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                                                          Abstract
Energy is demanded as intermediate use by different producing sectors and as final use by different institutions, private and public. Its demand thus depends on the levels of gross output produced by different factors and on the amounts of final demand. Through technological change in production energy use changes which is accounted for by the concept of energy intensity, gross output and final demand change. This paper discusses in the framework of structural decomposition in the extent of changes in energy use in India during 1993-2006. in the analysis both value and hybrid units are used. 

Energy is demanded as intermediate use by different producing sectors and as final use by different institutions, private and public. Its demand thus depends on the levels of gross output produced by different sectors and on the amounts of final demand. Through technological change in production energy use changes, which is accounted for by the concept of energy intensity. Total energy demand hence changes as energy intensity, gross output and final demand change. 
-----------------------------------------------------
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In this paper we shall formulate an energy sub-model in the framework of Input-Output analysis using physical unit of energy. In the standard I-O analysis value unit ( Rs ) is usually used.  In our analysis energy items are measured in physical unit while all other  non-energy items are quoted in value unit. Consequently the model will have both value and physical units. This formulation will facilitate to measure the effect of changes in energy prices as well as changes in energy intensity on energy demand in the economy.

The hybrid model for energy analysis has been used by researchers (Bullard & Herenden, 1975; Blair, 1979; Griffin, 1976; Casler & Wilber, 1984; Mukhopadhyay,   & Chakraborty, 2005). Mukhopadhyay  & Chakraborty have analyzed the changes in energy use in the context of Indian economy using the hybrid model. Almost all the researchers have examined the issue of structural decomposition without paying any attention to variations in energy prices.  Infact, price variations have eventual effects on energy intensity. In their decomposition equation one term has been all through left out in the analysis, resulting in the problem of omission of price variable. In this paper we have  formulated a  decomposition scheme  which contains the price-term ,hitherto not considered , to  accounts for the effect of variation in energy prices. 
 We shall define energy uses- energy intensity- in the common physical unit of toe (ton oil equivalent) per value of GDP. Energy expenditure being divided by unit price of energy gives energy use in physical unit. And energy in physical unit when divided by the value of GDP gives energy intensity in hybrid unit of physical-cum-value.
In section 1 the general hybrid model is developed .In section 2 the structural decomposition model is formulated so as to estimate the effects of variations in different components on the total energy use. Section 3 analyses the estimates for the India’s energy sectors. Concluding remarks are presented in section 4. 
Section 1. Energy Model: The static open structure of the input-output model is 

                    x = Ax + c            …………(1), 

where x : n-element gross output vector(column)

           A = (aij) : input coefficient matrix; i,j = 1,2,…….,n

            c: n-element final demand vector(column) .

Here variables are measured in value unit (rupee in our case). 

The solution of (1) gives:
                        x = (I-A)-1 c           ………………(2),

where (I-A)-1 is the Leontief inverse. This is the matrix of total input requirements. For an energy model, we now take out energy sectors from the basic model.
Suppose that there are n sectors in the economy, among which the first m sectors are energy sectors and the reaming n-m sectors are non-energy sectors. The balance equations for the m energy sectors can be written as 
                    x1 = x11 + ……………+ x1n + c1 
                     …………………………………

                      Xm = xm1 + …………xmn + cm        …………..(3).

The equations in (3) are expressed in monetary units. x1 ………. xm are gross outputs of energy sectors in money terms and c1, …….., cm are final demands of energy sectors also in money terms. 

We now replace the monetary flow in the energy rows in eqns (3) with the physical flows of energy to construct the energy flows accounting identity, which conforms to the energy balance conditions (Miller and Blair, 2009). 
Let  p1, ….., pm be the unit prices of energy items per toe of energy. Dividing equations in (3) by the respective prices we get :
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Eqns in (4) are the balance equations of the energy in physical terms.  Using * over the variable to denote the physical variable we write the balance equations as 
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Expressing in terms of energy coefficients, (5) becomes 
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Or, in matrix form
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(7) is the energy sub-model  which is the peculiarity of being hybrid in terms of unit of measurement. 

x^* is in physical unit and called the gross output vector of energy sectors (mx1) in which outputs are measured in million tones of oil equivalent (toe).
A* is the technical coefficient matrix (mxn) in hybrid unit where are used both value unit(rupee) and physical unit(toe). Its (i,j) element,       
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          which indicates the amount of energy i (in toe) used as input by sector j, per unit of output j. It is called the energy intensity measured in hybrid units. 

x is the gross output vector of the economy (non energy sectors and energy sectors) measured in monetary unit (nx1). 

c^*  is final demand vector (mx1) for energy sectors in physical unit.
To summarize, x^* and c^* are in physical unit (toe), x is in value unit (rupee) and A* is in hybrid units (toe/rupee). Note that A* is a non-square matrix of order mxn. 

In balance equation (7), we now substitute the value of x from equation (2) to get:

                  x*^ =  A* (I-A)-1 c + c^*  . 

Let             A*(I-A)-1  = S*
so that we get

                     x^* = S* c + c^*                          …………. (8),
where S* is a hybrid unit technical coefficient matrix (mxn) of the energy sectors. c  is the final demand vector (nx1) in monetary unit for the entire economy. In estimation c^* is usually dropped from the equation for no reason (Miller & Blair, 2009; Mukhopadhyay & Chakraborty, 2005)
We partition c in two parts- c^ and c˜ so that c = [ c^  c˜ ]. c^  represents the final demand vector for the energy sectors in value unit and c˜ represents the final demand vector for the non-energy sectors in value units. Without any loss of generality we partition S* matrix vertically as: 
Where 
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In balance equation (9) we have:

S˜ is  mxm hybrid unit technical coefficient matrix for the energy sectors;

c^ is mx1 final demand vector in monetary unit for the energy sectors; 

S˜  is m.(n-m) hybrid unit technical coefficient matrix for the non-energy sectors ;

c˜   is mx1 final demand vector for the energy sectors in monetary unit.

By definition,  c^j = pj  c^*j,  V  j.  In matrix form, 

                       c^ = < p> c^*                 ………………(10), 

where   < p> is a mxm diagonal matrix of prices of energy terms and c^* is the mx1  final demand vector in physical unit. We get from (9) and (10):

                          x^* = S˜  c˜   + S^< p > c^*  + c^*

                                  = S˜  c˜   + [ S^<p> + I } c^*    …………..  (11).

Equation (11) is the final form of the energy sectors where gross outputs of the energy sectors depend only on the final demands (both in physical units and in monetary units) for both energy and non-energy sectors and also on energy prices.  Notably final demands for the energy sectors are in physical unit while those for the non-energy sectors in monetary unit. Variations in gross outputs of energy sectors are hence caused by variations in (a) energy and non-energy final demands, (b) energy intensity and (c) energy prices. 
Alternatively, we can substitute c^* = <p> -1 c^ in equation (9) and get 

                          x^* = S˜  c˜  + [ S^ + < p> -1 ] c^         ……………(12).

Equation (12) is similarly interpreted as equation (11).  
Section 2. Structural Decomposition
Our structural decomposition analysis (SDA) is based on equation (11). Literature on SDA is vast. Some of the works in this respect are mentioned as Pal(1981, 1988), Skolka(1989), Rose and Casler(1996), Dietzenbacher and Los(1998). 
Using t for the time (discrete) to date the variables, equation (11) becomes for t and (t+1): 
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………………………………………………(13). 
Equation (13) is the structural decomposition equation for the energy sectors. It has 5 terms, each representing the separate effect of the variable under consideration. 
The first term measures the changes in energy intensity of the non-energy sectors (in value unit) upon the gross outputs of the energy sectors. It may be called the alien energy intensity effect (AEI effect).
 The second term indicates the effects of changes in final demands for the non-energy sectors: it may be called the alien final demand effect (ADF effect). 
The third term measures the effect of changes in energy intensity of the energy sectors (in physical unit): called the own energy intensity effect (OEI effect).
 The fourth term represents the effect of changes in prices of energy items: called the energy price effect (EP effect). 
The last term is due to the change in final demands for the energy sectors: called the own final demand effect (OFD effect). 
Section 3.  Estimates 

India’s I-O tables for 1983-84 and 2006-07 are used. I-O tables are in current prices. The original I-O tables are aggregated into 8x8 tables. Sectors are aggregated using common scheme of classification. The aggregated sectors are: 1) agriculture, 2) industry, 3) transport, 4) commercial, 5) construction, 6) coal, 7) oil and natural gas and 8) electricity. There are thus in the aggregated analysis only 3 energy sectors.

Common physical unit of toe (tones of oil equivalent) is used to measure energy output. The value figures of the energy sectors obtained from the I-O tables are divided by unit price of the corresponding energy output (rupees per toe) and consequently energy output in physical unit of toe are obtained ( x *ij = x ij / pi ). Ultimately energy intensity

 a*ij = x *ij / xj  is derived.  
Estimates (Table 1) reveal that the own final demand effect is the most dominant in determining the nature and the extent of variation in energy uses. The structural effects as well as price effects are found to be very feeble, almost negligible. This is indicative of the fact that energy use in India during 1983/84-2006/07 has been stimulated none but the final demand factor.    
Table 1. Percentage Decomposition of Change in Energy use in Different Energy Sectors in India during 1983/84-2006/07 
	Sectors
	AEI Effect
	ADF Effect
	OEI Effect
	EP Effect
	OFD Effect
	Total Effect

	Coal
	-0.18463
	0.21488
	-0.00170
	0.01646
	99.97033
	100.0

	Oil & Natural Gas
	-0.06447
	-0.12516
	0.00206
	-0.02353
	100.03953
	100.0

	Electricity
	0.08847
	0.07309
	-0.00040
	0.00424
	99.99117
	100.0


Notes: AEI effect : alien energy intensity effect
           ADF effect : alien final demand effect
            OEI effect: own energy intensity effect
             EP effect : energy price effect
             OFD effect : own final demand effect
Section 4. Concluding Remarks.

The energy sub-model formulated in this paper may be used to measure the changes in prices of different types of energy used in the economy. Economies today are experiencing price variation in energy items consequent upon the effects of turmoil in the energy exporting countries. Physical analysis of energy along with value unit will help in understanding and comparing the effects of energy price variation on different sectors of production within an economy as well as across economies of different countries.  
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