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Abstract
The energy consumption has increased in Iran in recent years. This paper intends to identify the contribution of different factors in the changes in energy consumption in Iran. To this end, a hybrid energy input–output table is constructed. The changes in energy consumption are attributed to several factors such as technology and production level. The input-output tables for the years 1988 and 2001 are used as databases. The results of the study show that although structure of final demand and somewhat the energy intensity of products totally lead to a decline in the energy consumption, the increment in the final demand and technical coefficients lead to 81.3% growth in energy consumption in the country. In a more detailed investigation, the increment in the energy consumption returns to five products in which the increasing in the energy intensity has a considerable role in the growth in energy consumption in the country.
Keywords: Structural Decomposition Analyses, Hybrid I-O Table, Energy Consumption, Iran. 

1. Introduction

Energy consumption has increased in Iran during last decades. A part of this phenomenon can be due to pricing policy in which a plenty of subsidies were paid as hidden or overt for energy consumption. Although the government has attempted to increase the price of energy in some years, its consumption has increased highly so the country had the highest growth in the word in some fields of energy elements. 
There are some reasons that limit the energy consumption in countries. The energy source limitation is one of these reasons that increases the importance of energy consumption in the world. In addition, it is impossible to regenerate most of the energy sources, which is another reason for the importance of energy consumption. Although many attempts have been carried out to find new sources for energy production, however, a part of the problems can be solved through a better management of the energy consumption.

Trade liberation is another reason that increases the emphasis put on energy consumption in production process. Energy expenditures form a main part of production costs of commodities. Thus international trade competition is another reason why more energy saving technology should be used.  
In addition, energy consumption affects the environment as well. Combustion of fossil fuels in economic activities and the resultant carbon emissions cause a significant warming of the global climate (IPCC, 1995). Hence, it affects the air pollution and environmental degradation that leads to climate change, acid rains, and many respiratory diseases. Consequently, energy consumption is important in view of environment as well. 

There are some factors that affect the energy consumption. Since goods and services are generally related directly and/or indirectly to energy, energy is one of the most essential factors for production and economic growth in countries. Hence, the energy consumption of an economy is to some extent sensitive to the rate of economic growth and energy intensity of products.  
There are some other reasons for the changes in the pattern of energy consumption. Using more energy efficient technology and structural shifts in the economy can be considered the two reasons for this case. Thus, it seems introducing the contribution of these factors in an economy would be precious for economic policy. 

There are some studies in this area most of which have been carried out using the Structural Decomposition Analysis (SDA). This method lets the researcher analyse the effective factors for changes in energy consumption in a more detailed fashion (Hoekstra and Bergh 2003).  

The SDA method was used by Rose and Chen (1991) to determine the relative prominence of various sources of change in energy consumption in economic sectors of the U.S. economy in 1972-1982. It was employed by Chen and Wu (1994) in order to analyse the sources of changes in the electricity demands of the industrial sectors of Taiwan during 1976-1986. Machado et al. (2001) applied input–output techniques to evaluate the impacts of the international trade on energy use and carbon dioxide emissions in the Brazilian economy in 1995. It also was used by Chakraborty (2007) to estimate the changes in energy consumption in India during 1994-1999. The sources of changes in energy consumption and GHG emission during the period 1993-94 to 2003-4 in India was identified using this method by Mukhopadhyay and Chakraborty (2008). Wood et al. (2009) examined the sources of changes in energy use in the industries and households of Brazil from 1970 to 1996.  And finally Liu et al. (2010) used the SDA method to identify five key factors causing the changes of energy embodied in exports. The change in the energy consumption attributed to direct the primary energy efficiency, primary energy consumption structure, structure of intermediate inputs, structure of exports, and scale of exports. 
However, Weber (2009) used the SDA as well as the Index Decomposition Analysis (IDA) method that uses only the aggregate sector information rather than disaggregated information for sectors like the I-O framework. Although the IDA method requires less data, it is too much aggregated to distinguish the technical effects from the final demand. 
The purpose of this research is to take a major step towards explaining the causes of change in energy use in Iran from 1988 to 2001. To this end, the input-output structural decomposition analysis (SDA) is employed to determine the role of different factors in this variation.

This paper is as follows: Section 2 introduces the methodology of SDA and its application to energy studies. The resources of data are introduced in section 3. The results of implementation of the model in Iran are presented and discussed in section 4. Section 5 concludes this study.
2. Methodology

The SDA is commonly used to examine the energy analysis. In general, energy demand changes over time for a variety of reasons including growth in output, infrastructure investment, efficiency improvements, and changes in the production and consumption systems. The model differs according to the details that mainly rely on data availability. 
According to the I–O model, total output can be written as:
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where X denotes to the amount of total production outputs, 
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 to the Leontief inverse matrix and Y denotes the size of final demand.

To examine the energy consumption in production process, the energy intensity of products would be considered. To this end, the amount of energy that is required for a unit of products is shown by B. B expresses, in terms of British Thermal Units (BTUs), the energy used to produce one unit of products.  
The total energy use in an economy in a given year can be expressed as:
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in which E refers to the total energy used in different products.

The energy that is consumed for products may be shown through different materials. To transform different kinds of energy into a single form, B is decomposed into two devices. Thus the relationship 2 is rewritten as follows:
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wherein 
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, and the diagonal matrix T denotes the amount of energy that results from a physical unit energy elements and the matrix M to the size of different energy elements in terms of physical units that is required for a unit production.   
The change in energy consumption over the period t is as follows:
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Using the relationship 3, the relationship 4 would be rearranged as:
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In the most general terms, changes in energy consumption can be attributed to changes in input coefficients and also in final demand. The above structural decomposition attempts to separate the two major categories into four main parts that show the effect of each device (separately).

However, although improvement in energy affects the energy consumption in production process, due to lack of data, this part of the changes is ignored in some studies like Rose and Chen (1991) and Chen and Rose (1990). On the other hand, the change in the energy consumption is mainly attributed to changes in energy intensity, technical coefficient and final demand.
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Relationship (5.1) reflects the energy consumption changes due to the variation in the energy intensity of products.  Relationship (5.2) refers to the changes in the energy consumption as a result of changes in the technical coefficients matrix. The role of the final demand (final products) in changes in energy consumption is examined through relationship (5.3). And finally the relationship (5.4) refers to the Total Joint Effects (TJE) when two or more of the above factors change simultaneously in period t compared with period t-1.  

Relationship (5.3) that measures the change in the final demand for energy consumption can be decomposed into changes in the level of final demand and change in the structure of final demand
: 
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Relationship (6) computes a final demand for the year t with respect to the changes in the level of total final demand compared with the year t-1. Thus relationship (5) can be rewritten as follows:
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Relationship (7.3) measures the role of changes in the structure of final demand in the year t compared with the year t-1. But relationship (7.4) reflects the changes in energy consumption due to change in the level of final demand in the year t with respect to the structure of final demand in the year t-1. 
3. Data resources
The supply and consumption table for the year 1988, prepared by the Central Bank of Islamic Republic of Iran (CBI) is employed in the research (The input-output table of Iran for the year 1988, 1995). The supply and consumption for the year 2001, prepared by the Statistics Centre of Iran is employed as the other database for the research (The input-output table of Iran for the year 2001, 2006). These tables are used to prepare two input-output tables. 

To have more accurate answers a commodity by commodity tables are employed. To this end, these tables are prepared by sector technology assumption. To compare these tables, they are aggregated to be similar. 
The second group of data is required to calculate the energy intensity of products. The prices of different kinds of energy are prepared from energy balance sheets (The energy balance sheets, 2001). The data that is required to transform the physical size of different kinds of energy into the BTUs units are prepared from (International Energy Agency (IEA) ).

4. Empirical results

To reveal the role of different factors in energy consumption in production process, using the related data, the model is employed. The results are shown in table 1 and Fig. 1. According to the results, the level of energy consumption in Iran from 4116.2 billion BTUs in 1988, with 3345.5 billion BTUs or about 81.3% increment attained to 7461.7 billion BTUs in 2001.  

The change in the energy intensity is negative. On the other hand, the energy that was required for a unit of production has decreased. This phenomenon that reveals an improvement in the energy efficiency can be a result of using an energy saving technology during the period. However, as it is expected, it had a minor role, -2.11%, in the energy consumption in Iran.
As it is demonstrated in table 1, the technical change of the economy leads to considerable increment in energy consumption. According to the findings, 23.3% of the increment in energy consumption is due to technical change. This event that indicates an increment in average forward and/or backward linkages of the economy can be a result of some phenomena like self sufficiency of the economy. 

The main increment in the energy consumption of Iran is due to increment in the level of final demand in 2001 compared with 1988. The change in final demand cause the energy consumption of the country in 2001 grow into, even higher than, double figures compared with that of 1988. On the other hand, the effect of change in the final demand on energy consumption is more than the increment in the level of energy consumption in Iran.    

The change in the structure of final demand has a negative effect on the energy consumption in Iran. It leads to 64.64% decrease in the energy consumption that is considerable compared with other factors. On the other hand, the final demand of the country change from an energy consumer to an energy saver one, so the changes in the structure of the final demand cause a decrease in the energy consumption. Hence, a part of the increment in the energy consumption of the country due to final demand increment was compensated by the structural change in this factor. However, the effect of change in the final demand, 112.45 - 64.64 = 47.81, still has the main role in energy consumption change in the country. 

And finally, the effects of changes in different factors on one another lead to an increase in the amount of energy consumption in Iran. The effect of this part is considerable compared with the other ones. Thus, a considerable part of the changes in the energy consumption of the country is due to the effect of joint change of the above factors.

	Table 1. The role of different factors in the changes in energy consumption in Iran during 1989- 2001

	Factors
	billion BTU unit
	Percentage

	Energy intensity
	-70.5
	-2.11

	Technical structure 
	770.4
	23.03

	Level of Final demand 
	3761.9
	112.45

	Structure of  Final demand 
	-2162.7
	-64.64

	Joint effect
	1046.4
	31.28

	Total change
	3345.5
	100


Resources: findings of the research
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	Fig.1. The role of factors in the changes in energy consumption in Iran during 1989- 2001


Table 2 displays the change in different factors for products. In an overview study, both or one of the energy intensity and technical coefficient have increased in all products. In addition, as it is expected the level of final demand shows an increment for all products, but due to the level of final demand for products, the structure of final demand increased or decreased. Note that the total final demand for all products has increased in 2001 compared with 1988. 

	Table 2- The role of different factors on the changes in energy consumption for products in Iran during 1989- 2001 

	
	Energy
intensity
	Technical
 structure
	Level

of final demand
	Structure of final demand
	TJE
	Total effect
	Share%

	1. Petroleum products
	-24.65
	-9.92
	70.05
	-32.28
	-5.22
	-2.03
	-0.06

	2. Agriculture
	16.70
	6.82
	49.07
	-62.34
	7.19
	17.44
	0.52

	3. Crude Oil 
	-3.96
	0.02
	4.02
	38.78
	-38.54
	0.31
	0.01

	4. Minerals products
	20.22
	26.03
	14.86
	-4.64
	133.41
	189.88
	5.68

	5. Food 
	-84.05
	6.82
	101.89
	25.48
	-103.82
	-53.68
	-1.60

	6.Textile and clothes
	-29.15
	-1.49
	33.44
	-11.22
	-16.76
	-25.17
	-0.75

	7. Wood
	-39.30
	96.73
	48.58
	-22.38
	-65.07
	18.57
	0.55

	8. Paper
	-15.04
	1.23
	31.18
	-15.33
	-1.97
	0.07
	0.00

	9. Chemical
	145.78
	-18.01
	96.76
	16.05
	85.55
	326.13
	9.75

	10. Non-metal product
	21.03
	-41.48
	306.66
	79.14
	-15.99
	349.36
	10.44

	11. Metal product
	5.42
	-3.18
	13.78
	11.05
	3.98
	31.06
	0.93

	12. Machinery
	-11.61
	-4.97
	13.60
	17.59
	-20.50
	-5.89
	-0.18

	13. Electricity/Gas/ Water  distribution
	286.78
	356.98
	2061.10
	-1769.52
	1286.89
	2222.22
	66.42

	14. Construction
	-5.69
	3.07
	20.25
	1.92
	-3.52
	16.04
	0.48

	15. Transport
	-192.10
	452.03
	502.46
	-293.41
	-49.07
	419.91
	12.55

	16. Post and telegraph
	-10.60
	-12.78
	23.42
	-10.51
	0.34
	-10.12
	-0.30

	17. Wholesaling and Retailing 
	-20.95
	17.58
	64.06
	-55.64
	2.98
	8.03
	0.24

	18. Restaurant & Hotels
	-66.20
	-21.70
	68.01
	12.09
	-52.23
	-60.04
	-1.79

	19. Finance
	-3.36
	0.18
	17.01
	-12.65
	6.40
	7.58
	0.23

	20. Insurance
	-13.78
	7.73
	15.73
	-8.00
	-11.09
	-9.41
	-0.28

	21. Professional associations
	3.16
	2.70
	11.06
	6.72
	7.24
	30.87
	0.92

	22. Social associations
	-16.94
	1.54
	26.38
	27.68
	-33.05
	5.60
	0.17

	23. Public administration
	-43.29
	-0.07
	63.52
	-50.41
	-8.11
	-38.35
	-1.15

	24. Other social and domestic services
	11.07
	-95.49
	105.04
	-50.84
	-62.69
	-92.92
	-2.78

	Total 
	-70.53
	770.37
	3761.94
	-2162.68
	1046.37
	3345.48
	100.00


Resources: findings of the research

Table 2 displays also the share of products in the changes in energy consumption. Note that the energy consumption for some goods and services has reduced. In this circumstance the energy consumption for goods and services such as other social and domestic services/, restaurant and hotels/ and public administration had the most reduction, respectively.   

In contrast, the energy consumption for some commodities has increased. The main growth of the energy consumption concerns Electricity/ Gas/ Water distribution that forms 66.42% of the increment. The rest of the increment in energy consumption concerns Transport, Non-metal, chemical and Minerals products that form 38.42% of the rise in energy consumption during 1988 to 2001. 

The cause of increment in energy consumption for Electricity/ Gas/ Water distribution relies on a proportional rise in all of the three main factors containing energy intensity, technical change and final demand, and consequently the joint change of these factors. On the other hand, although a part of the increment in energy consumption for Electricity/ Gas/ Water distribution is due to a rise in final demand, the change in energy intensity and technical change of these products that are almost greater than that of other ones have important role in the increment in energy consumption. 

The other increment in the energy consumption returns to transport, non-metal products, chemical products and mineral products that leads to 38.42% increment in the energy consumption. Other products have no considerable role in the growth in energy consumption in the country.   

There is no proportional growth in the main factors of the other products that have the second role in the change of energy consumption in Iran. For instance, although transport had the greatest growth in technical structure, it had the greatest decline in energy intensity as well. The effect of these factors on energy consumption for other products, except mineral products, has a similar condition.

5. Concluding remarks
The amount of energy consumption with about 3345.5 billion BTUs increment reached 7461.7 billion BTUs in 2001. The main increment in the amount of energy consumption returns to the growth in final demand during this period that leads to about 112.45% growth in the energy consumption. The technical change and the joint effect of different factors were the second set of reasons for the increment in energy consumption in the country. 

In contrast, the change in the structure of final demand from energy consumer products to energy saving ones led to a considerable decline in energy consumption in this period. In addition, the energy intensity of products shows a little decline during this period as well. As a result of these changes, the energy consumption had an increment of about 81.3% during this era. 

To investigate in more details the reason for the growth in energy consumption in the country, the findings show that the products can be divided into three groups. The first group is about the products that, in contrast to the increment in their final demand, their role in the growth of energy consumption do not exceed from 1%. The second group of contains those products that, in spite of an increment in their final demand, changes in the other factors lead to a decrease in the energy consumption during this period. And finally the third group contains five goods and services which are the cause of 104.84% of increment in the energy consumption in the country. 

The electricity/ gas/ water distribution was the reason for 66.42% of the increment in the energy consumption in Iran. Although the final demand of this product had less growth compared with the other ones, the technical change and energy intensity of this product led to its having the most noticeable role in the increment in energy consumption of the country. The other four products, in the aggregate, are the cause of 38.42% of the increment. Note that, except the transport that had the highest decrease in energy intensity, the growth in energy consumption by these products returns to increment in their energy intensity. Thus, since the increment in technical change sometimes can be viewed as a positive point due to an increase in different linkages, it is suggested the reason for increase in the energy intensity in the four products would be considered more carefully.
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