be controlled precisely. At high temperatures the control of vapour pressure is also important for the reduction of  evaporative emissions. Higher vapour pressure at lower temperature is needed to allow good cold starting and warm-up performance. Hot weather fuel handling problems such as vapour lock, canister overloading, and higher emissions can be caused by excessively high petrol volatility. Vapour lock occurs when too much vapour forms in the fuel system and fuel flow decreases to the engine. This can result in loss of power, rough engine operation, or engine stalls. A vapour/liquid ratio specification is necessary as vapour pressure and distillation properties are not sufficient to assure good vehicle performance[11].

4.2  Diesel quality and its impact on emissions

Cetane number- Cetane Number is a measure of the compression ignition quality of diesel fuel; it influences cold startability, exhaust emissions and combustion noise. The fuel property that is most influential for cold start and white smoke emissions is cetane number. However, when effective starting aids are employed even lower cetane fuels produce fast start up and low emissions. Some increase in smoke is generally seen as cetane numbers falls, especially at levels below 45. At cetane number above 50, little improvement in performance is seen. Starting and smoke emissions appear to be related primarily to ignition delay and so cetane improved fuels, generally perform as well as natural fuels of the same cetane number. The effect of other fuel properties is small. Some recent studies have shown that there is no benefit in emission reduction when cetane number is increased above 50, particularly for NOx and particulate matter (PM) which are the major pollutants of concern from diesel engines. In case of PM, in fact, there has been an increase reported for cetane number above 50. As the PM are formed in the diffusion burning stage, with higher cetane number, more fuel is burnt under diffusion conditions[11].

Density and viscosity- Density and viscosity effects the engine power, and consequently, the engine ignitions and fuel consumption. It was found by the European Programme on Emissions, Fuels and Engine Technologies (EPEFE) that fuel density influences injection timing of mechanically controlled injection equipment, which ultimately effects emissions and fuel consumption. It was demonstrated that reduced density will reduce PM emissions from all diesel vehicles, and NOx emissions from heavy duty vehicles. The reductions in fuel density decreases engine power output and increases volumetric fuel consumption as demonstrated by EPEFE testing. The density effect on power, particularly in combination with distributor-type injection pumps may be accentuated by variations in fuel viscosity (i.e. reduced density generally reduces viscosity). Problems like inadequate fueling and pump distortion may be faced with high  viscosity fuel. Low viscosity will increase  leakage from the pumping elements, and in worse cases (low viscosity, high temperature) can result in total leakage. To allow optimisation of engine performance, it is important to minimise the range between minimum and maximum viscosity limits as it is impacted by ambient temperature[11].

Sulphur content- The presence of sulphur in diesel fuel contributes to fine PM emissions, through the formation of sulfates both in the exhaust stream and later in the atmosphere. It can lead to corrosion and wear of engine systems. The efficiency of some exhaust after treatment systems is reduced as fuel sulphur content increases, while others are rendered permanently ineffective through sulphur poisoning. US studies in heavy duty engines showed PM reduction in the range of 12 to 27 per cent for sulfur reduction from (0.30 to 0.05 per cent) (3000 to 500 ppm). It was estimated in the European Auto Oil Programme tests that sulphur reduction from 500 ppm to 30 ppm will result in PM  emission reductions of 7 per cent from light duty vehicles and 4 per cent from heavy duty trucks[11]. As a percentage of the total particulate the sulfates are a small portion. Carbon and absorbed hydrocarbon constitute most of the PM. The percentage reduction of particulate matter on account of sulphur reduction is dependent on the level of engine technology. It would appear to be significant for engines with low PM  contributed by carbon and absorbed hydrocarbon. The presence of sulphate can, however, become significant with exhaust catalysts. Earlier, use of oxidation catalysts oxidized sulphur to such an extent that PM could increase with addition of catalysts. The use of advanced catalyst design with 500 ppm sulphur indicates no such problems now[11].

 Flash point- The flash point is the temperature to which a fuel must be heated to produce an ignitable mixture of fuel and air above the surface of the liquid. This property has no impact on engine performance because the auto-ignition temperature of the fuel-air mixture is not affected by variations in flash point[11].

4.3  Indian Emissions standards

The first Indian emission regulations were idle emission limits which became effective in 1989. These idle emission regulations were soon replaced by mass emission limits for both gasoline (1991) and diesel (1992) vehicles, which were gradually tightened during the 1990's. Since the year 2000, India started adopting European emission and fuel regulations for four-wheeled light-duty and for heavy-duty vehicles. Indian own emission regulations still apply to two- and three-wheeled vehicles. [27] The regulatory agencies for monitoring the emission are indicated below :

· Ministry of Environment and Forests

· Central Pollution Control Board (CPCB)

· State Pollution Control Boards (SPCBs) - in respective states

· Pollution Control Committees - in respective territories
Overview of the emission norm in India[27]

· 1991 - Idle CO Limits for Gasoline Vehicles and Free Acceleration Smoke for Diesel Vehicles, Mass Emission Norms for Gasoline Vehicles.

· 1992 - Mass Emission Norms for Diesel Vehicles.

· 1996 - Revision of Mass Emission Norms for Gasoline and Diesel Vehicles, mandatory fitment of Catalytic Converter for Cars in Metros on Unleaded Gasoline.

· 1998 - Cold Start Norms Introduced.

· 2000 - India 2000 (Eq. to Euro I) Norms, Modified IDC (Indian Driving Cycle), Bharat Stage II Norms for Delhi.

· 2001 - Bharat Stage II (Eq. to Euro II) Norms for All Metros, Emission Norms for CNG & LPG Vehicles.

· 2003 - Bharat Stage II (Eq. to Euro II) Norms for 11 major cities. 

· 2005 - From 1st April Bharat Stage III (Eq. to Euro III) Norms for 11 major cities. 

· 2010 - Bharat Stage III Emission Norms for 4-wheelers for entire country whereas Bharat Stage - IV (Eq. to Euro IV) for 11 major cities

Indian Emission Standards (4-Wheel Vehicles) [27]
	Standard
	Reference
	Date
	Regions

	India 2000
	Euro 1
	2000
	Nationwide

	Bharat Stage II
	Euro 2
	2001
	NCR*, Mumbai, Kolkata, Chennai

	
	
	2003.04
	NCR*, 10 Cities †

	
	
	2005.04
	Nationwide

	Bharat Stage III
	Euro 3
	2005.04
	NCR*, 10 Cities †

	
	
	2010.04
	Nationwide

	Bharat Stage IV
	Euro 4
	2010.04
	NCR*, 10 Cities †

	National Capital Region (Delhi). 

† Mumbai, Kolkata, Chennai, Bangalore, Hyderabad, Ahmedabad, Pune, Surat, Kanpur and Agra


The Union Cabinet in October 2003 has approved an auto fuel policy that lays a roadmap for implementing Euro-II, III and IV vehicular emission standards by 2010[27].
The Bharat Stage II (equivalent to Euro-II norms), are applicable to all automobiles throughout the country from Apr 1, 2005. These norms are currently in place in 11 cities- Delhi, Mumbai, Kolkata, Chennai, Bangalore, Hyderabad, Ahmedabad, Pune, Surat, Kanpur and Agra[27].
All automobiles and fuel - petrol and diesel - will have to meet Euro-III emission specifications in the above 11 cities from April 1, 2005 and Euro-IV norms by April 1, 2010. The rest of the country will have Euro-III emission norm compliant automobiles and fuels by 2010[27]. 
For 2/3 wheelers, Bharat Stage-II norms are applicable from Apr 1, 2005 and Euro-III norms would come in force preferably from April 1, 2008 but not later than April 1, 2010 [27].

BIS 2000 specifications for petrol (IS 2796) and diesel (IS 1460) are given in Table 4.3 and Table 4.4 respectively.

Table 4.3 Indian Standard Specification For Motor Gasoline Specification: IS:2796-2000

	 Sl
	 Characteristic
	 Unit
	Requirements for products

	
	
	
	Unleaded Regular
	Unleaded Premium

	 1.
	 Colour
	 Visual
	Orange
	Red

	 2.
	 Density @ 15 oC
	 Kg/m3
	710-770
	710-770

	 3.
	 Distillation
	 
	
	

	 
	 a)Initial boiling point
	 oC
	Not limited but to be reported

	 
	 b)Recovery upto 70oC (E-70)
	 % by Volume
	10-45
	10-45

	 
	 c)Recovery upto 100oC (E-100)
	 % by Volume
	40-70
	40-70

	 
	 d)Recovery upto 180oC (E-180)
	 % by Volume, Min
	90
	90

	 
	 e)Final boiling point
	 oC, Max
	215
	215

	 
	 f)Residue,
	 % by Volume, Max
	2
	2

	 4. 
	 Octane Requirements
	 
	
	

	
	 Anti-Knock Index,(AKI)
	 min
	84
	88

	 
	 Or Research Octane No.
	 min
	88
	93

	 5.
	 Existent Gum
	 g/m3, max
	40
	40

	 6.
	 Potential Gum
	 g/m3, max
	50
	50

	 7.
	 Total Sulphur
	 % by mass, Max
	0.1
	0.1

	 8.
	 Lead Content 
	 (as Pb), g/l, max
	0.013
	0.013

	 9.
	 Reid Vapour Pressure(RVP) at 38 oC
	 kPa
	35-60
	35-60

	 10.
	 Vapour Lock Index (VLI) (VLI = 10 RVP + 7 E 70)
	 
	
	

	 
	 a) Summer  
	 Max
	750
	750

	 
	 b) Other months
	 Max
	950
	950

	 11.
	 Benzene content 
	 
	
	

	 
	 a) for Metros
	 % by Vol. Max
	3.0
	3.0

	 
	 b) for the rest
	 % by Vol. Max
	5.0
	5.0

	 12.
	 Copper Strip Corrosion for 3 hrs. @ 50oC
	 
	Not Worse Than No. 1

	 13.
	 Water tolerance of Gasoline - alcohol Blends, Temp. for phase separation, 
	 
	
	

	 
	 a) Summer
	 oC, Max
	10
	10

	 
	 b) Winter  
	 oC, Max
	0
	0


(Source : petroleum.nic.in)
Table 4.4 Indian Standard Specification For High Speed Diesel (Hsd) Oil & Light Diesel Oil (Ldo) Specification: IS: 1460-2000

	Sl
	Characteristic
	Unit
	Requirements for products

	
	
	
	HSD
	LDO

	 1.
	  Acidity, Inorganic
	  
	Nil
	Nil

	 2.
	  Acidity, Total 
	  mg of KOH/g, Max
	0.20
	-

	 3.
	  Ash
	  % by Mass, Max
	0.01
	0.02

	 4.
	 Carbon Residue (Ramsbottom) on 10 percent residue
	  Percent by mass, Max
	0.30(*1)
	1.5 (on whole sample)

	 5.
	 Cetane Number (*2)
	  Min
	48(*3)
	-

	  
	 or Cetane Index
	  Min
	48(*3)
	-

	 6.
	 Pour Point (*4)
	  oC, Max
	3oC for winter 15oC for summer
	12oC for winter 21oC for summer

	 7. 
	  Copper Strip Corrosion for 3 hrs @ 100 oC
	  
	Not worse than No.1
	Not worse than No.2

	 8. 
	  Distillation
	  
	
	

	  
	  a) 85% vol. recovery  
	  oC, Max
	350
	-

	  
	  b) 95% vol. recovery
	  oC, Max
	370
	-

	 9. 
	  Flash Point (*5)
	  
	
	

	  
	  a) Abel
	  oC, Min
	35
	-

	  
	  b) Pensky Martens
	  oC, Min
	-
	66

	 10. 
	  Kinematic Viscosity
	  cst at 40 oC
	2.0 to 5.0
	2.5 to 15.7

	 11. 
	  Sediments
	  % by mass, Max
	0.05
	0.1

	 12. 
	  Density @ 15 oC
	  Kg/m3
	820-860(*6)
	To be reported

	 13. 
	  Total Sulphur
	  % by mass. Max
	0.25
	1.8

	 14. 
	  Water Content
	  % by Vol., Max
	0.05
	0.25

	 15. 
	  Cold Filter Plugging Point (*4)
	  oC, Max
	6 for winter & 18 for summer
	-

	 16. 
	  Total Sediments, (*9)
	  mg per 100 ml, Max
	1.6
	


(Source : petroleum.nic.in)

Indian petrol and diesel specifications required for meeting Bharat Stage II norms are given at Table 4.5 and  Table 4.6 respectively. 

Table 4.5 Indian petrol specifications required to meet Bharat Stage II emission norms

	Sl

No.
	Characteristics


	Unit


	Requirements

	
	
	
	Unleaded

regular
	Unleaded

premium

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15


	Colour, visual

Density @ 15 0 C,

Distillation :

a) Recovery up to 70 0 C (E 70)

b) Recovery up to 100 0 C (E 100)

c) Recovery up to 180 0 C (E 180),min

d) Final Boiling Point (FBP), max

e) Residue, max

Research Octane Number (RON),min

Anti-Knock Index (AKI), min

Existent Gum, max

Potential Gum, max

Sulphur, total, max.

Lead content ( as Pb), max.

Reid Vapour Pressure (RVP), max.

Vapour Lock Index(VLI=10RVP+7E70)

a) Summer, max

b) Other months, max

Benzene Content, max

a) For the Metros

b) For the rest

Copper strip corrosion rating

for 3 hrs @ 50 0 C, max

Water tolerance of Gasoline-alcohol 

blends, temp. for phase separation

a) Summer, max

b) Winter, max

Engine intake system cleanliness MFA used
	kg/m 3

% volume

% volume

% volume

0 C

.% volume

g/m 3

g/m 3

% mass

g/l

kPa

% volume

0 C

0 C


	Orange

710-770

10-45

40-70

90

215

2

88

84

40

50

0.05

0.013

35-60

750

950

3.0

5.0

Not more

than No. 1

10

0

To report


	Red

710-770

10-45

40-70

90

215

2

93

88

40

50

0.05

0.013

35-60

750

950

3.0

5.0

Not more

 than No. 1

10

0

To report




 (Source : petroleum.nic.in)
Table 4.6 Indian diesel specifications required to meet Bharat Stage II emission norms

	Sl

No
	Characteristics


	Unit


	Requirements



	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17


	Acidity, 
inorganic

Acidity, total, mg of KOH/g, max

Ash, max

Carbon residue(Ramsbottom)

on 10 % residue, max 

without additives

Cetane number (CN), min

OR

Cetane index (CI), min

Pour point, max, as per OCC 

Directive

a) Winter (Nov-Feb), max 0 C

b) Summer, max 0 C

Copper strip corrosion

for 3 hrs @ 100 0 C, max

Distillation :

a) at 350 0 C, min recovery

b) at 370 0 C, min recovery

Flash point

a) Abel, min

Kinematic viscosity @ 40 0 C

Sediment, max

Density @ 15 0 C,

Total Sulphur, max.

Water content, max

Cold filter plugging point(CFPP)

a) Winter (Nov-Feb), max

b) Summer, max 0 C 18

Total sediments, max

Lubricity, corrected wear scar

diameter (wsd 1,4) @ 60 0 C, max
	mg of KOH/g

% mass

% mass

% volume

% volume

0 C

cst

% mass

kg/m 3

% mass

% volume

0 C

mg/100ml

um, (micron)
	Nil

0.2

0.01

0.3

48*

46*

3

15

Not worse than

No. 1

85

95

35

2.0-5.0

0.05

820-860(820-870*)

0.05

0.05

6

1.6

460


* For diesel processed from Assam crude, either CN of 45 min or CI of 43 min and density of 820-870 shall be applicable

 (Source : petroleum.nic.in)
Indian petrol and diesel specifications required for meeting Euro III equivalent emission norms are given in Table 4.7 and Table 4.8 respectively. 

Table 4.7 Indian petrol specifications required to meet Euro III equivalent emission norms

	Sl

No


	Characteristics


	Unit


	Requirements

	
	
	
	Unleaded

Regular
	Unleaded

premium

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15


	Colour, visual

Density @ 15 0 C,

Distillation :

a) Recovery up to 70 0 C (E 70)

b) Recovery up to 100 0 C (E 100)

c) Recovery up to 150 0 C (E 150)

d) Final Boiling Point (FBP), max

e) Residue, max.

a) Research Octane Number (RON), min

b) Motor Octane Number (MON), min

Gum content( solvent washed), max

Oxidation stability, min

Sulphur, total, max.

Lead content ( as Pb), max.

Reid Vapour Pressure (RVP), max.

Vapour Lock Index (VLI)

a) Summer, max

b) Other months, max

Benzene Content, max

Copper strip corrosion rating

for 3 hrs @ 50 0 C, max

Olefin content, max

Aromatics content, max

Oxygen content, max % mass

Oxygenates Content :

a) Methanol, max

b) Ethanol, max

c) Iso-propyl alcohol, max

d) Iso-butyl alcohol, max

e) Tertiary-butyl alcohol, max

f) Ethers containing 5 or more

carbon atoms per molecule, max

g) Other Oxygenates, max
	kg/m 3

% volume.

% volume

% volume

0 C

% volume

mg/100ml

minutes

mg/kg

g/l

kPa

% volume

% volume

% volume

% volume

% volume

% volume

% volume

% volume

% volume

% volume

% volume
	Orange

720-775

10-45

40-70

75 min

210

2

91

81

5

360

150

0.005

60

750

950

1

Class 1

21

42

2.7

3

5

10

10

7

15

8
	Red

720-775

10-45

40-70

75 min

210

2

95

85

5

360

150

0.005

60

750

950

1

Class 1

18

42

2.7

3

5

10

10

7

15

8


 (Source : petroleum.nic.in)
Table 4.08 Indian diesel specifications required to meet Euro III equivalent emission norms

	Sl

No
	Characteristics


	Unit


	Requirements



	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16


	Ash, max

Carbon residue (Ramsbottom)

on 10 % residue, max without additives

Cetane number(CN), min

Cetane Index(CI), min

Distillation :

95 % vol. recovery at 0 C, max

Flash point :

a) Abel, min

Kinematic viscosity @ 40 0 C

Density @ 15 0 C,

Total sulphur, max.

Water content, max

Cold filter plugging point(CFPP)

a) Summer, max

b) Winter, max

Total contaminations, max

Oxidation stability, max

Polycylic Aromatic

Hydrocarbon (PAH), max

Lubricity, corrected wear scar

diameter (wsd 1,4) @ 60 0 C,

max

Copper strip corrosion for 3

hrs @ 50 0 C, max


	% mass

% mass

0 C

0 C

cst

kg/m 3

mg/kg

mg/kg

0 C

0 C

mg/kg

g/m3

% mass

mm

(microns)

rating


	0.01

0.3

51

46

360

35

2.0-4.5

820-845

350

200

18

6

24

25

11

460

class-1




       (Source : petroleum.nic.in)
The petrol and diesel specifications required for meeting Euro IV equivalent emission norms are given in Table 4.9 and 4.10 respectively

Table 4.09 Indian petrol specifications required to meet Euro IV equivalent emission norms

	Sl No


	Characteristics


	Unit


	Requirements

	
	
	
	Unleaded

Regular
	Unleaded

premium

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15


	Colour, visual

Density @ 15 0 C,

Distillation :

a) Recovery up to 70 0 C (E 70)

b) Recovery up to 100 0 C (E 100)

c) Recovery up to 150 0 C (E 150)

d) Final Boiling Point (FBP), max

e) Residue, max.

a) Research Octane Number (RON) min

b) Motor Octane Number (MON), min

Gum content( solvent washed), max

Oxidation Stability, min

Sulphur, total, max.

Lead content ( as Pb), max.

Reid Vapour Pressure (RVP), max.

Vapour Lock Index (VLI)

a) Summer, max

b) Other months, max

Benzene Content, max % volume

Copper strip corrosion

for 3 hrs @ 50 0 C, max

Olefin content, max

Aromatics content, max

Oxygen content, max

Oxygenates Content :

a) Methanol, max

b) Ethanol, max

c) Iso-propyl alchol, max

d) Iso-butyl alchol, max

e) Tertiary-butyl alchol, max

f) Ethers containing 5 or more

carbon atoms per molecule, max

g) Other oxygenates, max
	kg/m 3

% volume.

% volume

% volume

0 C

% volume

min

mg/100ml

minutes

mg/kg

g/l

kPa

rating

% volume

% volume

% mass

% volume

% volume

% volume

% volume

% volume

% volume

% volume

% volume
	Orange

720-775

10-45

40-70

75 min

210

2

91

81

5

360

50

0.005

60

750

950

1

Class 1

21

35

2.7

3

5

10

10

7

15

8
	Red

720-775

10-45

40-70

75 min

210

2

95

85

5

360

50

0.005

60

750

950

1

Class 1

18

35

2.7

3

5

10

10

7

15

8


 (Source : petroleum.nic.in)
Table 4.10 Indian diesel specifications required to meet Euro IV equivalent emission norms

	Sl

No
	Characteristics


	Unit


	Requirements



	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16


	Ash, max

Carbon Residue (Ramsbottom)

on 10 % residue, max without additives

Cetane number(CN), min

Cetane Index(CI), min

Distillation :

95 % vol. recovery at 0 C, max

Flash point :

a) Abel, min

Kinematic Viscosity @ 40 0 C

Density @ 15 0 C,

Total Sulphur, max.

Water content, max

Cold filter Plugging point (CFPP)

a) Summer, max

b) Winter, max

Total contaminations, max

Oxidation stability, max

Polycylic Aromatic Hydrocarbon

(PAH), max

Lubricity, corrected wear scar

diameter (wsd 1,4) @ 60 0 C, max

Copper strip corrosion for 3 hrs

@ 50 0 C, max


	% mass

% mass

0 C

0 C

cst

kg/m 3

mg/kg

mg/kg

0 C

0 C

mg/kg

g/m3

% mass

mm

(microns)

rating


	0.01

0.3

51

48

360

35

2.0-4.5

820-845

50

200

18

6

24

25

11

460

class-1




      (Source : petroleum.nic.in)
4.4   Improvements made in petrol and diesel quality [11]

Refineries have implemented major programmes for upgradation of petrol and diesel quality in the past few years. The following are the major improvements made in the product quality. 

Petrol Phasing out of lead- Lead is added in petrol to increase the octane number. Lead has been phased out from petrol fro, 1994 to 2000. From 1 February, 2000, only unleaded petrol is produced and sold in the entire country. In the developed countries, lead phasing out was spread over a period of 10 to 20 years. China and many other countries in the Asia Pacific region and in Europe, South America and Africa have not phased out lead as yet[11]. 

The programme of introduction of unleaded petrol is given in Table 4.11

Table 4.11 Gasoline lead phase-out programme in India [16]

	Phase
	Period
	Type of gasoline
	Places

	I
	June 1994
	Low lead (0.15 g/l)
	Delhi, Mumbai, Kolkata, and Chennai

	II
	April 1995 
	Unleaded (0.013 g/l)
	Delhi, Mumbai, Kolkata, and and low leaded Chennai

	III
	January 1997 
	Low leaded
	Entire country

	IV
	September 1998 
	Ban on leaded fuel
	Delhi

	V
	September 1998 
	Unleaded and low leaded
	All other capitals of states/union territories and other major cities

	VI
	January 1999 
	Unleaded
	only Delhi

	VII
	April 2000 
	Unleaded and low leaded
	Entire country


Increasing the octane number- The octane number of petrol signifies the improved performance of the automobile engine. Increase in octane number (RON-88 and AKI-84) has been done with effect from 1 April, 2000. Removal of lead from petrol had reduced the octane number but with the installation of new facilities in refineries and changes in refinery operation the octane number has been increased. Premium grade of petrol with octane number of 93 is also supplied in major cities as per demand[11]. 

Reduction of sulphur content - The sulphur content in petrol has been reduced by 50 per cent from 0.20 per cent  max. to 0.1 per cent max. in the entire country from 1 April, 2000. In addition, the 4 metro towns are being supplied with petrol of 0.05 per cent max. sulphur content, a reduction of 75 per cent[11].

Introduction of benzene content limit - There was no benzene content limit in India like in most countries of the world. This has been introduced from 1 April, 2000 as 3 per cent vol. max. for 4 Metros and 5 per cent vol. max. for the rest of the country. The actual benzene content is substantially lower than the maximum specification. In NCT/NCR and Greater Mumbai, benzene limit has been reduced to 1 per cent vol. max.

Even in EU countries, there was a limit of 5 per cent vol. max. till the beginning of the year 2000. Most of the countries in the Asia Pacific region, including China, South America, and Africa, do not have any specifications for benzene content. In addition to the above, various other improvements have been made from 1 April, 2000[11].

Diesel Reduction of sulphur content- The sulphur content in diesel has been reduced by 75 per cent from 1.0 per cent max. in 1996 to 0.25 per cent max. in the entire country in a period of four years from 1 April, 1996 to 1 January, 2000. The Government had approved setting up of 9 Diesel Hydro De-sulphurisation (DHDS) plants in 9 refineries for reducing the diesel sulphur content from 1.0 per cent max. to 0.25 per cent max. at a total cost of Rs. 5568.31 crore in June 1997. These plants have been commissioned at 9 refineries. This has enabled supply of diesel with 0.25 per cent max. sulphur in the entire country from 1 January, 2000. The 9 refineries where DHDS facilities have been commissioned are  given in Table 4.12 In addition, in the 4 metro towns, sulphur content in diesel has been reduced by 95 per cent to 0.05 per cent max[11]. 

Table : 4.12 Refineries with DHDS facilities

	SL

No
	Refinery
	Capital Cost (Rs in crores)

	1
	IOCL Gujarat
	547.00

	2
	IOCL Mathura
	307.00

	3
	IOCL Haldia
	616.00

	4
	IOCL Panipat
	306.00

	5
	BPCL Mumbai
	622.18

	6
	HPCL Mumbai
	758.17

	7
	HPCL Visakh
	793.75

	8
	CPCL (MRL),Chennai
	766.21

	9
	KRL (CRL), Kochi
	852.00

	
	TOTAL 
	5,568.31


                             (Source : petroleum.nic.in)

Increase in cetane number- Cetane number signifies the ignition performance of diesel engines. A higher cetane number indicates better performance and lower pollutant emissions. Cetane number has been increased from 45 to 48 from 1April, 2000. This cetane number is very high as compared to most of the countries in the world where it varies between 40 and 51[11].

Improvements in distillation recovery specification - Improvements have been done in the distillation specification of diesel, i.e. reduction of distillation recovery to achieve 85 per cent & 95 per cent vol. recovery at  350 0 C and 370 0 C respectively from 1April, 2000 thereby improving the performance and life of diesel engines and emissions reduction.

Investments of about Rs.10,000 crore have already been made for the petrol and diesel quality improvements to meet BIS 2000 specifications. Various other improvements have been done in petrol and diesel quality from 1April, 2000[11]. Dates of reduction in sulphur and benzene are given in Table 4.13 and Table 4.14 respectively.

Table 4.13 Supply of improved quality of petrol

	Sulphur reduction

	Date of commencing supplies to various areas


	From 0.20% max. to 0.10% max.

From 0.10% max. to 0.05% max.


	In Entire Country

NCT/NCR

Greater Mumbai

Kolkata

Chennai
	1.4.2000

1.4.2000

1.1.2001

1.10.2000

1.7.2001


     (Source : petroleum.nic.in)

Table 4.14 Supply of improved quality of diesel

	Sulphur reduction 


	Date of commencing supplies to various areas

	From 1.0% max. to

0.25% max.


	In Metros

(i) 1.0% max. to 0.50% max.

(ii) 0.50% max. to 0.25% max.

In Entire Country
	1.4.1996

1.4.1998

1.1.2000

	From 0.25% max. to

0.05% max.


	NCT/NCR at select outlets

NCT all outlets

NCR all outlets

Greater Mumbai

Kolkata & Chennai
	1.4.2000

1.3.2001

30.6.2001

1.1.2001

1.7.2001


    (Source : petroleum.nic.in)

CHAPTER-5

EMISSION CONTROL TECHNOLOGY
Sustainable improvements in air quality can be achieved only by a holistic approach, of which fuel quality will be just one component. Another important component of this holistic approach should be emissions control technology.

5.1 MODE OF VEHICLE OPERATION AND  EMISSION RATES 
The vehicle operation is divisible into 4 modes or driving cycles : 

(i) Idle /Start Mode - when the engine of vehicle has been started. It is yet stationary. At this stage there is high level of HC and CO and very low level of NOX, 

(ii) Acceleration- the emission of  HC and CO come down with rise in NOX levels, 

(iii) Cruise/Steady Mode-steady speed produces relatively low concentration of HC and CO but high concentration of NOX and 

(iv) Deceleration (a) free and while (b) applying brake- slow speed contributes to more pollutants. 

5.2  CONTROL TECHNOLOGY FOR SPARK-IGNITION ENGINES
Emissions from spark-ignition engines can be reduced through changes in engine design, combustion conditions and catalytic aftertreatment. Some of the engine and combustion variables that affect emissions are the air-fuel ratio, ignition timing, turbulence in the combustion chamber and exhaust gas re circulation. Of these, the most important is the air-fuel ratio[5].
Air-Fuel Ratio- For a fuel quality, concentrations of many of these pollutants are influenced by such factors as the air-fuel ratio in the cylinder at the time of  combustion, ignition timing, combustion chamber geometry, engine parameters (e.g.  speed, load and engines temperatures) and use of emission control devices. Vehicles with electronic fuel injection engines maintain an air-fuel ratio of about 14.7 : 1 (i.e. burning of 1 lb of fuel about 14.7 lbs of air is needed, which is the stoichiometric/ ideal ratio for the air-gasoline mixture) to achieve complete combustion. 

Lean mixture (Higher Ratios) produces less HC & CO emissions while Rich mixture (Lower Ratios) produces more CO & HC and low values of NOx emissions from unburned or partially burned fuel. The air/fuel ratio is adjusted taking into consideration the emission and efficiency of an engine. It is seen that most of the gasoline operated engines are adjusted within the air/fuel ratio of 12:16.  The air/fuel ratio and ignition timing are readily adjustable, both in design specifications and field tune up adjustments[5].
Evaporative Emissions and Control- Diurnal  and Hot soak emissions  have been controlled   by venting the fuel tank to the atmosphere through a canister of activated carbon. The volatile nature of gasoline can be minimised by keeping gasoline Reid Vapor Pressure of 10 psi. Gasoline with an RVP of 11 psi will produce about twice the evaporative emissions of gasoline with an RVP of 8.7 psi[5].   

Crankcase Emissions and Control - Crankcase emission controls involve closing  the  crankcase vent port and venting the crankcase to the air intake system via a check valve. In newer model crankcase blow–by are controlled by recycling to the engine  through the intake system[5].
Catalytic Converters- The catalytic converter is one of the most effective emission control devices available. Two types of catalytic converters are commonly used in automotive engines. 

Two-way catalytic converters (Oxidation)- used in diesel- fueled vehicles can reduce CO emission by 80% and a large portion of HC present in particulate matter emissions[5]. 

Three-way Catalytic Converters (Oxidation–Reduction)- installed on gasoline fueled vehicles can reduce CO and HC emissions by about 90% and NOX emission by 70% from uncontrolled levels[5]. 

Lean nitrogen-oxide Catalyst- is a new type of catalytic converter which reduces NOX emissions in lean conditions where a  three-way catalyst is ineffective[5].
A Catalytic converter (CC)  is placed inside the tailpipe through which  deadly exhaust gases  containing unburnt fuel, CO,  NOx and air are emitted. The function of the CC is to convert these gases into CO2 , water and N2.  Unleaded petrol if used with catalytic converters could check pollution. Unleaded petrol  has a low density  and therefore, it evaporates fast[5].

Currently, it is compulsory for all automobiles plying on roads in US and Japan to have catalytic converters as they use unleaded petrol. In India, the government has made catalytic converters mandatory for registration of new cars. Unleaded Petrol cannot Plug pollution without Catalytic Converters[5].

Problems in use of Catalytic Converters- Nobel metals like  platinum, rhodium  and palladium required to make good catalytic converters is also not available in India. To increase the efficiency of  fuel,  benzene is added to petrol.  In leaded petrol, the benzene  content   was 5% which have been brought down to  3% in unleaded petrol. Interestingly, the permissible  euro limits are just 1% for benzene[5].  

Electronic Control System- Electronic control technology for stoichiometric engines using three-way catalysts has been extensively developed. Nearly all engine emission control systems used in the USA since, 1981 incorporate computer control of the air-fuel ratio.  Similar systems have been used in Japan since 1978 and in Europe since the 1980s.  These systems control features that were controlled by vacuum switches or other devices in earlier emission control systems. These include spark timing, exhaust gas re circulation, idle speed, air injection systems and evaporative canister purging[5]. 

Fuel Dispensing/ Distribution Emissions and Control- Technology to reduce gasoline distribution emissions involves two types of controls.  One method controls vapors displaced from the receiving tank by venting them to the delivery truck tank. This is Stage I and is about 95% effective for reducing vapor emissions. Two alternatives are available to control fuel vapors displaced from the vehicle tank during refueling (Stage II control). One alternative modifies the gasoline dispensing system to capture vapors. The other alternative captures vapor on board the vehicle in a charcoal canisters to that used for controlling evaporative emissions[5].

  

5.3 CONTROL TECHNOLOGY FOR COMPRESSION-IGNITION ENGINES
Fuel quality (i.e. density, sulfur content, aromatic content and certain distillation characteristics). Engine variables with the greatest effect on diesel emission rates are the combination chamber design, air/fuel ratio, rate of air-fuel mixing, fuel injection timing, compression ratio and the temperature and composition of the charge in the cylinder[5].

 

Air-Fuel Ratio  

Diesel engines operate at high air/fuel ratio (about 30:1) they tend to have low HC & CO emissions but higher particulate matter emissions than gasoline fueled vehicles[5].
Exhaust Aftertreatment- Another approach to reducing pollutant emissions is to use a separate process to eliminate pollutants from the exhaust after it leaves the engine, but before it is emitted into the air. Aftertreatment systems include particulate trap-oxidizers and diesel catalytic converters[5]. 

Two-way catalytic converters (Oxidation)- A diesel catalytic converter oxidizes a large portion of the PM emissions, as well as gaseous HCs, CO, odor and mutagenic emissions. Unlike a catalytic trap use in gasoline  engines tail pipe, the oxidizing catalytic converter does not collect solid particulate matter, which passes through in the exhaust[5].
Lean nitrogen-oxide catalysts- Since diesel engines operate with lean air-fuel ratios, three-way catalytic converters do not reduce the emissions of NOX. Research is underway on zeolite-based, lean nitrogen oxide catalysts that reduce NOX emissions using unburned HC in the exhaust[5].

Vertical Exhaust- The exhaust pipes of certain automobiles  should be vertical so that the exhaust is emitted above the verticals. Although the choice of exhaust location does not affect overall pollutant emissions, it can have a significant effect on local concentrations of pollutants. A vertical exhaust pipe reduces the concentration of exhaust  pollutants at breathing level, reducing human exposure to high local concentrations. Vertical exhaust can reduce exposure to high local concentrations of pollutants by 65-87%. It is easier to enforce[5].

DISPERSION OF  AIR POLLUTANTS- Ambient concentrations of pollutants result not only from the magnitude of pollutant emissions but also from the way in which primary pollutants are transported and dispersed and react with each other in the atmosphere to form secondary pollutants. These mechanisms are affected by a number of  meteorological  factors. Local topography also influences the transportation and dispersion of air pollutants.  Buildings and other structures can have a“Street Canyon” effect on the dispersion of air pollutants[5].

5.4 DESULFURIZATION TECHNOLOGY
Many of the technologies are developing rapidly due to the need to reduce sulfur content. In many cases, the technologies are not fully commercially proven and only a few, if any, plants have been built. The technology will inevitably develop further over the coming years. Few leading edge technology are given below which are developed / under development :

The two desulfurization processes are sweetening and hydrotreating. In petroleum fractions sulfur is present in many chemical species. Sweetening is effective only against mercaptans, which are the predominant species in light gasoline.Hydrotreating is effective against all the species and is more widely used. Both processes are described below.

SWEETENING

In the sweetening process, a light naphtha or an LPG stream is first washed with amine to remove hydrogen sulfide (H2S). The stream is then reacted with caustic, which promotes the conversion of mercaptans to disulfides. Disulfides can subsequently be extracted and removed in what is referred to as extractive sweetening.

HYDROTREATING

In the hydrotreating process, the feed is reacted with hydrogen, in the presence of a solid catalyst. The hydrogen removes sulfur by conversion to H2S, which is subsequently separated and removed from the reacted stream. As the reaction is favored by both temperature and pressure hydrotreater reactors are typically designed and operated at 300 to 400oC and 30 to 60 barg. The lower ends of the ranges typically apply to gasoline desulfurization, while gasoil desulfurization requires a more severe operation. 

Hydrogen is provided in the form of treating gas at a purity typically around 90vol%. Hydrogen is produced by catalytic reformers or hydrogen generation units and distributed to the hydrotreaters through a refinery-wide network. In a hydrotreating unit feed and treating gas are combined and brought to the reaction temperature and pressure, prior to entering the reactor. The reactor is a vessel preloaded with solid catalyst, which promotes the reaction. The catalyst is slowly deactivated by the continuous exposure to high temperatures and by the formation of a coke layer on its surface. Refineries have to shutdown the units periodically and regenerate or replace the catalyst. The severity of operation of an existing unit can be increased by increasing the reaction temperature. However, there is a negative impact on the catalyst life and consequently the operating costs. The severity of operation can also be increased by increasing the catalyst volume of the unit. In this case the typical solution is to add a second reactor identical to the existing one, doubling the reactor volume. The pressure of an existing unit cannot be changed to increase its severity, because the pressure is related to material of construction and thickness of metal surfaces. If higher pressure is required, the typical solution is to install a new unit and use the existing one for a less severe service.

5.5 Hydro desulphurization 

Hydrodesulfurization (HDS) is a catalytic chemical process widely used to remove sulfur (S) from natural gas and from refined petroleum products such as gasoline or petrol, jet fuel, kerosene, diesel fuel, and fuel oils. The purpose of removing the sulfur is to reduce the sulfur dioxide (SO2) emissions that result from using those fuels in automotive vehicles, aircraft, railroad locomotives, ships, gas or oil burning power plants, residential and industrial furnaces, and other forms of fuel combustion.

Another important reason for removing sulfur from the naphtha streams within a petroleum refinery is that sulfur, even in extremely low concentrations, poisons the noble metal catalysts (platinum and rhenium) in the catalytic reforming units that are subsequently used to upgrade the octane rating of the naphtha streams.

The industrial hydrodesulfurization processes include facilities for the capture and removal of the resulting hydrogen sulfide (H2S) gas. In petroleum refineries, the hydrogen sulfide gas is then subsequently converted into byproduct elemental sulfur. In fact, the vast majority of the 64,000,000 metric tons of sulfur produced worldwide in 2005 was byproduct sulfur from refineries and other hydrocarbon processing plants.[31]
An HDS unit in the petroleum refining industry is also often also referred to as a Hydrotreater. The systemic diagram of typical Hydrosulfurization (HDS) unit in a petroleum refinery is given below [31]: 
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In an industrial hydrodesulfurization unit, such as in a refinery, the hydrodesulfurization reaction takes place in a fixed-bed reactor at elevated temperatures ranging from 300 to 400 °C and elevated pressures ranging from 30 to 130 atmospheres of absolute pressure, typically in the presence of a catalyst consisting of an alumina base impregnated with cobalt and molybdenum. The liquid feed (at the bottom left in the diagram) is pumped up to the required elevated pressure and is joined by a stream of hydrogen-rich recycle gas. The resulting liquid-gas mixture is preheated by flowing through a heat exchanger. The preheated feed then flows through a fired heater where the feed mixture is totally vaporized and heated to the required elevated temperature before entering the reactor and flowing through a fixed-bed of catalyst where the hydrodesulfurization reaction takes place.

The hot reaction products are partially cooled by flowing through the heat exchanger where the reactor feed was preheated and then flows through a water-cooled heat exchanger before it flows through the pressure controller (PC) and undergoes a pressure reduction down to about 3 to 5 atmospheres. The resulting mixture of liquid and gas enters the gas separator vessel at about 35 °C and 3 to 5 atmospheres of absolute pressure.

Most of the hydrogen-rich gas from the gas separator vessel is recycle gas which is routed through an amine contactor for removal of the reaction product H2S that it contains. The H2S-free hydrogen-rich gas is then recycled back for reuse in the reactor section. Any excess gas from the gas separator vessel joins the sour gas from the stripping of the reaction product liquid.

The liquid from the gas separator vessel is routed through a reboiled stripper distillation tower. The bottoms product from the stripper is the final desulfurized liquid product from hydrodesulfurization unit.

The overhead sour gas from the stripper contains hydrogen, methane, ethane, hydrogen sulfide, propane and perhaps some butane and heavier components. That sour gas is sent to the refinery's central gas processing plant for removal of the hydrogen sulfide in the refinery's main amine gas treating unit and through a series of distillation towers for recovery of propane, butane and pentane or heavier components. The residual hydrogen, methane, ethane and some propane is used as refinery fuel gas. The hydrogen sulfide removed and revovered by the amine gas treating unit is subsequently converted to elemental sulfur in a separate unit.

5.6 Refinery configuration and creation of facilities for petrol and diesel quality improvement [11]

There are 18 refineries in the country established over a period of time. The Digboi refinery in Assam is the ‘vintage’ refinery of 100 years whereas the RPL, Jamanagar refinery is latest to be commissioned. The north-east refineries at Digboi, Guwahati, Bongaigaon and Numaligarh as well as  Barauni refinery were designed for processing indigenous Assam crude and have certain limitations because of such processing. Moreover, the technology and configuration of these refineries are constraints in meeting future quality norms. The RPL (Jamnagar), IOCL (Panipat), MRPL (Mangalore), NRL (Numaligarh) have advantage of better configuration and  echnology for achieving desired quality of petrol and diesel. The other refineries would require significant modifications in various units. The refineries that have come up over a period of time have different combination of process units and distinct configurations. The Committee has noted that more than 70 per cent of our crude requirement is met by imports and since bulk of crude being imported is high sulphur crude, it would require substantial desulphurisation/hydro treatment to achieve lower sulphur content in products. The new refineries being planned would also need to make various improvements/investments to achieve the proposed quality of petrol and diesel. The work required in different refineries will depend on the following factors :

· Refinery configuration.

· Type of process implemented/under implementation.

· Type of crude being/to be processed.

· Future product quality.

· Future Product mix.

· Facilities for handling multigrade products.

· Down gradation of products.

· Distribution and other logistics issues. 

The Refinery configuration worldwide comprise certain key secondary processing units which are vital for yield and quality of various petroleum products. Present status of Indian refinery configuration is shown in Table 5.1 

Table 5.1 Present Indian refinery configuration

	Refinery


	Catalytic

reforming

unit
	Catalytic

cracking

unit
	Delayed

coker

unit
	Hydro

-cracking

unit
	Lube

refinery



	IOCL, Digboi

IOCL, Guwahati

IOCL, Barauni

IOCL, Gujarat

IOCL, Haldia

IOCL, Mathura

IOCL, Panipat

HPCL, Mumbai

HPCL, Visakh

BPCL, Mumbai

CPCL, Chennai

CPCL, Narimanan

KRL, Kochi

BRPL, Bongaigaon

NRL, Numaligarh

MRPL, Mangalore

RPL, Jamnagar

ONGC, Tatipakam
	Yes

No

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

No

Yes

Yes

No

Yes

Yes

No
	No

Yes*

Yes*

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

No

No

Yes

No
	Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

No

Yes

Yes

No

Yes

No
	No

No

No

Yes

No

Yes

Yes

No

No

No

No

No

No

No

Yes

Yes

No

No
	No

No

No

No

Yes

No

No

Yes

No

No

Yes

No

No

NO

No

No

No

No


(*Shall be commisioned shortly)

(Source : petroleum.nic.in)

Petrol and diesel quality improvement in Indian refineries would require additional secondary processing and treatment facilities to achieve the desired specifications.

Chapter-6

IMPACTS OF SULPHUR REDUCTION
All over the world, vehicular emission standards and fuel quality necessary to meet the standards alone are prescribed, giving choice to the manufacturers, owners and operators of motor vehicles to choose the vehicle type and the fuel. The same needs to be followed in India. A comparison of Indian and worldwide petrol and diesel is discussed below.

6.1  Comparison of Indian and worldwide petrol and diesel [11]

Comparison of the major environment related quality parameters of petrol and  diesel are given as follows:

Petrol: Indian petrol sulphur content is lower/ at par with most of the Asia Pacific countries. Petrol sulphur content in U.S.A., Japan, EU is lower than India. Petrol sulphur content in different countries are compared in Table 6.1
Table 6.1 Petrol sulphur content in different countries [25]

	Country


	Sulphur content

	
	Percentage(%)
	Sulphur content ppm

	Australia

Canada

China

European Union

India

Indonesia

Japan

Malaysia

New Zealand

Pakistan

Philippines

Poland

Singapore

South Africa

South Korea

Thailand

USA
	0.05

0.05

0.15 (normal)

0.05 (up to 31.12.99)

0.015 (from 1.1.2000)

0.10(normal)

0.05 (Mertos)

0.20

0.01

0.15

0.10 / 0.05

0.20

0.10

0.05

0.05

0.15 / 0.10

0.02

0.10 /0.05

0.015 / 0.03
	500

500

1,500 (normal)

500 (up to 31.12.99)

150 (from 1.1.2000)

1,000(normal)

500 (Metros) 

2,000

100

1,500

1,000 / 500

2,000

1,000

500

500

1,500 / 1,000

200

1,000 / 500

150 / 300


(Indian petrol sulphur content is lower/ at par with most of the Asian countries. Petrol sulphur content in USA, Japan, EU is lower than India.) (Source : petroleum.nic.in)

Diesel: Indian diesel sulphur content is better / at par with most of the Asia Pacific countries. Diesel sulphur content in USA, Japan, EU, Hongkong is lower than India. Diesel sulphur content in different countries are compared in Table 6.2.

Table 6.2 Diesel sulphur content in different countries [25]

	Country
	Sulphur content

	
	Percentage (%)
	Parts per million (ppm)

	Australia

Canada

China

European Union*

India

Indonesia

Japan

Malaysia

New Zealand

Pakistan

Philippines

Poland

Singapore

South Africa

South Korea

Thailand

USA
	0.15

0.05

0.50 (Normal)

0.30 (Special)

0.05(Beijing & Shanghai)

0.05(up to 31.12.99)

0.035(from 1.1.2000)

0.25(Normal)

0.05 (Metros)

0.50

0.05

0.30

0.30

1.00

0.20

0.20

0.05

0.55

0.05

0.05

0.05
	1,500

500

5,000(normal)

3,000(special)

500(Beijing & Shanghai)

500(up to 31.12.99)

350(from 1.1.2000)

2,500(Normal)

500 (Metros) 

5,000

500

3,000

3,000

10,000

2,000

2,000

500

5,500

500

500

500


(Portugal had received a derogation to produce 0.20 per cent max. (2000 ppm max) sulphur content diesel until 31 December, 2001. Indian diesel sulphur content is better / at par with most of the Asia Pacific countries. Diesel sulphur content in USA, Japan, EU is lower than India.) (Source : petroleum.nic.in)

6.2   IMPACT OF SULPHUR REDUCTION IN PETROL AND DIESEL

As a result of initiatives taken in recent years which have been reinforced through the Environmental Pollution Control Authority and directions of the Hon’ble Supreme court, the impacts in terms of pollution reduction can be seen in the reduction of So2  in various cities. Over the last few years, the levels of SO2 have drastically come down in the ambient air. Figures of few metros are shown below[22]:
Ambient SO2 levels in Delhi is shown below [22]:
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Ambient SO2 levels in Mumbai is shown below [22]:


[image: image6]
Ambient SO2 levels in Chennai is shown below [22]:


[image: image7]
Ambient SO2 levels in Kolkata is shown below [22]:


[image: image8]
Ambient SO2 levels in Hyderabad is shown below [22]:


[image: image9]
Ambient SO2 levels in Bangalore is shown below [22]:


[image: image10]
Ambient SO2 levels in Kanpur is shown below [22]:


[image: image11]
Ambient SO2 levels in Pune is shown below [22]:
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Ambient SO2 levels in Ahemdabad is shown below [22]:


[image: image13]
Ambient SO2 levels in various cities is shown below [22]:


[image: image14] 

6.3 Trends in SO2 

Trend in annual average concentration in SO2 levels in Delhi, Mumbai, Chennai and Kolkata Hyderabad, Bangalore, Ahmedabad Kanpur and Pune is depicted in above figure. 

A decreasing trend has been observed in sulphur dioxide levels in residential areas of cities like Delhi, Mumbai etc., during last few years. The decreasing trend in sulphur dioxide levels may be due to various measures taken such as reduction of sulphur in diesel etc. and use of LPG instead of coal as domestic fuel. Also, conversion of diesel vehicles to CNG may have contributed to reduction in ambient SO2 levels. [www.cpcb.nic.in]
Annual mean SO2 levels were observed as 18.03  g/m3, 14.1 g/m3, 11.3 g/m3 in the year 2000, 2001 and 2002 respectively. SO2 levels decreased by 21.8 % & 19.6 % in the year 2001 & 2002 respectively. The annual mean SO2 levels in Delhi satisfy the annual average of National Ambient Air quality Standards for residential areas, which is 60 g/m3 [9].

Considering the fact that several countries have introduced diesel with much lower sulphur content and it is necessary to have low sulphur diesel for meeting the emission norms beyond EURO-II norms (for EURO-I to EURO-II norms, sulphur content in diesel is 0.3%), the refineries will need to take steps for bringing down the sulphur content. 

Chapter-7

RECOMMENDATION AND CONCLUSION

7.1  RECOMMENDATION  FOR SO2 ABATEMENT

Sustainable improvements in air quality can be achieved only by a holistic approach, of which fuel quality will be just one component. Another important component of this holistic approach should be emissions control technology. While petrol engine emissions control technology (e.g. catalytic converters) is readily available, significant technical progress is still required for effective diesel emissions control technologies. Diesel emissions control is more important and relevant for India, which consumes a lot more diesel in comparison to other hydrocarbon fuels. [13] The cost of the diesel fuel increases due to the increase in crude oil price and processing costs such as desulphurization in order to meet stringent emission norms etc[7].

There are 18 refineries in the country established over a period of time. Euro II regulations alone cost oil refineries rupees 35,000 crore to remove sulphur from diesel and petrol[5]. As bulk of crude being imported has high sulphur, it would require substantial desul-phurisation/hydrotreatment to achieve lower sul-phur content in products. It is estimated that in the existing refineries in order to meet the auto fuel specifications the investment of around Rs. 18,000 crore are expected. Additional investments of around Rs. 12,000 crore will be needed to achieve the recommended specifications for the year 2010. Total investment of Rs. 55,000 crore would be needed by oil and automobile industry to meet EURO IV specifications. Incremental production cost for diesel of Euro III equivalent fuel quality could vary between Rs 0.9–4.11 per L[7]. Equally daunting fiscal investments need to be made in the automotive industry. For a country like India which is looking at a budget deficit of over rupees 100,000 crore or 5.5% of gross national product, investments of the kind required by Euro III and IV are not easy to make[5].

So, it is necessary to take appropriate policy decisions in the country to fulfil future demand of diesel fuel in view of improving fuel quality and stringent emission norms. Therefore, biodiesel and ethanol are being considered to be supplementary fuels to the diesel in the country. In addition to that, these biofuels are being looked to provide employment generation to rural people through plantation of vegetable oils and can be beneficial to sugarcane farmers through the ethanol program. Biodiesel has higher flash point temperature, higher cetane number, lower sulphur content and lower aromatics than that of petroleum diesel fuel. It could also be expected to reduce exhaust emissions due to fuel containing oxygen. The main problems of current Indian diesel fuel are low flash point (35 1C against world average of 52 1C) and high sulphur content which can be improved by blending it with biodiesel. In this regard, a typical data related to trends in improvements in cetane number, flash point and sulphur content by blending biodiesel can be seen in Table. It is well established that significant

reductions in emissions can be achieved by use of biodiesel.

Properties of diesel, biodiesel blend (B20) and biodiesel (B100) [7]
	Properties 
	Diesel
	B20
	B100

	Cetane number
	43.3
	46
	47.5

	Flash point (1C)
	62
	90
	146

	Sulphur wt (%)
	0.0476
	0.037
	0.00


Owner Level- Maintenance tips for good vehicle  condition and to reduce pollution 

 - Change engine oil at manufacturer recommended intervals or if the vehicles lying unused for a long period.  

- While changing lubricant, make sure the recommended brand and more importantly the grade of oil. -

- Inspect spark plug clearance, clean , adjust gap or replace. 

- Check and set the ignition time as per the manufacturer recommendation. 

- Check tyre pressure regularly. 

- Prevention of adulteration of auto fuels
Government Level 

- Use of alternative fuels like biodiesel, ethanol etc

- Phasing out of grossly polluted vehicles.

- Improvement of public transport system. Well planned traffic management system results in better mobility level on road by providing  higher journey speed and reduced delay at intersection.

- Avoid frequent digging of roads and construction work also leads to congestion and pollution. 

- Comprehensive inspection and Certificate system can reduce ~30-40% of pollution load by inspection and identifying the polluted vehicles that need maintenance  plying on roads.  

- Improvement of fuel quality and checking of fuel adulteration.   

- Effective monitoring of vehicle emission. 

- Better and Wider  roads are required to accommodate increasing vehicular population. 

- Not to allow road encroachment.
- Oil companies & Government agencies carry surprise and regular inspections of retail outlets, automotive for prevention of adulteration of auto fuels

EMISSION STANDARDS AND REGULATIONS

Motor Vehicle Act  
As regards  to the regulatory mechanism of vehicular pollution, there is no Act which solely and fully deals with prevention, control and abatement of vehicular pollution. Only a few sections and rules of two principal statues- Motor Vehicle Act, 1988 (MVA) and Motor Vehicle Rules  1989 (MVR) and two supplementary statues- Air (Prevention and Control of Pollution) Act, 1981 and Environment (Protection) Act, 1986 calculated to regulate the vehicular pollution in  India. All the provisions of the principal statues taken together empower the Central Government to prescribe emission standards for vehicles and to frame rules for regulating the construction, equipment and maintenance of Motor Vehicle in relation to the emission of smoke, visible vapors,  sparkes, ashes, grit or oil. They further provide for nationwide emission levels for both diesel and petrol driven vehicles-old and new, oblige the manufacturer to certify that every new vehicle conforms to the prescribed standards and is designed and constructed to meet the prescribed nationwide emission levels. They also require the old vehicles to obtain a “Pollution Under Control” certificate from an authorized agency and get the same renewed  before being invalid[5]. 

Emission Norms  

Emission norms are prescribed CO, HC and NOx levels set by the government  which a vehicle would emit when running on roads. All the manufactures need to implement the same for vehicles being manufactured  from the date of implementation. Euro norms refer to the permissible emission levels  which have been implemented in Europe. Euro –I norms in India are known as  Bharat-I  and the norms equivalent to Euro-II are  as  Bharat-II Norms. These norms are set  so that manufactures to reduce the existing polluting emission levels in a more efficient manner by making certain changes in vehicles-
· Carburetor retuning, 

· Secondary air intake, 

· Exhaust gas re circulation, 
· Catalyser capacity increase, 
· Trimetal coating in the catalyser and 

· Carburetor be replaced by  Multi-point fuel injection system. 

  While the human health of India is a priority that cannot be compromised, the path towards that goal needs to be paved with policies that are scientifically sound and relevant to the Indian context.

7.2 CONCLUSION 

  Air pollution is  contributed by every individual  driving  vehicle and using  gensets, therefore it is necessary for them to have proper knowledge about air pollution, its sources, health effects caused by various pollutants and its abatement measures.   Only by enforcing legal orders cannot minimize pollution. It can be minimized by spreading the knowledge about pollution in the masses through public awareness programmes and mass campaign, organizing regular training, lectures, workshops and exhibition at various school/ colleges, institutes, offices of Government and Non Government Organisation to educate the citizens about road/ traffic rules so that traffic movements could smooth. Spreading a key message that control of pollution at individual’s level will control cities pollution. This measures have to be taken keeping in mind  to safe the human lives from adverse health effects of air pollution.
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