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ABSTRACT

During the last decade both industrialised and developing countries are concerned with global climate change. India is also shares this concern for protecting the environment. So the study mainly concentrates on CO2 emissions in India. This paper explores the emissions of CO2 in India during 1973-74 to 1996-97. Changes in emissions between 1973-74 to 1996-97 with three sub-periods were also investigated using input-output SDA. Five forces have also been identified due to changes in emissions are (i) the co2 emission changes due to variation of industrial added values; (ii) changes of co2 intensity of various industries; (iii) co2 emission changes due to the changes in technical co-efficient; (iv) changes in final demand of various industries and (v) the total joint effects. Results indicate that the primary factors for the increase of co2 emissions are changes in the rate of added value and changes in final demand throughout the period. On the other hand the effects of co2 intensity observed as a reducing factor. The partial reducing effect also observed in case of the rate of technical co-efficient in the reform period. Overall, the above both effects have reduced emissions considerably. The paper suggests energy conservation, inter-fuel substitution and clean energy technology as policy options.
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Introduction

During the last decade, world wide concern with global climate change has highlighted the challenge faced by both 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.

Since the Industrial Revolution human activities mostly involving the burning of fossil fuels for energy needs have contributed largely to the increase in the atmospheric concentration of the naturally occurring GHG (green house gases). Since pre-industrialization, the atmospheric concentration of CO2 has grown from 280 to 358 parts per million by volume (ppmv)in 1994, CH4 from 700 to 1720 parts per billion by volume (ppbv) in 1994, N2O from 275 to 312 ppbv in 1992, and chlorofluro carbon (CFC-11) from nil to 110 parts per trillion by volume (pptv)in 1992(TEDDY 1998/99).This increase in GHGs would, among other things, possibly result in the further trapping of the infrared radiation from the earth and thus might enhance the naturally-occurring greenhouse effect.    

Radiative forcing due to human -made GHG is currently estimated at about 2.45 W/m2.  CO2 causes roughly 1.56 W/m2 of this, while CH4 contributes about 0.47W/m2(IPCC 1996).The much talked about doubling of the CO2 concentration level from its pre-Industrial Revolution value of 280 to 560 ppmv is expected to result in a radioactive forcing of more than 4W/m2. 

The CO2 emissions from fossil fuel combustion have been identified as the single most significant source of GHG emissions into the atmosphere from human activities. It is widely believed that these could, in turn, eventually cause a significant global climatic change. The scale of human activity has grown to a point at which the emissions of GHG'S from four areas of human activity-- energy production and use, agriculture, changes in land use, and the use of certain chemicals in the manufacturing sector--- increase the concentrations of several GHGs at rates ranging from 0.5% for CO2 to 4% or more for certain chlorofluro carbons(CFCs).The single largest anthropogenic source of radiative forcing is energy production and use.Fossil fuels are certainly the dominant global source of CO2 emissions and generally accepted to account for at least half the warming that has occurred in the past and is likely to occur. The consumption of fossil fuels (coal, petroleum &natural gas)in industrial, transportation, residential, commercial,  and other sectors results in substantial emissions of CO2, accompanied by smaller emissions of methane from coal mining and venting of natural gas. The energy sector accounts for an estimated 46% (range 38-54%) of the enhanced radiative force resulting from human activities. While emissions of CO2 occur wherever fossil fuels are burnt, their rates of emissions vary. The variation is primarily dependent on the quantum of carbon and hydrogen in fuels. Energy in the form of bio-mass, containing carbon fixed from the atmosphere, releases CO2 into the atmosphere when burnt. 

The contribution of CO2 and aerosol radiative forcing on regional variations in climate change could become of growing significance perhaps resulting in an unfortunate cocktail of regional cooling and intensified local and regional air pollution in India (JEFFERSON WEC'94).

The objective of the present study is to estimate the industrial emissions of CO2 in India during 1973-74 to 1996-97. Changes in emissions between 1973-74 to 1996-97 will also be investigated using input-output structural decomposition analysis. This study extends the application of this method to examine the emission trends and effects of various sources of change in industrial CO2 emissions in India during 1973-74 to 1996-97. The period we have chosen is simply due to the availability of the Input-Output tables. 

The paper is organized as follows: Section I contributes to describe the performance of green house gases in India. Section II reviews the selected literature on GHG emissions with special reference to CO2. Section III constructs the methodology. Data and empirical results are given in Section IV.  Finally Section V concludes the paper.   

Section I

Green House Gases in India 

India ranks among the world's top GHG emitting countries. However, if one considers the per capita emissions, then the relative share of India is low. In the global context, a comparison of the CO2 budget for India as against the global budget indicates that the total Indian contribution from various sources is about 2.2% of the global emissions (TEDDY 98/99). 

The energy sector is the largest contributor to GHG emissions in India. Steel plants, thermal power plants, the cement industry and railways are the major industrial consumers of coal. The CO2 emissions from coal consumption depend on the grade of coal used and its organic content. Of the overall CO2 emissions from fossil fuels, emissions from coal consumption account for almost 65%. Forests play a crucial role in the carbon cycle. 

The emissions of CO2 in India are of the order of 1191 tera grams (TGC).Of these 614 tgc are from the combustion of fossil fuels, 23 tgc are due to the cement manufacturing and about 553 tgc are from biomass combustion during 1991-92 (The Climate Change Agenda: An Indian Perspective 1993). 

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. Thus, 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. Estimated CO2 emissions (in mt of CO2 ) for India (1973-74 to 1996-97) are shown in Table 1 and are exhibited in figure 1(appendix). 

                                                  Table -1 

CO2 Emission (In mt Of CO2) In India During 1973-74 To 1996-97 (Fossil Fuel Combustion) 

           coal combustion   oil & gas combustion   total                                  

1973-74    160.10               31.18                        191.28

1983-84    293.15               83.86                        377.01

1991-92    473.05               110.59                      583.80

1996-97    595.20               172.62                      767.82 

Source: Computed by the author following IPCC guideline (detailed in Table 2 appendix) 

Coal has been and is likely to continue to be the largest primary source of commercial energy in India. At present coal accounts for 60% of fossil fuel used in calorific terms, followed by liquid petroleum (30%), the rest being accounted for by natural gas. Steel, power, cement and railways are the major industrial consumers of coal, accounting for over 70% of its domestic consumption . Out of it Railway is the single largest consumer, accounting for more than a third of the total coal consumption. Growing industrialisation  has resulted in increased demand for coal by the steel industry and power sector. The other major consumers are fertilizer, textiles, cement,paper and brick manufacturing industries. So the CO2 released from coal also gets increased.  The present pattern of petroleum product distribution and consumption indicates that more than 80% of petroleum consumption contributes to CO2 emissions.

Numerous studies have dealt with energy and environmental analysis, which is explained in the next section.

Section II

Literature Review

Input-output analysis applied to the environment is enjoying a certain amount of popularity since the nineties.  Nevertheless, little work has been done on pollutant emissions. Among the contributors to this analysis are 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. It 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 1 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. 

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. He 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. 

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, chlorofluro carbons (CFC'S), landfills, cattle and rumitants, paddy cultivation, use of nitrogenous 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. Murthy et. al (1997) investigate the linkages between economic growth, energy consumption and CO2 emissions in India by analysing the structure of production and consumption in the Indian economy. Automotive energy use and emissions control by simulation model has been done by Bose (1998). He formulated a transport simulation model to analyze 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

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. Moreover, a preliminary attempt has been made by Mukhopadhyay (2000) to find industrial CO2 intensity in India during 1991-92 to 1996-97. 

Most of the studies on environmental issue neglect the quantitative estimation of pollutant emissions such as CO2, and factors responsible for emission trend changes through decomposition analysis for a long period is still now unexplored. So the proposed study will address this.  

The methodology appropriate to study the estimated CO2 emissions, intensity and decomposing factors is Input-Output analysis. It is well known that I-O analysis is a suitable tool for assessing resource or pollutant embodiments in goods and services.  

In section III we furnish the methodology. 

Section III

The Methodology

Now first we will try to estimate the pollutant emission and factors responsible for changes in emission through input-output SDA analysis.

We start our model formulation from a static monetary input-output model. 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. 

Therefore, in equation (2), X is a hybrid unit total output vector (nx1) in which the outputs of energy sectors are measured in million tonnes of coal replacement (MTCR), while the outputs of other sectors are measured in million rupees (M.RS) . Y is a hybrid unit final demand vector (nx1), in which the final demands for different types of energy are measured in MTCR, while the final demands for the outputs of other sectors are measured in M.RS . A is a hybrid unit technical coefficient matrix (nxn), in which the unit of the input coefficients of  energy sectors from energy sectors is MTCR /MTCR ; the unit of the input coefficients of  energy sector from non energy sectors is M.RS/MTCR,the unit of the input coefficients of non energy sectors from energy sectors is MTCR/M.RS ;and the unit of the input coefficients of non-energy sectors from non-energy sectors is M.RS/M.RS. 

I is an identity matrix (nxn). 

For estimation of CO2,  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,  emission that takes place in the production of various activity level. We apply the fuel specific carbon  emission factors to the row vector of fossil fuel sector of the respective INPUT- OUTPUT table to estimate the total CO2,  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

Then we follow the normal convention of measurement of carbon dioxide in carbon equivalent units. For conversion to CO2  units the carbon emission figures are multiplied by 3.66 .It gives the total quantity of  CO2  emitted owing to burning of fossil fuel (coal,oil) inputs used by various production sectors(industry). 

Next, we develop a Structural Decomposition Analysis [SDA] in this model. It  is an ideal 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, emission (TE) can be expressed as :

TE = VPX = V P(I - A)-1 Y  ------- (3)   

Here V is the rate of added value vector and represents the rate by which primary input takes up total domestic product, it is equal to primary input divided by total domestic production, it is a diagonal matrix (nxn). P represents the industrial CO2, intensity (nx1) and is equal to CO2, emission divided by primary input, P is the diagonal matrix of industrial CO2 intensity (P). 

The SDA analysis is carried out by changing the components one by one to quantify the contribution of each component to the total change in emissions. This is weighted using base year values for the other four components. Because of the large number of components in the analysis, the joint effect is also very large, so will cause considerable bias. 

So the change in total CO2, emission between any two years i.e. year o and year t can be identified as :

TE = Vt Pt (I – At)-1 Yt    - Vo Po (I – Ao)-1 Yo    ----------- (4)

        = Vt Po (I – Ao)-1 Yo  - Vo Po (I – Ao)-1 Yo    ----------- (5)

                 + Vo Pt (I – Ao)-1 Yo  - Vo Po (I – Ao)-1 Yo    ----------- (6)

                 + Vo Po (I – At)-1 Yo  - Vo Po (I – Ao)-1 Yo    ----------- (7)

                 + Vo Po (I – Ao)-1 Yt  - Vo Po (I – Ao)-1 Yo    ----------- (8)

                  +  TJE                                                       ------ (9)

Here equation (5) signifies the CO2 emission changes due to the variation of industrial added values.

 Equation (6) reflects the CO2, emission changes due to the changes of CO2  intensity of various   industries .

Equation (7) defines the CO2  emission changes due to the changes in technical coefficient matrix.

Equation (8) refers the CO2 emission changes due to the changes in the final demand of various industries.

Equation (9) represents the total joint effects when two or more  of the above factors occurred simultaneously.

Here t refers to the current period and o defines the previous period.

Section IV

Data and Empirical Results

IV.1 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 for the year  1973-74, 1983-84 ,1991-92  and 1996-97. 

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).  

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. 

Here we have considered three energy sectors coal, crude oil &natural gas and electricity separately 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 available from the NAS(National Accounts Statistics). 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 . As we have taken 1973-74 as a base year so no price changes were necessary for the 1973-74 Input-Output table. 

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 . 

Co2 Data 

The CO2 emissions from fossil fuel combustion have 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

Then we follow the normal convention of measurement of carbon dioxide in carbon equivalent units. For conversion to CO2  units the carbon emission figures are multiplied by 3.66respectively.

Iv.2 Empirical Results and Discussions 
Table 1 displays estimated CO2 emissions by sectors for the years 1973-74,1983-84,1991-92 and 1996-97 respectively. 

The amount of CO2 emission has increased from 247 mt of CO2 in 1973-74 to 439.70 mt of CO2 during 1983-84 and it became 656.12 in 1991-92 but in 1996-96 it shoots upto 746.08 mt of CO2. It is shown in fig1.

During 1973-83 the rate of CO2 emission was near about 9%p.a. or 192.36 mtof CO2 but it drops to 6.8% p.a. or 216.46 mt of CO2 over the period 1983 to 1991 and again during 1991-92 to 1996-97 the growth of emission rate has been further reduced to 6.29% p.a or 110.92 mt of CO2. 

We observe from Table 1 that coal combustion releases CO2 more than oil. The emission released from the coal sector is rather high thus affecting the CO2 emission. During 1973-74 to 1983-84 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. Actually in 1973-74 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 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%) had reduced. (Mukhopadhyay, 2001). The fact reveals that the coal sector has improved technically and due to that consumption of coal came down compared to other period. So its multiplier effects lead to release low CO2 emission than previously. 

Now we concentrate on sectoral  CO2 emission as revealed by Table 2.

Out of the three fossil fuel sectors the electricity contributes a major part and its contribution gradually rises from 34.59mt in 1973-74 to 117.85 mt of CO2 in 1983-84 and 171.15 mt of CO2 in 1991-92 to 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 in 1996-97 the figure is 250.89mt of  CO2.  

As we have observed from our 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 the top sectors in CO2 emissions compared to other non -energy industries. These industries are the primary sources that cause CO2  emission. 

IV.2.1 Decomposition Analysis

 Now we concentrate on the empirical results of SDA factors. Here the total changes in estimated CO2 emission from 1973—74 to 1991-92 have been decomposed into effects caused by five components following the equations (5 to 9) given in Section III, which are: 

1) the CO2 emission changes due to the variation of industrial added values.

2) the CO2  emission changes due to the changes of CO2  intensity of various   industries .

3) the CO2  emission changes due to the changes in technical coefficient matrix.

4) the CO2  emission changes due to the changes in the final demand of various  industries. 

and finally 5) the total joint effects when two or more  of the above factors occurred simultaneously.

Table 3 gives us the changes in co2 emission (mt of co2). The changes have been estimated as 192.36 mt of co2 in 1973-74 to 1983-84 but it rises to 216.46 mt of co2 in 1983-84 to 1991-92 but finally during the reform period the gap drops to 110.92 mt of co2.Table 3 is also analysed in fig 2 to 4 (appendix).

The detailed % changes of the above co2 emission and corresponding sectoral contribution in mt of co2 has already been discussed  ( Table1). 

The aggregated results of co2 emission changes and its corresponding factors have been shown in Table 3.

Table 3

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 199192
1991-92 to 1996-97



Changes in the rate of added value
96.60
178.31
214.72

Changes in CO2intensity
-27.87
-45.12
-153.85

Changes in rate of CO2coefficient
87.65
73.06
-41.48

Changes in final demand
114.53
165.09
198.11

Joint effects
-79.80
-153.37
-105.36

Changes in total CO2 emission
192.36
216.46
110.92

So here we mainly try to focus the factors sources of changes one by one and its impact on CO2 emission changes in different period. Table 4-7 (appendix) will provide the results.

First we discuss the rate of added value factor.

Rate of added value

The term clearly signifies the changes in added value rate of industries i.e. the rate by which primary input accounts for total domestic product. It caused the amount of CO2 to grow by 96.60 mt of co2 during 1973 to 83 after then it has increased to 178.31 mt of CO2in 1983-84 to 1991-92 and finally during 1991-96 it has increased again to 214.72 mt of CO2.

Compared with other individual factors this factor ranks third in 1973-83 to 1983-84 but scored first in other two periods. Among all sectors the highest contribution has been achieved by petroleum product sector throughout the period. A gradual rising trend has been observed in case of this sector (i.e., 33mtof CO2 in 1973-83 79.40 mt of CO2 in 1983-84 and 98.62 mt of CO2 in 1991 to 1996. Besides, the petroleum product the sectors having a higher rate of added value increased are trade and other services, transport services, construction, iron and steel other metallic mineral products, cement, food and beverages deserve mention. The above top seven sectors are mostly public service and primary industries. These are the industries with lower intermediate input use.

If we consider period wise performance regarding rate of added value changes then the reform period (1991 –96) contributes the most compared to other period .One obvious reason is the share of information activities is increased during the reform period. In addition the GDP share affects the economic process and the performance of these factors is gaining importance in the Indian economy (GOI 2001).

 Besides these  a negative contribution is still  made by electricity, basic metal metal products and machinery and leather products. These are the industries with higher intermediate input use and basically secondary type of industries. Overall, a most common feature in table (4) is that a rising trend from 1973 to 1996 has been observed for all sectors.

CO2  intensity 

The level of CO2 intensity states as CO2 emission amount divided by primary input. The intensity effect has reduced the changes in CO2 emission throughout the period.

Among sectors the intensity of CO2 from emission by oil products represents the largest rate of decrease especially in 1991 to 1996. It has proved that oil-consuming industries improved their energy conservation after oil crisis in 1973. 

As we noticed from table (5) that changes in CO2 intensity from 1973-83 for most of the sectors became positive. It means that the industries are in most cases CO2 intensive or rather contribute to increase CO2 emission. It has been observed that during 1973 to 83 out of 22 sectors only seven sectors have contributed to reduce CO2 but the share is very insignificant. Only petroleum product sector has shared significantly to reduce CO2 emission i.e. –43.68 mt of CO2. The most obvious reason is due to less amount of crude petroleum consumption during 1973-83 (Mukhopadhyay & Chakraborty,1999) .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 changes in 1983-84 to 1991-92 are –45.12 mt of CO2. The overall sectors contribution are more or less same like previous period. The only difference is in electricity sector which performs opposite than the previous period(-6.75mt of CO2). The petroleum product sector ranks the highest still to reduce CO2 but in a less amount than the previous period. The opposite performance is also observed in case of transport, iron and steel, and construction sectors. Those sectors increase the CO2 emission significantly during 1973-74 to 1991-92 but they performed negatively in the previous period.  

But in the reform period more or less all sectors performed negatively to reduce CO2 emission except four sectors (agriculture, food and beverages,textile, leather and leather products).

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 this sectors share in the total power consumed has increased steadily from 10% in 70-71 to 30% in 96-97 .The power consumption in the agricultural sector is the result of an increase in irrigation pumpsets energized and a sharp increase in the usage hours of the pumpsets. Moreover electricity is an essential input for agricultural development.  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.

In case of leather and leather products surveys show that 25-30% of the mills have not adopted any energy conservation measures.

In above cases the electricity intensity was high and it turns to release CO2.  The study reveals that the rate of CO2 intensity has been gradually reduced from 1973-74 to 1983-84 and from 1983-84 to 1991-92.But the decline rate is maximum during the reform period. The major reason behind is moderate energy consumption during 1991 to 96 i.e. 5.6% p.a.(Mukhopadhyay,2001) 

One common and most obvious reason behind the moderate performance of coal and crude oil sectors are 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 optimize interfuel substitution, (iv) to propagate renewable resources based on decentralized and environmentally benign non conventional technologies. So the CO2 intensity results of the reform period reveal that the above  said reform strategies are working efficiently.

Not only that bio-gas,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.On the whole the co2 emission regarding co2 intensity was low during 1991-92 to 1996-97.    

Rate of technical coefficient

The changes in the rate of technical coefficient regarding CO2 emission were positive up to 1991i.e.,88.28 mt of co2 in 1973-83 and 74.95 mt of CO2 in 1983-91 but in the reform period it  became negative i.e.,-66.70 mt of CO2.

The basic reason behind a negative 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). From the technical part in case of oil sector as the minimization of the risks of exploration, optimal mix of exploration, energy conservation and interfuel substitution . 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 we can mention 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 except other metallic mineral product, textile, leather and leather product, food and beverages. 

But the opposite consequences happened in other two periods (1973-83 and 1983-91)i.e., almost all sectors contribute positively to increase CO2 emission. The basic reasons behind are technical gestation lag, financial resource constraint, high transition cost and proper intensification of R&D is lacking Results are shown in Table 6.

Moreover a moderate technical changes have taken place i.e., 1.77% p.a. leading to reduce energy consumption which in turn pushed to 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. The slight technical improvement in case of oil and natural gas sector has been possible due to the flairing of minimization of associated gas, the off take of natural gas, also the minimization of the risks of exploration both by an optimal mix of exploration in different basins in India and vigorous measure for energy conservation and interfuel substitution. Moreover creation of capacity and its utilisation for oil was very low in eighties but improved substantially, particularly in the early 90’s. Due to technical improvement in capacity utilisation the growth rate of crude throughput also performed well at 58.6% in 1995-96 which was 4% higher than 1991-92. 

Changes in the final demand of various industries 

The total changes in the final demand contributes 192.87 mt of CO2 for the reform period but 114.87 mt of CO2 in 1973 to 83.It is elaborated in table 7.It reveal that changes in final demand structure regarding energy consumption has 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 durables also continues to expand. Several of the relatively newer and faster growing industries such as jems and jewellery ,garments and electronics are far 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 CO2emission.

 Urbanisation brings with it 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 analyze the sectoral contribution then electricity, petroleum products,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 from 1973 to 96 but electricity and for other  top three sectors contribution is rising gradually from 1973 to 96. 

Coal and electricity have a major share of energy products .So the intensity of these sectors have 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.

SECTION V

CONCLUSION & POLICY IMPLICATION

During the last decade both industrialised and developing countries are concerned with global climate change. India also shares this concern for protecting the environment.

This paper attempts to estimate the industrial emissions of CO2in 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 247 mt of CO2 in 73-74 to 757 mt of CO2in 1996-97.

The study categorizes the changes in the amount of co2 emission into five factors: the rate of added value, the CO2 intensity, the rate of technical coefficient, changes in final demand structure and joint effects. The main factors for these increases were the rate of added value and changes in final demand structure. The effect of increase in the rate of technical coefficient  was  obvious. On the other hand, the changes in CO2 intensity is a main reducing factor .Though it was low for the first two periods but  quite high enough for the reform period. The joint effects also have a partial reducing effects. Concerning energy source electricity and petroleum product consumption have the highest amount of CO2 emission increase. Among other top sectors 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 economic outputs are relatively small .An exception is the iron and steel industry and transport sector which contributes significantly to total energy consumption, despite its rather low production output for these sectors both energy intensity and economic output are high, resulting in substantial energy consumption and emission. Therefore in such sectors further energy conservation would make a major difference. 

The overall situation fluctuates in different period. 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 final demand are also important in this respect and it has considerable effects on emissions in some period.

A proper weightage should be given on the steel and iron industry, which should be enhanced not only upgrading their processing procedures but also by 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.       

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 CO2emission.

A study by Wier (1998) on Denmark also concluded that production based emissions have exhibited greater changes than have household emissions. Increasing final demand is the main determinant of changes in emissions.

Analyzing and comparing our results with those of other countries we suggest that the priority have 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. 

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. 

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. 
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Chapter 3

APPENDIX

TABLE 2

ESTIMATED CO2 EMISSION IN INDIA DURING 1973-1974 TO 1996-1997 (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 4

CHANGES IN THE RATE OF ADDED VALUE (mt of CO2 /mtcr)

SL. NO
SECTORS
        1973-1974 to

             1983-1984
         1983-1984 to

            1991-1992
        1991-1992 to  

               1996-1997

1
Coal & lig
-0.03
-0.07
-0.64

2
Crude petroleum & natural Gas
-0.002
-0.001
-0.012

3
Electricity
-16.02
-26.69
-49.430

4
Agriculture
0.00
1.816
0.052

5
Mining & quarrying
1.23
-0.075
-0.005

6
Sugar
2.81
2.76
3.82

7
Food & beverages
5.92
7.37
10.34

8
Textile and textile products
0.83
-10.53
-25.18

9
Wood & wood products
1.61
2.36
3.45

10
Paper & paper products
0.00
2.68
1.23

11
Leather and leather products
-3.65
-14.20
-20.95

12
Rubber & plastic products
1.33
6.54
9.01

13
Petroleum products
33.00
79.40
98.67

14
Fertilizer
1.21
12.32
16.92

15
Chemical and chemical products
4.03
8.06
11.61

16
Cement
12.01
30.91
42.03

17
Other metallic mineral products
15.06
23.16
32.82

18
Iron & steel
13.08
20.89
34.11

19
Basic metal, metal products & machinery
-18.31
-34.38
-47.44

20
Construction
13.21
20.17
30.17

21
Transport
12.07
23.11
28.01

22
Trade & other services
17.22
22.72
36.14


Total
96.60
178.31
214.72

TABLE 5

CHANGES IN CO2 INTENSITY (mt of  CO2) /mtcr) 

SL. NO
SECTORS
1973-1974 to

1983-1984
1983-1984 to 

1991-1992
1991-1992 to

1996-1997

1
Coal & lignite
0.80
-0.52
-1.62

2
Crude petroleum & natural Gas
0.0003
0.0001
0.0009

3
Electricity
20.00
-6.75
-9.85

4
Agriculture
1.04
4.45
7.84

5
Mining & quarrying
0.08
-0.08
-0.01

6
Sugar
-0.40
1.42
-0.51

7
Food & beverages
0.50
4.35
10.47

8
Textile
-1.94
1.49
9.39

9
Wood & wood products
-0.008
-0.08
-2.01

10
Paper & paper products
0.91
-2.05
-6.67

11
Leather & leather products
-0.01
0.20
3.27

12
Rubber & plastic products
0.04
-0.45
-2.05

13
Petroleum products
-43.68
-47.59
-59.18

14
Fertilizer
0.007
-1.14
-5.32

15
Chemical products
-2.26
-3.55
-2.31

16
Cement
1.73
-0.61
-10.85

17
Other metallic Mineral products
4.52
-0.99
2.49

18
Iron & steel
-2.36
12.67
-7.87

19
Basic metal, metal products & machinery
-1.09
-4.60
-8.32

20
Construction
-2.44
0.47
-8.15

21
Transport services
-0.78
0.53
-10.07

22
Trade & other services
-2.43
-2.30
-11.52


Total
-27.73
-45.12
-112.89

TABLE 6

CHANGES IN THE RATE OF TECHNICAL COEFFICIENT OF CO2 (mt of CO2 /mtcr) 

SL. NO
SECTORS
            1973-1974 to

                1983-1984
1983-1984 to

1991-1992
1991-1992 to

1996-1997

1
Coal & lignite
0.04
0.12
-0.62

2
Crude petroleum & natural Gas
0.00
0.00
0.00

3
Electricity
8.17
22.21
-8.85

4
Agriculture
0.01
-0.21
-2.84

5
Mining & quarrying
-0.02
0.17
-0.01

6
Sugar
0.02
-2.02
-0.51

7
Food & beverages
0.02
0.18
13.47

8
Textile
0.67
0.29
8.38

9
Wood & wood products
0.02
0.05
-0.01

10
Paper & paper products
0.70
0.37
-4.67

11
Leather & leather products
0.00
-0.00
0.27

12
Rubber & plastic products
-0.04
0.25
-0.05

13
Petroleum products
70.63
52.52
-9.18

14
Fertilizer
4.40
7.53
-1.32

15
Chemical products
0.52
2.04
-0.31

16
Cement
-0.31
0.87
-10.85

17
Other metallic Mineral products
-3.59
-3.33
2.49

18
Iron & steel
4.84
-3.96
-7.78

19
Basic metal, metal products & machinery
0.78
1.36
-3.32

20
Construction
0.19
-2.12
-2.15

21
Transport services
-0.53
-3.83
-4.07

22
Trade & other services
1.25
0.51
-9.52


Total
87.65
73.01
-41.48

TABLE 7

CHANGES IN THE FINAL DEMAND OF VARIOUS INDUSTRIES (mt of CO2 /mtcr )

SL. NO
SECTORS
1973-1974 to 

1983-1984
1983-1984 to

1991-1992
1991-1992 to

1996-1997

1
Coal & lignite
0.05
1.34
0.36

2
Crude petroleum & natural Gas
0.00
0.00
0.00

3
Electricity
15.60
25.29
40.22

4
Agriculture
0.16
0.27
2.91

5
Mining & quarrying
0.03
-0.22
-0.00

6
Sugar
0.19
0.17
0.75

7
Food & beverages
2.70
2.25
2.51

8
Textile
6.90
9.17
0.68

9
Wood & wood products
0.06
0.14
0.17

10
Paper & paper products
2.21
7.72
4.79

11
Leather & leather products
0.04
0.09
0.10

12
Rubber & plastic products
0.58
0.86
0.72

13
Petroleum products
40.74
56.42
25.68

14
Fertilizer
-0.35
-0.12
8.02

15
Chemical products
5.84
3.20
3.07

16
Cement
3.46
5.25
10.26

17
Other metallic Mineral products
4.56
6.90
27.47

18
Iron & steel
9.28
18.80
37.29

19
Basic metal, metal products & machinery
5.08
9.63
10.57

20
Construction
2.41
1.42
3.76

21
Transport services
3.56
8.03
6.18

22
Trade & other services
6.07
8.46
12.53


Total
109.33
165.09
198.11
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