PROLOGUE

Clear and clean air is essential for our survival. It is one of the "five spirits" or "Panchaboothas" considered holy in India. India's cities have become lethal gas chambers. Vehicular pollution is the main cause of air pollution, contributing to 57% of it and industries contribute to another 20% The Indian metropolises are on the threshold of a major environmental crisis due to the growing air pollution and greenhouse gases (GHG) emissions caused by fuels used in vehicles. India's urban areas represent complex environmental problems. In particular, the quality of the ambient air in these areas has been deteriorating rapidly over the past few decades, due to vehicular, thermal, and industrial emissions. India's high concentration of pollution is not due to a lack of effort in building a sound environmental legal regime, but rather to a lack of enforcement at the local level. Efforts are currently underway to change this as new specifications are being adopted for auto emissions, which currently account for approximately 70% of air pollution. In the absence of coordinated government efforts, including stricter enforcement, this figure is likely to rise in the coming years due to the sheer increase in vehicle ownership.
Atmospheric pollutants commonly associated with motor vehicles are nitrogen oxides (NOx), hydrocarbons (HC), carbon monoxide (CO), sulphur oxides (SOx), lead (Pb), and particulate matter less than 10 microns in diameter (PM10). From an air quality management perspective, it is important to aggregate emission values of these pollutants, using their appropriate toxicity levels in the atmosphere. Their relative toxicity weights are uncertain and a subject of professional debate, as these factors need to be estimated empirically for a given area under study. For instance, according to a World Bank study in the city of Santiago in Chile, the weights were dominated by the locally accepted health considerations, giving Pb a high weight, CO a low weight, and awarding PM10, SOx, and NOx intermediate weights. The problems and priorities will—and should—differ from one city to another. Effects on human health will usually be the key factor amongst the concerns in urban air pollution control programmes. Such programmes generally do not pay any attention to carbon dioxide (CO2), as also not to methane (CH4) and nitrous oxides (N2O)—the three most important pollutants in terms of global climate change.
Locally motivated air quality programmes for urban transport are found to have very limited collateral benefits in terms of protecting the global environment. This is because, generally, in a locally motivated air pollution control programme, attempts are made in reducing emissions of CO and HC. The result is merely to increase the share of carbon atoms that are emitted directly as CO2 (more complete combustion). Such technical controls, therefore, have no significant effect on global warming. When a technical option contributes to GHG emissions reduction, it is typically because the option makes vehicles more fuel-efficient. Thus, there are lesser levels of emissions per kilometer driven, but typically not per liter of fuel consumed. If the measures are technically oriented and none deal with demand management or use of alternative mass transportation modes, it is more likely that travel and transport demand would increase when higher fuel efficiency reduces short-term marginal costs. The recent World Bank Studies in Mexico City and Santiago have revealed that despite the success in reducing the local air pollution problem in these cities, GHG emissions have reduced only marginally, as the strategies there focused primarily on technology improvement and not on travel demand management. Generally speaking, if there has to be an agreement between local and global objectives in the transport sector, then typically it would be because the concerned strategy either alters total fuel consumption or because it shifts consumption towards less carbon intensive fuels by modifying the travel behavior. 
This seminar attempts to raise critical issues of concern related to urban transport and environment in India and suggests a policy framework with a view to improving air quality and reducing GHG emissions. The paper is divided into three parts. Part I presents the understanding of nexus between air pollution and environment. Part II provides a state-of-the-art review of recommendations and measures suggested by the local governments in Indian cities from time to time. While each of the measures identified by the governments in different cities are per se important and would have a role in combating pollution in urban areas, there is no focused approach or cohesive strategy for implementing these. The issue of reducing the GHG emissions is also not raised. The pursuit of some of these measures in a haphazard and piecemeal manner has not helped to obtain the maximum benefit possible or to make a discernible impact on mobility demand and vehicular emissions. Finally, Part III highlights the emission control steps taken at national capitol territory, Delhi

The Automobile Sector

Between 1970 and 1990, the number of vehicles has grown 11.5 times, from about 1.9 million to more than 21 million (MST, 1993). At the same time, the figure per 1000 population has increased from 3.4 to 25.31, and is expected to exceed 40 by the year 2000 The bulk of this vehicular population is found in urban centers, with about one-third concentrated in the 23 metropolitan cities of the country. Furthermore, of the total 25 million vehicles registered in 1993, 82 percent are personal modes of transport, with the share of two-wheelers and cars at 70 percent and 12 percent respectively (ibid.). During the period 1971-1991, the share of 2-wheelers had grown from 30 percent to 66 percent, while that of automobiles had fallen from 36.5 percent to 14 percent (ibid). Although 2-wheelers are generally more fuel efficient than passenger cars, they often exercise little pollution control, thereby contributing greatly to carbon monoxide, sulfur dioxide and nitrogen oxide emissions.

The total length of Indian roads has increased from 917,000 kilometers in 1970/71 to 2,103,000 km in 1990/91. However, this increase in road capacity is inadequate in comparison to the number of vehicles just mentioned. The marked increase in vehicles per person has been evident in the growing problem of road congestion in Indian cities. While 'traffic jams' are a problem typically associated with developed country cities, India is now beginning to experience similar gridlocks. A study of 12 Indian cities by the Central Institute of Road Transport found Delhi to clearly be the most congested city, followed by Calcutta (TERI, 1996). In addition to the great inconvenience caused by this, over-congestion tends to degrade the roads and causes decreases in vehicle fuel efficiency. Furthermore, such road congestion exacerbates the problem of certain types of air pollution, e.g. ozone pollution, which tend to be localized in nature. However, several cities, most notably Madras and Coimbatore, have relatively little congestion. 
At the same time as the rapid growth in vehicular traffic, India has also seen an impressive expansion of the thermal power and industrial sectors. Since Independence, the amount of thermal power capacity has grown from about one gigawatt (GW), to a present level of almost 60 GW (Ministry of Finance, 1996). In the last three decades, the number of registered industries in India has increased by a factor of seven, to over 100,000 industries, with particularly large growth in the production of steel, aluminum, and chemical fertilizers (Ministry of Industry, 1994). Although there has been a movement in these industries to adopt pollution control measures, many of these continue to emit large quantities of air pollutants. 
State-Impact. 
The air quality data for India's four urban conglomerates indicates that ambient levels of suspended particulate matter (SPM) considerably exceed the World Health Organization standards as well as National Ambient Air Quality Standards set by the Indian Central Pollution Control Board (CPCB) Of the 26 Indian cities for which data are available, 23 exceed the prescribed guidelines. By far, the city with the worst particulate problem is Dehradun, which exceeds the SPM standard almost by a factor of six. Sulfur dioxide and nitrogen oxide levels in these cities still fall within the prescribed standards, but are rapidly rising due to the rapid rise in the number of motor vehicles (ibid.). 
An estimated 2000 metric tones of air pollutants are emitted into the atmosphere every day in Delhi. Vehicular sources contribute about 63 percent of total pollutants emitted, followed by industries and thermal power plants, 29 percent, and 8 percent from the domestic sector (NEERI, 1991) 
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Data on industrial pollution in India are relatively scarce. Estimates of the magnitude of toxic emissions, however, suggest that the problem is serious and growing. In the industrial sector, fossil fuels, particularly coal, are one the major sources of energy input contributing in turn to air pollution in the form of suspended particulates. 
Trend analysis and projections show that there will be a considerable rise in pollutant emissions from thermal as well as industrial sources over the next two decades (TERI, 1992) 
This signifies that more comprehensive measures to tackle air pollution must be adopted in the immediate future and implemented stringently to protect the environment. The toxic nature of the air pollutants and their high concentrations in many industrialized regions of the country are posing serious concerns, both in terms of human health and damage to man-made structures and to India's ecology in general. In Bombay, where there are higher levels of sulfur dioxide, there has been an increased prevalence of breathing difficulties, coughs, and colds. Mortality data between 1971 and 1979 establish a link between dense air pollution in Bombay and a higher rate of death from respiratory and cardiac conditions, as well as cancer (World Resources Institute, 1995). 
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An additional point that is the object of growing concern is that of indoor air pollution. In both rural areas and in urban slum neighborhoods, individuals perform their daily cooking in small, enclosed areas, and often use some form of biomass. These fuels do not burn cleanly, and emit many types of toxic gases like carbon monoxide, which when inhaled in these close quarters, can have deleterious health effects. Although the overall consumption of biomass is increasing more slowly than overall fuel consumption, indoor air pollution presents a growing concern because of the very large number of population inhabiting rural and urban slums. 
Sources of air pollution, India's most severe environmental problem, come in several forms, including vehicular emissions and untreated industrial smoke. Apart from rapid industrialization, urbanization has resulted in the emergence of industrial centers without a corresponding growth in civic amenities and pollution control mechanisms. Statistics reveal that Indian cities are faced with severe air pollution problems, as the annual average levels of pollutants in many large cities are three to five times higher than the World Health Organization (WHO) standard. The pollution levels are likely to deteriorate owing to the growing number of vehicles, energy consumption and industrialization. The growing levels of pollution have serious adverse effects on both human health and natural environment. A recent study (Brandon and Homman, 1995) estimates the health costs of urban air pollution in India at about US $ 1.4 billion (Rs. 532 crore) a year. Estimates indicate that health incidences and the corresponding costs of air pollution in India are the 

highest in Delhi.

Various activities/sectors, such as, industry, including thermal power plants, transport, and households contribute to air pollution in varying proportions depending on the degree/composition of motorisation, density/type of industry present, and the form of energy predominantly used. While a wide range of policies can be and are applied to controlling the problem of air pollution, this paper focuses on the fiscal policy options for controlling the vehicular air pollution in Delhi as the transport sector is the largest contributor to air pollution in this city. The paper uses a cost-benefit approach for suggesting an optimal mix of regulatory and economic options.
Automobile Pollution

 Emissions from an individual car are generally low, relative to the smokestack image many people associate with air pollution. But in numerous cities across the country, the personal automobile is the single greatest polluter, as emissions from millions of vehicles on the road add up. Driving a private car is probably a typical citizen's most "polluting" daily activity.

Sources of Auto Emissions
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The power to move a car comes from burning fuel in an engine. Pollution from cars comes from by-products of this combustion process (exhaust) and from evaporation of the fuel itself. 

The Combustion Process 


Gasoline and diesel fuels are mixtures of hydrocarbons, compounds which contain hydrogen and carbon atoms. In a "perfect" engine, oxygen in the air would convert all the hydrogen in the fuel to water and all the carbon in the fuel to carbon dioxide. Nitrogen in the air would remain unaffected. In reality, the combustion process cannot be "perfect," and automotive engines emit several types of pollutants.. It is these burnt gases which come out of the exhaust have the potential to cause pollution. In petrol engines the gases comprise of a mixture of unburnt hydrocarbons (HC), Carbon Monoxide (CO), Oxides of Nitrogen (NOx). 

It is a combination of these gases that which result in automobile pollution when they are in excess quantity. Within a certain range they are acceptable but when the engine is not tuned properly or a vehicle uses obsolete technology or the quality of fuel is not good then all these result in a higher level of emission of all the gases. 

If the air fuel mixture ratio is not correct then it increases the chances of pollution as it leads to inefficient. Also it leads to reduced power and fuel wastage, which in turn means less efficient performance of the engine along with lower fuel economy.



"Perfect" Combustion: 

FUEL (hydrocarbons) + AIR (oxygen and nitrogen) ==>> 

CARBON DIOXIDE + Water + Unaffected nitrogen 

Typical Engine Combustion: 

FUEL + AIR ==>> UNBURNED HYDROCARBONS + NITROGEN OXIDES 

+ CARBON MONOXIDE + CARBON DIOXIDE + Water
Exhaust Pollutants 

HYDROCARBONS
Hydrocarbon emissions result when fuel molecules in the engine do not burn or burn only partially. Hydrocarbons react in the presence of nitrogen oxides and sunlight to form ground-level ozone, a major component of smog. Ozone irritates the eyes, damages the lungs, and aggravates respiratory problems. It is our most widespread and intractable urban air pollution problem. A number of exhaust hydrocarbons are also toxic, with the potential to cause cancer. 


NITROGEN OXIDES (NOx) 


Under the high pressure and temperature conditions in an engine, nitrogen and oxygen atoms in the air react to form various nitrogen oxides, collectively known as NOx. Nitrogen oxides, like hydrocarbons, are precursors to the formation of ozone. They also contribute to the formation of acid rain. 

CARBON MONOXIDE 

Carbon monoxide (CO) is a product of incomplete combustion and occurs when carbon in the fuel is partially oxidized rather than fully oxidized to carbon dioxide (CO ). Carbon monoxide reduces the flow of oxygen in the bloodstream and is particularly dangerous to persons with heart disease.

CARBON DIOXIDE 
In recent years, the U.S. Environmental Protection Agency (EPA) has started to view carbon dioxide, a product of "perfect" combustion, as a pollution concern. Carbon dioxide does not directly impair human health, but it is a "greenhouse gas" that traps the earth's heat and contributes to the potential for global warming 

Hydrocarbon pollutants also escape into the air through fuel evaporation. With today's efficient exhaust emission controls and today's gasoline formulations, evaporative losses can account for a majority of the total hydrocarbon pollution from current model cars on hot days when ozone levels are highest. 


Evaporative emissions occur several ways: 

DIURNAL: Gasoline evaporation increases as the temperature rises during the day, heating the fuel tank and venting gasoline vapors. 

RUNNING LOSSES: The hot engine and exhaust system can vaporize gasoline when the car is running. 

HOT SOAK: The engine remains hot for a period of time after the car is turned off, and gasoline evaporation continues when the car is parked. 

REFUELING: Gasoline vapors are always present in fuel tanks. These vapors are forced out when the tank is filled with liquid fuel.

Growth of total registered  motor vehicles in metropolitan cities (1985-95)
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Table A  Estimated vehicular emission load in selected metropolitan cities
	Name of the city
	Vehicular pollution load (tonnes per day)

	 
	Particultes
	Sulphur dioxide
	Oxide of the Nitrogen
	Hydrocarbons
	Carbon monoxide
	Total

	Delhi
	10.30
	8.96
	126.46
	249.57
	651.01
	1046.30

	Mumbai
	5.59
	4.03
	70.82
	108.21
	469.92
	659.57

	Banglore
	2.62
	1.76
	26.22
	78.51
	195.36
	304.47

	Calcutta
	3.25
	3.65
	54.69
	43.88
	188.24
	239.71

	Ahmedabad
	2.95
	2.89
	40.00
	67.75
	179.14
	292.71

	Pune
	2.39
	1.28
	16.20
	73.20
	162.24
	255.31

	Chennai
	2.34
	2.02
	28.21
	50.46
	143.22
	226.25

	Hyderabad
	1.94
	1.56
	16.84
	56.33
	126.17
	202.84

	Jaipur
	1.18
	1.25
	15.29
	20.99
	51.28
	88.99

	Kanpur
	1.06
	1.08
	13.37
	22.24
	48.42
	86.17

	Lucknow
	1.14
	0.95
	9.68
	22.50
	49.22
	83.49

	Nagpur
	0.55
	0.41
	5.10
	16.32
	34.99
	57.37

	Grand total
	35.31
	29.84
	422.88
	809.96
	2299.21
	3597.20


Table 1  Annual energy demand in thousand tonnes of oil equivalent
	Fuel type
	City
	1990/91
	1995/96
	2000/01
	2005/06
	2010/11

	Gasoline
	Delhi
	399
	524
	629
	670
	721

	 
	Calcutta
	160
	154
	167
	166
	170

	 
	Mumbai
	130
	133
	151
	170
	194

	 
	Bangalore
	93
	127
	178
	255
	383

	Diesel
	Delhi
	203
	280
	450
	649
	893

	 
	Calcutta
	94
	106
	135
	156
	173

	 
	Mumbai
	202
	269
	335
	420
	517

	 
	Bangalore
	76
	143
	183
	219
	280

	Total
	Delhi
	602
	804
	1079
	1319
	1614

	 
	Calcutta
	254
	260
	302
	322
	343

	 
	Mumbai
	332
	402
	486
	590
	711

	 
	Bangalore
	169
	270
	361
	474
	663

	
	
	
	
	
	
	

	Category
	1975
	1980
	1985
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998

	Two-
wheelers
	946
	2117
	5179
	12611
	14200
	15661
	17183
	18899
	2083
	23252
	he25693
	28342

	Cars,jeeps and taxis
	766
	1059
	1607
	2694
	2954
	3205
	3361
	3569
	3841
	4204
	4662
	5056

	Buses
	114
	140
	223
	298
	331
	358
	364
	392
	423
	449
	488
	535a

	Goods vehicles
	335
	473
	822
	1238
	1356
	1514
	1603
	1691
	1794
	2031
	2260
	2529

	Othersb
	311
	732
	1339
	2311
	2533
	2769
	2994
	3109
	3406
	3847
	4128
	4477

	All vehicles
	2472
	4521
	9170
	19152
	21374
	23507
	25505
	27660
	30295
	33783
	37231
	40939


Pollution hazards and human health
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Industrialization and urbanization have resulted in a profound deterioration of India's air quality. Of the 3 million premature deaths in the world that occur each year due to outdoor and indoor air pollution, the highest number are assessed to occur in India. According to the World Health Organization, the capital city of New Delhi is one of the top ten most polluted cities in the world. Surveys indicate that in New Delhi the incidence of respiratory diseases due to air pollution is about 12 times the national average. According to another study, while India's gross domestic product has increased 2.5 times over the past two decades, vehicular pollution has increased eight times, while pollution from industries has quadrupled. The environment is a major area of concern, today, the world over. The problem has attracted attention in India too, as is evident from the concern voiced by the public, and the recent Supreme Court judgments. The air quality has indisputably deteriorated with toxic substances from many sources like industry, automobiles and refrigeration/air - conditioning equipment, to name a few. All combine to lead the human race towards environmental disasters like acid rain, photochemical smog, ozone layer depletion and other ecological imbalances. The major pollutants emitted by motor vehicles include CO, NOx, sulphur oxides, (SO), HC, lead (Pb) and suspended particulate matter (SPM). These pollutants have damaging effects on both human health and ecology. The human health effects of air pollution vary in the degree of severity, covering a range of minor effects to serious illness, as well as premature death in certain cases. Most of the conventional air pollutants are believed to directly affect the respiratory and cardio-vascular systems. In particular, high levels of SO2 and SPM are associated with increased mortality, morbidity and impaired pulmonary function, Lead prevents hemoglobin synthesis in red blood cells in bone marrow, impairs liver and kidney function and causes neurological damage. 
 
	Pollutantsh
	Effects on Human Health 
	Effects on the Natural Environment

	Carbon monoxide
	Can affect the cardio-vascular system, exacer-bating cardiovascular disease symptoms, particularly angina; may also particularly affect foetuses, sickle cell anaemics and young children. Can affect the central nervous system, impairing physical coordination, vision and judgement, creating nausea and headaches, reducing worker productivity and increasing personal discomfort.
	 

	Nitrogen oxides (NOX) 
	Nitrogen dioxide (NO2) can affect the respiratory system. Nitrogen monoxide (NO) and nitrogen dioxide (NO2), where they play a part in photochemical some formation, may contribute indirectly to increased susceptibility to infections, pulmonary disease, impairment of lung function and eye, nose and thread irritations.
	NO and NO2 can contribute significantly to acid deposition damaging aquatic eco-systems and other eco-systems such as forests NOx can also have a fertilizing effect on forests.

	Sulphur oxides (SO2)
	Suphur dioxide (SO2) can affect lung function.
	Sulphur oxides can contribute significantly to acid deposition impairing aquatic and forest ecosystems. Sulphates can affect the perception of the environment by reducing visibility even at low concentrations.

	Particulate matter (SPM and RPM)
	Fine particulate matter may be toxi in itself or may carry toxic (including carcinogenic) trace substance, and can alter the immune system.Fine particulate can penetrate deep into the respiratory system irritating lung tissue and causing long-term disorders.
	Fine particulate can significantly reduce visibility. High dust and soot levels are associated with a general perception of dirtiness of the environment.

	Lead 
	Can cause brain damage, encephalopathy in children resulting in lower IQ, death, hyperactivity and reduced ability to concentrate.
	Lead 


First steps to control emission



The first ever step to control emissions was taken in California in 1964, by specifying minimum emission system control systems on cars on 1966 model cars. In 1970, the US Congress adopted the first major Clean Air Act and established the US Environmental Protection Agency (EPA). 
In the same year, emission control norms were being set up in Europe and Japan. The subsequent two decades norms became more comprehensive, the implementation procedure got fine -tuned and the structural framework created. The current decade has seen these norms being tightened, and also the adoption of a long-term agenda. Europe introduced the Euro series of norms. The next major milestone in vehicle emission control technology came in 1980-81. In response to tighter standards, manufacturers equipped new cars with even more sophisticated emission control systems. These systems generally include a "three-way" catalyst (which converts carbon monoxide and hydrocarbons to carbon dioxide and water, and also helps reduce nitrogen oxides to elemental nitrogen and oxygen), plus an on-board computer and oxygen sensor. This equipment helps optimize the efficiency of the catalytic converter. 



Vehicle emissions are being further reduced by provisions of the 1990 Clean Air Act. Mobile source provisions include even tighter tailpipe standards, increased durability, improved control of evaporative emissions, and computerized diagnostic systems that identify malfunctioning emission controls

The first piece of legislation in India was the Air Pollution Act in 1991. The permissible level of gaseous automobile exhaust emissions was tightened in 1996. India follows the European pattern for the emission norms. For commercial vehicles with diesel engines, the norms are based on the European legislation. The Indian government has set up April 1, 2000 as the date to implement the next set of emission standards that will apply for all the vehicles manufactured on or after that date.

History of Emission Norms in India
The significant environmental implications of vehicles cannot be denied. The need to reduce vehicular pollution has led to emission control through regulations in conjunction with increasingly environment-friendly technologies.It was only in 1991 that the first stage emission norms came into force for petrol vehicles and in 1992 for diesel vehicles.From April 1995 mandatory fitment of catalytic converters in new petrol passenger cars sold in the four metros of Delhi, Calcutta, Mumbai and Chennai alongwith supply of Unleaded Petrol (ULP) was affected. Availability of ULP was further extended to 42 major cities and now it is available throughout the country The emission reduction achieved from pre-89 levels is over 85% for petrol driven and 61% for diesel vehicles from 1991 levels.
In the year 2000 passenger cars and commercial vehicles will be meeting Euro I equivalent India 2000 norms, while two wheelers will be meeting one of the tightest emission norms in the world.Euro II equivalent Bharat Stage II norms are in force from 2001 in 4 metroes of Delhi, Mumbai, Chennai and Kolkata.Since India embarked on a formal emission control regime only in 1991, there is a gap in comparison with technologies available in the USA or Europe. Currently, we are behind Euro norms by few years, however, a beginning has been made, and emission norms are being aligned with Euro standards and vehicular technology is being accordingly upgraded. Vehicle manufactures are also working towards bridging the gap between Euro standards and Indian emission norms.

Emission standards with effective date for new petrol vehicles in India under type approval test (g/km)
	Vehicle type
	Carbon monoxide
	Hydro-
carbon
	Hydrocarbon + nitrogen oxides

	 
	1 
April 1991
	1 
April 1996
	1 
April 2000
(Euro I)
	1 
April 2005
(Euro II)
	1 April 
1991
	1 
April 1996
	1 April 2000
(Euro I)
	1 April 2005a
(Euro II)

	Two - wheelers
	12-30
	4.50
	2
	-
	8-12
	3.6
	2
	-

	Three - wheelers
	12-30
	6.75
	4
	-
	8-12
	5.4
	2
	-

	Cars with CCb
	-
	4.34-
6.20c
	2.72
	2.2
	-
	1.50-
2.18b
	0.97
	0.5

	Cars without CC
	14.3-
27.1
	8.68-
12.40c
	2.72
	2.2
	2.0-2.9
	3.00-
4.36b
	0.97
	0.5


a. proposed; 
b. catalytic converter; 
c. the range corresponds to the engine capacity stratified into three classes: up to 1400 cm3, 1400–2000 cm3, and over 2000 cm3.
Emission standards with effective date for new diesel vehicles in India under type approval test

	Pollutant  
	1 April 1991 
	1 April 1996 
	1 April 2000
(Euro I)
	1 April 2005a 
(Euro II)

	Gross vehicle weight 


(>3.5 tonne) (g/kWh)



	Carbon monoxide    
	14.0
	11.2
	4.5
	4

	Hydrocarbon   
	3.5
	2.4
	1.1
	1.1

	Nitrogen oxides  
	18.0
	14.4
	8
	7

	Particulate matter for >85 kW 
	— 
	— 
	0.36
	0.15

	Particulate matter for < 85 kW 
	— 
	— 
	0.61
	0.15

	Gross vehicle weight  
(3.5 tonne) (g/km)

	Carbon monoxide 
	14.3–27.1
	5–9
	2.72–6.90
	1.06

	Hydrocarbon + nitrogen oxides 
	2.7–6.9
	2–4
	0.97–1.70
	0.71

	Nitrogen oxides
	 — 
	— 
	— 
	0.566

	Particulate matter 
	— 
	— 
	0.14–0.25
	0.080


a. likely to be proposed
	  

Progression of Euro norms for passenger cars in Europe (g/km)
[
 

Description 
 

Effective year of  implementation
Carbon monoxide 
Hydro-
carbon
Nitrogen oxides
Hydro- carbon + nitrogen oxides 
Parti-
culate matter
Europe
India
 

Gasoline
Euro I  
1993 
2000
2.72
— 
— 
0.97
—
Euro II   
1996 
2005
2.20
— 
— 
0.50 
— 
Euro III 
2000 
Not specified 
2.30
0.20
0.15
 —
— 
Euro IV 
2005 
Not specified
1.00 
0.10 
0.08
 — 
—
Diesel
Euro I 
1993a
1996
2.72 
— 
— 
0.97 
0.14
Euro II 
1996a
2000
1.06  
—  
0.566 
0.71  
0.080 
Euro III 
2000 
Not  specified
0.64 
— 
0.50 
0.56 
0.050
Euro IV 
2005
 Not specified
0.50 
— 
0.25 
0.30
0.025
a. for indirect injection engines and direct injection engines level of emission standards are different


EURO I & II
What are Emission Norms?
Emission norms are prescribed CO (Carbon Monoxide), HC (Hydrocarbons) and NOX (Nitrous oxide) levels set by the government which a vehicle would emit when running on roads. All the manufacturers need to implement the same for vehicles being manufactured from the date of implementation.
What are Euro Norms?
Euro norms refer to the permissible emission levels from both petrol and Diesel vehicles, which have been implemented in Europe. However in India, the government has adopted the Euro norms for available fuel quality and the method of testing. Euro-1 norms in India are known as INDIA 2000 since it will be implemented from 1/4/2000. The norms equivalent to Euro-2 are called 2005 norms but these have not yet been specified by the Indian Government.
What are the EURO I AND EURO II norms ?
The Euro norms require manufacturers to reduce the existing polluting Emission Levels in a more efficient manner by making certain technical changes in their vehicles.
What are the emmision levels of the above norms?
	
	EXISTING 1998
	EURO I
	EURO II

	C.O. (carbon monoxide)(gm/km)
	4.34 
	2.75 
	2.20

	H.C + NO X (gm/km)
	1.50
	0.97
	0.50

	(Hydro Carbons & Nitrious Oxides)
	
	
	


When & where are the above euro i and euro ii norms going to be introduced ?
The above EURO I NORM from 1st JUNE 1999 is applicable only in the NCR (DELHI) as per the Supreme Court Ruling and the Government Regulations and the EURO II norm will be applicable to NCR from 1st APRIL 2000 . The EURO I norm will be applicable to Mumbai from January 1, 2000 while the EURO II norm will be applicable to MUMBAI from 1st APRIL 2000.
What changes do manufacturers have to make in order to make euro compliant vehicles?
The following changes normally will be made by manufacturers in order to have a EURO I compliant car. Typically, the following areas would require attention: (a) carburetor retuning (b) secondary air intake (c) exhaust gas recirculation (d) catalyser capacity increase (e) trimetal coating in the catalyser.
Changes for having a Euro II compliant vehicle require that the carburetor be replaced by an MPFI system i.e. a Multi-point Fuel Injection System. There are two basic types of engines, spark ignition and compression ignition engines. In the former, fuel ignition is triggered by an electric spark from a spark plug, while in the latter, atomized liquid fuel is injected with the help of a fuel pump and a nozzle into a cylinder full of hot compressed air, which results in ignition taking place. Larger cylinders which need more fuel require more than one injector, thus resulting in a multi-point fuel injection system.
Who certifies the manufacturer?
The Automobile Research Institute (ARAI), Pune, is an independent third party assessor that issues a third party authenticity certificate guaranteeing the euro norm compliance by the manufacturer.
What happens to cars currently on the road and their sale?
For vehicles currently running on Indian roads, there will be absolutely no problems or hassles for the present owners. Neither will it effect the sale of such vehicles after the enforcement of the Euro norms since a sale would just mean transfer of ownership.
The Euro Norms are in no way connected to the sale of existing cars.
Can modifications be done to meet Euro norms in present cars?
Legally it is not required to convert the car into Euro compliant.
What are the changes made to meet EURO-1 NORM?
· Carburettor retuned
· Secondary air intake
· EGR (Exhaust Gas Circulation)
· Doubling the capacity of the Catalyser
· Trimetal coating in the Catalyser
Euro I and Euro II norms for new petrol and diesel cars following the Supreme Court order of April 29, 1999.

	Norms 
	CO 
gm / km 
	  
	HC + NO 
gm / km
	  
	PM 
gm / km 
	  

	  
	Petrol 
	Diesel
	Petrol
	Diesel
	Petrol
	Diesel

	1996
	8.68- 12.40
	5.7
	3- 4.36
	2.2
	- 
	- 

	Euro I
	3.16
	3.16
	1.13 
	1.13
	- 
	0.18 

	Euro II 
	2.20
	1.00
	0.50
	0.70 - 0.90
	- 
	0.080 - 0.10



    gm/km : gram per kilometre     CO : Carbon Monoxide 
    HC : Hydrocarbons     NO : Nitrogen Oxides 
    PM : Particulate Matter

EMISSION STANDARDS FOR VEHICLES IN INDIA  ( gm/km )
	Category
	Norms

	Petrol
	Current
	From April 2000

	Two  Wheelers
	
	

	CO
	4.5
	2.0

	HC + N0X
	3.6
	2.0.

	Three   Wheelers
	
	

	CO
	6.75
	4.0

	HC + N0X
	5.4
	2.0

	Four   Wheelers
	
	

	CO
	8.68-12.4
	2.72

	HC + N0X
	3.0-4.36
	0.97

	Diesel (Groos Vehicle Weight less than 3.5 ton)
	
	

	CO g/kWh
	11.2
	4.5

	HC g/kWh
	2.4
	1.1

	NOX g/kWh
	14.4
	8.0

	PM g/kWh
	-
	0.36

	Diesel (Groos Vehicle Weight more than 3.5 ton)
	
	

	CO g/kWh
	5.0-9.0
	2.72-6.90

	HC  + NOX g/kWh
	2.0-4.0
	0.97-1.70

	PM g/kWh
	-
	0.14-0.25



Emissions from ECVs, LEVs and ULEVs

	Pollutants 
	Limits for
	Conformity of 

	
	Type approval 
	Production

	CO (g/kwh ) 
	4.5
	4.9

	HC (g/kwh ) 
	1.1 
	1.23

	Nox (g/kwh) 
	8.0 
	9.0

	PM (g/kwh) for engines
	
	

	with power exceeding85 KW 
	0.36
	0.4

	PM (g/kwh) for engines
	
	

	with power not exceeding85 KW 
	0.36 
	0.4



The Indian Pollution standard for vehicles

The Central Motor Vehicles Rules-115(II) 1989 says that the pollution standards laid down for carbon monoxide and inspected in petrol vehicle should be as under : 
· 2 and 3 wheelers - Idling Carbon Monoxide emission by volume:4.5% 

4 wheelers - Idling Carbon Monoxide emission by volume : 3.0%
The new vehicles brought by the Indian auto industry has brought down emission levels production by as much as 80% as compared to 1989, but it is the older, already in use vehicles which are the main culprits. The industry has acquired, developed, and adapted new technology, and reengineered itself to produce increasingly cleaner vehicles - (LEVs) in 1996, and (ULEVs) by 2000. 



The total emission has come down from 360 tonnes per day to 70 tonnes per day. During the control period, new vehicle emissions from Emission Control Vehicles (ECV), Low Emission Vehicles (LEVs) and Ultra Low Emission Vehicles (ULEVs) are outlined below. 

Emissions from ECVs LEVs and ULEVs 

	Year 
	Type of vehicle
	No. of annual sales in millions
	Emissions

	1989 
	ECV
	1.8 
	360

	1996 
	LEV
	3.5
	220

	2000 
	ULEV
	5.5
	70



The imposition of Euro Norms is a must if India is to be saved from the hazards of a grossly polluted environment. A petrol driven four wheeler which adheres to Euro Norms II, depending on its engine capacity, would emit 2-3 times less carbon monoxide and 3-4 less hydrocarbons and nitrogen oxides than the currently stipulated levels.The diesel version of the same, depending on the gross vehicle weight, would be required to meet emission norms that compared to present levels, are 1.2-2 times stricter for carbon monoxide and double this value for nitrogen oxides (NOx). Notably, for the first time in India, emission norms would also be set for particulate matter.

Important components of the holistic approach to reduce air pollution are:
· Institution of a proper air quality monitoring mechanism. 

· Installation of electrostatic precipitators at power plants and industrial units. 

· Use of low-ash coal and eventual replacement of coal-based power plants by new, alternate-fuel based ones. 

· Use of low-nitrogen oxide burners at industrial units. 

· Upgradation of vehicle technology. 

· Improvement in fuel quality. 

· Reconditioning of in-use vehicles and regular scrapping of old vehicles. 

· Expansion of and improvement in road infrastructure. 

Factors Hindering Euro Norms: 

The following are a set of lacunae found in the pollution control and implementation of Euro norms in India.

1)These standards have not been implemented for the entire country. The government has not given any rationale reason for not adopting these standards for the whole nation? 

2)The issue of pollution by the existing fleet of old technology vehicles still remains.
Estimates show that 70 per cent of the cars are from the pre-catalytic converter era. It is established that the catalytic converters substantially reduce emissions of carbon monoxide and hydrocarbons. 

3)The current set of diesel vehicles on our roads emits inordinate amounts of particulate matter, NOx and sulphur dioxide. Of highest concern are the fine, respirable particles of sizes 10 and 2.5 microns (PM10 and PM2.5) which are highly carcinogenic and carry toxic heavy metals with them. It is time the government set standards to particularly address PM10 and PM2.5 emissions. The answer may lie in control technologies such as particulate traps, oxidation catalysts, and NOx catalytic controls. 

4)The poor maintenance of vehicles in India, there is a tendency for vehicles to pollute more as they get older. Solution could lie in mandatory periodic fitness certification for all such vehicles. A rigorous maintenance schedule by the owner and genuine certification by authorised service stations would be the key elements of any such effort. 

5) The Motor Vehicles Act of 1988 and the Central Motor Vehicles Rules of 1989 place no limit on the age of vehicles plying on the road and also lack any provision that addresses the scrappage of old commercial vehicles being challenged in a court of law. Even with the best of maintenance standards, the older vehicles may still cause an unacceptable level of pollution. 

6) The court’s directives do not apply to old personalised vehicles. 

7)The crucial role of oil refineries in improving air quality cannot be overstated. 
Fuel adulteration is rampant. For vehicles to conform to Euro I and II norms, it is imperative that petrol and diesel adhere to specific fuel properties. The oil refineries still produce diesel with high levels of sulphur, and leaded petrol is even now a reality. Fuel adulteration is rampant. 

Unless these above stated hindrances are overcome, the race against pollution will be lost even before getting started.

Are The Euro Norms Sufficient??

The imposition of Euro I and Euro II norms has changed the direction of debate related to the problem of air pollution in urban areas. Till now it was felt that adoption of paltry measures such as the highly ineffective pollution checks would provide the answer. Now, the government and the auto industry have been squarely blamed for not facilitating earlier the adoption of better technologies in auto manufacturing, and rightly so. Notably, the common man has been let off the hook.
An area that has been neglected in this new debate is the role that fuels such as petrol and diesel would play for the new cars to meet Euro II norms. Our state-owned oil refineries are producing diesel with such high levels of sulphur that would be totally unacceptable in any developed country. Besides causing the emission of acidic sulphur dioxide, the presence of sulphur also leads to higher levels of particulate matter emissions. These microscopic particles of sizes below 10 micron (PM10), especially those smaller than 2.5 micron (PM2.5), have the uncanny ability to get lodged in human lungs and are highly carcinogenic.
We have failed to even provide unleaded petrol to all the consumers in the country. The toxic effects of lead that cause mental retardation of children have been well documented. Catalytic converters have been proven to considerably reduce emission levels. However, they cannot work with leaded petrol. To see lower toxic emission levels, petrol needs to be made completely lead-free and supplemented with oxygenates such as methyl tertiary butyl ether. Similarly, diesel should be nearly free from sulphur and heavy oils. Without the improvement in fuel qualities, the news cars will fail to meet Euro II norms while running on the road. Auto companies are still selling relic cars and trucks across the nation that go on emitting unacceptable levels of carbon monoxide, sulphur dioxide, nitrogen oxides, and particulate matter. 
What should definitely be enforced is the meeting of strict pollution norms by these vehicles through the adoption of a rigourous maintenance and inspection programme. Now is also the time to revive the debate over scrapping of very old and polluting vehicles, both commercial and non-commercial. The answer lies in auto and oil companies working in tandem with policy makers and regulators to find the most cost-effective and feasible solutions to reduce total emissions from vehicles. No entity could alone share the blame for mess that we are in and none of them alone could clean up the same
An associated gain of the Supreme Court’s order disallowing registration of all private non-commercial vehicles in the National Capital Region (NCR) failing to conform to Euro II fuel emission norms from 1st April 2000 is the revival of public debate on the need for an environment-friendly and sustainable transport network in cities. This would mean that any new four wheeled petrol driven passenger vehicle to be registered after 31st March 2000 in the NCR would have to meet mass emission norms which are 2 to 3 times more stringent than the current permissible carbon monoxide emissions depending upon the reference weight of the vehicle. The corresponding tightening of norms for hydrocarbons and nitrogen oxides together would have to be about 3 to 4 times. Similarly, for new four wheeled diesel passenger vehicles the new carbon monoxide emission norms would be 1.2 to 2 times more stringent compared to its present levels, correspondingly for nitrogen oxides, the new range would be 2 to 2.4 times stricter; and for particulate, though currently there are no mass emission norms, but from April 2000 the range will be from 0.14 to 0.25 gm/km depending upon the reference weight of the vehicle. 
This order has shaken car manufacturers, which is evident from some of their statements that they would try to meet the Euro II norms before the original deadline of 1st April 2005 set by the apex court. The irony is that many of these manufacturers are capable of producing vehicles that adhere to the Euro II norms. Their foreign promoters are, in fact, manufacturing and selling only such vehicles in other countries, which meet the Euro II standards. Why did not these companies adopt the Euro II norms for vehicles produced in India as well? Now that they are forced to follow the stringent norms and are indirectly admitting that meeting these norms was indeed possible before the original deadline; the Indian customers cannot be very pleased with them.
The other logical question is why limit the enforcement of Euro II norms only in the NCR? The pollution caused by automobiles is getting worse in other cities too. Should we wait to act similarly in other cities till they reach the levels of pollution that obtains in Delhi? In fact, this is a right time to file a petition to the Supreme Court for extension of Euro II emission norms to other metropolitan cities in the country. However, it is not enough to just ensure that the new vehicles, all over the country and wherever they are registered to the Euro II norms. 
What about old vehicles? It has been estimated that at any given time new vehicle comprise around 8% of the total vehicle population in India. The remaining 92% of the vehicles are required to undergo periodic fitness certification. The large population of personalised vehicles is not yet covered by any such mandatory requirement. In South East Asia, inspection and maintenance of all categories of vehicles has been one of the chief tools used. Thus, to bring down emissions from in-use vehicles on road, vehicular inspection and maintenance programme and genuine certification by the authorized service station should be made mandatory. 
Also, in India, there is no limit on the age of the vehicle that one can ply on the road. Mass emissions from old vehicles would cause much more pollution than the ones that do not conform to the Euro I or even Euro II norms. In the recent past there are Supreme Court directives to scrap old commercial vehicles in the city of Delhi. But there is no specific regulatory framework to address the scrappage of old commercial vehicles in the Motor Vehicle Act of 1988 and Central Motor Vehicle Rules of 1989 and as such this can be challenged in a court of law. Moreover, why only commercial vehicles? Why not private vehicles too? The government should not shy away from its responsibility of putting brakes on operation of all old and polluting vehicles on the road. Why shouldn’t the government revive a public debate over scrapping of commercial and non-commercial or private vehicles, which are highly polluting? The government could even fine tune its policy for allowing depreciation on investments in automobiles to create additional incentives for scrapping vehicles beyond a certain age which do not conform to the emission standards. 
Why blame the automobile industry alone? In India, we are yet to address the vehicle and fuel system as a whole as is being addressed in the European Programme on Emission, Fuels and Engines Technologies (EPEFE). This programme is an optimization activity jointly by Auto and Oil Industry under the aegis of European Union in Brussels. The aim of this programme is at finding the most cost-effective combinations in terms of improved vehicle technologies and improved fuel properties. In 1988, the European Union mandated the European Standard Organization to develop comprehensive specifications for automotive fuel. 
Our very own state-owned oil refineries have been merrily producing diesel with such high levels of sulphur in it as are unacceptable in any developed country? If the public sector oil refineries do not want to submit themselves to a reasonable time-frame for reducing the sulphur content in diesel, what is the guarantee that the new oil refineries in the joint private sector would be conscious of the environmental pollution their fuel can cause. And why wouldn’t they also refuse to agree to any deadline, till they are forced to do so? It is time that public debate also focussed its attention on the oil refineries’ role in producing less pollutant fuels and explored what role the Supreme Court could play even in this area of fuel quality issue. 
To conform to the Euro I and II norms, the quality of petrol and diesel has to adhere to specific fuel properties. These must include: initially reduction or substitution of lead in petrol and reduction of sulphur in petrol and diesel; then over a medium time frame complete or near complete elimination of sulphur, aromatics, and heavy oils in diesel, and lead in petrol by using oxygenated supplement like methyl tertiary butyl ether. Oxygenates boost octane value and provide an effective means of reducing harmful emissions such as benzene, toluene, and xylene in petrol. 
Further, increased use of clean substitute fuels (oxygenated blends, CNG, propane), particularly in captive fleet vehicles with high mileage and restricted range of operation, such as taxis, autos and buses should be promoted. 
Is technological fix sufficient? There are limitations to a strategy focused primarily on changing automotive technology. Without an integrated transport policy, it could be quite possible that the growth in the motor vehicle fleet can partially or fully offset the improvements obtained from the increase in energy efficiency and the reduction in emissions output of individual vehicles. The travel demand management is the missing ingredient in the current air pollution strategy. It is desirable, therefore, to complement the supply-side interventions with demand management measures, if the ultimate objective is to secure improved levels of air quality. They range from simple traffic engineering interventions (coordinated signals, reversible lanes, one-way street pairs, and other traffic control devices) to traffic restraints (area licensing schemes, parking controls, exclusive pedestrian zones, vehicle bans, special bus and high occupancy vehicle lanes and so on), advanced area traffic control techniques, and provision of facilities and services to encourage modal shifts (such as sidewalks, bicycle lanes, light and rapid rail transit, and commuter rail).
All the measures suggested above would require a policy framework encompassing regulatory, pricing, and taxation mechanisms, and reinforced with effective enforcement, to encourage the use of clean vehicles and fuels, to restrict or ban the use of polluting vehicles and fuels, and to modify travel behaviour and transport demand.
With the growth in vehicular pollution that becomes particularly severe over most of North India in winter, considerable attention is now being attached to emissions standards for motor vehicles manufactured and used in the country. 
The government has mandated the achievement of emission standards from April 2000 which are essentially similar to the well known Euro-1 standards effective in the European Union during 1992-1997. While some analysts believe the Indian government’s standards are not stringent enough, others feel these are much too severe given the short period within which the transition to the new standards is required. Perhaps there is merit in both opinions, but there is no justification for dilution of these standards. 
The biggest concern in a city like Delhi arises from emissions produced by two and three-wheelers. The two major pollutants are carbon monoxide and a combination of unburnt hydrocarbons plus oxides of nitrogen. The April 1996 standards laid down 4.5g/km for the former and 3.6g/km for the latter. The standards applicable from April 2000 would require these to be brought down to 2.0g/km respectively for both. Corresponding values for three-wheelers would be 4.0 for carbon monoxide and 2.0 for hydrocarbons and oxides of nitrogen. 
Interestingly, the standards applicable in Europe for two-wheelers are substantially higher for both four-stroke and two-stroke engines. So why should India adopt stricter standards? Because our population of two- and three-wheelers is dramatically higher than Europe’s. With air quality as poor as it is, every additional two-wheeler or three-wheeler imposes large damage to the environment and therefore to the health of human beings and other life forms. 
For passenger cars, the standards applicable from the year 2000 are reasonablyambitious. To look at only one value — the emissions of carbon monoxide in g/km — the 1996 standards laid down a range of 8.68-12.40. The April 2000 standard, which is on par with the Euro-1 standards is fairly ambitious. However, with the new designs of passenger cars on the roads, it should be quite feasible to attain the Euro-1 standards in India by April 2000. 
In the case of diesel vehicles, which essentially covers trucks and buses, theemission standards applicable from April 2000 are on par with those of Euro-1.These also imply substantial improvement from 1996 levels such as carbonmonoxide being reduced from 11.2g/km to 4.50g/km and hydrocarbons from 2.4 to 1.10. Oxides of nitrogen are required to come down from 14.4 to 8.0. 
The question then is, why, despite these fairly satisfactory standards for emissions, is there the looming danger of high levels of air pollution on the roads of India? The problem arises essentially from the mix of the transport fleet. With such an overwhelming number of two-wheelers and three-wheelers, most of which are badly maintained and use inferior fuels, the standards per vehicle become a very small part of the solution. A change in the mix of transport modes becomes the most important solution with the need for clean, efficient, affordable transport and adequate public transport facilities. 
The other issue the government must address in the coming Budget is removingthe huge subsidy on kerosene, the consumption of which has gone up substantially, with large quantities being used for adulteration of petrol and diesel throughout the country. This adulteration results in high levels of pollution, damage to engine life and of course the socially harmful prosperity of those involved in such illegal transactions. 
The problem of air pollution from transport cannot be seen as an isolated case of emission standards for motor vehicles, but essentially as a much larger problem of the mix of transport modes, the maintenance and proper checking of vehicles in operation and consumption of the right quality fuels.
The imposition of Euro I and Euro II norms has not come a day too soon. A petrol driven four wheeler which adheres to Euro II norms, depending upon its engine capacity, would emit 2-3 times less carbon monoxide and 3-4 less hydrocarbons and nitrogen oxides than the currently stipulated levels. 
Its diesel counterpart, depending upon the gross vehicle weight, would be required to meet emission norms that compared to present levels, are 1.2-2 times stricter for carbon monoxide and double this value for nitrogen oxides (NOx). Notably, for the first time in India, emission norms would also be set for particulate matter. 
The Supreme Court judgement and the obvious ability of Indian automobile manufacturers to produce vehicles that adhere to Euro II norms raise an important question. Why not implement these standards for the entire country? What rationale does the government have for not adopting these standards for the whole nation? 
Notwithstanding the air quality gains achieved by the introduction of these new vehicle emission norms, the issue of pollution by the existing fleet of old technology vehicles still remain. Estimates show that 70 per cent of the cars are from the pre-catalytic converter era. It is established that the catalytic converters substantially reduce emissions of carbon monoxide and hydrocarbons. 
Similarly, the current set of diesel vehicles on our roads emits inordinate amounts of particulate matter, NOx and sulphur dioxide. Of highest concern are the fine, respirable particles of sizes 10 and 2.5 microns (PM10 and PM2.5) which are highly carcinogenic and carry toxic heavy metals with them. It is time the government set standards to particularly address PM10 and PM2.5 emissions. The answer may lie in control technologies such as particulate traps, oxidation catalysts, and NOx catalytic controls. 
Further, given the poor maintenance of vehicles in India, there is a tendency for vehicles to pollute more as they get older. Solution could lie in mandatory periodic fitness certification for all such vehicles. A rigorous maintenance schedule by the owner and genuine certification by authorised service stations would be the key elements of any such effort. Even with the best of maintenance standards, the older vehicles may still cause an unacceptable level of pollution. 
The Motor Vehicles Act of 1988 and the Central Motor Vehicles Rules of 1989 place no limit on the age of vehicles plying on the road and also lack any provision that addresses the scrappage of old commercial vehicles being challenged in a court of law.Moreover, the court’s directives do not apply to old personalised vehicles. Perhaps, a public debate over scrapping of old and polluting vehicles, commercial or personalised, should be initiated.
The government could create a set of fiscal incentives for purchase of a new vehicle in lieu of the polluting relic. The time has also come to shift part of the air pollution debate to the prevailing fuel quality standards. The oil refineries still produce diesel with high levels of sulphur, and leaded petrol is even now a reality. 
Moreover, fuel adulteration is rampant. For vehicles to conform to Euro I and II norms, it is imperative that petrol and diesel adhere to specific fuel properties. Substituting lead in petrol by oxygenates such as methyl tertiary butyl ether would boost its octane value and reduce the emissions of toxic substances such as benzene, toluene, and xylene. Further, increased use of clean substitute fuels such as oxygenated blends, compressed natural gas, and propane in captive fleet vehicles (buses, taxis, 3-wheelers) should be vigourously promoted. Thus, the crucial role of oil refineries in improving air quality cannot be overstated. 

The automobile industry has to address the following issues at all the stages of vehicle manufacture:
· Environmental Imperatives 
· Safety Requirements 
· Competitive Pressures and 
· Customer Expectations 
There is a strong interlinking amongst all these forces of change, influencing the automobile industry. These have to be addressed consistently and strategically to ensure competitiveness.
Since pollution is caused by various sources, it requires an integrated, multidisciplinary approach. The different sources of pollution have to be addressed simultaneously in order to stall widespread damage.
THE PARAMETERS DETERMINING EMISSION FROM VEHICLES
· Vehicular Technology 
· Fuel Quality 
· Inspection & Maintenance of In-Use Vehicles 
· Road and Traffic Management 
While each one of the four factors mentioned above have direct environmental implications, the vehicle and fuel systems have to be addressed as a whole and jointly optimised in order to achieve significant reduction in emission.

VEHICULAR TECHNOLOGY
In India, the vehicle population is growing at rate of over 5% per annum and today the vehicle population is approximately 40 million. The vehicle mix is also unique to India in that there is a very high proportion of two wheelers (76%).
FUEL TECHNOLOGY
In India we are yet to address the vehicle and fuel system as a whole. It was in 1996 that the Ministry of Environment and Forests formally notified fuel specifications. Maximum limits for critical ingredients like Benzene level in petrol have been specified only recently and a limit of 5% m/m and 3% m/m has been set for petrol in the country and metroes respectively.
In place of phase-wise upgradation of fuel specifications there appears to be a region-wise introduction of fuels of particular specifications. The high levels of pollution have necessitated eliminating leaded petrol, through out the country.
To address the high pollution in 4 metro cities 0.05% sulphur petrol & diesel has been introduced since 2000-2001. The benzene content has been further reduced to 1% in Delhi and Mumbai.
There is a need for a holistic approach so that upgradation in engine technology can be optimised for maximum environmental benefits.


Other factors influencing emission from vehicles are as  follows.

INSPECTION & MAINTENANCE (I&M) OF IN-USE VEHICLES
It has been estimated that at any point of time, new vehicle comprise only 8% of the total vehicle population. In India currently only transport vehicles, that is, vehicles used for hire or reward are required to undergo periodic fitness certification. The large population of personalised vehicles are not yet covered by any such mandatory requirement.
In most countries that have been able to control vehicular pollution to a substantial extent, Inspection & Maintenance of all categories of vehicles have been one of the chief tools used. Developing countries in the South East Asian region, which till a few years back had severe air pollution problem have introduced an I&M system and also effective traffic management.
ROAD & TRAFFIC MANAGEMENT
Inadequate and poor quality of road surface leads to increased Vehicle Operation Costs and also increased pollution. It has been estimated that improvements in roads will result in savings of about 15% of Vehicle Operation Costs.

Policy framework to reduce air pollution and GHG emission
There are two basic approaches to reducing vehicular emissions: reducing emissions per vehicle kilometre travelled and reducing the total number of kilometres travelled. In other words, reduction and control of pollutant emissions from motor vehicles, along with more efficient utilization of motor vehicles, should be the aim of air pollution and GHG abatement policies. However, it appears unlikely that the growth in road transportation could be curbed in the country without excessive and aggressive measures by the government and others.
Theoretically, an emission tax has been suggested by the experts to be the most effective means to reduce pollution, because it would provide consumers with incentives to choose the least-cost options across these two approaches. But, in practice, such a tax would be weighed down by need for effective emission monitoring, which is difficult in the Indian scenario. A more practical strategy would be to reduce both emissions and congestion, using a mixed set of instruments, which are dictated by ‘command and control’, and/or market-based principles. The instruments are taxes on fuels, vehicles, and parking; incentives and regulations affecting vehicle ownership, usage and movement; traffic management; and the provision of public transport alternatives.
Specifically, there are a number of ways to meet the first objective of reducing emissions per vehicle kilometre traveled: 
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enforcing higher maintenance standards on existing vehicles, in order to keep emissions closer to the design standards of the vehicles; 
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introducing vehicles designed to meet stricter emission standards; 
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introducing unleaded fuels (with or without catalytic converters) for the rapid reduction of atmospheric lead; and 
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retrofitting motor vehicles to use other kinds of fuel modifications or fuels, such as compressed natural gas (CNG) and propane. 
The cost-effectiveness of each of these measures would depend on the specific characteristics of a city.
The second objective is to reduce total vehicle kilometres traveled. This can be accomplished by either reducing the total demand for travel or altering the mix of vehicles used to carry travellers. The first option may be achieved in part by increasing the cost of travel. More important, however, is to reduce the total demand for travel. 
Altering the mix of vehicles used to carry travellers requires policies to move people away from the use of private automobiles towards public transportation. Here, experience has shown that a two-prong approach is required. The first is to raise the cost of private vehicle use. Options include traffic management (for example, one-way systems, closing streets, downtown exclusive pedestrian zones, and provision of exclusive bus lanes) and demand management (such as increased parking fees, road tolls, fuel taxes, and carpooling programs). The second is to provide alternatives to private automobiles, which can be in favour of either larger vehicles (vans, buses, or mass transit), or non-motorized options, primarily bicycles. Without viable transit alternatives, the higher road user fees would lead to higher financial costs of travel with relatively little decrease in actual travel.
Also, the mere provision of public transport is not enough to lure commuters away from their cars onto public transport. Simultaneous disincentives for private vehicle use are required to achieve ridership. Similarly, the provision of public transport alternatives is not sufficient to achieve reduced congestion or emissions. As motorists switch to public transit, others will start driving upon seeing the congestion slightly reduced. Thus, it is always essential to attack urban congestion through comprehensive measures—both traffic management and pricing—which restrict private automobile use. 
In view of the above discussions, the following four mutually reinforcing policies need to be pursued in urban areas to reduce vehicular pollution and GHG emissions. Following that, Table 1 gives a mixed set of instruments, which need to be implemented to address these policies.
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reduce urban congestion through transport management, 
[image: image16.png]


scrap highly polluting and high usage vehicles, 
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promote clean fuel and engine technologies, and 
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strengthen institutional links and regulatory issues. 
Table 1. A taxonomy of instruments for the identified issues and recommendations 
	Target area
	Command and control
	Market-based incentives

	Transport management
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Management measures (bans and restrictions on private vehicle movements, creation of high occupancy vehicle lanes, and timely clearance of road encroachments.) 
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Engineering measures (provision of cycle tracks and parking space, pedestrian walkways, redesigning intersections, periodic road maintenance, grade separation, and setting up of freight and bus terminals.)
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Control measures (traffic signals synchronization, display diversion maps)
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Parking restraints
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Augmenting public transport 
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Land use planning with regulations
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Congestion charges 
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Parking charges
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Taxes

	Vehicles 
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Emission norms, monitoring and evaluation 
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Fuel efficiency standards
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Inspection and maintenance
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Vehicle scrappage programmes
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Retrofit programmes
	[image: image33.png]


Vehicle taxation 
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Parking charges
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Area licensing

	Fuels
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Fuel quality standards 
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Setting up of more CNG supply outlets
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Fuel pricing 
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Remove subsidies on kerosene and liquid petroleum gas

	Institutions & regulations
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Roles and responsibilities of each relevant institution 
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Revisit rules and regulations to plug the loopholes 
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Strengthen institutional linkages through effective communication
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Develop and maintain a credible database (inventorization of vehicles and their attrition, vehicle utilization, speed, emission factors, continuous monitoring of air quality in critical areas, adulteration, and safety aspects.)
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Audit pollution checks 
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Capacity building of local bodies
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Strict enforcement of legislation by imposing fiscal and punitive measures


A state-of-the-art review of recommendations and measures in India
· Promote energy efficient and clean vehicles:
· Scrappage of old and polluting vehicles on road: 

· Improve fuel quality 

· Promote alternate fuel: 

· Reduce congestion through transport management: 

· Strengthening of mass transportation: 

a car consumes nearly five times more energy than a 52 seater bus with 82% average load factor, while two-wheelers consume about 2.6 times and three-wheelers 3 times more energy
a car occupies over 38 times more road space in comparison to a bus. The corresponding figures for two- and three-wheelers are 54 and 15 respectively.

the fuel cost of two-wheelers is 6.8 times, three-wheeler 7 times, and car 11.8 times, when compared to a bus. While the total cost of operation of two- and three-wheelers is over 3 times and car 9.5 times higher than the bus; and
a 52-seater bus enjoys similar levels of advantages over other vehicles when emission of all types of air pollutants and greenhouse gases are considered. 
But, as has been highlighted earlier, the mere provision of public transport is not enough to lure commuters away from their cars onto public transport. Simultaneous disincentives for private vehicle use are required to achieve a higher ridership for the public transport system. Similarly, the provision of public transport alternatives is not sufficient to achieve reduced congestion or emissions. As motorists switch to public transit, others will start driving upon seeing the congestion slightly relieved. Thus, it is always essential to attack urban congestion through comprehensive measures—both traffic management and pricing—which also restrict automobile use. 
Need for an integrated approach with appropriate regulations and pricing mechanisms:.
 

Part III: Challenges and opportunities for India
While each of the measures listed in Part II are per se important and would have a role in combating pollution in Delhi, there is no focussed approach or cohesive strategy for their implementation. The pursuit of the various measures in a haphazard and piecemeal manner has not helped and would not result in obtaining the maximum benefit from them or make a discernible impact on air pollution in cities and GHG emissions. Many challenges remain to be addressed. Some of these involve compiling credible data and a methodology for setting up a database, tools for analyses, and setting up of an institutional and regulatory framework to address city specific issues as described below. 
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Lack of technology data. Detailed data on cost, performance and the anticipated life of existing technologies are not available. Overcoming this deficiency is critical to estimating the incremental cost of pollution and carbon abatement measures by the introduction of a new technology. For new technologies, sharing of information between countries is crucial.
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Inadequate economic data. It is very important to understand the impact of changes in energy prices on energy demand in the transport sector. There is a need to determine demand elasticities, cross price elasticities, income elasticities, and usage elasticities for various end uses. Moreover, it would be extremely valuable to assess the degree to which such elasticities are consistent or inconsistent in their response to the introduction of new technologies.
[image: image49.png]


Non transparency in the data on mass emissions standards: The data on prototype approval and conformity of production tests for the new range of vehicles, based on test procedures carried out by the Automotive Research Association of India (ARAI) at Pune, is not available to public. Such information is very useful to study the trend in tailpipe mass emissions improvement (if any) for different category of vehicles, especially as compared to the international standards.
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Non-satisfactory test procedures for tailpipe emissions of in-use vehicles on road: For the new range of vehicles, the government is very firm that these vehicles meet stringent mass emission norms of CO, HC and NOx together for both petrol and diesel vehicles and particulate emission standards for diesel vehicles. On the other hand, for the in-use vehicles on road, pollution under control certificate is awarded to a vehicle owner based on the tailpipe emissions test under idling condition for percentage volume of carbon monoxide emissions for petrol driven vehicles and smoke test for diesel vehicles. Following question arises here: (1) what is the empirical relationship between % volume of emissions and mass emissions? Why for in-use vehicles on road, the test procedure is restricted to CO alone and not particulate and NOx? What are the test procedures?
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Lack of data on emissions inventory. There is no credible and current database on the contribution of pollution from various sources. In the absence of a reliable database, it becomes difficult to evaluate the impact of different measures in combating pollution and to set clear targets that need to be achieved in a specified time frame, and prioritize them for purposes of implementation especially when budgetary constraints make prioritization imperative.
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Lack of a satisfactory integrated policy analysis. No satisfactory integrated analysis of alternative futures with improved city air quality is available because of the existing limitations of the available modeling studies coupled with lack of quality data. For instance, in the transport sector, just addressing efficiency improvement in technology is not sufficient for reduction of carbon emissions unless appropriate system and demand management measures to adopt such technologies through a mixture of pricing and command and control mechanisms are in place. 
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Barriers to market penetration of technologies. In spite of considerable work, experts have not achieved a consensus on the most effective ways of quantitatively describing the acceptance of new technology, either in terms of the dynamics of penetration or the fraction of the market share achieved at the point of saturation. 
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Greater attention needed in transport management. Adoption of policies that modify travel behaviour using mixed set of instruments (command and taxation) would help in reducing total per capita travel demand in a city and use of less carbon intensive fuels. It is desirable, therefore, to complement the supply-side interventions with demand management measures, if the ultimate objective is to secure improved levels of air quality and reduction of GHG.
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Lack of appropriate institutions. Lack of institutional capacity, personnel capability and linkages among institutions have been repeatedly identified as issues of serious concern for priority setting and policy reforms. There is a need to strengthen the existing institutions and to establish linkages among them for an effective real-time communication through setting up of an apex body. The role of such an apex body would be to review the existing plans and proposals and then identify relevant institutions for implementing a clear-cut action plan. The apex body would also solicit feedback from the concerned agencies on the problems of and constraints on the existing institutional and regulatory mechanisms. Also, wherever necessary, appropriate legislative changes, and their effective enforcement, are required.
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Absence of a regulatory framework to address the special problems. Apart from the Central Motor Vehicle Act & Rules that apply to the entire country, there is no specific regulatory framework to address the specific problems of different cities. Some of the contemplated measures by the government of the National Capital Territory of Delhi such as deregistration of vehicles beyond a certain age, introduction of a pollution tax, congestion pricing, parking fees, regulation of private buses, notification of stringent emission testing procedures like Euro I and Euro II norms in new vehicles for certification, do not appear to have a strong legal standing and could be challenged in a court of law. A specific regulatory framework for Delhi and also a legislation to provide for specific traffic reduction, as has been done in cities in the United Kingdom, are urgently required
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Some way an individuate can help
In an effort to check automobile pollution in this country, the 
Government of India has made mandatory the use of unleaded petrol for the petrol fuelled engine. But as an owner and user of automobile, we must all do our bit to not only control and reduce pollution but also get the best out of our vehicle. 
 

1. Change engine oil at manufacturer recommended intervals or if the vehicle has been lying unused for a long period. 

2. Whilechanging lubricant, make sure you use the recommended brand and more importantly, the grade of oil example, 40SW 10. Never use the wrong grade of oil. 

3. If it is a carburetted vehicle, clean and tune the carburettor and adjust the idling speed every 3000 kms. 

4. Check and adjust tappet clearance. 

5. Inspect spark-plug clearance, clean and adjust gap. Replace plugs if necessary.

6. Check the ignition timing and set as per the manufacturer recommendation. 

7. Check tyre pressure regularly because low tyre pressure causes drag which increases fuel consumption. 

8. If the vehicle has been parked unused for a long time, have the engine tuned and the engine oil replaced. 

Some do's and don'ts

1. Avoid unnecessary revving or idling of the engine, it not only increases your fuel consumption but also increases pollution. 

2. Switch off the engine at red-lights, or where you are likely to stop for more than two minutes. 

3. Try and drive around the speeds of 50-60 kmph in top gear. 

4. Speeding increases fuel consumption and this in turn increases pollution. 
5.Unless we dramatically reduce the amount of pollution vehicles emit in actual use, or drastically cut back on the amount we drive, smog-free air will continue to elude many cities. 

6.Control of hydrocarbon and nitrogen oxide emissions is the most promising strategy for  reducing ozone levels in most urban areas.

7.The only way to ensure healthy air is to markedly reduce our use of cars or to switch  to fuels that are inherently cleaner than conventional gasoline. 

7.Our cars, while necessary, are very harmful to the environment. The average American automobile emits its own weight in pollutants into the atmosphere each year. Auto emissions account for about 60% of air pollution (espcially ozone smog) in cities. Reformulated gasoline and Inspection and maintenance programs such as PUC have been introduced in many areas to reduce emissions. These programs, however, are only short term solutions to the problem.


8.If your car is leaking fluids, these can contaminate the water and soil. Routine maintenance of your automobile creates other hazardous wastes, such as used motor oil, used antifreeze, tires, and other waste. It is important that we dispose of these wastes in accordance with state and municipal environmental regulations.


9.Walk, ride a bicycle, use public transportation, or carpool whenever possible. Driving less is, not susrpisingly, the best way to reduce automobile pollution.

10.If you are buying a car, consider purchasing the most fuel-efficient model in its size/category.

11.While changing lubricant make sure  you use the recommended brand and more important the grade of oil e.g. 40SW 10. Never use the wrong grade of oil.

12.Maintain your car in good, efficient working condition to decrease air and water pollution. More than 80% of auto emissions come from less than 30% of the cars.

13.Change your oil only when necessary. Independent tests by Consumer Reports® magazine indicate that changing modern motor oils every 7,500 miles (synthetics at 12,000 miles) or at the automakers suggested intervals, is more than adequate under most driving conditions.* Also consider using 100% Synthetic motor oils to extend drain intervals on your vehicle.

14.Recycle used motor oil. Each year over 140 million gallons of used motor oil end up in our landfills. When you take your oil to a recycling location, be sure to use a proper reusable container with a tight fitting cap.

15.Clean out that trunk! You get four percent less gas mileage for every 100 pounds of excess cargo in your automobile, and that means increased air emissions.

16.New cars are cleaner than ever, but we have more of them every year. Vehichle maintenance is essential for low emissions. A singe recent model year car that is badly out of tune can produce as much of certain smog causing pollutants as several hundred brand new cars! So please support emission inspection programs in your state. 

17.Establishing public transportation reduces pollution, and energy consumption, and that ultimately means less pollution, more energy and lower prices for everyone.Public Transportation Also Conserves resources. Less cars mean less pollution, less streets and parking lots.

19.Check tyre pressure regularly because low tyre pressure causes drag which increases fuel consumption.

20.If the vehicle has been parked unused for a long time, have the engine tuned and engine oil replaced.

21.Inspect spark plug clearance, clean and adjust gap. Replace plugs, if necessary.

22.Do not use leaded or low leaded fuel in vehicle fitted with Catalytic Convertor. Always use unleaded fuel.
CONCLUSION
The need for an integrated, holistic approach for controlling vehicular emission cannot be over-emphasised. More importantly, it is time now for the auto and oil industry to come together under the guidance of the Government in evolving fuel quality standards and vehicular technology to meet air quality targets. Efforts by government and industry since 1970 have greatly reduced typical vehicle emissions. In those same years, however, the number of miles we drive has more than doubled. The increase in travel has offset much of the emission control progress. 
The net result is a modest reduction in each automotive pollutant except lead, for which aggregate emissions have dropped by more than 95 percent. 

With ozone continuing to present a persistent urban air pollution problem, future vehicle emission control programs will emphasize hydrocarbon and nitrogen oxide reductions. Carbon monoxide control will remain critical in many cities, and limits on vehicle-generated carbon dioxide may become important in the future

Delhi Air pollution  - A Case Study

The first foundation stone for the city of Delhi may have been laid as far back as 10th century BC and it has now evolved as a Mega-city with a human population of about 14 million. The growth of the city came in as many as seventeen phases, with the last phase beginning soon after independence in 1947. This phase has seen a very rapid growth in population with as much as 50% of it being fuelled by immigration from other areas of India. The vast commercial, employment and educational opportunities, combined with the highest per capita income in the country, continue to attract migrants. In addition, over half a million people visit Delhi every day as tourists, for business, medical facilities, and other reasons. 

However, the massive rates of population growth brought about many problems. The civic services being provided by the municipality and other agencies failed to keep pace with the burgeoning demand. While a part of the population is still not provided many of the civic services, the quality in other places has generally suffered. Colonies and shopping centers sprung up without, often in violation of set norms. Squatter settlements (jhuggies / jhopries clusters) became a widely prevalent feature with over 3 million inhabitants residing in them at present. The number of industrial units grew from 26,000 in 1971 to 137,000 in 1999. Only 25,000 units of these are in conforming industrial areas, and the rest in non-conforming areas. Three thermal power plants operate within the city; two are coal-based and one running on gas. 

There are a number of civic agencies operating within the city. New Delhi, the seat of the Indian government, primarily consists of central government offices and the residential areas housing civil servants. This area of 42.40 km2 is governed by the New Delhi Municipal Corporation (NDMC). The cantonment area (42.80 km2) is governed by the Delhi Cantonment Board and the rest of Delhi (including the old city), 1399.26 km2, falls under the jurisdiction of the Municipal Corporation of Delhi (MCD). Water supply and sewerage are the responsibility of the Delhi Jal Board with NDMC and MCD also holding some responsibility for these services. Delhi Vidyut Board supplies electric power but NDMC too plays a major role in area under its jurisdiction. All the three municipal bodies are run by democratically elected representatives. Moreover, Delhi is a city-state (comprising these three municipal regions) and is governed by a Chief Minister, chosen by the Legislative Assembly, which consists of elected state legislators. However, some functions such as policing, are directly handled by the central government.



Believed to be fourth most polluted city in the world in terms of air pollution, Delhi faces an uphill task to provide clean air to its citizens. Suspended particulate matter (SPM), sulfur oxides (SOx) and nitrogen oxides have shown an increasing trend over the years. The ambient air quality standard for respiratory particulate matter is violated at all points in the city, with some of the values being as high as 5.5 times the standard. Other pollutants of concern are lead, benzene and polyaromatic hydrocarbons. 

The major sources of air pollution are vehicles, thermal power plants, industries, and domestic fuel combustion. The contribution of vehicles to the total pollution load has progressively increased from 23% in 1970/71 and 42% in 1980/81 to 64% in 1990/91, and is expected to increase to 72% by the year 2000/01. With about 3.3 million vehicles, Delhi has more vehicles than the cities of Mumbai, Calcutta and Chennai put together. Buses constitute just 1% of these and about 80% are private vehicles. The lack of a mass rapid transport system and the growing number of private vehicles with low occupancy rates promote inefficient use of vehicle capacity and road space. The critical issues for the transport sector are outdated engine technology, inferior fuel quality, poor maintenance of vehicles, and inadequate traffic planning. 

The introduction of unleaded petrol has brought down ambient lead levels but some pockets still contain dangerously high levels. A large number of vehicles still run without using a catalytic converter. The recent banning of old buses and taxis (older than 8 years) by the Supreme Court of India has brought some respite by somewhat reducing the SPM levels. Campaigns, often carried out by schoolchildren, to ensure that each vehicle obtains a 'pollution under control' certificate have had limited success. It is hoped that the recent introduction of ultra-low sulfur diesel and petrol in Delhi would bring down SOx and SPM levels. However, these efforts till date are proving to be too little, especially as the total number of vehicles grows rapidly. 

Survey of Pollution Checking Centres in Delhi 

Experts from CPCB and the State Transport Department inspected twenty-one vehicle-checking centres in May-June, 1999, to check the operation, maintenance and calibration of instruments. The report states that at some centres, operators were not fully conversant with the operation of the instruments. Most of the instruments were exposed to dirt and heat, thus affecting the performance of instruments. 

CPCB recommended that the staff of the pollution checking centres need proper training, gas calibration metres should be checked regularly, sampling probe should be regularly cleared with petrol and compressed gas after each monitoring. 

Vehicular Monitoring in Delhi 

Vehicular emission monitoring of 712 petrol driven vehicles comprising 400 two-wheelers, 246 four-wheelers and 66 three-wheelers was conducted during May-June, 1999. Out of the 400 two-wheelers monitoring 89.5% were meeting the prescribed CO standards of 4.5%. 95 per cent of the three wheelers complied with the standards while 85% of the four-wheelers complied with the CO standard of 3%. The vehicles registered during 1998-99 have higher rate of compliance than the earlier ones. Details are given in Table-12. 
	Sl. No
	Category of vehicles
	No. of vehicles
	No. of vehicles
	%age of vehicles 

	1
	Two Wheelers 
	400
	358
	89.5

	2
	Three Wheelers 
	66
	63
	95.45

	3
	Three Wheelers 
	246
	213
	86.58

	Total
	-
	712
	634
	89.05
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Introduction 
The rapid growth of Delhi in recent times has resulted in significant increase in environmental pollution. It is widely perceived that the problem is threatening to get out of hand. Hence, effective and co-ordinated measures for controlling pollution need to be put in place without delay. In view of the seriousness of the issue, the Minister of Environment and Forests decided to have a series of interactive meetings with concerned government agencies, NGOs, experts and citizens, with the objective of defining a plan of action to combat the problem. The outcome of these meetings is a White Paper on Pollution in Delhi with an Action Plan (henceforth, Action Plan) covering various aspects of pollution control, including vehicular and industrial pollution, solid waste management and noise pollution. 

Increasing Pollution in Delhi: Rise in population and growth in economic activity has led to increase in pollution in Delhi. After Independence, the city became a major centre of commerce, industry and education. The growth of government departments and office complexes has also contributed to the spread of the city. Civic amenities have not kept pace. Unabated in-migration has compounded the problem. Land use regulations have been flouted. The green cover has dwindled. 

According to the 1991 census, Delhi had a population of 94.21 lakhs. The population is projected to touch 132 lakhs in 2001. Presently, about 30% of the population lives in squatter settlements. The number of industrial units in Delhi in 1951 was approximately 8,000. By 1991 this number had increased to more than 1,25,000. The vehicular population has increased phenomenally, from 2.35 lakhs in 1975 to 26.29 lakhs in 1996, and expected to touch 60 lakhs in 2011. In 1975 the vehicular population in Delhi and Mumbai was about the same; today Delhi has three times more vehicles than Mumbai. Vehicular pollution contributes 67% of the total air pollution load (approximately 3,000 mt per day) in Delhi. Another 25% of air pollution is generated by industries and coal based thermal power plants. The three power plants in Delhi generate 6000 mt of fly ash per day. 16 drains are discharging about 1,900 mld of municipal sewage and waste water into the river Yamuna. The industrial effluent load is 320 mld. Municipal solid waste generation is estimated to be 5,000 mt per day. In certain localities noise levels are attaining alarming levels. 

Action Plan: For controlling pollution in Delhi, the Ministry of Environment and Forests has now prepared an Action Plan. This is the result of a series of interactions and meetings which the Minister of Environment and Forests had with concerned agencies and informed citizens. Also included in the plan are the existing projects for pollution abatement. The plan stipulates the implementation of a time bound programme entailing a coordinated inter-departmental strategy. It is recognised that environment protection measures are inherently multi-agency. Though the main responsibility for implementation of such measures rests with government agencies, a key role also has to be played by community and local residents organisations. 

It may be mentioned that in the first of the aforementioned series of meetings, held on 21.5.1997, suggestions were invited. A number of informal consultations were held by the Minister. The ideas generated were considered in a meeting on 20.6.1997. A draft Action Plan was drawn up which was circulated to the various Ministries and Departments of the Central Government and Delhi Government. In a meeting chaired by the Minister of Environment and Forests on 15.7.1997 representatives of the various implementing Ministries/Departments of the Central Government and the Delhi Government concurred with the draft plan. The plan was also referred to the Lt Governor and the Chief Minister of Delhi. The Minister held discussions with the Lt Governor on 7.8.1997 and with the Chief Minister on 4.8.1997 and 8.8.97. The Lt Governor and the Chief Minister concurred with the proposals in the Action Plan and stressed the need for its implementation without delay. 

Target: The target being pursued by the Action Plan is the protection and improvement of the environment keeping in view pollution trends and the prescribed ambient standards. The ambient standards for air (residential-industrial) in respect of sulphur dioxide, oxides of nitrogen and suspended particulate matter are, respectively, 60-80 micrograms per m3, 60-80 and 140-360 microgrammes per m3, on annual average basis. The ambient standards for water in the rivers (bathing quality) in respect of dissolved oxygen, biological oxygen demand, and total coliform are 5 mg/l or above, 3 mg/l or below and 500/100 ml, respectively. The ambient noise standards range between 40 to 75 decibels depending on the designated zone, with different standards for night and day. Presently, the ambient air quality in respect of the levels of sulphur dioxide, oxides of nitrogen and suspended particulate matter is 15-26 microgrammes per m3, 28-46 microgrammes per m3 and 362-452 microgrammes per m3 respectively. The ambient water quality of river Yamuna in respect of dissolved oxygen, biochemical oxygen demand and total coliform at Okhla is 1.3 mg/1, 16 mg/1 and 3,29,312/100 ml respectively. The ambient noise quality in many areas ranges between 75 to 85 decibels. 

Air Pollution 
It is estimated that about 3,000 mt of air pollutants are emitted everyday in Delhi. The sources of air pollution in Delhi are: emissions from vehicles (67%), coal based thermal power plants (13%), industrial units (12%) and domestic (8%). In 1991 the air pollutants emitted daily were 1,450 mt. There has been a rising trend, 1992 : 1,700 mt, 1993 : 2,010 mt, 1994 : 2,400 mt, 1995 : 2,890 mt. 

 The Central Pollution Control Board has been monitoring the ambient air quality regularly at various locations in Delhi, measuring sulphur dioxide, oxides of nitrogen and particulates. The atmospheric concentrations of air pollutants show a rising trend. The monitoring stations are located at Ashok Vihar, Shahzadabagh, Siri Fort, Janakpuri, Nizamuddin, Shahdara. The ambient air quality data indicates high values of suspended particulate matter at all the monitoring stations, namely, 367-452 microgrammes per m3 on annual average basis as against the prescribed standard of 140-360 microgrammes per m3. Though the annual mean value of sulphur dioxide (15-26 microgrammes per m3) and oxides of nitrogen (28-46 microgrammes per m3) remain within the prescribed limits of 60-80 microgrammes per m3, there is a rising trend. Compared to 1989, sulphur dioxide atmospheric concentrations in 1996 have registered a 109% rise, and oxides of nitrogen a 82% rise. The suspended particulate matter atmospheric concentration has shown only a nominal rise, because of the installation of electrostatic precipitators by the thermal power plants in Delhi. 

The table below gives the average ambient air quality from 1989 to 1997 along with percentage variation. 

Ambient Air Quality Data of Delhi 
(All concentrations are in micrograms per cubic metre) 

-----------------------------------------------------------------------------------

Year      Sulphur Dioxide          Nitrogen Dioxide         Suspended Particulate

                                                       Matter

----------------------------------------------------------------------------------------

                   Annual   % Variation    Annual    % Variation    Annual %Variation

                   Mean      (base 1989)    Mean      (base 1989)    Mean (base 1989)

1989 (Jan-Dec)     8.7                      18.5                      373    

1990 (Jan-Dec)     10.2      (+)17.0        22.5         (+)22        338    (-)10.0

1991 (Jan-Dec)     13.3      (+)53.0        27.2         (+)47        317    (-)15.0

1992 (Jan-Dec)     18.4      (+)111         30.4         (+)64        377    (+) 1.0

1993 (Jan-Dec)     18.5      (+)113         33.2         (+)79        372    (-) 0.3

1994 (Jan-Dec)     19.5      (+)124         33.0         (+)78        377    (+) 1.0

1995 (Jan-Dec)     19.0      (+)118         34.1         (+)84        407    (+) 9.0

1996 (Jan-Dec)     19.0      (+)109         33.7         (+)82        387    (+) 4.0

1989 (Jan-Aug)     10.1         -           20.2          -           377     -

1997 (Jan-Aug)     16.2      (+)60          33.0         (+)63        370    (-)2.0

---------------------------------------------------------------------------------------

4.0 Sources of Pollution: The contribution of industrial (including thermal power plants), vehicular and domestic sources of pollution to the ambient air is as follows: 

----------------------------------------------------------------------

Source          1970-71         1980-81         1990-91         2000-01

                                             (projected)

---------------------------------------------------------------------------

Industrial       56%              40%             29%             20%

Vehicular        23%              42%             64%             72%

Domestic         21%              18%              7%              8%

---------------------------------------------------------------------------

Vehicular Emissions: Vehicular emissions constitute a very important component of any strategy to control air pollution in Delhi. This subject is discussed in detail in the following Chapter 3. To assess the impact of vehicular emissions on the ambient air, the Central Pollution Control Board monitored the air quality in terms of sulphur dioxide, oxides of nitrogen and carbon monoxide at 10 major traffic intersections and at the IARI campus, a relatively low pollution area. The study revealed marked differentials in air pollution between the IARI campus and the intersection points. It is notable that two thirds of the vehicles in Delhi are two-wheelers, operated on two stroke engines accounting for 70% of hydrocarbon and 50% of carbon monoxide emissions. The Central Pollution Control Board has been monitoring carbon monoxide at the ITO traffic intersections since 1989. The concentrations of carbon monoxide in 1996 show an increase of 92% over the values observed in 1989. The annual average values are given in the table below. 

Lead: The particulate lead concentrations appear to be getting in control which is attributable to the deleading of petrol and restrictions on lead handling industrial units. The table below compares the 1996-97 position with 1989-90.

Industrial Emissions: The three thermal power plants at Indraprastha, Badarpur and Rajghat contribute to 13% of the air pollutants, and another 12% is generated by the industrial units in Delhi. The industries emit suspended particulate matter, hydrocarbons, sulphur dioxide, oxides of nitrogen and carbon monoxide. The power plants emit sulphur dioxide, oxides of nitrogen and suspended particulate matter. 

Noise Levels in Delhi: Noise is notified as a pollutant under the Air (Prevention and Control of Pollution) Act. Ambient noise levels have been monitored at 25 monitoring points. The average ambient noise levels are in excess of the prescribed standards during day time. 

Climate and Natural Sources: Climate and natural sources also play an important role in contributing to the pollution levels of Delhi in addition to man-made sources. The region has a semi-arid climate. A sporadic pre-monsoon feature is dust storms when winds from the west deposit large concentrations of suspended particulate matter in the atmosphere of Delhi. Pre-monsoon calms contribute to increased pollution loads due to lack of mixing between different atmospheric levels. In winter, ground-based temperature inversions constrain dispersal of pollutants. 

Vehicular Pollution 
Growth in Vehicles: The growth in vehicular population (in lakhs) in Delhi has been as follows: 

                31.3.1975        2.35

                31.3.1985        8.41

                31.3.1996       26.29

                31.3.2004       46.00*

                31.3.2011       60.00*

        *projections

Pollution from 2-wheelers: Two-wheelers account for about two thirds of the total vehicular population in Delhi. Because of inherent drawbacks in the design of 2- stroke engines, 2-wheelers emit about 20-40% of the fuel un-burnt/partially burnt. Presently, two-wheelers account for more than 70% of the hydrocarbons and nearly 50% of the carbon monoxide in Delhi. As these emissions are less visible, the general public is not aware of the role of 2-wheelers in the deteriorating air quality. The 2-stroke engine, in spite of R&D efforts towards improving its design, will continue to be a high emitter of hydrocarbons and carbon monoxide. In absence of a technological breakthrough on the conventional 2-stroke engine and its high pollution potential, it is for consideration that Government consider the phasing out of two-stroke two and three wheelers. 

Pollution from 3-wheelers: Of the 80,000 three-wheelers in Delhi nearly 97% are petrol-driven, powered by 2-stroke engines. These vehicles are also high emitters of carbon monoxide and hydrocarbons. Pollution checks conducted by the Transport Department of Delhi Government has revealed that in some instances the levels are so high that they go beyond the measurable scale of test instruments. In addition, it is widely believed that petrol is adulterated with kerosene which results in emissions of thick black smoke. 

 Pollution from DTC nd other privately operated buses: There are about 3,500 privately operated blue line buses and about 3,000 DTC buses in Delhi for public transport. About two thirds of the DTC fleet is beyond the recommended age of 4-5 years, some even beyond 8-10 years. Most of these buses require phasing out as their condition is beyond normal maintenance measures. Their continued use has resulted in emissions of very high levels of smoke and particulates. The manufacturers of these buses have given to understand that there is very little that can be done to improve the performance of vehicles, including pollution control, if such vehicles continue to function beyond the recommended age and carry more than the permitted load of passengers. The blue-line buses, which were introduced in 1992-93, would require phasing out in a couple of years. It is stimated that by the year 2001, Delhi would require 15,000 buses to cater to the peak passenger traffic. 

Overloading: All buses, particularly during peak hours, carry more than the recommended load of passengers. This results in higher smoke emissions. High capacity buses require to be inducted for carrying more passengers. The worst polluters should be taken off the heavy traffic corridors and high density areas. Similarly, for trucks, enforcement of laws related to overloading require to be enforced vigorously. 

 Pollution from diesel trucks: The diesel trucks, similar to buses, emit high levels of smoke and particulate matter. An age limit needs to be specified for all commercial diesel trucks. Renewal of permits must be done only if the vehicle conforms to satisfactory inspection and maintenance measures for pollution control. 

 Inspection and Maintenance Programme for Vehicles: The present system of checking pollution is only a representative method. A more effective system will be through the setting up of automated testing stations. The system can begin with testing of commercial vehicles and public transport vehicles to be linked with renewal of permits and registration. 

 Emission norms: Emission norms for all categories of petrol and diesel vehicles at the manufacturing stage were introduced for the first time in 1990, and made tighter in 1996. Stricter emission norms, already notified, will come into effect from 1.4.2000. 

 Improvement of fuels: Fuel quality standards for petrol and diesel have been notified under the Environment (Protection) Act. The quality standards are being implemented by the Ministry of Petroleum & Natural Gas (MoP&NG) through the oil companies. The MoP&NG has introduced low-sulphur diesel (0.25%) recently within the city limits which would be further extended. Considering the serious nature of air pollution problem due to particulates which are emitted mainly from diesel vehicles, it is necessary that diesel with even lower sulphur content is introduced in Delhi. 

The MoP&NG is also implementing a programme for introducing pre-mixed fuels (petrol and oil mixture) for use of two stroke vehicles. Presently, 30% of the retail outlets in Delhi are supplying pre-mixed fuels. The MoP&NG plans to expand the number to 50% by December, 1997. This measure would have the desired impact if it is also supported by a ban on supply of loose engine oils for 2 stroke vehicles at retail outlets and service stations. 

 Use of clean fuels such as CNG: CNG is a clean burning fuel and its use in the automotive sector would help in reducing pollution from in-use as well as new vehicles. However, availability of CNG in Delhi, presently through 4 retail outlets and 3 on-line stations, is not sufficient and inconvenient in view of the travelling time involved for refills. More facilities would need to be created for CNG supply. Also some buses with dedicated CNG engine and more cars running on bi-fuel mode (CNG-petrol mode) must be introduced. Already, government cars are running on CNG, which can be emulated by private cars.  

Traffic Planning and Management: To relieve congestion on Delhi roads, there is need for constructing fast motorways to enable transit traffic to pass unhindered. The existing road capacity network can be better utilized by upgradation of traffic management systems. The network of synchronised signals must be expanded. 

MRTS: As per the existing programme, the first phase of the is being taken up. The MRTS project must be kept on schedule, with the remaining phases to follow. The MRTS needs to be integrated with the Regional Rapid Transport System of the National Capital Region Planning Board. 

Vehicular Pollution Control Measures: The table below indicates measures for controlling pollution from in-use vehicles, for traffic management and improvement of fuel quality: 

1.1  Taxis to be phased out in the following manner:                              31.3.98- 31.3.2000

     By 31.3.1998   >15 years.

     By 31.3.1999   >12 years.

     by  31.3.2000  >10 years.

1.2  Ban registration of Army disposal vehicles, Government auctioned vehicles and commercial 

     goods and passenger vehicles (LCVs) beyond a 

     specified life span.

1.3  Ban on alteration of vehicles by  replacing petrol engines with diesel engines. 

Traffic Management
2.0  Traffic management of mostpolluted intersections Areas in Delhi, synchronised signals, establishment of area traffic control and central control room for diversion of traffic based on air quality monitoring data.

2.1  Provision of bicycle tracks and greater use of existing tracks.

2.2  Display of halting time at major traffic intersections.                          

2.3  Restricting the plying of goods vehicles during the day by further tightening of regulations.

2.4  Dovetailing Urban and Sub-Urban Mass Transit Rail System on the ring rail with the road transport system.

2.5  Construction of road bye-pass for Delhi          

2.6  Construction of express ways.                              

2.7  MRTS implementation; 

3.0  Fuel quality: Improved quality diesel;            

.

3.2. Fuel Adulteration: 
3.3  Alternative Fuels: 
Institutional and Planning Aspects 
1.0 The Action Plan goes beyond just controlling pollution. It also emphasises planning and development of infrastructure which will mitigate pollution. Commensurate institutional arrangements, too, need to be brought in place. 

 NCR Planning: An objective of planning for the National Capital Region (NCR) is to contain the pressure of population on Delhi. The Plan envisages the deflection of a population of 20 lakhs from Delhi. Accordingly, the development of priority (satellite) towns and complexes in the NCR outside Delhi has been projected. These townships would be developed so as to be centred around core economic activities and office complexes relocated out of Delhi. Development of physical infrastructure and establishing linkages within the region would mean making power available at par with Delhi, developing a fully integrated regional rail transit system, expressways and adequate bypass facilities to divert traffic. The solution for containing the further growth of Delhi lies in framing the Issue in a regional setting. There is need for an integrated planning and development of the NCR. There has to be concerted policy and action for strictly controlling growth in Delhi (NCT), moderate controls in the Delhi Metropolitan Area (DMA) outside Delhi, and induced development in the towns falling outside the DMA. In this light, the techno-economic feasibility of the development programmes for the NCR, as proposed by the NCR Planning oard, should be considered. The investment requirements for the implementation of the NCR proposed projects is very large. A pragmatic assessment of the possibilities of central and state sector funding is required. 

 Master Plan: The Master Plan for Delhi, 2001 modified the existing spatial plans and specified a land- use pattern for Delhi. The Plan emphasises an efficient circulation network and extensive land spaces. The Plan also provides a framework for controlling haphazard development and building activities. In recent times, there has been comment about the concerned implementing agencies working at cross purposes. The extent to which mixed land use can be permitted has also been a matter of debate. The implementation of the Master Plan will help to improve the environment, simultaneously with due effort for raising the standard of civic services. 

Deficiencies in Civic Services: Environmental planning will have to take account of the projected deficiencies in civic services in Delhi. Presently the water supply is 2,120 mld against the requirement of 2,950 mld. By 2001, this requirement is expected to be 4,030 mld. Municipal sewage treatment exists for only 1,270 mld as against the required capacity for 1,900 mld. The requirement is projected to be 3,170 mld by 2001. Only 2700 tonnes of solid waste out of the 5000 tonnes generated every day is being managed now. By 2001 solid waste generation would be 7,300 tonnes per day. The demand for power has been increasing, and projected to be 4,000 mw by 2001. Against the requirement of 7,500 buses for public transport, only 6,000 are available. For 2001 the requirement is likely to be 16,000 buses. 

 Law Enforcement and Delegation of Powers: Further delegation of statutory powers to functionaries of the Delhi Government for carrying out enforcement functions for controlling pollution must be considered. Suitable persons can be appointed as Motor Vehicle Officers. for enforcement of the provisions of the Motor Vehicles Act dealing with dangerous driving or at excessive speeds, and driving under the influence of drugs and alcohol. The Delhi government can empower these officers to detain upto 48 hours any vehicles found to be violating the relevant provisions. Such persons can also be involved in teams constituted for carrying out surprise checks to detect vehicles particularly buses and trucks which do not comply with emission norms. Powers would also require to be vested in private persons for enforcing the relevant provisions of the Municipalities Act to prevent uncontrolled garbage disposal. 

 Private Sector: The scope of integrating the effort of the private sector and voluntary non-profit organisations with the resources of the local authorities and government agencies needs to be assessed. Simultaneously, the of the public sector as facilitator and regulator of private sector operations must be defined. 

 Squatter Settlements and Sanitation: The problem posed by squatter colonies needs to be addressed along with development of low cost sanitation. The Ministry of Environment & Forests has entered into an agreement with the World Bank to prepare an Urban Environment Management Project which will cover Delhi. The objective of this study is to define ways for improving the management of air quality, waste water and solid waste in Delhi; prepare high priority interventions necessary for the management practices to be effective; and identify long- term investment needs in urban infrastructure services. Special attention will be paid to the needs of the areas where the poorest live for identifying commensurate reforms and investments. The role of improved household domestic practices and self-help schemes needs to be highlighted. 

 Environmental Statistics: The status of pollution in Delhi will require constant updating through quantitative information relating to environmental quality and related parameters. Environmental epidemiological studies would be needed to assess the impacts of pollution on human health. A system will have to be institutionalised for collecting and analysing data on the environmental health of the poorest, e.g., data on upper respiratory and gastro-intestinal illness. The costs and benefits of existing municipal and waste collection and management systems needs to be reviewed, including equipment installation, their utilisation and maintenance, using the existing data and field observations. This should be possible through the above mentioned World Bank project, which can also verify the data and physical and chemical analysis about solid waste, and study the impact of leachates on the adjoining surroundings, including water bodies. Monitoring results need to be standardised to facilitate ease of comparison, with the aim of increasing public awareness about environmental quality. 

Public Participation and General Awareness 
Public Participation: Any plan to control pollution can succeed only if the people feel initiated and involved in its working and are able to participate in its implementation. The Policy Statement for Abatement of Pollution, 1992 acknowledges the significant role that NGOs and public spirited citizens can play in managing the environment. The National Conservation Strategy and Policy Statement on Environment and Development, 1992 states that NGOs and citizen groups be empowered for mobilising public opinion and participation in development activities. The National River Conservation Programme (NRCP) is a case in point; an important concern expressed by the Minister of Environment and Forests regarding the functioning of the NRCP is the lack of public involvement and popular social action. 

 Awareness: Public participation, for controlling pollution in Delhi, will include the element of enhancing the general level of awareness about the effects of rising pollution and measures capable of being taken by the citizenry for abatement of pollution and inducing community spirit. The example of Surat is often cited where the public became motivated to actively participate in cleaning up the city. Special programmes are required for generating awareness focusing on specific and varied target groups. In like manner, self initiated groups like the Civil Defence, Territorial Army or Army regimental units can be motivated for the development of degraded lands and enhancement of green cover. 

 NGOs: Involvement of the NGOs and other community groups is essential. The role of "mohalla committees" is important. Though, it is to be expected that such committees will concentrate on their own localities. To the extent possible, the NGOs should be given freedom to choose the issue to be popularised, the method to be adopted and the target group. Monitoring and evaluation of campaigns should also be carried out by NGOs. The NGOs can catalyse the adoption and application of new technologies, methods, and operations, particularly with respect to cleanliness drives. The Ministry of Environment and Forests can equip them with aids, eg., water testing kits designed and developed by the Central Pollution Control Board capable of analysing various parameters, books, literature, etc. The NGO effort will be highlighted through newsletters, the press and TV. 

 National Environment Awareness Campaign: The Ministry of Environment and Forests in 1986 had launched the National Environment Awareness Campaign. This is a multi-media campaign for spreading various messages related to environmental issues to diverse target groups. 

 Eco-Clubs: School children are an important target group. The Eco-club programme encourages the participation of school children in activities related to environmental protection by creating awareness and motivating interest in ecology. This scheme needs to be expanded to reach every school in Delhi. The Ministry can sponsor competitions in the Delhi schools ranging from essay and painting competitions to quiz and debates. 

 Paryavaran Vahini: The Paryavaran Vahini scheme, launched in 1992, also has the potential for giving feedback regarding afforestation and survival of plants. The Vahinis can also monitor water quality and ambient air. The sample meter testing kits developed by the Central Pollution Control Board can be made available to the Paryavaran Vahinis. 7.0 TV: The TV is a powerful tool for getting the message across. The Ministry will approach leading personalities in the field of culture, sports, films and art to disseminate the message of a pollution free Delhi. Focused television spots should be prepared drawing the attention of the citizens of Delhi to the need for protecting the environment and preventing pollution in daily activities. 

 Private Sector: The private sector can be made more socially responsive, particularly those manufacturing products which generate pollution, e.g., automobiles, plastics, etc. Initiatives can include inspection and maintenance camps for vehicles, collection of plastic wastes for recycling, etc. Increased public awareness for a cleaner environment will force modifications in overall corporate strategies compelling greater investment in anti-pollution efforts. The Eco-mark scheme with eco-labelling will have to be deployed for shaping consumer preferences through motivations for a cleaner environment. 

 Experience Sharing: Experience sharing on methods evolved to combat pollution would greatly help the cause of pollution control and abatement, e.g., interactions between members of Waste Minimisation Circles which is a programme for preventing industrial pollution by technological upgradation. Professional groups, e.g., comprising of medical practitioners, lawyers, etc. must share perceptions about issues like health and safety. 

Action Points: General 
Apart from the activities outlined in the Action Plan, some action points have been particularly emphasised in the deliberations which Minister of Environment and Forests has had with various government and non government agencies on the subject of controlling pollution in Delhi. These action points relate to: 

1. Domestic Refuse: A special drive needs to be organised to motivate the public for depositing domestic refuse in `bin bags.' Segregation will be encouraged to facilitate recycling. The refuse bags will be placed suitably at pre-determined points for collection by the concerned agencies. Dumped refuse would attract fines. 

2. Waste Bins: Large waste bins would be made available at all major markets and tourist spots to void littering. 

3. Stray Cattle: The problem of stray cattle is increasing. Not only is this a public nuisance but increases the chances of road accidents. The municipality needs to implement a concerted programme to shift stray animals to cattle ponds. 

4. Street Dogs: Concerted effort is needed to remove street dogs many of which are carriers of rabies. The municipality must devise methods to sterilise the dogs. Rabid dogs must be destroyed. 

5. Removal of Encroachments: Encroachments will be removed for providing more road space to facilitate free movement of traffic. Pavements will be cleared for pedestrians. Pedestrianisation of congested areas in Delhi would be particularly encouraged, e.g., in Karol Bagh, Chandni Chowk, etc. The problem of old trees on pavements posing danger to passers- by will be addressed by the municipality. Where necessary, the old trees will be uprooted. More bicycle pathways are needed. 

6. Parking: Parking areas will be developed which are distant from congested market places. Battery perated buses would ferry the shoppers to the market venues. Deterrent parking charges will be levied in certain areas to restrict vehicular movement. 

7. Restrictions on Vehicles: A scheme will be devised for reducing the number of vehicles on the road at any one time. Vehicles of certain zones would not be allowed to ply on a particular day of the week. 

8. Afforestation: Afforestation activities will be stepped up. Apart from the State agencies and the local bodies, the resources of Railways, military and para-military forces will also be made use of. Landscaping and afforestation of land adjacent to railway tracks would be undertaken. 

9. 'Basti Managers': For preventing the growth of squatter settlements, the Government of Delhi is considering the possibility of deploying `basti managers' who would monitor a register on current residents ensuring that there was no increase in the encroaching households. 

10. De-congestion: Action has to be initiated for de- congesting Delhi by shifting offices outside Delhi in accordance with NCR planning. Public Sector Undertakings would not be allowed to build/rent guest houses or develop residential colonies. 

11. Expressway: In order to relieve congestion on main Delhi roads one "through traffic" express way without traffic signals shall be constructed by the Central Government (MoST). 

12. Ring Railway: The ring railway can be an effective means of public transport provided its services are handling of hazardous wastes. In particular, it needs to be ensured that the sources of drinking water are free of any possibility of being contaminated by hazardous wastes. 

14. Bio-medical Wastes : A concerted drive will be launched for the safe disposal of bio-medical wastes generated by hospitals, nursing homes and clinics under strict regulation through incineration and other safe methods. 

15. Common Facility for Hazardous Wastes: One major common facility for treatment, storage, disposal and incineration of hazardous and other toxic wastes would be set up in Delhi to be used by such generators of wastes who do not have the capacity to set up individual facilities. 

16. Delegation of Powers to Zonal Magistrates: The Zonal Magistrates, 27 in number, will be delegated requisite statutory powers to enable them to undertake enforcement functions for the pollution abatement in Delhi. 

17. Private Enterprise: Impetus has to be given to the private sector for participating in the biological processing of municipal domestic waste. The Delhi Government has indicated that private contractors have shown an interest in the commercial possibilities arising from solid wastes. Also for constructing parking lots on a BOT basis investment by the private sector should be encouraged. 

18. Citizens' Initiatives: Efforts of the Civil Defence organisation, citizen groups and local residents committees be chanellised into civic projects for abatement of pollution, in particular, handling of domestic solid wastes. 

19. School Activity: Extra curricular activities in educational institutions should include environmental projects aimed at community/neighbourhood improvement, while also aiming to suitably sensitise young students to the environmental quality of their surroundings. 

20. Cultural Heritage: Preservation of the cultural heritage of Delhi as reflected in monuments like the Lal Kila, Humayun Tomb, Jama Majsjid, Purana Kila, Siri Fort, Tughlakabad Fort, etc. will be intrinsic to environmental planning in Delhi

