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Abstract

The paper estimates the trend of CO2 SO2 and NOX between the periods 1973-74,1983-84,1991-92 and 1996-97 Input-output Structural Decomposition Analysis approach is used to find out their sources of changes. We also estimate the emissions of CO2 SO2 and NOX for the year 2001-2 and 2006-7. A link between emission of pollutants and their impact on human health is also analysed. 

CO2 emission in India has increased from 191 mt of CO2 in 1973-74 to 767 mt of CO2 in 1996-97. The estimated SO2 emission has also rose from 9.49 mt of SO2 to 20.47 mt of SO2. In the same manner the nox has also increased from 5.69 to 21.67 mt of NOx.

The study categorizes the changes in the amount of CO2, SO2 and NOx emissions into four factors: the pollution intensity, the rate of technical coefficient, changes in the volume of final demand structure and changes in the composition of final demand. The main factors for these changes were the volume of final demand and changes in rate of technical coefficient. The paper also reports the results from the selected surveys and statistical data from Health Statistics of India which reveal that respiratory infections like asthma and bronchitis and other respiratory diseases gradually increased due to the intensive effect of S02, Nox and CO2.The paper has also suggested some policies.  
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Introduction
During the last decade, worldwide concern with global climate change has highlighted the challenge faced by industrialised and developing countries in maintaining a sustained process of development. India, in common with other developing countries, shares the need for fast economic growth given their current low levels of living and a rising population. It also shares the global concern for protecting the environment.

Recently worldwide environmentalists are very much concerned with GHG concentration. By giving more weightage on it they have arranged so many negotiations summits and conferences to discuss about the control of GHG concentration. 

In this connection we have to mention the recent ultimate objective of the UN Framework Convention on Climate Change (UNFCC), which is to achieve timely stabilization of GHG concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system. In fact, limiting GHG emissions to specific levels is now an internationally recognized objective. On a historic protocol UNFCC (Kyoto protocol) also reached an agreement for binding emission targets for GHG reduction below the 1990 levels--- with a global average of 5.2% over the period 2008-12 It varies from country to country. Actually, it is a first step towards legally binding commitments.

 In recent reports on Climate Change 2001 prepared by the Working Group of IPCC it is clearly stated that there are strong inter linkages between climate change policy and policies towards sustainable development and also to achieve the targets of the Kyoto Protocol in the short run and to stabilize atmospheric concentrations of GHGs in a longer term (IPCC2001).   
During the past two decades the risk and reality of environment degradation have become more apparent. Growing evidence of environment problems is due to a combination of several factors since the environmental impact of human activities has grown dramatically because of the sheer increase of population, energy consumption and industrial activity etc. Recently, there is concern for climate change, which has been induced by green house gases owing to use of fossil fuels. Increasing concern about environmental problems caused by the combustion of fossil fuels has generated a need for knowledge on energy production, energy consumption patterns. 

Environmental problems span a continuously growing range of pollutants hazards and ecosystem degradation over ever wider areas. Problems with energy supply and use are related not only to global warming, but also to such environmental concerns as air pollution, acid precipitation,, ozone depletion, forest destruction, and emission of radioactive substances. These issues must be taken into consideration simultaneously if humanity is to achieve a bright energy future with minimal environmental impacts. Much evidence exists, which suggests that the future will be negatively impacted if humans keep degrading the environment. In the current environmental issues, the internationally known most vital problems are the acid precipitation, stratospheric ozone depletion, and the global climate change. In conjunction with this, we will focus in these three concerns partially by taking CO2 SO2 and NOX. The first two problems are associated with SO2 and NOX but the third problem is highly concerned with CO2. So the proposed study mainly estimates the above three pollutants emission by combustion of fossil fuels i.e. coal, crude oil and natural gas from industrial sector.

The pollutants SO2   and NOX  produced by the combustion of fossil fuels, particularly for both stationary and mobile source such as smelters for non ferrous ores, industrial boilers and transportation vehicles. The emissions of CO2 occur wherever fossil fuels are burnt. A part from that energy in the form of biomass, containing carbon fixed from the atmosphere, releases CO2 into the atmosphere when burnt.

The combustion of these fuels in industries and vehicles in particular has been a major source of pollution posing health hazards. The adverse health effects of air pollution are now well-recognised (Romieu, and Hernandez, 1999). Air pollution may be defined simply as the presence of substances in air at concentrations duration and frequencies that adversely affect human health and environment (McGranahan & Murray, 1999). The remains of early humans demonstrate that they suffered detrimental effects of smoke in their dwellings (Brimblecombe, 1987). Blackening of lung tissues through long exposure to particulate air pollution in smoky dwellings appears to be common in mummified lung tissues from ancient humans. Classical writers provide evidence of urban air pollution in the cities of Rome and Athens, and the medieval cities of Europe experienced levels of air pollution considered by the citizens to be unhealthy (Brimblecombe, 1987). The health effects of SPM, CO, SO2 and NOX include cardiovascular and respiratory diseases, chronic bronchitis, reduced visibility, increased morbidity etc. Certain environmental pollutants have reached levels that are well in excess of levels judged to be adequate to safeguards health. 

Much of the world population lives in areas where levels of air pollution exceed WHO guidelines. More than 1200 million people may be exposed to excessive levels of SO2, more than 1400 million people may be exposed to excessive levels of suspended particulate matter and about 15-20% of population of Europe and North America are exposed to excessive levels of nitrogen dioxide (UNEP, 1991).

Review of evidence from developed nations substantiates the harmful effects of air pollutants. Studies in the America and Europe in recent years on the health effects of ubiquitous air pollutants, such as particulate matter and ozone, have documented responses proportionate to exposures, including excess daily and annual mortality, hospital admissions, lost time from school and work, and reduced lung function. These effects constitute a significant public health challenge in developed countries. (Lippmann, 1999) Actually the adverse effects of air pollution depends on the level of exposure, the population structure, the nutritional status and the lifestyle. It is observed that the effects are higher in developing nations than developed ones. Reports from the developing countries show a causal relationship between air pollution and health effects. Various studies documented increased mortality and visits for respiratory emergencies associated with particulate pollution (particularly with particulate smaller than 10 mm and than 2.5mm). Reports also show higher frequencies of respiratory symptoms and low pulmonary function in subjects exposed to particulate. Asthmatic populations appear to be more susceptible to the impact of particulate and SO2 exposure. The health effects of O3 have focused on short-term exposure and have documented increase in emergency visits and hospital admissions due to respiratory diseases, increase in respiratory symptoms and temporary lung function decrements. Time series evaluating associations between O3 and daily mortality based on limited data suggest that CO exposure is prevalent and may be associated with intrauterine death. Most evidence suggests that populations living in cities with high levels of air pollution in developing countries experience similar or greater adverse effects of air pollution (Romieu, and Hernandez, 1999).

A recent study by  (Smith et.al. 1999) also demonstrates that around 40 to 60 % of acute respiratory infection is due to environmental causes.  

Although the current fossil fuel use in developing countries is still half that of developed countries, it is expected to increase by 120% by the year 2010.If control measures are not implemented, it has been estimated that by the year 2020 more than 6.34 million deaths will occur in developing countries due to ambient concentrations of particulate air pollution (Romieu, and Hernandez, 1999).

Indian scenario is also alarming. A recent survey by Central Pollution Control Board India (CPCB) has identified 23 Indian cities to be critically polluted. 12 major metropolitan cities in India produce 352 tonnes of oxides of nitrogen, 1916 tonnes of carbon mono oxides from vehicular emission and 672 tonnes of hydrocarbon. The CO2 SO2  and NOX in the ambient air of India is above the WHO safe limit. WHO annual mean guidelines for air quality standards are 90 micrograms per cubic meter for total suspended particulate, and 50 for sulphur dioxide and nitrogen dioxide (World Development Indicators, 2000). The total urban air pollution of SO2 and NOx from major cities in India are 210 micrograms per cubic meter and 221 microgram per cubic meter during 1995 (World Development Report, 2000).  It is needless to say that at this level, pollution of urban air is likely to have a serious impact on the health of the community. The patterns of disease and death exhibited in Indian health data are highly suggestive of the possible importance of environmental factors in today’s Indian health scene. Particulate pollution on its own or in combination with SO2 leads to an enormous burden of ill health, causing at least 500,000 premature death and 4-5 million new cases of chronic bronchitis each year (World Bank Report, 1992).

 Estimates of the full loss of healthy life due to different causes are reported in World Development Report in terms of Disability Adjusted Life Years (DALYs) lost. According to these estimates India accounted for 292 million DALYs lost in the year 1990, or slightly over 21% of the global burden of disease. Diseases that are typically associated with environmental pollution loom large as causes of India’s DALYs losses. Rough estimates indicate that these diseases are responsible for almost 30% of India's total DALYs losses.  

 However a comprehensive epidemiological assessment of the situation has not been made in India.  The present study will address in a modest way the link between air pollution and its impact on health in India.

  Objective  

The objective of the present study is to estimate the industrial emissions of CO2 SO2  and NOX  in India during 1973-74 to 1996-97. Changes in emissions between 1973-74 to 1996-97 and effects of various sources of change in industrial CO2 SO2 and NOX emissions will be investigated using input-output structural decomposition analysis (SDA). In addition, the present study will also highlight the environmental health hazards caused by CO2 SO2 and NOX in India between 1973-74 and 1996-97. This study will provide an set alternative scenario on the basis of simulations for CO2 SO2 and NOX  emissions for the year 2001-2 and for 2006-7 and their possible impact on health. Suggestions for designing the suitable policy for India are also considered. 

The structure of the paper is as follows:

Section 1 covers the literature survey of works on energy and environment using input-output and SDA (structural decomposition analysis) approach and few relating to environment and health.

Section 2 presents the methodology, which is based on input-output and SDA (structural decomposition analysis) approach. 

Section 3 includes sources of data. 

Section 4 presents the result and discussion of the estimated CO2, SO2 and NOx and finally carries out simulation exercises for the 2001-2 and 2006-7.

Section 5 tries to establish a link between emissions of pollutants like CO2, SO2 and NOx and their impact on human health.

Section 6 concludes the paper with brief summary and policy implications. And it also tries to compare our results with those of developed and developing countries.

Section 1

 Literature Review 

 Input-output analysis applied to the environment is enjoying a certain amount of popularity especially on pollutant emission. Among the contributors to this analysis mention may be made of Leontief and Ford (1972) for the U.S.A, Breuil  (1992) for France, Common and  Salma (1992) for Australia, Bossier and Rous (1992)  for  Belgium,Gay and  Proops (1993)  and Proops et, al (1996) for  the U.K. Leontief and  Ford (1972) tried to show an empirical implementation of an Input-Output model with environmental dimensions. They also presented preliminary findings on the dependence of five types of air pollution - particulates, SO2, hydrocarbons, CO, and NO2 - on the  structure of the American economy. Breuil (1992) finds out the pollutant emissions of SO2  and NOx by combustion and processes in France during 1985-89. The trend in the structure of the industrial energy balance shows a relative reduction in pollutant products (petro product and solid fuels) and an increase in the share of electricity. The switch from high to low energy emitting fuels is an efficient energy measure to reduce emissions into the air especially for CO2  .   Common and Salma (1992) derive the changes in Australian CO2 emission during 1973-74 to 1986-87 with two sub periods. They identify three factors, which are responsible, for CO2 changes i.e. (i) changes in final demand, (ii) changes in technology and iii) fuel mix changes. A similar type of work has been done by Gay and Proops (1992) for U.K. for the year 1984. They have examined the production of CO2 emissions in U.K. by using the Input-Output model. They have also found out the CO2 intensities per unit of total output and per unit of final demand. Hayami et.al. (1993) for Japan have shown that input-output table for environmental analysis plays an important role in evaluating accurately the emissions of CO2, SO2 and NOx. The work also explains how to estimate air pollution from extended input-output table. It also estimates CO2, SO2 and NOx emissions and finally it reports the CO2, SO2 and NOx emission from per unit of production activities. Their estimates suggest that there are large differences in emissions between sectors, even though the sectors belong to the same 2 digit category. This implies large potential of cutting CO2, SO2 and NOx exists by recycling materials or through introducing alternative technologies. The lifetime pollution implications of various types of electricity generation were studied by Proops et.al. (1996) by using the technique of Input-Output analysis. They examine the U.K economy wide, life cycle implications of eight forms of electricity generation for the emission of three air pollutants, CO2, SO2 and NOx. and have shown that all  pollutants lead to reduced emissions. This is because they have assumed to replace the least efficient old coal stations. Another attempt has been made by Lin Gan (1998) for China. Lin Gan analyzes the interrelationship between energy development and environmental constraints in China. His study examines the effects of economic development, investment, energy, trade and environmental limitations in shaping energy development. It highlights the tensions between institutions involved in energy development, energy conservation, and environmental protection and concludes that the total fuel mix in China will be diversified in future.  The share of coal in primary energy production and consumption will increase in the short time span till 2020 and diminish gradually, thereafter, being largely replaced by gas nuclear and renewable energy.  He shows that SO2 and CO2 emissions will become potentially larger in the future, because of the speed of economic growth and lack of effective control measures.  Institutional bottlenecks and political preference to solving local environmental problems will affect actions to eliminate global environmental risks. 

A number of studies concentrate on energy and environment (green house gas emissions) by applying SDA. Work in this area was made by Lin and Chang (1996). They used the divisia index to decompose emission changes of sulphur dioxide, nitric oxide, and carbon dioxide from major economic sectors in Taiwan during 1980 to 1992.  The study highlights the interrelationships between energy use and environmental quality and provides insight for policy making.  The emissions are decomposed into five components -- pollution coefficient, fuel mix, energy intensity, economic growth and industrial structure Of all components analysed, economic growth had the largest positive effect on emission changes for Taiwan's major economic sectors.  Emissions of sulphur dioxide in industry and other sectors showed a decreasing trend due to fuel quality improvements and pollution control.  However, nitric oxide and carbon dioxide emissions increased sharply in all sectors.  Comparisons were also made with Germany, Japan & U.S.A. This study has shown that improvement in energy efficiency options to reduce sulphur dioxide, NOx, CO2 emissions.   Chang and Lin (1998) have used Input-Output SDA and have examined the emission trends and effects of industrial carbon dioxide emission changes in Taiwan during 1981 -91. The study categorizes the change in the amount of CO2 emission into nine factors: the rate of added value, the level of CO2 intensity, CO2 substitution to energy mix, the rate of domestic production to intermediate input, the mix of intermediate input, the level of domestic final demand, the mix of domestic final demand, the level of expenditures and the mix of exports. The main factors for the increment of CO2 emission were the level of domestic final demand and exports. A recent study by Wier (1998) explores the anatomy of Danish energy consumption and emissions of carbon dioxide, sulphur dioxide, nitrogen oxide. Changes in emissions between 1966 and 1988 were investigated using Input-Output and SDA. The work showed that production- based emissions have undergone substantially greater changes than have private consumption emissions, and the increased level of final demand explains most of this development.  Although the level of CO2 emissions has risen proportionally to energy consumption, the NOx emissions level has increased relatively more and the SO2 emissions level has declined considerably.  The main reason is changes in fuel mix in the energy- supply sector. Finally, the study shows that although energy conservation has been carried out in most sectors NOx emissions have increased markedly. A similar study also made by Maenpaa (1998) for Finland by following input-output method. The study presents an overview of how the structure of the Finland economy correlates with the consumption of energy and emissions of air pollutants. Energy consumption and air emissions are examined both by industry and by commodity. The amounts of energy tied up and emissions released throughout the production processes of commodities are also examined. Finally, the study shows the distribution of commodities between different groups of final use.  The study is based on the data from 1993.

 Emission of SO2, NOx and CO2 is also estimated by Viguier (1999) using cross-country data by divisia index method. He has taken three Eastern European countries (Hungary, Poland and Russia) and three OECD countries (France, UK and US) for 1971-94. The energy balances method is used to evaluate the emissions from major economic sectors. The emphasis is on explaining high levels of per capita emissions in transition economies. The analysis of environment economic growth relationship shows high emission intensities compared to OECD countries. The main contribution to high emission intensities in transition economies is from the persistence of high-energy intensities.

Liakas et.al. (2000) have identified four factors – output levels, energy intensity, fuel mix and structural change – which have influenced the changes in the level of industrial CO2 emissions for the European union countries. The results show that CO2 emissions are possible to decrease without negatively affecting economic growth. Recently Hann   (2001) conducted a study using Structural Decomposition Analysis in which annual changes in a number of air pollutants and solid waste decomposed according to their causes for Netherlands for the period 1987-1998.The results contained a macro economic development, the results from the industry level as well as a comprehensive overview of origin and destination of pollution in the Dutch economy which includes the environmental consequences of consumption and international trade. The results further show that pollution related to trade flows is of considerable significance in this economy. 

Work on air pollution and health is large. We shall review some of them. Recently  Holgate et.al. (1999) have edited a book on air pollution and health containing 44 chapters bringing together expertise from across the world to review current knowledge about the impact of air pollution on human health. The book provides a better understanding of atmospheric chemistry, new methods for pollutant monitoring, detailed epidemiology and the use of controlled exposure studies to examine single and mixture of pollutants, a firm framework to control this intractable problem. It contains the issues like cancer, pulmonary and cardiovascular diseases. Special emphasis is placed on new data obtained from many sources on the impact of inhaled small particles on cardiovascular and respiratory morbidity and mortality, as well as the interactions of air pollutants with other factors such as the effects of allergen exposure in asthma and rhintis. The volume also emphasizes the importance of indoor environment as a source of pollutants. 

Cifuentes and Lave (1993) have estimated the marginal benefit of air pollution abatement due to health effects of most important pollutants (suspended particulate, SO2, NO2 and O3) for US economy. For estimation of abatement benefits they have used direct damage function approach. They have estimated the no. of  premature deaths and morbidity effects associated with decrease air quality. Since they regard their estimate as uncertain they have also presented an analysis of the uncertainty of the resulting estimates. They have suggested that more health studies should be done to provide more confident estimates.

Calthrop and Maddison (1996) set out the basic methodologies for linking air pollution to human health. They estimated dose response function by using different sorts of statistical models with different statistical properties and there are arguments for resorting to poisson regression techniques rather than conventional OLS routines. The results, which emerge, may depend upon the nature of the data with time series data failing to capture chronic health effects. In addition to that the work made by Gerking & Stanley (1997) deserves mention in this respect. They empirically estimate a simple model from which intuitively appealing measures of health benefits can be derived. In this model individuals produce health capital in utility maximising framework and are able to adjust their behaviour in order to defend against reductions in air quality. Those adjustments, which involve substituting medical care or other health producing activities for, reduced air quality form the basis for the method used in making the benefit or willingness to pay calculations. This method is empirically implemented using cross sectional survey data on adult workers drawn from households in St.Louis Missouri. From a policy stand point, he empirical results are of interest because they support the notion that individuals are willing to pay for a better health resulting from air quality improvements. St Louis workers may bid as much as $24.48 p.a. in order to enjoy 30% reduction in outdoor ozone exposure.  A combined health risk assessment cost effectiveness analysis and benefit cost analysis is undertaken for direct particulate emissions from29 stationary source polluters in the city of Volgrad Russia by Larson A B et.al. (1999). Annual particulate related mortality risks from these stationary sources are estimated to be substantial, with an estimate in the range of 960-2,667 additional deaths per year in this city of one million. 

Motor vehicles have significantly larger health costs as studied by McCubbin, (1999) for US. Particulates, SO2 and NOx are the are the most damaging pollutant while ozone and other pollutants have smaller effects. Diesel vehicles cause more damages per mile than do gasoline vehicles, because of greater NOx and particulate emissions. Very fine particles appear more dangerous than larger particles, and combustion particles appear more dangerous than road dust. The possibility cannot be ruled out that that ozone is linked to mortality and chronic illness effects, which are costly and would considerably raise the costs of ozone pollution.

In the study for Spain by Vazquez, M.X et.al. (1999) the estimation of economic benefits of health effects through direct methods, such as contingent valuation, presents the problem of preference imprecision. They proposed an elicitation method that allows the subject to state an interval for willingness to pay, without inducing any specific amount as a response. The paper also analyses the effects of the context where changes in health occur on the associated imprecision level and the estimates, by comparing a situation without context with another in which effects are due to atmospheric pollution. The econometric modelling develops a bayesian estimation method for censored intervals, which models the existing uncertainty between the lower and upper limits derived from the elicitation process. Their results proved that data dispersion is significantly higher for the non-contextual scenario, and increases for the most severe symptoms.

Another similar kind of work has been made by Khanna (2000) for U.S. She develops an index of pollution based on the epidemiological dose response function associated with each pollutant, and the welfare losses due to exposure to pollution. The probability of damage is translated into welfare losses, which provide the common metric required for aggregation. Isopollution surfaces may then be used to compare environmental quality over time and space. An air pollution index (API) for CO2, SO2 and NOx are computed using 1997 data for the criteria pollutants under the Clean Air Act (CAA). Results are compared with the EPA's Pollutant Standards Index (PSI). Two significant differences emerge: unlike the PSI the API facilitates a detailed ranking of regions by air quality and API values may contradict PSI results. Some regions with PSI values of 100-200 are considered less polluted under the proposed methodology than those with PSI values between 50 and 100. The key reason for the difference is that PSI values are determined entirely by the gas with the highest relative concentration whereas the API value is based on the ambient concentrations of all pollutants.

Zuidema et.al. (1997) estimate the dose response relationship between air pollution and the number of work loss days for the Netherlands. The study is based on illness data (work loss days) for the Dutch labour population and average year concentrations of air pollution in 29 districts. The dose response relationship has been estimated by means of two different techniques: the ordinary least square method (OLS) and the one way fixed effects method (OWFEM), which we consider to be more adequate. In general health effects are much smaller when OWFEM is applied than if OLS is used. 

Toma (2000) studied impact of outdoor air pollution on long term public health in Austria, France and Switzerland. Results show that chronic bronchitis, bronchitis in children and person days of restricted activities are due to air pollution in these countries. Cost of illness and willingness to pay estimates of the damages from respiratory illness associated with air pollution are compensated using data  in Taiwan in 1991-92 by Alberini et.al (2000). A contingent valuation survey was conducted to estimate WTP to avoid respiratory illness. 

Recently research on air pollution and health for developing countries is gaining importance. We shall mention a few of them.  Nordberg & Finer (1990) have edited a volume on society, environment and health in low income countries. It addresses third world environment and health problems and their interrelationships from different perspectives. Almost all of the authors have dealt environment and health relationship in Africa and Asia. They have discussed the environmental problems and their health implications in the context of development which need a lot of attention and more carefully coordinative measures for solutions.    

In a study Smith (1993) has investigated a relationship between fuel combustion, air pollution exposure and health in developing countries. In this paper he has reviewed  a brief description of the historical and current relationship between energy use and air pollution. He also explained the idea of exposure assessment and the power that it can bring to analyses of the health impacts of air pollution. The study also focused a global exposure assessment, combining demographic data with Gems outdoor data and LDC’s indoor air monitoring research. Economic valuation and health damage from air pollution in developing world has been studied by Pearce (1996). Meta studies of air pollution epidemiology have resulted in the use of transferable dose-response coefficients whereby the statistical relationship between air pollution and human health is applied outside the countries of the original studies. The aim is to predict changes in premature mortality and morbidity. Work suggests that some forms of air pollution, notably inhalable particulate matter and ambient lead are serious matter for concern in the developing world. Onursal and Gautam, (1997) have made a thorough study on vehicular air pollution for seven Latin American urban centres (Mexico, Santigo, Sao Paulo, Belo Horizonte, Buenos Aires, Rio de Saneiro, and Santfe de Bogota) and their effects on health. They have analysed the pollutants emitted by motor vehicles their effects, and measures targeted to vehicles, fuels and transport management to control them.

The document edited by Kuylenstierna, and Hicks, (1998)  has discussed in details  air pollution problem and its impact on health especially in  Asia Pacific Region.  The study by Mc Granahan, G et.al (1999) has thoroughly investigated the links between environmental degradation and human health for countries of Africa, Carribean and Pacific Region. The work also suggests environmental health priorities and measures which can be taken to improve environmental health in these areas.

Recently Granahan  and  Murray(1999), have edited a volume which is a background document for a policy dialogue on health and air pollution in South Asia. The work is based on air pollution and health and provides a basis for improving public health in developing countries. It is of particular relevance to the developing countries of Asia, where polluting activities have been growing rapidly, urban concentrations of health damaging pollutants are among the highest  in the world, and preventive and protective measures are still at an early stage.

 The morbidity costs of deteriorating urban air quality in Kuala Lumpur and neighbouring Petaling Jaya are quantified using contingent valuation by Moran, et.al (2000). Specific pollution related health states are defined and survey used to elicit willingness to pay (WTP) values to avoid episodes of ill health. The relevant health states are selected for compatability with existing or likely to be developed epidemiological exposure- response functions relating air pollution to health episodes. The results provide a starting point for defining Malaysian reference values for use in cost benefit analysis of regulatory policy.

In a very recent work on Tehran, Iran Shirazi and Harden (2001) have studied trends in ambient air quality in Tehran, between 1988 to 1993 and their possible impact on health. The results found a statistically significant upward trend for all of the measured pollutants (SO2, CO, TSM, HC except NO2 ) during the period. WHO guidelines were routinely and substantially exceeded by all pollutants except TSM. Their findings suggest that as the population continues to grow and increasing number of motor vehicles are driven in Tehran there is concern for the health effects that may result from exposure from these pollutants. 

Very few works have been done in India. Gupta, Keswani and Malhotra (1997) estimate GHG emissions for three reference years 1980-81,1985-86 and 1987-88 using a simple spreadsheet model. They show that the production and use of fossil fuels namely coal, oil, and natural gas contribute to emissions of four GHG's-CO2, CO, CH4, N2O.They also estimate the emissions from different sources such as: cement production, chloroflurocarbons (CFC'S), landfills, cattle and rumitants, paddy cultivation, use of nitrogeneous fertilizer, biomass combustion and deforestation. They have also outlined a few measures, which are essential to fulfil the objective of development and self sufficiency in India by controlling the energy consumption pattern. Murthy et.al (1997) analyse CO2 emissions from energy consumption using an Input-Output model for different sectors of the Indian economy in 1990. Alternative scenarios are developed for 2005. They have shown that reducing CO2 through oil conservation is a preferred policy for India compared with saving coal. Automotive energy use and emissions control by simulation model has been done by Bose (1998). He formulated a transport simulation model to analyse energy use and emissions in meeting the travel requirements of the residents of four Indian metropolises during 1990-2011 (Calcutta, Bombay, Delhi, Bangalore). The model illustrates two strategies, namely strengthening public transport and promoting cleaner and alternative fuels with improved technologies on energy use and emissions. Recently Sikdar and Mondal (1999) have conducted a study on air pollution (TSP, SO2, NOx, CO) in Calcutta. They have identified vehicular emission as a primary source of these pollutants. They have stated few region as most polluted and also added that the pollutants are carried by northerly winds during the winter season from more polluted region to less polluted one. They suggested that an air quality management programme on reducing stationary source and mobile source emissions will help to mitigate the air pollution and improve the quality of life.   

A paper of Nag & Parikh (2000) tries to analyze a commercial energy consumption evolution patterns in India in terms of primary energy requirements and final energy consumption and their implications for overall carbon intensity of the economy. The above works have not touched upon a link between air pollution and health. Chitkara (1997), on the other, hand presents a brief review on air pollutants and its related health hazards. According to her study air pollution depends on three factors i.e. 1) source of emissions e.g. industrial vehicular land use etc, 2) meterological conditions e.g. river valleys, coastal areas, mountains, etc. and 3) time, She also explains the factors affecting air pollution, emissions discharges and their source (vehicular emission, domestic emission, industrial emission, emissions due to energy). She also identifies few pollutants (air) and its effect on health by specifying the diseases. A brief review has also been presented by her about the ambient air quality standards in India. TERI(1997) has carried out few estimations based on the effects of SO2, particulate matter, carbon monooxide and carboxyhaemoglobin at various concentration (ppm), exposure(time) and corresponding health effects. A study by Sinha & Bandhopadhyay (1998) tried to capture the metallic constituents of aerosol present in biosphere which have been identified as a potential health hazards to human beings. They have examined the concentrations of Cd (cadmium), Zn (zinc), Fe (iron), Pb (lead) and Cr (chromium) in ambient air of Delhi, Bombay, Calcutta and Madras cities in India. Those pollutants are insidious because non bio degradable nature. They attempt to assess the present level of trace elements in the above major cities or towns, potential sources and health impacts. They recognized that trace elements emanate from industrial, commercial and vehicular activities and create potential health hazards for living beings. They concluded that controlled emissions from industrial operations would help to keep the metallic concentration within limits in the ambient air. 

A study made by Sharma et.al. (1999) concentrates on acute respiratory infections in  urban slum area in India. Cropper et.al. (1997) have examined the impact of particulate air pollution (SO2, on daily mortality in Delhi. They have found a positive significant relationship between particulate pollution and daily non traumatic deaths, as well as deaths from certain causes (respiratory and cardiovascular problems) and for certain age groups. In Delhi they have obtained the greatest impact in the 15-44 age group. They compare it with the some cities of U.S (Philadelphia) and found that contribution of India in this respect is little bit less than that of U.S. Although the impact of the change in air pollution on total non trauma deaths is lower in Delhi than in Philadelphia, the same increase in air pollution causes more life years to be lost in Delhi. This is because more deaths occur at younger ages in Delhi than in Philadelphia and because the impact of air pollution on deaths is greater at younger ages in Delhi than Philadelphia. They focused on Delhi because it is one of the most polluted cities in the world. The average TSP level in Delhi was 378 micrograms per cubic meter -- approximately five times higher than the WHO annual average standard.       

Most of the studies on environmental issue neglect the quantitative estimation of pollutant emissions such as CO2, SO2 and NOx and factors responsible for emission trend changes and impact of emissions on health for a long period. More specifically, the link between estimated air pollutant emissions such as CO2, SO2 and NOx and their related impacts on health is still now unexplored.

A preliminary study has been made by Mukhopadhyay and Chakraborty (2000) on energy consumption changes during 1968-69 to 1996-97 and factors responsible for these changes based on SDA and input-output framework and it also estimates the carbon dioxide emissions for the above period. Mukhopadhyay (2000) has also attempted to find industrial CO2 intensity in India during 1991-92 to 1996-97. Even this paper has not examined the impact of air pollution on health. So the present work will investigate the air pollution from fossil fuel combustion and its impact on health in India.  

Section 2

Model

The model starts with the basic concepts of the Input-Output framework of Leontief. 

Mathematically, the structure of the input-output model can be expressed as:   

X = Ax + Y 





………. (1) 

The solution of (1) gives 

X = (I - A)-1 Y 





……….  (2) 

Where (I - A)-1 is the matrix of total input requirements .For an energy input-output model, the monetary flows in the energy rows in equation (2) are replaced with the physical flows of energy to construct the energy flows accounting identity, which conforms to the energy balance condition (Miller & Blair 1985). We apply a " hybrid method " based on Miller & Blair (1985), and it always conforms to energy conservation conditions. 

To estimate CO2  ,SO2  and Nox  emission we have used energy input-output model .Actually the results are given in million tonnes of carbon per million rupees unit.

I is an identity matrix (nxn). 

For estimation of CO2, SO2 and NOx emission we need to extend the above conventional input-output framework in one important respect i.e. we have to compute the amount of CO2, SO2 and NOx emission that takes place in the production of various activity level. We apply the fuel specific carbon, sulphur and nitrogen emission factors to the row vector of fossil fuel sector of the respective Input- Output table to estimate the total CO2, SO2 and NOx emitted by coal and oil sector. We use an emission factor of 0.55 (mt of CO2)/mt for coal and 0.79(mt of CO2)/mt for oil to arrive at carbon emissions by different sectors due to coal and oil separately. For sulpher emission factor we have taken .003 (mt of SO2)/mt for coal and .015 (mt of SO2)/mt for oil .For nitrogen emission .018(mt of NOx.)/mt for coal and .001 (mt of  NOx)/mt for oil .

Then we follow the normal convention of measurement, of carbon dioxide, sulphur di oxide and nitrogen oxides in carbon sulphur and nitrogen equivalent units respectively. For conversion to CO2, SO2 and NOx units the carbon, sulphur and nitrogen emission figures are multiplied by 3.66, 2 and 3.28 respectively. It gives the total quantity of CO2, SO2 and NOx emitted owing to burning of fossil fuel (coal, oil) inputs used by various production industries. 

· i) Emission model

Now in equation form of CO2, SO2 or NOx emission from fossil fuel combustion, can be calculated from industrial fuel data for each emission separately in the following manner.

F = CL1X = C L1 (I - A)-1 Y  -------- (3)

Here F as a vector, giving the total quantity of CO2, SO2, or NOx emission from fossil fuel combustion only.

C is a vector of dimension m (1xm), of coefficients for CO2, SO2 or NOx emission per unit of fossil fuel burnt. 

L1 is a matrix (mxn) of the industrial consumption in energy units of m types of fuel per unit of total output of n industries.

So equation (3) gives us the total CO2, SO2 or NOx emission due to fossil fuel combustion. 

In equation (3) CL1= S carries only direct requirement of CO2, SO2 or NOx intensities from industries and C L1(I - A)-1  gives the direct as well as indirect requirement of CO2, SO2 or NOx intensity from industries .

So equation (3) explains the CO2, SO2 and NOx emissions due to fossil fuel combustion in India from production activities.

· ii) Structural decomposition analysis

 Next, we develop a Structural Decomposition Analysis [SDA] for this model. It is a technique to study over period changes.  It has become a major tool for disentangling the growth in some variables over time, separating the changes in the variable into its constituent parts. SDA seeks to distinguish major sources of change in the structure of the economy broadly defined by means of a set of comparative static changes in key parameters of an Input-Output table.  

The total industrial CO2, SO2 and NOx emissions (TE) can be expressed as:

TE = F = SRY = S(I - A)-1 Y  -------                          (4) 

Where R=  (I - A)-1
Here S represents the industrial CO2, SO2 or NOx intensity 

Now Y can be separated as YC and YV that means changes in the composition of Y and volume changes in Y.

So equation (4) becomes 

TE  = SRYCYV = S(I - A)-1[ Y/(I’Y)](I’Y)

According to the structural decomposition analysis method, the change in total CO2, SO2 or NOx emission between any two years i.e. year o and year t can be identified as:

 (TE = St (I – At)-1 YCYV - So (I – Ao)-1 YCYV -----------                                                  (5)

= St Rt YCtYVt  - So Ro YCoYVo -----------                                                                                       (6)

=St Rt YCtYVt  - So Rt YCtYVt  + So Rt YCtYVt - So Ro YCoYVo -----------                  (7)

= (S Rt YCtYVt + So Rt YCtYVt - So Ro YCoYVo -----------                                                     (8)

= (S Rt YCtYVt + So Rt YCtYVt - So Ro YCtYVt -+ So Ro YCtYVt - So Ro YCoYVo ---------- (9)

= (S Rt YCtYVt + So (R YCtYVt + So Ro YCtYVt - So Ro YCoYVt + So Ro YCoYVt 

            - SoRo YCoYVo                                                                                                                          ---------- (10)

(TE =(S Rt YCtYVt + So (R YCtYVt +SORo(YCYVt + So Ro YCo(YV  ----------------- (11a)
or when the initial year is as a starting point:

(TE =(S Ro YCoYVo+ St (R YCoYVo +StRt(YCYVo + St RtYCt (YV  ------------- (11b) 
The first term of equation (11a) and (11b) including (S reflects the CO2, SO2 or NOx emission change due to the shift of energy intensity of various industries, when the other variables are constants through the period under the study.

The second term of the equations including (R defines the CO2, SO2 or NOx emission change due to the changes in the domestic technical coefficient matrix.

The third term of the equations including (YC refers the CO2, SO2 or NOx emission change due to the structural shift in the final demand of the economy.

The fourth term including (YV finally indicates the CO2, SO2 or Nox emission change due to development of total final demand in the economy.

In the equation (11b) we consider the change in emission using the base year as a starting point instead of the terminal year as in the equation (11a). Both equations are calculated in constant prices, but the equation (11a) uses the prices of the terminal year (t) and the equation (11b) the prices of the initial year (0). The most weights for the changes in the equation (11a) belong to the terminal year, characteristic to the Paasche volume index. Most weights in the equation (11b) belong to the initial year, characteristic to the Laspeyres volume index. Finally the decomposition results will be completed in calculating the average of the terms in the equations of  (11a) and (11b).

So it becomes

(TE = ½[(S Rt YCtYVt + So (R YCtYVt +SORo(YCYVt + So Ro YCo(YV] + ½ [S Ro YCoYVo+ St (R YCoYVo +StRt(YCYVo + St RtYCt (YV  ] ----------------- (12) 
or (TE = ½[(S Rt YCtYVt + (S Ro YCoYVo] + ½ [So (R YCtYVt + St (R YCoYVo] +  ½ [SORo(YCYVt + StRt(YCYVo] + ½ [So Ro YCo(YV  + St RtYCt (YV ]     ------------ (13)
The period between 1973-74 and 1983-84 should be calculated according to (11a) using 1983-84 prices and according to (11b) using 1973-74 prices.

The period between 1983-84 and 1991-92 should be calculated according to (11a) using 1991-92 prices and according to (11b) using 1983-84 prices.

The period between 1991-92 and 1996-97 should be calculated according to (11a) using 1996-97 prices and according to (11b) using 1991-92 prices.

The two polar forms have opposite weights with respect to time, i.e. base year (o) versus end year (t) variables attached to each of the corresponding change factors.  

Section 3

Data Source 

To implement the model and conduct the Structural Decomposition Analysis of energy consumption changes we require Input - Output data, price indices, and energy flow data. Input-Output tables of the Indian economy for the years 1973-74,and 1983-84 prepared by C.S.O(1981,1985) and 1991-92,1996-97 prepared by Government of India, Planning Commission (1993, 2000) are used. Input-Output tables are Commodity by Commodity tables consisting of 60 x 60 sectors. These have been aggregated to 22 sectors on the basis of the nature of commodities and energy intensiveness. We have considered three energy sectors coal, crude oil &natural gas and electricity separated and other 57 non energy sectors have been aggregated to 19 non-energy sectors.

To make the Input-Output tables of 1973-74,1983-84,1991- 92 and 1996-97 comparable the four tables must be evaluated at some constant prices. We use 1973-74 as a base year and adjust 1983-84 and 1991- 92 and 1996-97 table to 1973-74 prices using price indices for the above three years. The sectoral price indices have been used to convert the data in the  1983-84, 1991-92 and 1996-97 table at 1973-74 prices.  We convert the monetary units of energy sectors into physical unit from the energy data published by C.M.I.E (1991,1995 and 1998) report. Three energy sectors like coal as million tonnes, crude petroleum in million tonnes, natural gas in million cubic meter and electricity in T.W.H have been converted into one common unit which is million tonnes coal replacement or mtcr. 

To carry out the simulation exercises and to estimate the future scenarios of CO2,SO2 and NOx emission we have used the Ninth five year plan document (1996-97 to 2001-2)  and Tenth five year plan document (2001-2 to 2006-7) of Govt of India. The emission from fossil fuel combustion has been  estimated  by the following IPCC (Inter Governmental Panel on Climate Change) guideline. We have used an emission factor of coal = 0.55(mt of CO2)/mt. And the emission factor of crude oil  and natural gas = 0.77 (mt of co2)/mt. For sulpher emission factor we have taken.003 (mt of SO2 )/mt for coal and.015 (mt of SO2)/mt  for oil. For nitrogen emission, 018(mt of NOx.)/mt for coal and.001 (mt of NOx )/ mt for oil.

Then we follow the normal convention of measurement of carbon dioxide in carbon,  sulphur dioxide in sulphur equivalent units  and nitrogen dioxide in nitrogen equivalent units. For conversion to CO2, SO2 and NOx. units the carbon, sulphur and nitrogen emission figures are multiplied by 3.66, 2 and 3.28 respectively. The sources are  from  World development indicators (1999 ),Coal controller’s organisation,(Govt of India) and Indian Oil Corporation ltd. Sarkar (1994).  The health related data were collected from different issues of Health Statistics of India, Health Information of India, and various issues of  World Development Reports .  

Section 4

Results and Discussions 

Before discussing the results let us try to capture the Indian economy -its growth pattern and pattern of energy consumption. Because sources of emissions are mainly due to energy consumption. The seventy's has witnessed major world oil supply disruptions. From the mid 80s, there was again a resumption of the growth of demand for refined products. This demand upsurge led to an increase in oil prices from the late 80s. From July to October 1990,following Iraq's invasion of Kuwait, there was a near doubling of oil prices. However, this 1990 oil price shock had substantially lesser impact on the world economy than the other two oil price shocks. The reason for this diminished effect was the short duration (only 4 months) of the 1990s oil price hike, the substitution of oil, to a large extent, by competing energy sources and an overall recession of economic activities that had already begun before the price hikes. India being an oil importing country witnessed significant changes in the energy consumption pattern due to the oil shocks. After then inflationary situation arose in India. Faced with rising inflation and a balance of payment crisis in mid 1991 the government of India introduced a fairly comprehensive policy reform package- comprising currency devaluation, deregulation, de-licensing, privatisation of the public sector. The government of India initiated these policy changes to overcome the critical situation. 

The growth in India during 1973-74 to 1983-84 was 5.13% p.a. and slight a little higher rate has been observed in 1983-84 to 1991-92 i.e. 5.89%. The rate of growth of GDP (at factor cost) was 7% during 1991-92 to 1996-97. The manufacturing sector has shown a significant improvement in performance. It is averaged about 8.9% during reform period, which is little higher than the previous decade (it was 6.8% per year during 1981-91). The performance spreads over virtually on all aspects of the economy. 

 The fuel consumption during 1973-74 to 1983-84 has increased by 171.24 mtcr. or 38.85% It records 3.88% growth annually, but in 1983-84 to 1991-92 the increment was rather double like 366.12 mtcr. or 60.02%. It is marked as 7.5%per annum. During first sub period i.e. 1973-74 to 1983-84 crude petroleum sector increased only 14% or 1.4% p.a, but in the second sub period i.e. 1983-84 to 1991-92 it grew quite sharply i.e. 48% or 6% p.a. During the first sub period growth rate of oil consumption has decreased which may be attributed to the hike in oil prices. But in the second sub period the increase in the growth rate of oil and natural gas consumption may be attributed to increase in indigenous production of oil and natural gas. In case of electricity we observe that the consumption of energy increased gradually (8.14% p.a.) in the first half and 10.9% p.a. in the second half. 

More specifically, a larger number of industries using other energy forms switched to the use of electricity, so the intensity of electricity use in industries tended to be high in the second period. But the consumption of coal increased by 10% p.a. in the first sub period because in 1973 the coal industry was nationalised and was followed by the year of oil crisis These factors have given a sharp upward thrust to coal consumption, but the rate of consumption came down to 7.5% p.a. in the second sub period. India's total commercial energy was mainly consumed in the industrial sector (49.6%), followed by the transportation sector with 23.5% and the household sector with 9.7% in 1980-81. Although coal and oil products are consumed in the same proportions and dominate energy use in final energy consumption, the share of coal has gradually fallen while the shares of oil and electricity have grown. India's industrial sector depends more heavily on coal than the other sectors do. Two thirds of the sectors energy requirements are supplied by coal in the first half of our study period. However, the share of coal has declined, while the shares of natural gas and electricity have grown steadily. The rapid growth in electricity consumption occurred due to the modernization of industries. In the second half a shift from coal to diesel oil in rail transport and the rapid growth of road transport have increased the consumption of oil products, which now accounts for nearly 90% of energy consumption in the energy sector. Coal use in the household sector has also shifted to oil products and electricity. 

To cover up the above problem GOI (Government of India) has initiated policies for  the energy sector and especially for environment. The important energy strategies were i) to initiate a shift from the extent non renewable sources of energy to renewable sources and provide wider access for the rural and urban poor to adequate energy supplies at affordable costs, (ii) to propagate renewable resources based on decentralised and environmentally benign non conventional technologies and (iii) to maximise the availability of indigenous energy resources such as oil, natural gas, coal and hydroelectric power, as well as non conventional energy by way of bio-gas, solar energy and wind energy. 

After then it is observed that during 1991-92 to 1996-97 India's total commercial energy consumption increased by 278.65mtcr or 5.7% p.a. Although the coal sector performed reasonably well in 1991-92 to 1996-97, some major weaknesses have also emerged. It is observed from the result that during this period coal and lignite consumption has increased by 58 mtcr. or 4.83% p.a. from 1991-92 to 1996-97,oil and gas sector also recorded 5.5% p.a. while electricity consumption was rather  high i.e. 7% p.a. during this period or it has increased by 79 mtcr. from 1991- 92 to 1996-97.   

During the first half of the 90's oil production has increased at an annual rate of less than 1%p.a. The 19% increase in production during 1994-95 arrested the declining trend. Aggregate production during the five-year period was 157.71 mt. However, during the last two years of the plan it was able to contribute only 1.12 mt. The shortfall is on account of uncertain reservoir behaviour in Bombay offshore basin, problems in the north-eastern region and delays in implementation of joint venture projects. On the consumption front it reflects a moderate increment i.e. 5.5% p.a.  or 141.65mtcr during 1991-92 to 1996-97. The natural gas consumption was peaking gradually during the period at 6%p.a. Out of it 56% of gas was utilised for energy purposes, mainly for power generation and 44% was used as feedstock, mainly for fertilizer plants. Now it is necessary to provide a brief description of the three air pollutants (CO2, SO2 and NOx) and their ultimate situation in India and their genuine effects on human health.

Among the contribution of different gases to the green house effect, that of CO2 is the largest. This is not because its potential for global warming is the highest but because of the sheer quantities of CO2 released into the atmosphere as a result of anthropogenic activities. Ninety eight percent of CO2 emissions in India are accounted for by energy related activities. Of this nearly 48% is contributed by bio-mass combustion and the rest by the combustion of fossil fuel. The fossil fuel consumption in India is growing continuously, dominated by oil for transport and coal for power production. Under such circumstances carbon emission can reach an alarming magnitude.  Between 1950 and 1990, per capita income has increased by 1.6% but per capita emissions of carbon increased by 3.6% annually (TERI, 1996). This increase in emissions reflects primarily an increase in energy use. A large amount of CO2 is emitted from the combustion of fossil fuels in India. Of these coal accounts for nearly 70% and oil for 26%, the rest is due to natural gas.

 SO2 arises from combustion of sulphur containing fossil fuels, smelting of sulphur bearing metals ores, industrial processes, and some natural events such as volcanic eruptions. NOx emanate primarily from motor vehicles and high temperature stationary combustion sources such as power plants.  In India the annual average concentration of SO2 and NOx are 80 mg/m3 and 100 mg/m3 respectively in 1991.The gradual increase of NO2 concentrations are easily understandable due to the rapid increase in the stock of motor vehicles. But the SO2 concentration is comparatively lower than NOx in few cases. The Indian fuel composition is such that CO2, SO2 and NOx are largely derived from the combustion of coal. Oil being the second largest source. In case of NOx, the major sources are coal, gas oil and to a lesser extent, gasoline. The NOx factor for a given fuel is much higher if the fuel is used in mobile sources rather than in stationary sources, hence the NOx emissions play a dominant role in transportation fuels. For CO2 and SO2 the emission factors will depend on carbon and sulphur contents.

 SO2  and NOX are the  major source of acid precipitation. For example, electric power generation, residential heating and industrial energy account for 70% of SO2  emissions, with coal use alone accounting for about 70% of SO2 emissions. Road transport is an important source of NOx emissions accounting for 48% of the total emissions and remaining are due to fossil fuel combustion in stationary sources. Petrol driven vehicles are the major source of CO emissions contributing to over 85%, while diesel driven vehicles are the major source of NOx contributing to over 90%. The above pollutants are correlated broadly with human health or with the health ecosystem.

It includes estimation of the presence of pollutants in India’s air and indicators of the extent to which habitats are being degraded. The concentrations of SO2 are associated with the aggravation of respiratory diseases such as asthma, chronic bronchitis and emphysema, and may be associated with increased mortality. It affects people quickly, within the first few minutes of exposure. Epidemiological studies indicate that SO2 exposure can lead to the kind of acute health effects typical of particulate pollution. Exposure is linked to an increase in hospitalizations and deaths from respiratory and cardiovascular causes especially among asthmatics and those with pre-existing respiratory diseases. The severity of these effects increases with rising SO2 levels, and exercise enhances the severity by increasing the volume of SO2 inhaled and allowing SO2 to penetrate deeper into the respiratory tract. 

NO2 concentrations have also been associated with the increased incidence of respiratory disease in children and aggravated respiratory and cardiovascular illness and chronic nephritis. Carbon dioxide in the form of carbon mono oxides affects the cardiovascular system [ c + o2 = co2, 2c + o2 = 2co, 2co + o2  =  2co2 ]. The binding of CO with haemoglobin to form COHB reduces the oxygen carrying capacity of blood, and the binding with other heme proteins such as cytochrome a3 oxidise, myoglobin, hydroperoxidases and cytochrome P-450 is directly related to exercising skeletal muscle and the developing fetus. Thus CO, which arises from incomplete changes in functions of, affected organs, such as the brain, cardiovascular system, and combustion is associated with impairment of mental function and fatal development.   

4.1 Industrial Emissions 

Table A reports the CO2,  SO2, NOx  emissions in India from coal and oil combustion and

tables 1, 2,3 (appendix 1)present the estimated industrial emissions of CO2, SO2 and NOx. 
TABLE A

CO2,  SO2, NOx EMISSION (IN MT OF CO2,  SO2,NOx) IN INDIA DURING 1973-74 TO 1996-97 (FOSSIL FUEL COMBUSTION)

Fossil fuel combustion
Coal combustion
Oil combustion
Total

Emission/year
CO2  / SO2  / NOx
CO2  / SO2  / NOx
CO2  / SO2  / NOx

1973-74
160.10/3.488/4.80
31.18/6.007/1.455
191.28/9.496/5.69

1983-84
293.15/4.888/6.737
83.86/8.57/2.82
377.01/13.458/10.56

1991-92
473.05/6.57/10.47
110.59/12.37/6.680
583.80/18.94/17.151

1996-97
595.20/8.32/14.84
172.62/14.665/7.92
767.82/22.98/22.67

CO2

We observe from Table A (fig 1, 2, 3 )(appendix 2) that coal combustion releases CO2 more than oil. The emission released from the coal sector is rather high thus affecting the CO2 emission. During 1973 to 1983 the CO2 emission rate is highest among all periods i.e. 9.7% p.a. In this period coal consumption is high enough i.e. 10%, which, in turn contributes to release more CO2. The growth rate of CO2  during 1983-84 to 1991-92 was 6.8%,which is lower than previous one. 

But during reform period (1991-92 to 1996-97) the situation has changed. The energy consumption during this period was 5.6% p.a. and the released CO2 during the above period is lower (6.29%) compared to previous period. This fact suggests that during this period the consumption of coal (4.8%) and oil (5.5%) (Mukhopadhyay, 2001) had reduced. The high emission was primarily due to the high rate of energy consumption.

SO2 and NOx
From table A (fig 2 & 3) it is clear that coal combustion releases sulphur relatively less in amount than NOx. Actually high content of fuel NOx is released during coal combustion and it is mainly released from the power plant. As we know that coal consumption is always higher in power plant than any sector. On the whole the NOx emission from the coal combustion moves steadily throughout but the rising rate is lower during 1991-92 to 1996-97. Coal is more NOx intensive than is oil, but is less SO2 intensive. Overall the SO2 emission from coal combustion gradually moves higher on the other hand the oil combustion of SO2 emission also moves upward but the increasing rate is lower after 1991-92. But the NOx emission from oil combustion steadily rises after 1991.  

If we try to analyse the estimated sulphur dioxide emission (table 2 ) from industries as well as from the domestic purposes then the picture reveals almost a same trend. It starts rising from 1973--74 (9.49mt of SO2) to1983-84 (13.458mtof SO2) by 4.18% p.a., it moves by 5.10% p.a. during1983-84 to 1991-92 (18.946), but again dropped to 4.26 % p.a. in the reform period. But the NOx emission (table3) reveals some different trend. It was 7.6% p.a. during 1973-74 to 1983-84 then slightly higher during the second period (1983-84 to1991-92) by 8.81% p.a. but in the reform period it drops significantly by 6.43% p.a.

Now if we try to compare the release of SO2 and NOx with that of CO2 during the above period then we observe that like carbon emissions the sulphur and nitrogen oxides also have a high growth rate during 1973-83 compared to the other periods. NOx emission has maintained a same trend like CO2 but SO2 has a different path. It declines during 1983 –84 to 1991-92 but it has increased again in the reform period.

 Now we concentrate on sectoral CO2 emission as revealed by table 1.

Out of the three fossil fuel sectors the electricity contributes a major part and its contribution gradually rises from, 34.59mt in 1973-74,and then to 117.85 mt of CO2 in 1983-84,171.15 mt of CO2 in 1991-92 and 214.60 mt of CO2 in 1996-97. The highest gap is observed during 1991-92 to 1996-97 in this respect. Petroleum product sector emits CO2 at a fairly high level i.e. 80.64 mt of CO2 in 1968-69 and in 1996-97 the figure is 250.89 mt of CO2.  Computed CO2 emissions increased annually 9.7% on an average from 1973-74 to 1983-84 but over the period 1983 -84 to1991-92 it was 6.8% p.a. from 1991-92 to 1996-97 the growth of emission rate has been further reduced to 6.3%. 

As it is observed from the study electricity sector, which is the major user of coal in India, accounts for more than 25% of total emissions in the country throughout the period. In the same manner, petroleum product sector, which is the major user of crude oil, accounts for more than 40% of total emissions in the country through out the period. 

Iron and steel, transport, textile, other metallic mineral product, basic metal metal, products and machinery are other top sectors in CO2 emissions compared to other non -energy industries. These industries are the primary sources that cause CO2 emission. The CO2 emission from final demand (private consumption + government consumption +investment demand + net export demand) gradually increases from -37 mt of co2 in 1973-74 to 21 mt of CO2 in 1996-97. Here the sign of final demand component is negative due to the high import amount of crude oil sector. One positive aspect from the result of final demand conveys that the imported amount is controlled after first three periods gradually. The study also reflects that the CO2 emission in private consumption is ever highest during the period 1991-92 (108.60 mt of CO2).  

Like carbon emission sulphur (table 2) and nitrogen (table 3) have also released a higher emission from electricity and petroleum products. The NOx emission was higher in case of electricity than petroleum products. But opposite case happened in SO2 emission. The SO2 emission of petroleum products was higher than the sum of all other industries all other sectors. It starts rising at a moderate rate from 1973-74 to1983-84 i.e.8.7 to 9.9 but suddenly jumps to 15.17 in 1991-92 and again maintains somehow i.e.15.63 mt. of SO2 in 1996-97.

The other important sectors in case of SO2 emissions are iron and steel, basic metal metal products and machinery, fertilizer, other metallic product and cement. The important sectors in case of NOx emissions are iron and steel, textile, other metallic, cement, fertilizer, paper and paper products etc. 

The empirical results of decomposition analysis for CO2,SO2 and Nox are discussed in the following section. 

4.2 Decomposition Analysis

 The total changes in estimated CO2, SO2 and NOx emission from 1973-74 to 1991-92 have been decomposed into effects caused by four components following the equations 

(11a to 11b) given in Section .The first term of equation (11a) and (11b) including (S reflects the CO2, SO2 or NOx emission change due to the shift of energy intensity of various industries, when the other variables are constants through out the period under study.

The second term of the equations including (R defines the CO2, SO2 or NOx emission change due to the changes in the domestic technical coefficient matrix.

The third term of the equations including (YC refers the CO2, SO2 or NOx emission change due to the composition effect or structural shift in the final demand of the economy.

The fourth term including (YV finally indicates the CO2, SO2 or NOx emission change due to development of total final demand in the economy.

The aggregated results of CO2, SO2 and NOx emission changes and its corresponding factors have been shown in Tables 4a, 4b and 4c (figs. 4 to 6)(appendix 2).

Table 4a. STRUCTURAL DECOMPOSITION FACTORS OF CHANGE IN CO2 EMISSIONS BETWEEN 1973-74 TO 1996-97 IN INDIA (mt of CO2)


1973-74to1983-84
1983-84 to 1991-92
1991-92 to 1996-97






Changes in CO2 intensity or Changes in efficiency
28.89
--31.79
50.98

Changes in rate of CO2 coefficient or structure change in production
103.02
  97.43
87.10

Changes in composition of final demand or structure change in demand
-3.26
5.61
3.39

Changes in the volume of final demand
56.789999
135.28
41.84

Changes in total CO2 emission
185.73
206.53
183.32

Table 4b. STRUCTURAL DECOMPOSITION FACTORS OF CHANGE IN SO2 EMISSIONS BETWEEN 1973-74 TO 1996-97 IN INDIA (mt of  SO2)


1973-74to1983-84
1983-84 to 1991-92
1991-92 to 1996-97

Changes in SO2 intensity or Changes in efficiency
.98
-1.61
0.90

Changes in rate of SO2 coefficient or structure change in production
1.72
3.02
1.82

Changes in composition of final demand or structure change in demand
-.003
.009
.006

Changes in the volume of final demand
1.26
3.72
1.49

Changes in total SO2 emission
3.96
5.48
4.11






Table 4c. STRUCTURAL DECOMPOSITION FACTORS OF CHANGE IN NOx EMISSIONS BETWEEN 1973-74 TO 1996-97 IN INDIA (mt of  NOx)


1973-74to1983-84
1983-84 to 1991-92
1991-92 to 1996-97

Changes in NOx intensity or Changes in efficiency
1.89
-0.99
1.98

Changes in rate of NOx coefficient or structure change in production
1.027
3.95
1.82

Changes in composition of final demand or structure change in demand
.045
.019
.012

Changes in the volume of final demand
1.097
3.07
1.69

Changes in total NOx emission
4.36
7.095
5.51






Table 4a gives us the changes in CO2 emission (mt of CO2). The changes have been estimated as 185.73 mt of CO2 from 1973-74 to 1983-84 but it rises to 206.79 mt of CO2 then in 1983-84 to 1991-92 but finally during the reform period the change drops to 183.66 mt of CO2.

Tables 4b and 4c focus on the total emission changes as well as the responsible factors of SO2 and NOx components respectively. The changes are quite similar to CO2 but not exactly. The total sulphur emission changes are varied between 3.968 to 4.92.The rising trend has been observed. 

On the other hand the NOx emission changes is so high during 1983-84 to 1991-92.It was 7.095 mt. It remains moderate and stable (4.36 and 5.51) during the other two periods. Regarding sources we found that in all cases (CO2, SO2, NOx) changes in the volume of final demand and rate of technical coefficients become dominant. But in some period intensity changes work as a reducing factor. Let us now elaborate the above factors for changes in CO2, SO2 and NOx emission one by one for different period.  First we discuss the changes in intensity or efficiency changes.

4.2.1Changes in intensity or efficiency changes
Tables 5a 5b and 5c(appendix1) presents the CO2, SO2 and NOx intensity respectively for the study period. The intensity effect has reduced the changes in CO2 emission only during 1983-84 to 1991-92 but it has increased for other periods. Among sectors the intensity of CO2 from emission by oil products represents the largest rate of decrease especially in 1991-92 to 1996-97. It has demonstrated that oil-consuming industries improved their energy conservation after oil crisis in 1973. 

As we noticed from table (4a) that changes in CO2 intensity during 1973-74 to 1983-84 for most of the sectors became positive. It means that the industries are in most case CO2 intensive or rather contribute to increase CO2 emission. Out of 22 sectors only five sectors have contributed to reduce CO2, however, the contribution is not very significant. Only petroleum product sector has significantly reduced CO2 emission (–18.36 mt of CO2). The reason is due to less amount of crude petroleum consumption during the above period. On the other hand electricity sector ranks the top among other sectors to increase CO2 emission. It is due to the maximum amount low graded coal consumption and also for the inefficient process (Mukhopadhyay & Chakraborty, 1999). 

The total aggregated CO2 intensity change in 1983-84 to 1991-92 is –31.79 mt of CO2. The overall sectors contributions are more or less same like previous period. The only difference is in electricity sector, which ranks second and agriculture scores first in this period. The petroleum product sector ranks the highest still to reduce CO2 but in a less amount than the previous period. 

But in the reform period more or less all sectors performed positively to increase CO2 emission except four sectors (petroleum, mining and quarrying, transport and iron and steel though negligible). In this period the intensity effect was rather high i.e.50.98 mt of CO2. The highest rank performed by electricity followed by chemical products and construction. The agricultural operation is carried by irrigation, which is largely performed by using diesel and electric energy. Power consumption in the agricultural sector expanded at the rate of 12-13% p.a. during 1971-96. As a result the share of this sectors in the total power consumed has increased steadily from 10% in 1970-71 to 30% in 1996-97.The power consumption in the agricultural sector is also the result of an increase in irrigation pumpsets energized and a sharp increase in the usage hours of the pumpsets. As the electricity is an essential input for agricultural development in India. The total electricity consumption has increased rapidly than diesel is due to subsidized flat rate of tariff on electric pumpsets. Power subsidy to agriculture has gone up sharply in recent years. 

The intensity of SO2 and NOx emission reveals quite a similar picture like CO2. The results show a negative trend only during 1983-84 to 1991-92 i.e. it helps to reduce emissions. Though the share is very negligible in amount but still it is working as a reducing factor. For SO2 emission the negative rate was higher for the same period.

Out of the three fossil fuel sector only crude oil contributes positively for NOx emission throughout but the contribution of the other two fuel sectors were negative. Among other sectors like petroleum product, textile, plastic mining and quarrying have also helps to reduce the emission. A similar pattern has also been observed for SO2 emission. One common and most obvious reason behind the moderate performance of coal and crude oil sector is inter-fuel substitution and efficient utilization of resources.  It was outlined in the reform strategy by Govt of India that  (i) to shift from non renewable sources of energy to renewable sources, (ii) to reduce energy intensity in different sectors through changes in technology/processes, (iii) to optimise interfuel substitution, (iv) to propagate renewable resources based on decentralised and environmentally benign non conventional technologies. Not only that biogas, solar energy and wind energy are also being used as a most efficient fuel source. In this connection the petroleum and fertilizer industry deserve mention. A high inter-fuel substitution has been made possible in case of petroleum sector. But in case of fertilizer industry the reasons are quite different. As we know that the fertilizer industry, particularly nitrogenous fertilizer is highly energy intensive. The fertilizer industry is one of the largest consumers of petroleum based fuels. The energy consumed in the production of ammonia has a great impact on the overall energy consumption scenario of the entire fertilizer industry. Recent advances in process technology and catalysts have also resulted in lower energy intensity. The energy efficiency of India’s fertilizer industry has been improved by the construction of natural gas based plants replacing old plants using coal. 

4.2.2 Changes in the Rate of technical coefficient

The changes rate of technical coefficient of CO2, SO2 and NOx have been displayed in table 6a, 6b, 6c (appendix 1) respectively. The changes in the rate of technical coefficient regarding CO2 emission were positive throughout and it follows a declining trend. The results of SO2 and NOx also reveal the same pattern. For SO2 emission the first two periods provide positive contribution i.e. 1.27 and 3.02 but in the reform period the gap become shortened i.e. 2.02mt of SO2. 

The basic reason behind a small share in the reform period is due to moderate coal and crude oil consumption i.e. 4.8%p.a and 5.6%p.a. respectively during 1991-96 (Mukhopadhyay, 2001). In case of oil sector the technical changes like minimization of the risks of exploration, optimal mix of exploration, energy conservation and interfuel substitution has took place. While in case of coal sector it is due to the efficient technology like exploration, exploitation, efficient utilization, new mining technology (Mukhopadhyay, 2001).

As a matter of fact it can be mentioned that the technological change in the electricity sector has increased energy consumption during 1973 to 1991. It was due to low thermal efficiency of power plants in India caused by the generally small size of its power plants. Besides the low capacity utilization of thermal power plants also decreases overall energy efficiency. The average annual load factor of all thermal plants in India was 53.8% in 1990-91. This is largely attributed to inefficiency in the operation and maintenance of plants (Govt of India, Planning Commission, 1992). These facts ultimately move towards high emission.

Almost all sectors contribute negatively in reform period i.e., to reduce CO2, SO2 and NOx except other metallic mineral product, textile, leather and leather product, food and beverages deserve mention. The basic reasons behind are technical gestation lag, financial resource constraint, high transition cost and less intensification of R&D. 

Moreover a moderate technical changes have taken place i.e., 1.77% p.a. leading to reduce energy consumption which in turn generates low emission. But the contribution of the fuel sector in this respect goes to coal and oil. New mining technologies for coal have been introduced with a fair degree of success. 

4.2.3Changes in the volume of final demand of various industries 

 The next factor deals with the changes in the final demand of various industries for CO2, SO2 and NOx emissions. It is presented in table 7a, 7b and 7c(appendix1) .The total changes in the final demand contribute 192.87 mt of CO2 for the reform period but 109.33 mt of CO2 in 1973 -74 to 1983-84(table 7a). The volume of final demand factor dominates among all other factors. For SO2 emission it was moderate during 1973-74 to 1983-84 i.e. 1.09 but in 1983-84 to 1991-92 it reaches at a peak i.e. 3.62 but after then it drops a little bit i.e 3.09 but more or less maintains the trend. The NOx emission also behaves in the similar manner. Among sectors the electricity and petroleum products dominate throughout for all three-emission case. 

 It reveals that changes in final demand structure regarding energy consumption have increased by 6.9% per year. The share of individual sectors are 9% for coal, 5.47% for crude oil and natural gas and 7.85% for electricity in this respect. The demand for electricity in the household sector is expanding rapidly as the pressure of urbanisation continues to increase and the availability of consumer durable also continues to expand. Several of the relatively newer and faster growing industries such as gems and jewelry garments and electronics are more energy intensive. The rapid pace of urbanization and diverse urban growth pattern involve many basic structural changes in the economy, which have major implication for energy use and also CO2 emission.  Urbanisation brings changes in the way resources are collected distributed and used. The rising per capita income associated with urbanisation increase demands for both end use energy and energy intensive products and services. 

 If we analyse the sectoral contribution then electricity was the hardest hit. Among other top sector--- petroleum products, construction, textile, iron and steel, other metallic mineral product, basic metal and machinery dominate through out the period. Among these five sectors the contribution of petroleum products shows a falling trend for CO2 but rising trend for SO2 and NOx from 1973-74 to 1996-97 but electricity and for other top three sectors contribution is rising gradually during the same period. Coal and electricity have a major share of energy products. Thus, the intensity of these sectors has been rising sharply mainly on account of higher coal consumption by the power sector and higher electricity consumption by the industrial sector. During eighth plan period 40% of electricity was consumed by the energy sector itself and the remaining 60% was consumed by energy intensive industries like iron and steel, basic metal metal products and machinery, other metallic products construction, trade and other services deserve mention. Let us take the iron and steel industry. The two most energy intensive steps in these plants are making iron in blast furnaces and liquid steel from the hot metal in blast furnaces. The process of making iron consumes nearly 70% of the total energy consumption at the plant. Electricity is a major source of energy for steel making mini steel plants (EAFs). The small size of furnaces and the erratic power supply have led to high electricity consumption in Indian EAFs. The electricity consumption per tonne of production has registered an increase from 530 to 604 kwh/tonne of production. So in case of sectoral contribution under changes in final demand structure revealed that higher energy consumption finally releases more CO2, SO2 and NOx. This was mainly as a result of higher demand for coal and, in the production sector, a higher demand for transportation fuel. In addition electricity consumption has increased, especially in private services and the other industrial purposes, so leading to higher NOx and CO2 emissions, because electricity has been increasingly using coal. In case of the construction sector the higher value of indirect coefficient and the large volume of activity, it turns out to be the one that is most responsible for CO2 emission in India when they are viewed in terms of final demand in each sector. The share of construction sector was also high due to its indirect coefficient. This is because construction sector uses many energy intensive materials such as brick, cement, iron and steel, glass and asbestos. It also accounts for about 40% of capital formation and thus forms one of the largest elements of final demand in the Indian economy.
4.2.4 Changes in the Composition of final demand of various industries

The composition of final demand actually measures the share of each sectors final demand in terms of total final demand. Though its contribution is very negligible than other factors but it shows a rising trend. A negative contribution made in 1973-74 to 1983-84 but positive and high contribution during 1983-84 to 1991-92. A slightly lower performance has been made possible during 1991-92 to 1996-97. Here we have presented in table 8 (appendix 1) only the contribution of changes in CO2 emission by sectors due to the above factors.  The sector specific SO2 and NOx contribution table regarding such factors has not been displayed due to negligible share. 

Just after the oil crisis the composition of final demand was not so high but after ten years when the country recover itself from devastating recession its final demand changes automatically. More elaborately private consumption risen sharply followed by public consumption and exports. During the reform period govt of India has introduced few policies and strategies for final demand categories and that results a significant changes in the composition of final demand factor. The composition trend was more or less same for all pollutants. The major contribution was made by CO2 out of the three.

Among sectors textile, trade and other services, electricity and crude oil shares significantly. Sector wise performance remains same throughout for all pollutants. 

4.3  Scenarios 

Our results of SO2, NOx and CO2 from industrial purposes show that emission levels are getting higher and higher gradually. What will be the future level? In this section we have made a modest attempt. Two scenarios have been carried out:

a)Following the growth strategy of the 9th five year plan, it is assumed that the aggregated final demand of 1996-97 would rise by 6.5% up to 2001-2 

b)According to the Approach paper of the Tenth five year plan the GDP growth rate will be targeted to increase by 8% compound growth annually. Taking that on account we have changed the aggregate final demand accordingly. 

‘A’ matrix remains constant like previous estimate (i.e. A for 1996-97) and composition of final demand also remains at 1996-97 levels. After estimating the energy consumption for the year 2001-2 and 2006-7 we can compute the emission levels of CO2, SO2 and NOx for the above two periods. 

 The estimated emission for the period 2001-2 and 2006-7 has been presented in table B.  

TABLE B. 

ESTIMATED TOTAL CO2, SO2 AND NOx EMISSIONS IN INDIA DURING 1996-97,2001-2 AND 2006-7  (mt of CO2,SO2 and NOx)

YEAR 
CO2
SO2
NOx

1996-97
767.82
20.47
21.67

2001-2
796.18
24.7
25.57

2006-7
875.6
33.49
37.82

The above estimated results for two scenarios clearly show that the increase in GDP growth rate leads to increase energy consumption which ultimately raise the emission of air pollutants like CO2, SO2 and NOx. On the other hand, the above emission levels will also have a serious impact on health. Thus, when the emission levels rise then the health problem will also become acute.

In India, the rapid urbanization, with the associated growth in industry and transportation systems, has increased regional concerns with regard to emissions of sulphur dioxide and nitrogen oxides. According to one recent estimate (SEI, 2000), at the current growth rate of energy consumption, by the year 2001 sulphur dioxide emissions of Asia (maximum contribution made by India) will surpass the emissions of North America and Europe combined. The primary man made source of sulphur and nitrogen in India is fossil fuel combustion in the energy, industry, and the transportation sectors. The use of low quality fuel, inefficient methods of energy production and use, the poor condition of vehicles and traffic congestion are the major causes of increasing emission of these gases.   

Our next task is to establish a link between the above emission of air pollutants and its ultimate impact on health based on various studies conducted by individual scholars and international groups and data provided by the govt of India and WHO publications. 

Section 5 

Impacts on Health

Recollecting our estimated results presented in the previous section we submit that the emissions are increasing gradually which might cause a degradation of environment leading to a serious impact on human health in India. So our next task of the study will move towards that direction. We will examine the link between the three air pollutants CO2, SO2 and NOx and the diseases created by it. 

Toxic substances enter the human body by ingestion, by absorption through the skin or eyes, by means of a puncture or injection or by inhaling dust or gas. air pollutants enter the body through respiratory system. Pollutants entering the body may even affect specific organs. The ability of air pollutants to penetrate the body's natural defences differs from one pollutant to another.

Let us take the carbon monoxide and more elaborately CO2 case. Actually carbon monoxide is produced by the inefficient combustion of carbon fuels. In combustion CO2 and water vapour are formed. But when the combustion is incomplete, carbon does not have enough oxygen to combine with and forms carbon monoxides. Although motor vehicles are the principal sources of carbon monoxide emissions, mines and blast furnaces also emit CO. So our result follows that so far as the CO2 is gaining its importance by amount then definitely the inefficient combustion will also be higher and the amount of CO will also get rise. The present study provides that the CO2 level was 191.28 mt in 1973-74 in India but rises to 767.82mt during 1996-97 and after that it will further rise to 796.18mt and 875.6 mt during 2001-2 and 2006-7 respectively.

Thus ultimately CO2 in form of CO can pose a serious health problem in future in India. It is highly toxic at significant level of concentration and can cause decreased human efficiency in low but chronic doses. Carbon mono oxide is asphyxiating pollutant, that is, it displaces the oxygen being transferred to haemoglobin molecules. Hence as increasing concentrations of carbon monoxide are inhaled, the quantity of life sustaining oxygen that the blood stream transports from the lungs decreases. Several hours of exposure to carbon monoxides to 100 ppm results in dizziness, headache, and impaired perceptions. With concentrations of 300-400 ppm vision problem, nausea and abdominal pain may develop and750 ppm can be fatal. Heart patients appear to be particularly susceptible to the adverse effect of carbon monoxide.  Gases that act mainly as irritants of the respiratory tract include ozone, sulphur dioxide and nitrogen oxides.

The SO2 is produced by the burning of coal, gas or fuel oil both for domestic and industrial purposes. Besides petroleum industry, oil, refining and sulphuric acid, it is produced mostly by power plants which burn coal to generate electricity a large power plants may burn 10,000tonnes of coal a day. If this coal is contaminated with 3% sulphur, some nine hundred tons of sulphur dioxide per day will be discharged. As our results show that SO2 is also increasing at a rapid pace more specifically it has started rising from 1991-92 to 1996-97 and our estimated results show that it will become 24.7mt  and 33.9mt in 2001-2 and 2006-7 respectively. Thus the health problem in India will become acute for such reasons.

Actually air borne, for long periods, SO2 gradually reacts with oxygen and water vapour in the air to form sulphuric acid (H2SO4). Thus nine hundred tonnes of SO2 from one days operation of a single large power plant become someone thousand and five hundred tons of sulphuric acid by the addition of oxygen and hydrogen to the molecule. It is diluted by rainfall but even the rain is said to be 10to 100 times more acidic than normal. It is termed as acid rain. This can lead to gross alteration of aquatic ecosystem and greatly increased the rate of leaching. Besides SO2 emissions cause suffocation, irritation of throat and eyes and serious respiratory diseases like asthma. Sulphur dioxide is often a local pollutant but can also be subject to long range transport processes. In oxidized forms it can persist and be transported considerable distances as a fine particulate and can be an important component of haze. Sulphur dioxide is very soluble in water and therefore can cause irritation to the moist surfaces of the nose, mouth, pharynx and major bronchi. It also irritates the respiratory tract, reducing lung capacity, and causes wheezing, shortness of breath and chest tightness.

Lastly, the nitrogen oxides are formed by the combination of atmospheric nitrogen and oxygen during any form of combustion. It has mainly been emitted by acid manufacturers, chemical plants, automobile exhaust, and explosive industry. It also creates acid rain just like SO2. Our study shows that like other two pollutants its emission levels are also rising gradually. Health hazards of nitrogen oxides are chronic bronchitis and oedema of lungs and asthma. The major health impacts of the nitrogen oxide are increased incidence of lower respiratory tract infection in children, and decreased airway responsiveness in asthmatics. Children, the elderly, asthmatics and individuals with chronic obstructive pulmonary disease are more responsive to nitrogen dioxide than others in the community. Let us now present a picture of burden of diseases in India.

TABLE 15.  Burden of Diseases in Females and Males by Cause, 1990 Hundreds of Thousands of Daily's Lost

Diseases
Males
Females 
Total

1)  Respiratory  infections
161.9
155.7
317.6

a)  Lower respiratory
154
147.3
301.3

b)  Upper respiratory
2.8
3.2
6.0

c)  Otitismedia
5.1
5.1
10.2

2)  Respiratory chronic obstructive
39.5
38.5
78.0

3)  Asthma
8.7
8.5
17.2

Source:  World Development Report, 1993

The above table reflects that the greater no. of people are affected by respiratory infections especially lower respiratory infections. These respiratory infections are mainly caused by the pollutants like SO2 and NOx. Besides, the chronic obstructive respiratory disease also scores higher. If we consider the total deaths in this respect from 1986 to 1994 then it will provide more clear picture of it.

TABLE 16. Total deaths from asthma problems in India (1986-1994) 

Year
No of deaths due to asthma (000)
Percentages of total death

1986
3606
19.7

1987
4053
20.3

1988
4657
22.9

1989
4321
21.1

1990
4732
23.2

1991
4819
24.6

1992
5115
27.0

1993
5262
27.9

1994
5453
30.1

Source : Health Information  of India, various issues, 1998

The above table conveys that no of deaths due to the respiratory problem and its related diseases like asthma and bronchitis are also increasing gradually. It was 360600 in 1986 and rose to 545300 and the percentage share in total deaths increased from 19.7% in 1986 to 30.1%  in 1994.  Let us now take a look at the data on age specific death caused by Asthma and Bronchitis  for the year 1984 and 1988 (table 17).

We know that asthma is a chronic respiratory diseases characterized by sudden attacks of labound breathing, chest constriction and coughing. We observe that the respiratory problem and related diseases like asthma and bronchitis are increasing and number deaths due to this problem has increased by 11% p.a during 1984 and 1988.Further people in the age group 65+ are largely affected. The percentage has increased from 20.59% in 1984 to 24.99% in 1988. As we have seen above that there has been a  rise in the number of deaths due to respiratory disease. This is because of the air pollutants that attack human health primarily through the respiratory disease. 

TABLE 17. Age and sex specific distribution of deaths (caused by the diseases of respiratory system) for the year 1984, 1988, India   

                                                              1984                                                                  1988

Age group
Male
Female
Total
Male
Female
Total

Below 1 year
3237
2889
6126(30.26)
3948
2671
6619(22.68)

1-4
1194
1091
2285(11.28)
1918
1820
3738(12.76)

5-14
541
505
1046(5.16)
847
729
1576(5.35)

15-24
338
313
651(3.21)
782
664
1446(4.91)

25-44
1194
710
1904(9.40)
1652
993
2645(8.99)

45-64
2485
1361
3846(18.99)
3848
1610
5458(18.55)

65+
2525
1645
4170(20.59)
4303
3048
7351(24.99)

A.N.S
141
65
206(1.01)
250
127
377(1.28)

TOTAL
11655
8579
20234(100)
17518
11662
29180(100)

(A.N.S: age not specified, Figures within brackets indicate percentage to the total)

Source: Health information of India (various issues).

In section 4 we have presented the estimates of CO2, SO2 and NOx for the year 2001-2 and 2006-7.Unless measures are taken these high levels of air pollution will certainly have some severe impact on the mortality and burden of diseases of India. A recent study by the World Bank group (World Bank, 2001) has projected annual averages for 2001-2020 of premature mortality and burden of diseases due to air pollution for India and other region of the world (table 18). For India, the estimates show that the premature deaths will be 950,000 p.a. and the burden of diseases will be 27.1 million DAILYs p.a. in the year 2020.These figures confirm our concern about the severity of the impact of air pollution on human health of the future generation of India as suggested by our work. 

TABLE 18. Premature mortality and burden of disease due to air pollution by region (Projected annual averages for 2001-2020)


Premature deaths (‘000s p.a.)
Burden of disease (million DAILY’s p.a.)

Region
Total
Total

China
740
18.5

East Asia and Pacific
250
7.3

Established Market Economies
20
0.5

Former Socialist Economies
210
4.0

India
950
27.1

Latin America and Caribbean
140
4.0

Middle East Crescent
160
4.9

South Asia
340
10.2

Sub Saharan Africa
590
19.3

World
3480
95.6

Source: World Bank Environment Strategy (2001) 

From various other studies we also attempt to examine the impact of air pollution on health in India. World bank study in 1995 (Agarwal, 1999) formulated a model to establish the relationship between air pollution and human mortality and morbidity. The model was subsequently used to assess environmental and health conditions in India. Using air quality data for 1991-92 provided by the Central Pollution Control Board (CPCB) from 290 monitoring stations in 92 Indian cities and towns, the researchers found that air pollution results in 40351 premature deaths in India. Calcutta, Mumbai and Delhi accounted for 5726 (14%), 4477 (11%) and 7491 (19%), respectively. Substituting the CPCB air quality data for 1991-92 by the corresponding 1995 data, researchers at the Centre for Science and Environment (CSE) found that the figures for number of premature deaths increased to 51779 – a rise of 28%. Calcutta, Delhi, Mumbai, Kanpur and Ahmedabad account for 10,647,9859,7023,3639,3006 premature deaths, respectively (Brandon & Hommann, 1991-92 and Anon, 1997). These cities account for 66% of the total premature deaths from air pollution in India. The total estimates of annual episodes of illness due to SPM in the air has increased from 19805388 in 1991-92 to 25645721 in 1995. About 51779 people were estimated to have died prematurely in 33 Indian cities due to air pollution in 1995 as against 40351 in 1991-92,a rise of 28% over the period. Thus the country is paying a heavy price as a result of deaths and incidences of illness due to ambient SPM.

 Moreover, the number of air pollution related ailments requiring medical treatment and hospital admissions have skyrocketed from 19 million in 1991-92 to 25 million cases in 1995.This indicates an increasingly ruined state of health in Indian cities. In Calcutta and Delhi, cases of hospital admissions and sickness requiring medical treatment due to air pollution have almost doubled in a very short period of three years. Alarming trends are also emerging in Kanpur, Chennai and Ahmedabad due to air pollution like SO2, NOx, whose levels in these cities are three to five times higher than the acceptable limit set by WHO. The primary sources are power plants, different industrial activities and transport emissions (as it is discussed in section 4).

Estimates of economic health costs in India have been made by experts. Evaluation of these premature deaths suggests that economic and health costs due to growing levels of  SPM, SO2 and NOx range between Rs 1755 cr and Rs 7252 Cr. Similarly, estimates of monetary losses due to sickness caused by high levels of SPM is between Rs 107 cr and Rs 213 cr.(Brandon & Hommann, 1991-92 and Anon, 1997)

A study made by Chabra (1996) establishes air pollution as one of the major causative factors behind the 10-12% incidence of bronchial asthma in the age group of 5-16 years in India. And he also argues that it is increasing significantly due to rapid growth of the transport sector. Significantly, while reporting 40,000 premature deaths due to air pollution in Indian cities in 1991-92, a world bank study had categorically stated that SPM and SO2 are responsible for over 95% of the health damage the conditions of asthma sufferers in Indian metropolitan cities is the worst. PM10, oxides of nitrogen, sulphur dioxide and ozone worsen the condition of asthmatics. They experience symptoms like shortness of breath, wheezing, and coughing and sometimes even death. Asthma is caused due to narrowing and swelling of the bronchi – the air passage leading to the lungs. Chabra also added that chronic and complicated cases such as patients with lung ruptures, fibrosis and pneumonia because of pollution, especially traffic pollution. Evidence suggests that an asthma sufferer exercising in the presence of 290 mg/cum SO2 will show severe symptoms of asthma within minutes. In Calcutta, SO2 levels are getting dangerously high – in some residential areas SO2 have touched 175 mg/cum during winters. Calcutta has the dubious distinction of being placed sixth among the 41 most polluted cities of the world when it comes to SO2 and SPM levels, according to Global Pollution and Health, a report published in 1996 by WHO and the United Nations Environment Programme (UNEP), while the acceptable annual average level of SPM by WHO standards is 60-90 mg/cum, Calcutta’s average was 344.3 mg/cum in 1995. This increases significantly in winters. Over the past decade, there has been a significant increase in the incidence of lung diseases asthma and bronchitis and respiratory and cardiovascular problems  in Calcutta and other metro cities. The expert points to auto emissions. Every decade it doubles. The density of vehicles per kilometre has increased from 344 in 1980-81 to 946 in 1990-91 (Agarwal, 1999). A recent study on Delhi by a World Bank group (Cropper et.al. 997) has obtained a positive significant relationship between particulate pollution and daily non traumatic death as well as the death from respiratory and cardiovascular problems. In Delhi further, the particulates have the greatest impact in the 15-44 age groups (over 74%). An average a 100 mg/cum increase in TSP is associated with a 2.3% increase in deaths in Delhi. 

Let us compare Indian scene with that of other countries which will help to formulate proper policy. Recent study (WRI, 1998-99) shows that China's air pollution levels are among the world’s highest. This is because of China's growing consumption of coal. Coal burning, the primary source of china's high SO2 emissions, accounts for more than three quarters of the country's commercial energy needs, compared with 17% in Japan and a world average of 27%. Energy and industrial sectors are now the major contributors to urban air pollution in China. The transportation sector is also becoming increasingly important.   Vehicles in China emits 2.5 to 7.5 times more hydro carbons,2 to 7 times more nitrous oxides (N2O) and 6 to 12 times more carbon mono oxides than foreign vehicles. In important cities motor vehicles account for 70% of CO emissions. In Beijing it is observed that all monitoring points within the third ring road --- a rough boundary separating downtown Beijing and its outskirts -- the CO levels exceeded the national standard (4 microgram per cubic meter per day). Those pollutants are one of the leading risk factors for respiratory diseases. In China air pollution is thought to be one of the leading risk factors for respiratory diseases, such as chronic obstructive pulmonary disease (COPD), lung cancer, pulmonary heart disease, and bronchitis, diseases that are the leading causes of death. Although only limited number of epidemiological studies have been conducted, air pollution has clearly contributed to both excess mortality and morbidity in China. Based on dose response functions from studies conducted within China and in other countries, the World Bank has estimated the number of deaths and diseases associated with air pollution among urban populations. Using the Chinese standards as a benchmark, they estimate the number of deaths that could be prevented if air pollution were reduced to those levels. According to their calculations, approx 178000 deaths, or 7% of all deaths in urban areas, could be prevented each year. Another measure of air pollution’s impact on health is the number of hospital admissions from respiratory diseases. 346,000 hospitalizations are found to be associated with the excess levels of air pollution in urban areas. Table 19 summarizes the estimated health impact of urban air pollution in China. 

TABLE 19. Estimates of respiratory damage that could be avoided by meeting class 2 air quality standards in China

Problem 
Number of cases averted

Urban air pollution


Premature deaths
178000

Respiratory hospital admissions
346000

Emergency room visits
6779000

Lower respiratory infections or child asthma
661000

Asthma attacks
75107000

Chronic bronchitis
1762000

Respiratory symptoms
5270175000

Restricted activity days 
4537000

Source: World Resource Institute, 1998-99

In case of Malaysia, the rapid growth has been bought at the expense of deteriorating urban air quality and associated health impacts. Mobile sources are reckoned to account for 80% by weight of all emissions to air in Malaysia, the worst pollutants being TSP, NO2, CO2, O3, SO2. Epidemiological evidence (Moran et.al.2000) provides statistical links between these pollutants and accelerated mortality and morbidity from impairment to respiratory pulmonary and cardiovascular function.  The study found the morbidity costs associated with urban air pollution in Malyasia.

Alberinni et.al. 1997) have also indicated that 26% of the population had a serious lung disease like pneumonia, chronic bronchitis and emphysema in Taiwan. If we compare the situations regarding health problem created by SO2 and NOx in developed countries  then we observe  a similar picture. For example, in USA in 1990 American industry emitted more than 2.4 billion pounds of toxic pollutants into the atmosphere. In 1991,98 areas exceeded the environmental protection agency's recommended level for ozone, and an estimated 140 million Americans lived in those areas. Also in 1991,76 areas exceeded recommended levels for carbon monoxide, 70 did so for particulate matter, and 50 did so for sulphur dioxide. Such air pollution levels have been associated with increased respiratory health problems among people living in the affected areas. According to the healthy people 2000 report, each year in the United States the health costs of human exposure to outdoor air pollutants range from $ 40 to $50 billion. An estimated 50000 to 120000 premature deaths are associated with exposure to air pollutants and people with asthma experience more than 100 million days of restricted activity, costs for asthma exceed $4 billion, and about 4000 people die of asthma (National Centre for Environmental Health, CDC: Asthma, 2000).

Recently the Harvard School of Public Health, USA surveyed the public health impacts of criteria pollutant air emissions ( SO2, Ox and partculate matter PM10 ) from the two power plants i.e. Salem Harbor and Brayton Point Power Plant in Massachusetts. To estimate the health impacts of these emission scenarios, they defined a population of interest living in New England, eastern New York and New Jersey. They used the CALPUFF atmospheric dispersion model to estimate the pollution exposure to the approx 32 million people across this region. They found a significant relationship between long term exposure to emissions and mortality rates and   also provided estimates of air pollution effects on morbidity outcomes, such as hospitalization, asthma attacks and respiratory symptoms. They also found 53 premature deaths, 570 emergency room visit, 14400 asthma attacks, 99000 daily incidence of upper respiratory symptoms per year and 106 premature deaths, 1140 emergency room visit, 28900 asthma attacks, 199000 daily incidence of upper respiratory symptoms per year from Salem Harbor and Brayton Point respectively.

To the best of knowledge of present researchers no studies have been conducted in India to link air pollution to heart problems. But studies carried out in the USA and Europe provide evidence on the presence of such correlation. A recent study conducted by a team of medical researchers at the St. George’s Hospital and Medical School, London, of 370000 admissions for circulatory disease found a correlation between heart problems and air pollution in London. The study found that one of every 50 patients, who received treatment at the hospital, was treated for heart attack. The heart failures may be linked to carbonmonooxide in the air was found in a US study on seven cities. The study estimated that 6% of the cities congestive heart failures and hospitalisations related to an increase in CO in ambient air. CO presumably aggravates heart disease by binding to the haemoglobin, thereby decreasing oxygen transport to the blood. The findings are relevant for places such as Delhi and Calcutta, since carbon monoxide accounts for more than 50% of the poiusson in air. Several studies in US and Europe have shown that increase in SO2, ozone can increase incidence of cardiovascular deaths. Unfortunately due to lack of data in India, the impact of these pollutants cannot be evaluated for the Indian scenario (Agarwal, 1999).

Let us now try to capture the picture of some European countries in this respect. For example, if we take a look at the number of deaths per 100,000 for Finland (table 20) it is observed that the diseases mainly created from pollution are not so acute like other countries (table 20). Though it is fluctuating but still its contribution is very low i.e. 21% p.a. Thus experience of Finland might be of some relevance to address problem of air pollution and its impact on health in India. 

TABLE 20. Total number of deaths (diseases) per 100000 populations in Finland

 
Acute respiratory infections
Bronchitis, ephysema and asthma

1973
45
1016

1985
49
1185

1986
60
1090

1987
92
1050

1988
107
1048

1989
122
1035

1990
129
985

1991
119
1006

1992
126
1065

1993
142
1107

1994
128
1048

1995
123
1056

Source: WHO- World Health Statistics, different issues. 

Thus the brief review of the Indian scene along with other countries more or less establishes the fact that diseases like asthma, bronchitis, and respiratory kind of problem are caused due to air pollution like SO2, NOx and CO. India being a developing country should address the problem seriously of air pollution and impact on health. So in the next section we would like to indicate few measures to overcome the above mentioned problem.

  Section 6 

Conclusion & Policy Implications

During the last decade both industrialised and developing countries are concerned with global climate change. India also shares this concern for protecting the environment. The paper attempts to estimate the industrial emissions of air pollutants -- CO2, SO2 and NOx in India during 1973-74 to 1996-97. Forces affecting the changes in emissions have also been investigated using structural decomposition analysis. According to our results CO2 emission in India has increased from 191 mt of CO2 in 73-74 to 767 mt of CO2 in 1996-97. The estimated SO2 emission has also rose from 9.49 mt of SO2 to 20.47 mt of SO2. In the same manner the NOx has also increased from 5.69 to 21.67 mt of NOx.

The study categorizes the changes in the amount of CO2, SO2 and NOx emissions into four factors: changes in the pollution intensity or efficiency changes, the rate of technical coefficient or production structure changes, changes in the volume of final demand structure and changes in the composition of final demand. The main factors for these increases were the changes in the structure of production or rate of technical coefficient and changes in the volume of final demand. The effect of increase in the changes in intensity was also significant. On the other hand, the change in composition of final demand contributes a very negligible amount.

 Concerning energy source electricity and petroleum product consumption have the highest amount of CO2 emission increase. Among other top sector iron and steel, transport textile, other metallic mineral products, basic metal metal products and machinery.   

However, these sectors account for only a limited share of the total energy consumption, because their outputs are relatively small. An exception is the iron and steel industry and transport sector, which contribute significantly to total energy consumption, resulting in substantial energy consumption and emission. The overall situation fluctuates in different periods. One common thing should deserve mention here i.e. the period is dominated by very large oscillations in energy prices, presumably shifts in the input output mixes throughout the economy. The increasing prices have had their main effect directly because, energy intensity has fallen in reform period for few sectors. The indirect effects are also substantial, because the economy increased demand for commodities delivered by energy intensive sectors. Nevertheless structural changes i.e. changes in the structure of the volume of final demand are also important in this respect and they have considerable effects on emissions in some period.

The paper has also made some future estimates of air pollution up to 2006-7 and studied. The paper also investigated the link between air pollution (CO2, SO2, NOX) and their impact on health in India with available scanty data and several studies. We find that air pollution has severe effects on human health – chronic bronchitis, respiratory problem, asthma and cardiovascular problem in India. The present work makes an attempt to establish a link between air pollution and health and the study suggests that health hazards are seriously caused by emissions of air pollution in India. Improvements of the health scene of the economy call for proper policy for the mitigation of the air pollution generation. In the following para we would like to outline such policies on the basis of the experiences of the different countries. 

In order to suggest proper policies let us compare our results with those of other countries.  If we compare our results with those of Taiwan quite similar case has been observed the main factor, Chang and Lin (1998) observed for the rise of CO2 is the level of final demand and exports and CO2 intensity as a reducing factor. Moreover, they also reached the same conclusion as ours regarding iron and steel. They found steel and iron as primary industry affecting the CO2 emission.

A study by Wier (1998) on Denmark also concluded that CO2 emissions have increased proportionally to energy consumption; NOx emissions have increased relatively more; and SO2 emissions have declined considerably during 1966-88. Production based emissions have exhibited greater changes than have household emissions. Increasing final demand (economic growth) is the main determinant of changes in emissions. However, changes in the fuel mix have ensured decreasing SO2 emissions. The most energy intensive sectors as outlined by the study are paper and pulp industry, iron and steel, transportation sectors and cement industry, the most of Danish CO2, SO2 and NOx emissions resulted from the combustion of oil and coal in the energy supply sector, and from the consumption of oil and gas oil in the production sector. 

During 1990 to 1993 Finland's GDP fell by slightly more than 12%, whereas energy consumption remained more or less constant. The energy intensity of the Finnish economy, therefore, rose by almost 2% (Maneppa, 1998). The public and private consumption remained virtually constant, but investment plummeted from 22% to 13% and exports rose from 19% to 25%. It thus indicates that investment has particularly low energy intensity while exports have the highest. This change in structure increased the energy intensity of the economy as a whole. From the structure of industry the highest energy coefficients are found in pulp and paper manufacture, industrial chemicals and synthetics manufacture and iron and steel manufacture. The highest CO2 emission coefficients are in manufacture of iron and steel. The total CO2 coefficients are low in mechanical engineering in spite of the relatively high coefficients of raw materials used. On the other hand the direct SO2and NOx emissions coefficients are higher in case of pulp and paper industry, industrial chemicals and for iron and steel but the indirect coefficients are leading with coke, refinery petroleum and nuclear fuels. If we compare the emissions factors of SO2, CO2 and NOx in three Eastern European countries (Hungary, Poland, Russia) and three OECD countries like France, UK and USA the reduction of emission intensities is observed in France between 1970 to 1990-especially for SO2 between 1980 to 90. The economy has followed the decline of energy intensity and the reduction of emission factors resulting from the nuclear energy policy between 1990-94.The continuous reduction of the emission factors allowed a prolongation of the trends despite the negative effect of the transport development on the NOx emissions. The trends in UK are similar to those of France relating to CO2and NOx. The most significant contribution to the reduction of emission intensities in western countries in 1971-94 is from the reduction in energy intensity. This increased efficiency trend is most likely driven by increasing energy prices, technological progress and industrial structure change, provoked or accelerated by the two oil shocks and by energy legislative efforts  (on energy saving and pollution control). But in Poland and Hungary the energy intensity increased gradually from1970s, it is mainly due to the rapid increase of the power industry.  

Analysing and comparing our results with those of other countries we suggest that the priority has to be given to the conservation of energy which will play a significant role in alleviating the shortage of energy and in reducing environment pollution. The government has to ensure strict implementation of the energy conservation act. The enhancement of the national consciousness and the progress in Science and Technology of energy conservation would promote rationalisation of energy consumption. 

In this connection we would like to suggest that efficiency and conservation of energy is also possible through inter-fuel substitution. Inter-fuel substitution can help to mitigate carbon problem. Replacing high carbon coal and midrange oil with lower carbon natural gas, or with zero carbon renewable, and nuclear power can dramatically lower CO2 emissions for industrial sector, substituting natural gas for coal is the most common shift. More specifically in case of electrification biomass based power plant should be the right options to mitigate CO2 and SO2 and NOx. The use of plant material as fuel and feedstock in place of fossil fuels can have a significant effect on the reduction of net CO2 emissions. Although burning cellulose releases approximately same amount of carbon as coal per unit of energy produced, this release of CO2 is equal to the CO2 absorbed from the atmosphere to grow the bio-fuels. Alcohol biomass fuels for transport have played a major role in Brazil (Goldemberg et.al. 1993) and plantations could provide significant bio fuels in many countries (Hall et.al. 1993).

There are a number of technologies that can control emissions of sulphur and nitrogen from power production and hence decouple primary energy consumption from acid emissions. Pre - combustion technologies remove sulphur prior to combustion by coal or oil cleaning. Sulphur and nitrogen can also be removed during combustion, using in furnace lime stone injection, coal briquettes for domestic combustion or fluidized bed combustion. Post combustion methods remove nitrogen or sulphur from flue gases.

Furthermore, it is possible to decouple economic growth from primary energy consumption by investing in more efficient supply frameworks, improving energy efficiency amongst end users, and substituting renewable energy technologies for fossil fuels. Thus pollution can also be prevented by the use of alternative energy sources. Some wind energy, small scale hydro and conversion of waste to energy are already competitive with conventional source of supply. Reducing emissions by preventive options for pollution control (improved efficiency and switching to other energy sources) are generally considered advantageous over control options. Control options are costly to implement and give rise to environmental impacts elsewhere in the economy. By contrast preventive options aim to reduce emissions everywhere by lowering the energy and material throughput of conversion processes generally. They reduce the pollutants like CO2 from fossil fuel combustion. 

Various policy frameworks available to implement acid emission prevention and control options may be represented by two main approaches: regulatory measures and market based instruments. Well-designed legislation is generally effective in ensuring that environmental standards are set and there is evidence that appropriate legislation can promote technological improvement.  The possible methods to reduce the acid gas emissions attributable to these fuels include cleaning the coal before combustion, as well as burning it more cleanly through the use of such techniques as fluidized bed combustion technology.

One of the major contributors to acid precipitation are the transport vehicle.  Three way catalytic converters can reduce the emissions of some pollutants but, unfortunately  they increase the quantity of fuel consumed. So some well understood and effective measures for controlling acid precipitation includes limiting the number of vehicles through promoting efficient public transport and encouraging and enforcing the use of more fuel efficient vehicles. For gasoline vehicles, efficiently operated three way catalytic converters can reduce exhaust co and hydrocarbon emissions by as much as 95% and NOx by over 75%. For these pollutants, catalytic converters can reduce exhaust CO and hydro carbon emissions by as much as 95% and NOx by over 75%.For these pollutants, catalytic converters are by far the most effective means of reducing gasoline -vehicle exhaust emissions. Similarly, modern diesel engines are much cleaner than those produced in the past.     

In this context few measures can be suggested. The economic benefits of traffic management are significant; it reduces congestion and facilitates improved mobility. Traffic congestion reduces average speed and increases emissions (except for NOx emissions). An analysis of traffic speed in Bangkok and Kuala Lumpur showed that increasing vehicle speed from 12-15 kilometers per hour (km/h) to 30 km/h would be equivalent to installing three -way catalytic converters in 50% of the cars in the cities. Improved traffic management thus confers environmental benefits because of the lower emission intensity of traffic. The other most popular method is traffic demand management. Available studies indicate that in industrial countries the long run, own price elasticity of gasoline consumption is significant enough to make fuel taxation as a potential policy instrument for reducing for vehicle usage and kilometers travelled. A world bank study suggested that a judicious use of  gasoline tax could save the citizens of the Mexico City US $ 110 million a year more than would an otherwise well designed control program with no gasoline tax (Eskeland and Devarajan 1996). Furthermore, studies in the developing world suggest that the price response of transport fuels may be quite inelastic (Dahl 1995).          

 One more criteria is the enforcement of tightening the vehicle emissions standards. It will be more effective if the standards are set at a level such that just a small fraction of vehicles are likely to be in compliance; standards can then be gradually tightened. Vehicle emissions standards and technologies are not effective without proper maintenance and inspection programs (I/M). Empirical evidence on Spain suggests that changes in the I/M program may have had considerable effects on trends in first time vehicle registration (European Conference Of Ministers Of Transport, 1999).Finally the Vehicle Retirement and Scrappage programs are also useful in this respect. Hungary introduced a retirement scheme for heavy duty vehicles by offering US $ 3600 (in 1997 dollars) for replacement of an old bus with a new one that complied with the most recent emissions standards or for changing its engine. Similar incentives were given for old trucks. In the early 1990s Chile used an effective scrappage policy combined with tax incentives to remove the most polluting diesel buses from its urban transport fleet. 

Overall gaseous fuels such as CNG and LPG emit considerably less particulate matter than diesel vehicles not equipped with particulate traps. Vehicles powered by electricity have zero emissions. One of the steps is to improve the fuel quality in these regards. Improving the quality of transport fuels involves phasing out lead in gasoline. Essentially there are no VOC or Sox emissions from the combustion of CNG.  In India the Supreme Court had ruled on March 26,2001 that only those commercial vehicle operators who have placed orders for CNG could ply their diesel vehicles beginning April 1st until Sept 30th. After that only CNG vehicles would be allowed in Delhi's road. Three options are left for the bus holders, either scrap old diesel buses and order a brand new CNG bus that could cost 15 lakh; or they can order a new CNG engine and mount it on the chassis and frame of an old bus, an option that would cost around Rs.6.5 lakh per bus; or they can retrofit diesel buses to run on CNG through CNG conservation kits-the least expensive option at Rs 3.75 lakh per bus.

Another alternative is ULSD, which is not in practice in India but that contains.005% sulphur content in the diesel used in India. ULSD has been tried in many European countries. It was introduced in Finland and Sweden in 1993 and has now captured 100% of the Scandinavian market. A study in New York city of the performance of ULSD buses, for instance, has shown that more than 90% reductions improvements in diesel technology, in particular the combination of ULSD and particulate matter traps, can indeed match the emission standards of CNG engines. 

The real issue is the cost effectiveness of the technology, which may vary wildly in different scenarios. Argentina, has for instance, has the World’s largest fleet of CNG vehicles, somewhere between 450000 to 600000.In the USA, New York bus fleet strength of around 4500 is made up of 95% diesel, 4.9% CNG and 1% hybrid engines. Los Angels has the country’s largest fleet of CNG buses -making up 35% of its total 2600 buses. In France less than 2% of the 4000 strong fleet of buses in Paris run on CNG. In Australia the proportions of buses running on CNG are 7%in Sydney, 6% in Perth and 2% in Melbourne. Two years ago an US general accounting office report had reviewed alternative fuels for buses and had identified natural gas as having a promising future. It is true  that CNG buses today do make up the majority of alternate fuel buses in operation. But they may be because the other options -- hybrid buses, electric vehicles are less cost effective. Besides the transport sector, a proper weightage should be given on the steel and iron industry in India as it is one of the major source of air pollution as our findings report. It involves not only upgrading their processing procedures but also increasing the effective utilization of coal consumption.  Out of the fuel sector electricity emissions have the highest increase among energy sources suggesting that local electric plants should increase the share of non fossil fuel and natural gas to reduce the CO2 emission in India.   

For energy conservation, efficiency and Research and Development and technological upgradation a suitable energy price policy has to be framed. It is a fact that energy prices are low, in the country. In India we find that coal, kerosene, natural gas are subsidized. Prices should truly reflect the cost of using fossil fuels including the health cost from pollution and cost of environmental degradation. Therefore, unless the environmental standards are met, fossil fuel subsidies should not be encouraged. But such changes are not so easy to implement. So the government of India can provide fiscal incentives linked to energy savings and tax concessions, rather than subsidies.

A mix of information, market based tax and investment credits, regulations, efficiency standards, voluntary agreements like the energy star program, removal of trade and investment barriers, and resolving the international disagreements over intellectual property rights will all be needed for industry to reduce green house gases further.  For controlling CO2 use of natural gas is gaining wide popularity across the globe because it is comparatively cleaner than the other fuels and has around half the carbon content of coal. Its development coupled with the adoption of suitable technology such as combined cycle gas turbines for electricity generation is likely to lead to natural gas taking a larger share in primary energy requirements. Across land, pipeline networks have to be set up to distribute natural gas. Though the high cost of transportation makes it presently uncompetitive with other fuels the possibility of increasing its use has to be explored judiciously. 

Moreover the government should consider of introducing clean energy technology. Clean energy technology (CET) is defined as those technologies that combine more efficient processes and reduced pollutant production without necessarily entailing change in the form of energy used. Clean coal technologies like integrated gasification combined cycle (IGCC) plants should be encouraged in industry and power generating plants. These technologies typically reduce emissions of CO2, SO2 and NOx and provide improvements in energy efficiency when compared with traditional coal combustion technologies. 

There are numerous GHG mitigation options that are feasible for implementation, only the advanced technologies that can produce significant energy savings (per unit technology) have been identified, these are listed below. The least cost strategy developed using the MARKAL (TERI, 1998, 99) model incorporates both improvements in energy efficiency and improvements related to upgrading and use of advanced technologies. An initial taxonomy of mitigation option is:

TAXONOMY OF ENERGY EFFICIENCY/ FUEL SWITCHING TECHNOLOGY

Sector


Power
1.  combined cycle plants


2. IGCC


3. inter-cooled steam injected gas turbine


4. pressurised fluidized bed combustion (pfbc)


5. pulverised coal super critical boilers


6. industrial cogeneration


7. amorphous core transformer

Coal washing
1  washery

Industrial
1. diesel cogeneration


2. Iron and steel -basic oxygen furnace, ultra high 

    power electric arc furnace, continuous casting,  

    direct reduction process, dry quenching route


3. paper -continuous digestors


4. cement- dry precalcinator kilns, dry suspension 

    preheater kilns


5.caustic soda - membrane process


6. Soda ash- dual process


7.  waste heat recovery system


8.  high efficiency burners (low excessair)


9.  heat pump


10. high efficiency motors


11.efficient lighting

Domestic
1. efficient refrigerator


2. efficient air conditioner


3. efficient lighting

Transport
1. Battery operated vehicles


2  Mass rapid transport system


3.CNG vehicles


4. efficient two wheelers

TAXONOMY OF RENEWABLE ENERGY TECHNOLOGIES

Power generation
Domestic sector
Agriculture sector

1.  biomass fired power generation
1.  improved biomass cookstoves
1.  PV water pumps

2   Solarphotovoltaic (pv) power
2.  biogas plants
2.  wind pumps

3.  solar thermal power
3.  olarcookers
3.  biomass gasifier

4.  wind farms
4.  pv homesystems


5.  small hydropower
     Pv lanterns


A few other renewable technologies may be appropriate for India. Among these are solar hot water systems for meeting process heat requirements in industries, solar dyers, fuel cell technology, application of hydrogen energy and bioliquid fuels for surface transport. 

One thing should deserve mention in this context. Emitted gases have the capacity to be transported over large distances, sometimes many hundreds of kilometers, and may give rise to depositions in another country. The potential for such transboundry air pollution was evident in the recent Indonesian forest fires. The area affected by the air pollutants from the fire spread for more than 3200 kilometers east to west, covering six Asian countries and affecting around 70 million people. Major weather patterns in Asia facilitate the transboundry transport of air pollutants from land to sea and the reverse in summer. Pollutants can thus be carried from country to country in the region. It is, therefore, not possible individual countries to solve the associated problems alone. There is need for regional intergovernmental co-operation (SEI, 2000).        
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Appendix 1

TABLE 1

ESTIMATED CO2 EMISSION IN INDIA DURING 1973-74 TO 1996-97 (mt of CO2)

SL. NO
SECTORS
1973-74
1983-84
1991-92
1996-97

1
Coal & lignite
0.15
2.01
2.34
2.16

2
Crude petroleum & natural Gas
0.00
0.00
0.02
0.00

3
Electricity
34.59
117.85
171.15
214.60

4
Agriculture
0.37
2.01
5.75
4.74

5
Mining & quarrying
0.04
0.10
0.04
0.05

6
Sugar
0.48
0.21
0.99
1.01

7
Food & beverages
2.82
6.04
15.77
16.89

8
Textile
6.38
12.08
24.53
25.53

9
Wood & wood products
0.16
0.28
0.32
0.35

10
Paper & paper products
2.97
8.05
10.53
10.86

11
Leather & leather products
0.07
0.10
0.57
1.07

12
Rubber & plastic products
0.55
0.81
0.94
1.15

13
Petroleum products
112.26
155.65
222.98
250.89

14
Fertilizer
1.93
7.37
12.21
14.89

15
Chemical products
5.84
6.92
6.90
9.22

16
Cement
7.83
14.09
18.25
17.68

17
Other metallic Mineral products
10.24
14.10
16.87
18.55

18
Iron & steel
19.37
32.21
66.30
77.30

19
Basic metal, metal products & machinery
10.06
16.07
20.58
21.97

20
Construction
4.83
5.15
6.15
6.85

21
Transport services
16.13
22.08
30.32
31.25

22
Trade & other services
9.28
16.54
22.32
19.08


Total
247.24
439.70
656.16
746.08


Total Final Demand
-56.06
-62.69
-72.36
21.38


Gross
191.28
377.01
583.80
767.46

TABLE 2

ESTIMATED INDUSTRIAL SO2 EMISSION IN INDIA  DURING 1973-74 TO 1996-97

SL. NO
Sectors
1973-74
1983-84
1991-92
1996-97

1
Coal&lig
.0015
.006
.0069
.0064

2
Cru-oil&n.g
0
0
0
0.00002

3
Electricity
.1239
.552
.5860
.9012

4
Agriculture
.0011
.006
.0171
.0142

5
Mining & quarrying
.0001
0
.0001
.0001

6
Sugar
.0014
0
.0033
.0118

7
Food & beverages
.0084
.018
.0574
.2579

8
Textile and textile products
.0190
.036
.0734
.0792

9
Wood & wood products
.00045
0
.0009
.0019

10
Paper & paper products
.0088
.024
.03175
.0395

11
Leather and leather products
.0002
0
.00171
.0031

12
Rubber & plastic products
.00165
0
.0028
.0030

13
Petroleum products
8.735
9.9
15.178
15.632

14
Fertilizer
.0114
.108
.1857
.2274

15
Chemical and chemical products
.1585
.078
.0249
.1405

16
Cement
.0233
.042
.0543
.0497

17
Other metallic mineral products
.0191
.042
.0519
.1775

18
Iron & steel
.0190
.096
.2028
.2736

19
Basic metal, metal products & machinery
.1719
.030
.0380
.2173

20
Construction
.0174
0
0
0

21
Transport
.0421
.036
.0486
.0395

22
Trade & other services
.0455
.078
.06653
.0360


Interme- use
9.411
11.094
16.63
20.113


Export
.002
2.25
.0050
.0045


Import
7.271
6.85
7.5436
5.063


T.fi.use
-7.186
-4.48
-7.2307
-4.697


Gr.output
2.222
6.606
9.4026
15.416


Gross emission
9.49
13.458
16.946
20.47

TABLE 3

ESTIMATED INDUSTRIAL NOX EMISSION IN INDIA DURING 1973-74 TO1996- 97

SL. NO
SECTORS
1973-74
1983-84
1991-92
1996-97

1
Coal&lig
.0152
.0590
.0688
.0633

2
Cru-oil&n.g
0
0
0
0

3
Electricity
1.219
3.388
5.297
6.569

4
Agriculture
.0110
.0590
.1689
.1390

5
Mining & quarrying
.0012
0
.0013
.0015

6
Sugar
.0140
0
.0289
.0266

7
Food & beverages
.0830
.1771
.4591
.3945

8
Textile and textile products
.1873
.3542
.7195
.6864

9
Wood & wood products
.0044
0
.0092
.0098

10
Paper & paper products
.0872
0.2361
.3088
.3010

11
Leather and leather products
.0022
0
.0168
.0314

12
Rubber & plastic products
.0163
0
.0275
.0296

13
Petroleum products
1.3415
1.9581
3.113
3.071

14
Fertilizer
.0548
.1869
.3075
.2834

15
Chemical and chemical products
.1233
.1836
.2010
.2320

16
Cement
.2298
.4112
.5352
.4893

17
Other metallic mineral products
.1830
.4132
.4639
.5025

18
Iron & steel
.1870
.9446
1.912
2.555

19
Basic metal, metal products & machinery
.2468
.2952
.3083
.3499

20
Construction
.1712
0
0
0

21
Transport
.4146
.3542
.4788
.3887

22
Trade & other services
.4484
.475
.6546
.3545


Interme- use
5.042
9.620
15.082
18.48


Export
.0243
.246
.0501
.0450


Import
.795
.865
1.8016
.9404


T.fi.use
-.042
-.373
.2669
2.248


Gr.output
4.999
9.246
15.349
20.73


Gross emissions
5.69
10.056
17.151
21.67

TABLE 5a

CHANGES IN CO2  INTENSITY OF VARIOUS INDUSTRIES (mt of CO2 /mrs )

SL. NO
SECTORS
1973-1974 to 

1983-1984
1983-1984 to

1991-1992
1991-1992 to

1996-1997

1
Coal & lignite
0.24
.03
0.23

2
Crude petroleum & natural Gas
-0.62
0.28
-1.19

3
Electricity
13.95
9.23
11.56

4
Agriculture
7.61
11.64
18.70

5
Mining & quarrying
.003
0.60
-.40

6
Sugar
0.36
1.51
1.73

7
Food & beverages
6.76
-.67
4.11

8
Textile
7.62
5.41
1.61

9
Wood & wood products
.02
-.014
.061

10
Paper & paper products
-.07
-1.13
0.26

11
Leather & leather products
.55
-.15
0.46

12
Rubber & plastic products
0.91
.63
3.83

13
Petroleum products
-18.36
-16.84
-5.51

14
Fertilizer
-0.93
-1.05
-6.47

15
Chemical products
1.54
5.98
12.03

16
Cement
0.29
2.38
0.63

17
Other metallic Mineral products
2.39
2.22
2.88

18
Iron & steel
                          -2.44
1.19
-0.01



19
Basic metal, metal products & machinery
10.2
7.65
5.29

20
Construction
6.13
4.99
16.82

21
Transport services
-11.64
-10.22
-8.21

22
Trade & other services
8.36
4.18
1.93


Total
28.89
-31.79
50.98

TABLE 5b

CHANGES IN THE INTENSITY OF SO2 EMISSION
SL. NO
SECTORS
1973-83
1983-91
1991-96

1
Coal & lig
-0.013
0.01
-0.018

2
Cr. Oil & n. Gas
0.004
0.032
0.005

3
Electricity
0.021
0.213
-0.016

4
Agriculture
0.004
0.018
0.026

5
Mining & quarrying
0.012
0.074
-0.053

6
Sugar
0.016
-0.191
0.041

7
Food & beverages
-0.092
-0.0112
0.053

8
Textile and textile products
0.019
0.017
0.019

9
Wood & wood products
0.041
-0.051
0.087

10
Paper & paper products
0.004
0.002
-0.052

11
Leather and leather products
0.006
-0.005
0.142

12
Rubber & plastic products
0.0021
0.09
0.179

13
Petroleum products
0.0141
-0.802
-0.719

14
Fertilizer
-0.092
-0.013
-0.0198

15
Chemical and chemical products
0.001
0.097
-0.161

16
Cement
-0.034
-0.019
-0.059

17
Other metallic mineral products
-0.071
0.065
-0.065

18
Iron & steel
-0.081
0.003
-0.023

19
Basic metal, metal products & machinery
-0.018
0.097
-0.018

20
Construction
-0.072
-0.014
0.011

21
Transport
-0.151
-0.004
-0.019

22
Trade & other services
-0.913
0.001
-0.016


Total
.98
-1.61
0.90

TABLE 5c

CHANGES IN THE INTENSITY OF NOX EMISSION
SL. NO
SECTORS
1973-83
1983-91
1991-96

1
Coal & lig
0.018
0.001
-0.005

2
Cr. Oil & n. Gas
0.07
0.012
0.009

3
Electricity
-0.012
0.089
0.211

4
Agriculture
-0.049
0.0011
0.0134

5
Mining & quarrying
-0.095
-0.074
0.089

6
Sugar
-0.081
-0.018
-0.605

7
Food & beverages
0.021
-0.096
-0.215

8
Textile and textile products
0.013
-0.011
0.062

9
Wood & wood products
-0.055
-0.196
0.069

10
Paper & paper products
0.0087
0.004
0.0721

11
Leather and leather products
0.107
-0.019
-0.851

12
Rubber & plastic products
-0.046
-0.096
-0.0412

13
Petroleum products
-0.072
-0.716
-0.098

14
Fertilizer
0.015
0.019
0.017

15
Chemical and chemical products
0.091
-0.098
0.028

16
Cement
0.004
-0.059
0.007

17
Other metallic mineral products
0.869
0.002
0.012

18
Iron & steel
0.069
0.003
-0.061

19
Basic metal, metal products & machinery
-0.006
-0.092
0.012

20
Construction
0.0121
0.001
0.011

21
Transport
0.045
-0.112
0.092

22
Trade & other services
0.013
0.007
0.005


Total
-1.059
0.998
-.812

TABLE 6a

CHANGES IN RATE OF CO2 COEFFICIENT OR STRUCTURE CHANGE IN PRODUCTION  OF VARIOUS INDUSTRIES (mt of CO2 /mrs )

SL. NO
SECTORS
1973-1974 to 

1983-1984
1983-1984 to

1991-1992
1991-1992 to

1996-1997

1
Coal & lignite
0.33
.043
.51

2
Crude petroleum & natural Gas
7.96
-0.98
2.47

3
Electricity
3.32
-1.17
2.25

4
Agriculture
10.67
22.08
18.79

5
Mining & quarrying
-1.48
-1.41
-2.03

6
Sugar
6.39
2.03
3.41

7
Food & beverages
8.46
10.16
10.41

8
Textile
11.69
12.67
14.42

9
Wood & wood products
.35
-.017
1.09

10
Paper & paper products
-.22
-.095
.85

11
Leather & leather products
1.97
1.05
.69

12
Rubber & plastic products
4.69
-.75
2.78

13
Petroleum products
4.96
2.19
1.66

14
Fertilizer
-6.08
1.93
.15

15
Chemical products
4.09
2.63
3.76

16
Cement
.98
.021
.25

17
Other metallic Mineral products
-1.77
1.43
2.68

18
Iron & steel
                          -3.39
-.33
                        -.05

19
Basic metal, metal products & machinery
14.48
9.68
18.07

20
Construction
11.13
19.75
16.41

21
Transport services
8.28
12.65
5.66

22
Trade & other services
16.19
9.50
15.67


Total
103.02
97.43
87.10

TABLE 6b

CHANGES IN THE RATE OF TECHNICAL COEFFICIENT OF SO2 EMISSION
SL. NO
SECTORS
1973-83
1983-91
1991-96

1
Coal & lig
0.073
-0.397
0.03

2
Cr. Oil & n. Gas
0.001
0
0.007

3
Electricity
1.71
0.989
2.01

4
Agriculture
-0.07
-0.103
-0.011

5
Mining & quarrying
0.289
0.054
0.023

6
Sugar
0.013
-0.012
-0.003

7
Food & beverages
-0.019
0.02
0.414

8
Textile and textile products
-0.026
0.013
0.001

9
Wood & wood products
-0.007
-0.001
-0.095

10
Paper & paper products
-0.0325
-0.0095
-0.004

11
Leather and leather products
-0.0226
-0.022
0.004

12
Rubber & plastic products
-0.55
-0.065
-0.003

13
Petroleum products
0.673
0.424
0.622

14
Fertilizer
0.065
-0.069
0.057

15
Chemical and chemical products
0.106
0.385
0.051

16
Cement
0.019
0.201
0.007

17
Other metallic mineral products
0.053
0.111
0.005

18
Iron & steel
0.275
-0.001
0.025

19
Basic metal, metal products & machinery
0.232
0.002
0.014

20
Construction
0.056
-0.672
0.079

21
Transport
0.028
0.088
0.142

22
Trade & other services
0.015
0.09
0.071


Total
1.729
3.023
1.828

TABLE 6C

CHANGES IN THE RATE OF TECHNICAL COEFFICIENT OF NOX EMISSION
SL. NO
SECTORS
1973-83
1983-91
1991-96

1
Coal & lig
0.023
0.74
0.067

2
Cr. Oil & n. Gas
0.002
0.004
0.001

3
Electricity
1.09
2.32
1.509

4
Agriculture
0.012
0.024
0.006

5
Mining & quarrying
0.004
0.015
0.005

6
Sugar
0.113
0.212
-0.001

7
Food & beverages
-0.018
-0.001
0.001

8
Textile and textile products
0.014
-0.002
0.016

9
Wood & wood products
0.125
0.023
-0.006

10
Paper & paper products
-0.012
0.056
-0.001

11
Leather and leather products
0.005
-0.007
0.008

12
Rubber & plastic products
-0.011
-0.004
-0.008

13
Petroleum products
0.198
0.62
0.041

14
Fertilizer
-0.411
0.067
0.001

15
Chemical and chemical products
0.121
-0.001
0.056

16
Cement
0.02
0.032
0.0021

17
Other metallic mineral products
0.675
0.031
0.007

18
Iron & steel
0.007
0.187
0.042

19
Basic metal, metal products & machinery
-0.109
-0.026
0.001

20
Construction
0.015
-0.024
0.002

21
Transport
0.432
-0.021
0.221

22
Trade & other services
0.614
-0.037
0.121


Total
1.027
3.95
1.82

TABLE 7a

CHANGES IN VOLUME  OF  FINAL DEMAND OF VARIOUS INDUSTRIES (mt of CO2 /mrs )

SL. NO
SECTORS
1973-1974 to 

1983-1984
1983-1984 to

1991-1992
1991-1992 to

1996-1997

1
Coal & lignite
.11
.54
.22

2
Crude petroleum & natural Gas
-7.69
1.46
.63

3
Electricity
6.18
18.97
13.19

4
Agriculture
4.19
2.19
8.02

5
Mining & quarrying
.39
-5.88
.08

6
Sugar
1.08
4.17
1.02

7
Food & beverages
10.85
10.41
6.80

8
Textile
5.18
20.02
14.38

9
Wood & wood products
-.14
.29
.002

10
Paper & paper products
-.05
7.24
3.37

11
Leather & leather products
.72
1.70
.097

12
Rubber & plastic products
1.56
4.07
1.032

13
Petroleum products
7.17
16.96
12.22

14
Fertilizer
-5.009
-4.03
.028

15
Chemical products
3.91
1.48
1.16

16
Cement
-0.39
1.53
-.0245

17
Other metallic Mineral products
2.74
5.57
4.32

18
Iron & steel
                          -2.46
6.03
                        4.03

19
Basic metal, metal products & machinery
11.57
19.65
16.67

20
Construction
8.89
8.11
6.12

21
Transport services
-2.76
10.21
8.79

22
Trade & other services
10.96
18.49
9.90


Total
56.78
135.28
69.70

TABLE 7B

CHANGES IN THE VOLUME OF FINAL DEMAND OF VARIOUS INDUSTRIES (mt of SO2)

SL. NO
SECTORS
1973-74 to 1983-84
1983-84 to 1991-92
1991-92 to 1996-97

1
Coal & lig
0.002
0.21
0.312

2
Cr. Oil & n. Gas
0.001
0.003
0.042

3
Electricity
0.102
0.987
1.71

4
Agriculture
0.041
0.089
0.009

5
Mining & quarrying
-0.024
-0.895
0.023

6
Sugar
0.005
-0.012
0.001

7
Food & beverages
-0.017
0.0146
-0.912

8
Textile and textile products
-0.004
0.078
-0.012

9
Wood & wood products
0.01
0.044
-0.413

10
Paper & paper products
-0.021
0.0643
0.013

11
Leather and leather products
-0.004
0.0189
-0.012

12
Rubber & plastic products
0.0017
0.003
-0.234

13
Petroleum products
1.03
2.06
1.65

14
Fertilizer
-0.012
0.032
0.022

15
Chemical and chemical products
0.001
0.008
0.013

16
Cement
0.004
0.096
0.061

17
Other metallic mineral products
0.0021
-0.068
-0.087

18
Iron & steel
0.0086
0.012
0.003

19
Basic metal, metal products & machinery
0.0131
0.0034
-0.012

20
Construction
-0.067
-0.023
0.006

21
Transport
0.023
0.0067
0.005

22
Trade & other services
0.001
0.896
0.008


Total
1.265
3.72
1.496

TABLE 7C

CHANGES IN THE VOLUME OF FINAL DEMAND OF VARIOUS INDUSTRIES(mt of nox)


Sectors
1973-74 to 1983-84
1983-84 to 1991-92
1991-92 to1996-97

1
Coal & lig
0.012
0.032
0.039

2
Cr. Oil & n. Gas
0.009
0.007
0.001

3
Electricity
0.14
0.891
1.006

4
Agriculture
0.005
0.021
0.003

5
Mining & quarrying
0.051
0.034
0.019

6
Sugar
0.042
-0.088
0.011

7
Food & beverages
0.082
-0.089
0.01

8
Textile and textile products
0.082
0.231
-0.001

9
Wood & wood products
0.123
0.089
0.007

10
Paper & paper products
-0.056
-0.211
0.018

11
Leather and leather products
0.209
0.712
0.013

12
Rubber & plastic products
0.423
0.89
0.006

13
Petroleum products
0.108
0.054
1.09

14
Fertilizer
-0.005
0.412
-0.001

15
Chemical and chemical products
0.023
0.044
-0.092

16
Cement
0.12
-0.067
0.026

17
Other metallic mineral products
0.022
0.011
0.022

18
Iron & steel
0.013
-0.034
-0.097

19
Basic metal, metal products & machinery
0.055
0.183
0.042

20
Construction
0.172
-0.091
-0.001

21
Transport
0.019
0.0152
0.0081

22
Trade & other services
0.023
0.024
0.006


Total
1.097
3.07
1.69

TABLE 8

CHANGES IN THE COMPOSITION OF FINAL DEMAND OF VARIOUS INDUSTRIES (mt ofCO2)


Sectors
1973-74 TO 1983-84
1983-84 TO 1991-96
1991-92 TO 1996-97

1
Coal & lig
.001
.047
                         .002

2
Cr. Oil & n. Gas
.0062
.091
            .053

3
Electricity
.042
1.02
                      .709

4
Agriculture
-1.97
-0.29
-1.45

5
Mining & quarrying
.083
.051
.046

6
Sugar

.041
-.02

7
Food & beverages
-.205
.004
-.305

8
Textile and textile products
1.042
1.932
1.432

9
Wood & wood products
0
0
0

10
Paper & paper products
-.031
.004
-.005

11
Leather and leather products
.037
.089
.067

12
Rubber & plastic products
0
.012
.003

13
Petroleum products
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		Table 4a. STRUCTURAL DECOMPOSITION FACTORS OF CHANGE IN CO2 EMISSIONS BETWEEN 1973-74 TO 1996-97 IN INDIA (mt of CO2)

				1973-74 to 1983-84		1983-84 to 1991-92		1991-92 to 1996-97

		Changes in CO2 intensity or Changes in efficiency		28.89		31.79		50.98

		Changes in rate of CO2 coefficient or structure change in production		103.02		97.43		87.1

		Changes in composition of final demand or structure change in demand		-3.26		5.61		3.39

		Changes in the volume of final demand		56.78		135.28		41.84

		Changes in total CO2 emission		185.73		206.53		183.32

		Table 4b. STRUCTURAL DECOMPOSITION FACTORS OF CHANGE IN SO2 EMISSIONS BETWEEN 1973-74 TO 1996-97 IN INDIA (mt of  SO2)

				1973-74to1983-84		1983-84 to 1991-92		1991-92 to 1996-97

		Changes in SO2 intensity or Changes in efficiency		0.98		-1.61		0.9

		Changes in rate of SO2 coefficient or structure change in production		1.72		3.02		1.82

		Changes in composition of final demand or structure change in demand		-0.003		0.009		0.006

		Changes in the volume of final demand		1.26		3.72		1.49

		Changes in total SO2 emission		3.96		5.48		4.11

		Table 4c. STRUCTURAL DECOMPOSITION FACTORS OF CHANGE IN NOx EMISSIONS BETWEEN 1973-74 TO 1996-97 IN INDIA (mt of  NOx)

				1973-74to1983-84		1983-84 to 1991-92		1991-92 to 1996-97

		Changes in NOx intensity or Changes in efficiency		1.89		-0.99		1.98

		Changes in rate of NOx coefficient or structure change in production		1.027		3.95		1.82

		Changes in composition of final demand or structure change in demand		0.045		0.019		0.012

		Changes in the volume of final demand		1.097		3.07		1.69

		Changes in total NOx emission		4.36		7.095		5.51
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