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ABSTRACT

Information technology is gradually gaining its importance since last decade. Government of India considers IT as an agent of transformation of every facet of human life, which will bring about knowledge based society in the 21st century. But the relationship between information and energy needs to be studied as the substitution of information for energy is a dominant phenomenon in economic activities of the developed countries like US is to be examined in the context of India. The present paper tries to estimate the relationship between information and energy during 1973-74 to 1996-97 for India. More specifically it tries to assess whether the substitution of information and energy is possible for India or not. The paper also provides further evidence on Maxwells’demon for a less developed country like India. Moreover, it also tries to justify the fact that less energy activities leads to less co2 emission The results indicate that the Indian economy is walking on a path of gradual informatization process but not upto the extent like US. 
Key words: Energy, Information, co2 emission, India

An Input-Output Study of the Relationship between Information Sector, Energy Use &CO2 Emission in the Indian Economy during 1973-74 To 1996-97 

Kakali Mukhopadhyay 

INTRODUCTION

By information technology, we refer to all techniques and know how developed in order to identify, register, process and communicate information.

The substitution of information for energy, when used in economic sense, consists of putting more information into an economic activity in order to reduce the quantity of energy required. 

The possibility of using information to generate free energy has proved by Maxwell’s demon [1] in 1871. The demon, which performed the role of information (or knowledge), was supposed to be able to violate the second law of thermodynamics and generate free energy starting from a state of maximum entropy. Since then researchers [Spreng 1993,Chen 1994,Campos Machado 1994] have tried to explore the relationship between information and energy. Their studies suggest that information in general and information in particular has the potential to save energy.   

The information - energy substitution [2] is based on the idea that a better mastery of information [3] allows the quantity of energy consumed in a given economic activity to be reduced. Few studies examine the relationships between energy and information activities at the economic level (Spreng 1993,Chen 1994,Campos Machado 1994). 

 Spreng(1993) discusses the possibilities for substitution between energy, time and information in the economy and considers the influence of new information technology (NIT)on energy demand. The examination of the influence of NIT on energy demand shows that NIT is used -- and could be used much more to conserve energy, that NIT serves, however, more often to speed up processes rather than to make them more energy efficient.

Chen(1994) indicates that the substitution of information for energy is a dominant phenomenon in economic activities. But this substitution is very particular compared to the substitution among factors of production, because information does not have the properties of a factor of production. He considers only direct energy expenditures and does not provide empirical evidence on substitution at a global economic level. This article attempts to understand how information substitutes energy.

Machulp (1962,1984),Porat (1977) and Bell (1976) in their classical studies presented evidence that the US can be viewed as an information society and showed trends in the informatization process over time . But how does the 

informatization of the US economy relate to energy use? And how does it contribute to energy savings? Recently Machado& Miller (1997) have tried to answer the above question and tested empirically the old challenge made by Maxwell’s demon [3]. An input-output approach is employed to search for empirical evidence on substitutability between energy and information at a national economic level. The development of information activities in the US economy has been studied from 1963 to 1987 and the contribution of information to save energy is indicated. 

Results show an increasing presence of information activities in all segments of the economy and strong evidence on their contribution to energy savings. 

In this paper our object is to investigate the empirical relationship between information and energy and also co2 for a developing country like India during 1973-97.

Before we concentrate on empirical observation let us try to portray the weightage of information sectors in India.

 Recognizing the impressive growth the country has achieved since the mid eighties, the Government has resolved to make India a global IT (information technology) software superpower and a frontrunner in the age of Information Revolution .It is a well accepted that information is power. In the IT era, its all pervading impact is felt in all sectors ranging from agriculture to space technology. Govt of India considers IT as an agent of transformation of every facet of human life, which will bring about a knowledge based society in the 21st century. In India, there is neither dearth of intellect , nor man power.  Therefore,  Govt. of India recognises that information technology tools and information power  is the key to rapid economic and social development of the country. The contribution of information sector to GDP will be more than 7.5% by 2008 (Planning Commission,2000). 

Giving a vital importance on the above issue our paper tries to find out the performance of the information sector empirically from 1970's and how far it is successful to the process of substitution of information for energy sector.  The period 1970’s has its own significance . The worldwide oil crisis created convulsions which were disastrous for all countries . The global energy crisis in the 1970's had also an adverse impact in India. Many developed countries have successfully overcome the situation by substituting energy with other forms. But the influence was severe in case of developing country like India. Taking a step in that direction we have studied an empirical relationship between information and energy  for India.

Few descriptive works have assessed by the Indian economists in  respect of information technology . Among them Shesagiri,(2000), Dash ,(2000)and Rao (2000). Basically they analysed the recent bold steps taken by the Govt of India in information technology. They have also criticized  the new policies in this respect and suggest few revisions and additions. There is, therefore, a need for empirical analysis focusing on a wider set of information activities, at the level of the whole economy and considering their total energy requirements.

The key force, which led us to estimate the empirical relationship between information and energy, is to test the Maxwell’s demon for India by following the path of Machado & Miller (1997).

Considering the above force in this paper we try to investigate whether India being a developing country has successful in that direction or not? How far the relationship between information and energy contributes positively by saving energy or not. Moreover, it tries to estimate whether energy saving leads to reduce co2 emissions or not.

In the present paper an input-output approach is used to investigate the relationship between energy and information of the Indian economy during 1973-74 to 1996-97 and information sectors contribution to energy savings is possible or not. Finally it explores that if energy saving is possible then how far it helps to reduce co2 emission during our study period. 

The study of our paper considers the period from 1973-74 to 1996-97 with two sub periods in between, these are 1983-84 and 1991-92. All periods have its own importance. The periods 1973-74 and 1983-84 have taken due to the global oil crisis in 1970's and 80's. In the period 90's named as reform period  Govt.of India has initiated few strategies in the light of information and energy .Here we consider 1991-92 and 1996-97 to examine how far the strategies influence  the information and energy. The gap between the  sub-periods are simply due to the availability of the input-output table.

Our study of information sector is based on the amount of information ie we have taken information as the outputs of the information sectors and activities  measured in million rupees.  Similarly energy is the output of energy sectors and production is defined as the output of the remaining sectors. 

The structure of the paper is as follows :

First, we try to outline the data source and its aggregation scheme . Second, we make three types of analyses with the help of input-output model . The results of these analyses have been discussed in the third section .Fourth section contributes to estimate the co2 emission intensity. And finally, we draw some conclusions based on empirical analyses in section five.  

SECTION I

DATA AND AGGREGATION SCHEME

To conduct the analyses we have taken the Input-output tables for the year 1973-74 ,1983-84 , 1991-92 ,and 1996-97 .

The input-output tables used here are Commodity by Commodity tables for India in 1973-74,1983-84 ,1991-92 and 1996-97 prepared by C.S.O (1981,1990) and Planning Commission (1995,2000)  respectively .

Each input-output table consists of 60X60 sectors . Therefore the original 60X60 Indian input-output tables used as sources of data were aggregated to 3X3 tables made up of the production ,the information and the energy sectors. 

The criterion employed to select a sector as being an information or energy sector was to verify the relative number of information or energy subsectors it contained. When most of its subsectors were information or energy activities ,the entire sector was included in the information  or in the energy segment. 

 The 60 sector input-output tables for the chosen information,   energy and production sectors are shown in Appendix 1. 

Actually in the theory the best way to measure energy information and production would be to use respectively thermodynamic (calories, Joules),information theory (bits) and monetary (dollars ,MRs)units  .But here we need to compare shares of energy ,information and production outputs in the economy at the same points in time ,we have chosen the same monetary units to measure the outputs of three segments of the economy. 

For these reasons the energy and information contributions of the energy and information sectors will be measured in monetary units (million rupees) and considered it as in the conventional input-output tables.

 The objective of our paper is to investigate the relationship between energy and information sectors of the Indian economy during 1973-74 to 1996-97 ie to check the past trends with respect to the informatization[4] of the Indian economy and these trends whether contributed to energy savings or not. If energy saving is possible then how far it contributes to reduce co2 emission. To estimate the above trends we have carried out  three types of analyses which is given in the following section.  

SECTION II

TYPES OF ANALYSES

Three types of analyses were carried out in this paper :

1)  Share of the three sectors on the basis of intermediate use, gross output and final demand. Here we basically try to show how the trends of the  share changes. This analysis is based on input-output data sets of the Input-output table.

2) The  second analysis is based on  direct effects of the input output model ie by technical coefficient matrix. 

3) The third analysis shows us the trends of the total effects (direct  plus indirect ) captured in Leontief inverse matrices from the input-output model.

SECTION III

 EMPIRICAL RESULTS 

The results of these analyses are presented in the following section:

1) First type of analysis 
Our aggregated 3x3 input-output tables of the Indian economy are used to show the transactions and interactions among the three segments of the economy namely deliveries to intermediate output, deliveries to final demand and the total output (x).

The aggregated picture of changes in economic activity in the production, information and energy segments across the entire 24 years period, it is instructive to examine the evolution of the shares of each of these three components in total intermediate output, total final demand and total gross out[put over the period. This is shown in Table1.

TABLE 1

ENERGY (E), INFORMATION (I) AND PRODUCTION (P) SHARES IN INTERMEDIATE OUTPUT (IN), FINAL DEMAND (FD) AND TOTAL OUTPUT (TO) RESPECTIVELY FROM 1973-74 THROUGH 1996-97

                                                                                               percent change


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

ENERGY






IN
.0757
.1021
.0903
.1223
61.55

FD
-.0014
-.0001
-.0011
-.0019
35.71

TO
.0263
.0410
.0393
.0437
66.15

INFORMATION






IN
.0761
.1032
.1139
.135
77.63

FD
.1099
.1134
.1972
.199
82.56

TO
.0968
.1052
.1682
.176
83.33

PRODUCT






IN
.8980
.8131
.7956
.791
-11.98

FD
.8121
.8910
.7539
.755
-7.21

TO
.9068
.8671
.7724
.849
-6.29

Considering the production row we observe that production segments share of each of the three measures of economic activity decreased at a steady rate.(except two situations)

The exceptional situation arises in case of final demand from 1973-83 and the second case arises during 1991-96 in case of total output.

Similarly, the shares in the information row show a monotonic increase in the information segments.

But the energy segments shares vary between the periods. Overall the total output share increased much more followed by intermediate output and final demand in energy components. A decreasing trend observed between 1983-91 for all energy segments (total output [TO], intermediate-output[IN], final demand[FD]).

The following shares resulting from percentage changes are given in the last column of Table 1. The share of the information segment grew on average nearly 81.17% . Over the same period the share of production segment decreased on average by almost 8%, while the share for energy increased by almost 55% .(incase of IN  61.55%,F.D 35.71%,TO 66.15%)

These results confirm that there was a clear process of informatization of the Indian economy between 1973-74 to 1996-97. It also reflects a structural change in the economy in which the information sectors grew in importance while production sectors decreased in importance. The process of informatization is especially strong in final demand i.e. 82.56%. The private consumption as well as govt consumption of information segments has increased . Not only that an export oriented process has taken up by G.O.I and it reflects in the results (percentages) of final demand.

Moreover, the inter industry core of the economy was transformed by the pervasive penetration of information activities in the economic system.

2) Findings from the second analysis ( direct effects)

In order to get a clear picture of the changes in the economy overtime we will now examine how the outputs of the three different segments of the economy were employed as inputs, in the production processes of the same three components. How much direct input of production, information, and energy were needed in 1973-74 to generate one unit of output of the production, information and energy segments? How much was needed in 1996-97? How did these amounts change overtime? Do the figures show any substitutability or complementarity between energy and information as factors of production? 

To answer the above questions we need to formulate a technical coefficients or direct requirements matrix (A) for each year. These coefficients are provided in Table 2 and 2A.

The technical coefficients give us a picture of the production processes of the economy in terms of the direct requirements for one unit of output. Here the transactions and outputs are measured in monetary terms . Thus, the coefficient aij represents the value of input i per million rs worth of output j. Each column in an A matrix for a given year represents, therefore,a kind of production process of the corresponding sector in that year.

Table2A shows us the percentage change in the technical coefficients from 1973-74 to 1996-97.

The percentage change in the direct requirements of production segment output to information segments is negative ie (-40.34%) and the other two segments have very negligible share i.e from production to energy is 6.99% and to production is 14.93% .

TABLE 2

TECHNICAL COEFFICIENTS(A) (THE COLUMN IN EACH BOX REPRESENT FIGURES FOR 1973-74,1983-84,1991-92 AND 1996-97 RESPECTIVELY


ENERGY
INFORMATION
PRODUCTION

ENERGY




1973-74
.2102
.0056
.0246

1983-84
.2423
.0131
.0462

1991-92
.2306
.0084
.0379

1996-97
.2951
.0092
.0443

INFORMATION




1973-94
.0348
.0553
.0275

1983-84
.0341
.0842
.0325

1991-92
.0391
.0642
.0476

1996-97
.0667
.0745
.0505

PRODUCTION




1973-74
.1386
.2372
.3442

1983-84
.1618
.2429
.3925

1991-92
.1538
.1493
.4118

1996-97
.1483
.1415
.3956

TABLE2A

PERCENTAGE CHANGES IN A  COEFFICIENTS FROM 1973-74 TO 1996-97a  

SEGMENTS
ENERGY
INFORMATION
PRODUCTION

ENERGY
40.39
64.28
80.08

INFORMATION
91.66
34.71
83.63

PRODUCTION
6.99
-40.34
14.93

a   It is obtained as [(A1996-97 7  -A1973-74  ) / A1973-74  ] X 100  ,where / denotes element by element division.

On the other hand the direct inputs of information to production grew by 83.63% while the information directly required to produce one unit of energy output increased by 91.66% . This conforms and proved that information became gradually important in the overall production process. It is also noted that the direct requirements of information and of energy in the production and energy segments grew together. This might be interpreted as a reflection of a complementarity between energy and information. During our study period 1973-74 to 1996-97 the economy become more dependent on both information and energy, but it became more dependent on information than energy from direct inputs to economic activity. Moreover, the change in the direct energy required per unit of information output is increased by 64.28% in 1973-96 On the other hand, the direct information input required to deliver one unit of energy output increased by 91.66%. That is ,direct inputs of energy and information followed in the same directions, but the information percentages was comparatively much higher than energy.

One common picture which is coming out from Table2A that information was increasingly   required   in    all  economic sectors. Moreover, information was substituting for production segments and partly help the energy sectors to reduce the share.

3) Third findings based on total effects

The technical coefficients matrix is used in an input-output model, one of the most useful results is a total requirement matrix i.e. L= (I-A)-1  . The coefficient bij signifies the total (direct plus indirect requirements from I per unit (million  rs worth) of final demand for j . Table 3 is based on the Leontief’s  inverse matrices for 1973-74 and 1996-97 which present the total requirements from the production, information and energy segments needed to satisfy one unit of final demand for production ,information and energy 

respectively. Table 3A displays the percentage changes in the Leontief inverse coefficients between 1973-74 to 1996-97.

The percentage changes  trend and pattern of total requirement is quite similar to the percentage changes of direct  requirements.

By comparing Table 2A with Table 3A we have seen that in few cases the % share was high in total requirements than direct and in some cases the percentage share was low in total requirement  than direct.

The total requirements from the production segment to satisfy one unit of final demand for information and production has reduced than direct requirement but increased  for energy.

TABLE 3

LEONTIEF INVERSE COEFFICIENTS (L)


ENERGY
INFORMATION
PRODUCTION

ENERGY




1973-74
1.2724
.02167
.0589

1983-84
1.3452
.0416
.0812

1991-92
1.3184
.0258
.0871

1996-97
1.4472
.0317
.0989

INFORMATION




1973-74
.0696
1.0686
.0454

1983-84
.0625
1.1019
.0502

1991-92
.0736
1.0840
.0726

1996-97
.1224
1.0997
.0836

PRODUCTION




1973-74
.3050
.48791
1.54486

1983-84
.3752
.4535
1.6842

1991-92
.3635
.2819
1.74642

1996-97
.38153
.26787
1.71044

TABLE 3A

PERCENTAGE CHANGES IN LEONTIEFS INVERSE COEFFICIENTS FROM 1973-74 TO 1996-97b
SEGMENTS
ENERGY 
INFORMATION
PRODUCTION

ENERGY
13.76
46.08
69.43

INFORMATION
75.86
2.90
84.14

PRODUCTION
25.08
-45.11
10.71

b It  is obtained as [(L1996-97 7  -L1973-74  ) / L1973-74  ] X 100  ,where / denotes element by element division.

TABLE 4

PERCENTAGE CHANGES IN SHARES OF EACH SEGMENTS OUTPUT MULTIPLIER (COLUMN SUMS OF L) FROM 1973-74 TO 1996-97
SEGMENTS
ENERGY 
INFORMATION
PRODUCTION

ENERGY
10.65
39.80
65.35

INFORMATION
70.62
4.87
83.11

PRODUCTION
18.52
-38.70
7.52

On the other hand , the total requirements from the information segment for a unit of final demand for energy output increased nearly 76% and for a unit of production final demand increased nearly 84%. It clarifies both direct and indirect effects, leave no doubt about the gradual informatization process of the Indian economy from1973 onwards.

The total requirements from the energy segment to satisfy production final demand grew by 70% and it is lower by 14% of total information requirements.

Again the total information requirements to accommodate one unit of final demand for energy increased by 76% ,but by the total energy requirements for one unit of information final demand increased by 46% ie 30% lower than the previous one. The total requirement effects as embodied in the leontief inverse suggests that information segments contribution to and energy and production was higher than any other contribution made by energy or production segments. Overall, a gradual substitution has taken place in the economy towards informatization.

Now we try to analyze the total output multiplier, which translates a unit change in final demand for a particular sector’s output into total output required from all sectors in the economy. These are the column sums of the Leontief inverse. The role of information activities in contributing to energy can also be captured. The way of doing this is to consider the share of each Leontief inverse element in its respective column sum, ie in its total output multiplier. Table 4 captures the percentage changes from 1973-74 to 1996-97 in the shares of the coefficients in a given column of a Leontief inverse to the output multiplier for that column. These shares thus reflect the relative importance of a particular segments contribution to the total inputs from all sectors of the economy required in order to satisfy a unit of final demand for the output of the production ,or information or energy segments.

Table 4 also shows a similar pattern like Table 3A . All changes in production’s shares of the output multipliers for production, information and energy segments are negligible especially negative in information segments. It reflects the decreased importance of production inputs to economic activity The increase in the share of energy in the output multiplier for production is 65.35% ,but the largest increase are in the  information’s share in the output multipliers for the production and energy  segments are 70.62% and 83.11%. The increase in the shares of  information and energy  in the output multipliers for production can be interpreted as a sign that the economy has come to depend relatively more on information and energy than on production. This confirms the results in the previous analyses. It signifies that a larger proportion of information output is embodied directly and indirectly, in satisfying final demand for output of the production and energy  segments in 1996-97 than in 1973-74. Alternatively, a comparatively

lower proportion of energy (39.80%) and a negative share of production (-38.70%) is required to satisfy final demand for information.

As reflected in above several indicators (table 1-- 4) the Indian economy experienced a gradual informatization process during our study period . So information sector is partially or to some extent able to substitute for energy sector.  This automatically signifies that more valuable exhaustible resource can be saved by using less energy. If we use less energy we may reduce environmental impacts of energy use.

On the basis of the above fact we can predict that if the trend of informatization process continues ,then Indian economy would be partially free from energy crisis. These findings have also an implications for co2   emissions.

 Taking that point on account now we are going to establish the above fact in the next section .

SECTION IV

CO2 INTENSITY, INFORMATION AND ENERGY

Here we try to explore the gradual less participation of the energy sector whether proves any concrete reason for less emission of pollutant release or not.

Here the emission of pollutant we mean to say CO2 . As we have mentioned earlier that our aggregated energy sector comprises coal, crude oil & natural gas and electricity and CO2  mainly is released from coal and crude oil & natural gas during combustion which is famous as fossil fuel combustion. 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 emissions are in the order of  803 million tonnes of co2 during 1995 in India are from the combustion of fossil fuels (IEA,1997).

In this part our prime objective is to show whether CO2  emission ultimately leads to any positive contribution in this respect or not . For this purpose , we have taken each year energy gross output at 1973-74 prices measured in MRs (million rupees) and the respective CO2   emission. (mt of CO2 ). From the above data we have estimated the CO2 emission intensity i.e. mt of CO2 per million rupees of expenditure we on energy at 1973-74 prices.

TABLE 5

ENERGY GROSS OUTPUT AND CARBONDI OXIDE EMISSION INTENSITY

YEAR
Energy Gross output in MRs(at 1973-74 prices)
CO2 emission *

(mt of CO2)
Emission intensity(mt of CO2 per million rupees at 1974-74 prices

1973-74
14823.4
191.28
.012903

1983-84
22699
377
.016608

1991-92
36045.7
583.80
.016196

1996-97
76333.9
767
.010047

*Estimated  by the author (2001) according to IPCC guideline

As noted earlier in table 1 that the share of information segment grew on average nearly 81.17% while the share for energy increased by almost 55% during 1973-74 to 1996-97.

Not only that the direct coefficient as well as total coefficient as displayed in table 2 to 3a exhibit  the similar kind of picture. 

More precisely the information content of energy and production increased markedly , and the energy content of information decreased overtime, indicating a gradual substitutability between energy and information .

Table 5  reflects the similar pattern like our previous indicator i.e., due to the gradual decreasing share of the energy sector the CO2 emission intensity also decreased gradually. During 1973-74 the emission intensity was .012903 mt of CO2 per Mrs. expenditure on energy but the intensity dropped to .010047 mt of CO2 per MRs expenditure on energy during 1996-97.If we analyse the mid period say 1983-84 or 1991-92 then it reveals that a slight emission intensity was higher during 1983-84 but it slightly falls in the next period (1991-92) and sharply declined in the  period 1996-97 .It is shown in Fig 2. Fig 3 will gives us the relationship between the share of information ,energy and co2 intensity.

The performance of the above CO2  intensity will bring out more clear and vivid picture if we study the direct and total (direct & indirect) intensity coefficient of CO2 emission in this respect .

TABLE 6

DIRECT INTENSITY COEFFICIENT OF CO2 EMISSION

YEAR/ENERGY
ENERGY
INFORMATION
PRODUCTION

1973-74         ENERGY
.0613726
.48376
.015799

1983-84

ENERGY
.0815681
.86289
.025230

1991-92 ENERGY
.0817948
.4634
.025230

1996-97

ENERGY
.029720
.161144
.0132393

One striking feature follows from the information column of table6 is that the coefficients are too high than the other coefficients but the trend maintains a same pattern ie it was more or less high in 1973-74 and shoots up in 1983-84 but it starts decline from 1991-92 and became .161144 in 1996-97.

It reflects that the direct contribution of energy to information was high enough with that of co2 , but after 90’s it declines gradually.

In case of other two sectors like energy and production column a similar kind of trends observed. The coefficients remain the same and high during 1983-84 and 1991-92 for these two sectors over the periods. Comparing four periods the coefficients rate was low in 1996-97 in this respect. It is possible due to the reform strategy of 1991. New energy technologies have been introduced in economic activities and efficiency of those technologies are high enough than before which counteract to reduce the rate of co2 emission.       

TABLE 7

TOTAL INTENSITY(DIRECT & INDIRECT) COEFFICIENT OF CO2 EMISSION

YEAR/ENERGY
ENERGY
INFORMATION
PRODUCTION

1973-74         ENERGY
.016386
.0002796
.0007599

1983-84

ENERGY
.022341
.0006908
.001348

1991-92 ENERGY
.021358
.0004178
.0014107

1996-97

ENERGY
.01454
.0003184
.0009936

In table 7 the trend of the total coefficients follows a similar pattern . But one striking contrast reveals that the column of the information share was very insignificant than the other two share over the period. On the other hand total intensity coefficient of the energy sector was higher comparing the other two. It proves that the direct and indirect contribution was significant in energy sector turns out to be more co2 intensive. But the trend follows a declining path like before.

On the whole tables 5,6 & 7 focussed that the trend of co2 intensity is declining gradually.  

SECTION V

CONCLUSIONS

In this paper we have tested empirically the old challenge made by Maxwell’s demon for India during 1973-97 .

The empirical study shows that the energy and information share affect the economic process (Commercial energy and information), the performance of these factors gaining importance in the Indian economy during 1973-74 to 1996-97. A gradual informatization process has already started as it is reflected from our study. Our results show that information becomes comparatively less dependent on production than on energy. Alternatively, production and energy become more dependent on information.  Many factors lead to this effect.  

 The share of information activities is found to have increased gradually , and these activities are less energy intensive than other economic activities. Thus, the above sequence highlights that the information sectors partially reduce energy consumption or in the other hand it saves energy indirectly. The information content of energy increased comparatively more  than the energy content of information. That is a gradual process of substitution between energy and  information  is indicated from the above statement . 

From the above statement we may suggest that if the trend of informatization process continues ,then Indian economy would be partially free from energy crisis with that of co2   emissions.

To clarify the point that energy savings leads to less co2 emission we have carried three stage estimation of co2 against it. The emission intensity as a whole and direct & total intensity reflect a similar trend ie the intensity was high in 73-74 and slight increased in 83-84 but it starts declining and lowest in 96-97 over the period.

Many researchers (Jayadevaappa & Chattre,1996, Pathak et,al 2000) contribute themselve to find out the mitigating factors of co2  emissions side by side to overcome energy crisis. Most of them follow the path of carbon tax or energy tax. But our analysis presents a new  concept ie a plausible solution to this dilemma is the increment of the process of informatization which can reduce energy crisis and indirectly co2  emission.

So if  the substitution process of information for energy continues in the positive direction or in the other hand the energy content is reducing from information activities and other economic activities then the leading effect  of Co2  can partially overcome in future. 

These are beneficial because not only do they result in the rational use of energy but also lead to reduction in emission.  
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APPENDIX  1

The aggregation scheme of the information sectors is given below:

Electronic and electrical machinery 

Comunication 

Banking

Insurance 

Education and research

Medical and health 

Other services 

The selection of sectors underestimates information activities in this way .

It does not include the primary information activities that are included as sub sectors of non information sectors .Therefore, a conservative definition of information activities and sectors was used in our work. This strengthens our arguements in favour of the rate of the informatization process (and perhaps towards its ability to contribute to energy savings).

The energy sectors we have choosen for all the period   are the following :

Coal & lignite

Crude oil & natural gas

Electricity 

gas and water supply

All the remaining sectors are classified in the production segment. A complete list of  the rest sectors of the economy is presented below.

Food crops

Cash crops

Plantation crops

Other crops

Animal husbandry

Forestry & logging

Fishing

Iron ore

Other minerals

Sugar

Food products

Beverages

Tobacco products

Cotton textile

Wool,silk synthetic fibre textile

Jute hemp and mesta textile

Textile products

Wood & wood products

Furniture & fixture

Paper & paper products

Printing publishing and allied activities

Leather & leather products

Rubber & plastic products

Petroleum products

Coal tar products

Fertilizer

Inorganic heavy chemicals

Organic heavy chemicals

Paints varnishes & lacquers

Pesticides drugs and other chemicals

Cement

Other non metallic and mineral products

Iron & steel industry

Other basic metal industry

Metal products except machinary

Agricultural machinary

Machinary for food and industries

Other machinary

Railway transport equipment

Other transport equipment

Miscellaneous manufacturing equipment

Construction

Railway transport services

Other transport services

Storage and ware housing

Trade

Hotels and restaurants

Ownership and dwellings

Public administration and defence

NOTES 

1 

 MAXWELL'S DEMON 

At the end of his book on the Theory of Heat, Maxwell imagined a small and intelligent being ,who, placed in a hole in a wall enclosing an isolated gas chamber in thermal equilibrium (maximum entropy ) ,would be capable of seeing the individual molecules and of sorting them according to their speeds without effort. After some time a part of the enclosure will become hotter than others . Thus, without any additional consumption of energy , the entropy of an isolated system diminishes, a situation which is not in conformity with the second law of thermodynamics. According to Maxwell , Carnot's principle would not be valid in the case of information .Having been unable to disprove this puzzle for nearly a century , the physicists named it Maxwell's demon. Brillouin was the first to exorcise on it. He identified information as neguentropy ,formulated the 'neguentropy principle of information', and generalized Carnot's principle in order to include information.  

2 

    If information and knowledge (which can be a product of information) are able to substitute for energy, then this may signify that more economic value can be created using less energy. If we use less energy we may reduce environmental impacts of energy usage.

3

   When we speak a better mastery of information, we mean :

better knowledge possessed by the workers about the objects and the technical equipment employed at work;

better availability of information,coming from diverse sources, followed by a logical and efficient treatment of this information;

a stronger incorporation of scientific and technical knowledgeinto working methods;

an amplification, by technical means, of human capacity to capture ,treat, communicate and stock information; and

a more efficient organization of work achieved by better circulation and better use of information

4

 Informatization is perhaps a neologism. The word is used here to mean the process of development of information activities overtime and the increasing share occupied by them in the economic system.
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