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1 ABSTRACT

Results of the present study reveal that in general energy intensity of the economy has increased over time. The most energy intensive sectors remained the same while the least energy intensive sectors changed slightly during 2000 – 2005 period. It is also found that value-added share of high energy intensive sectors is higher than that of the low energy intensive sectors.

2 INTRODUCTION
This research aims at quantifying the energy intensity of various economic sectors of Malaysia. In order to undertake this aim, this study will construct a hybrid energy input-output table for the economy. The study applied two IO tables, 2000 and 2005 for the Malaysia. Dincer and Dost (1996) state that the amount of energy consumed implies a measure of energy intensity. Energy intensity is the ratio of energy use or expenditure to total output. An increase in energy intensity does not necessarily mean energy efficiency deterioration. This is specially so, if monetary value energy intensities are used in the study. In energy intensity, the fraction will not only depend on the energy input, the manufacture but also on the production value, the denominator.  Generally, the market situation, the demand and supply constellation, determines the prices of products regardless of the energy use for their production. If the price of a good falls, due to changing the value of good, its energy intensity will increase. And also the price is an important determinant of the value added of a product.

Table ‎1‑9 Energy Intensity in Malaysia and ASEAN Countries, Mtoe/million USD 2000

	Year/Country
	1971
	1980
	1990
	1995
	2000
	2002
	2003
	2004
	2005
	2006

	Brunei
	0.045
	0.054
	0.114
	0.165
	0.164
	0.158
	0.161
	0.175
	0.173
	0.158

	Indonesia
	1.089
	0.849
	0.725
	0.593
	0.719
	0.689
	0.764
	0.652
	0.643
	0.612

	Malaysia
	0.364
	0.291
	0.32
	0.326
	0.342
	0.343
	0.338
	0.362
	0.355
	0.347

	Myanmar
	2.561
	1.942
	1.924
	1.623
	1.146
	0.981
	1.01
	1.02
	0.844
	0.744

	Philippines
	0.369
	0.274
	0.271
	0.348
	0.331
	0.318
	0.312
	0.306
	0.283
	0.264

	Singapore
	0.123
	0.141
	0.156
	0.127
	0.113
	0.133
	0.126
	0.139
	0.141
	0.135

	Thailand
	0.495
	0.427
	0.388
	0.386
	0.424
	0.405
	0.389
	0.458
	0.439
	0.429

	Vietnam
	0.457
	2.116
	1.499
	1.265
	1.076
	0.959
	0.913
	1.081
	1.011
	0.953


Source: National Energy Balance 2007, published by PTM (Malaysia Energy Center)
The energy intensity of Malaysia increased after 1971 until 2006, except year 2003. Malaysia ranked fourth in ASEAN. The lowest energy intensive country was Singapore (0.135 Mtoe/million USD at the 2000 price), and the next was Brunei (0.158 Mtoe/million USD at 2000 price) and third one before Malaysia was the Philippines (0.264 Mtoe/million USD at 2000 price). Vietnam and Indonesia had the largest energy intensities among ASEAN countries (0.953 and 0.612 Mtoe/million USD at 2000 price respectively). In comparison with year 1,971 the energy intensities of the ASEAN countries mostly decreased or improved, the trend of energy intensity among ASEAN countries being convergent.

Table ‎1‑10 Energy Per Capita in Malaysia and ASEAN Countries, Mtoe/million

	Year/Country
	1971
	1980
	1990
	1995
	2000
	2002
	2003
	2004
	2005
	2006

	Brunei
	1.00
	1.20
	1.43
	2.23
	2.37
	1.80
	1.90
	2.10
	2.08
	1.98

	Indonesia
	0.27
	0.34
	0.44
	0.49
	0.58
	0.58
	0.60
	0.59
	0.61
	0.60

	Malaysia
	0.42
	0.54
	0.82
	1.14
	1.34
	1.35
	1.38
	1.55
	1.58
	1.58

	Myanmar
	0.26
	0.25
	0.23
	0.24
	0.24
	0.24
	0.24
	0.25
	0.25
	0.27

	Philippines
	0.28
	0.27
	0.25
	0.32
	0.33
	0.28
	0.33
	0.33
	0.32
	0.30

	Singapore
	0.61
	1.27
	2.29
	2.45
	2.59
	2.92
	2.84
	3.38
	3.67
	3.64

	Thailand
	0.26
	0.34
	0.57
	0.81
	0.86
	0.88
	0.89
	1.10
	1.09
	1.12

	Vietnam
	0.44
	0.34
	0.34
	0.39
	0.43
	0.43
	0.43
	0.54
	0.54
	0.55


Source: National Energy Balance 2007, published by Ptm (Malaysia Energy Center)
Comparing Tables 1.9 and 1.10, we see some countries such as Singapore, and Brunei with large per capita energy consumptions besides their low energy intensities. Although the energy per capita in Singapore was the highest one, its energy intensity was the lowest, showing its high efficiency of energy usage. So we can conclude that low, energy intensity does not mean less usage of energy, although what happened for the Philippines was the reverse, i.e. the Philippines had low energy intensity even lower than that of, Malaysia, but its energy consumed per capita was generally much lower.

Table ‎1‑11 Final Energy Intensity in Malaysia, toe/ million RM , at 2000 price.

	year
	1990
	1995
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007

	Energy intensity*
	70
	78
	83
	88
	88
	87
	88
	85
	85
	88

	Industrial energy intensity**
	57
	60
	72
	76
	79
	76
	77
	77
	83
	90


* Final Energy Demand/GDP at 2000 Prices

**Industrial Energy Demand/Industrial GDP at 2000 prices

Sources: i) Department of Statistics Malaysia

            ii) National Energy Balance 2007, Ministry of Energy, Water and Communications

The whole energy intensity of Malaysia for final energy demand at 2000 price increased from 70 toe/million RM in year 1990 to 88 toe/million in the year 2007. So the energy intensity for final energy demand grew at 21 percent. The energy intensity of industry was less than the whole, over most of the years but in 2007 it the whole energy intensity. In other words, the Industrial sector became less efficient in consuming energy. The whole energy intensity of the economy in year 1990 was 70 toe/million RM, for industrial the energy intensity was 57 toe/million RM, the whole economy and industrial intensities increased to 88 and 90 toe/million RM respectively in the year 2007.

Selected Studies on Energy Intensities and Households Energy Requirements
There are many studies on sectoral energy intensity and household energy requirements in different countries by applying the input-output analysis.

Wright (1974) conducted a research to investigate how much energy use used in the production of the various goods and services in one economic system. This was done by constructing an energy budget for each production process. The author considered not only the direct inputs of energy to the process, but also the secondary requirement of energy in the production of the other new materials. Another way of calculating the energy requirements of different commodities is from published government statistics. All these issues were written in the paper as "Goods and services: an input –output analysis".
Bullard and Herendeen (1975) motivated by their interest in energy conservation and the potential for saving energy through the substitution of products and services set out to quantify the energy costs and services. They described a method based in part on static input-output economic analysis which had been applied it to the United State economy for 1967. The method allows explicit treatment of the flow of energy involved in the flow of goods across regional boundaries, which have key significance to the question of energy self sufficiency. They traced the flows of energy into all production sectors to calculate the total primary energy, direct and indirect energy demands. To achieve this purpose the interdependence of all sectors in the economy must be identified.

The strategic role that the energy sector played within the Scottish economy in 1973, and the structure of energy demand in Scotland were examined by AI-Ali (1979). The method employed can be the basis for analyzing the effects of price changes , inflation rates and changes in final demand through price elasticity, which in turn affect the overall output and employment level of the economy through multiplier effects.

Park (1982) focused on measuring direct and indirect energy effects and implementation of income spent on energy consumption. He researched on the pattern of energy consumption to conserve energy and inspected the final energy intensity used to deliver final goods to the consumers. According him, changes in energy consumption over time referred to two factors, change in final demand and technical coefficient. Based on this approach he developed his research. He quantified the energy use intensity in the final demand to promote an energy conservation plan and found the optimal mix of private consumption and public investment or spending on energy conservation. He also achieved a trade-off between employment and applying the energy conservation plan. Investigating industrial energy consumption he proved that utilizing energy in the industrial sector depended on three factors, structural change, energy intensity and output level. In another research (S.-H. Park, 1992) applied decomposition analysis to inspect the amount of energy usage in Korean industries.
The problem faced in the analysis of energy was the lack of adequate statistics and instruments for the analysis (Beutel, 1983). The Commission of European Communities, therefore, asked the Federal Statistical Office of the Federal Republic of Germany and the Info-Institute for Economic Research in Munich to establish input-output tables of energy flows. Relevant studies were simultaneously conducted in six other EEC countries (France, Italy, Belgium, the Netherlands, the United Kingdom and Denmark). (1983)wanted to analyze the regional structure of energy flows in Europe. Empirical results were presented for the physical energy content (Tera joule) and energy cost (million DM) of commodities for France, Italy, Denmark, and the Federal Republic of Germany. In addition, he showed how mixed input-output systems in physical and value units could be analyzed with the general input-output model. Mathematically, input-output analysis can be regarded as a special statement of a linear programming model; in this research customary quantity and price models of input-output analysis were transferred into a linear optimization model (general input-output model) with a substantial gain of information for users. The objective was to analyze regional differences in energy production and energy use within the European Communities.

Proops (1984) outlined the relationship between energy and income. He found that mostly the energy-output ratio had different behaviors in different countries .For example, its path was different in developed countries compared with thoes less developed. This behavior refers to the nature of growing energy and output. Energy use per capita grows at a decreasing rate, although we expect that with increasing income, using energy use must increase. But this acceleration in using energy is deduced by the exogenous improvements in efficiency of energy use. So the path of energy-output ratio is humped in developed countries with time but raised in less developed countries.

Bon (1986) showed the stability of technical coefficients in the supply-side and demand-side using seven-sector aggregation of different years. This model was used to forecast sectoral outputs based on of inter-sectoral transactions for the base year and final demand or value added for the desired year. 

The I-O technique was applied by Wu and Chen (1990)to energy issues. They addressed two kinds of problems: first the interdependence between the projected sectoral outputs in the multiplier analysis and second the incorporation of the substitution effect in changing the energy input coefficients. They found the input-output analysis is useful for analyzing energy commodity demand because it could interrelated industry inputs and outputs with the intermediate and final demands for energy commodities. Also the Leontief inverse matrix provides the total interdependence coefficient, which indicated the total direct and indirect requirements by sector per unit of output to the final demand. 

Wilting et al.(1999) examined the reduction in Dutch household energy requirements. They focused on two ways to decrease energy requirements: first, the implementation of a set of technical energy conservation options and second, based on a set of demand-side options. They believed that the reduction in household energy requirements led to energy conservation and the reduction in using fossil fuel and lead to the reduction of environmental problems. As they claimed energy conservation can be studied from both industries and households in these ways: improvement in efficiency, substitution and demand-side options. 

Van Engelenburg et al.(1994) indicated one method to calculate energy requirement with integrating process analysis and input-output analysis. They designed ten steps to quantify energy requirements. In the first step they drew a flow chart of production networks in steps two and three they defined mass and cost balance and then in other steps the energy requirement of different activities determined.

Vringer and Blok (1995) showed that one way of reducing emission is to reduce direct and indirect household energy requirements. So they had to obtain quantitative information about energy requirements. As they argued there is a strong relationship between household expenditure and the total energy requirements .To obtain an overview of the cumulative energy requirement of Dutch households, they analyzed the total consumption package. The energy intensities of about 350 basic consumption categories were determined, using a hybrid energy analysis method. This hybrid energy analysis method allows the cumulative energy requirement of a consumption item to be calculated relatively easily in a fairly accurate way. This is achieved by combining the best elements of two existing methods for determining the cumulative energy requirement of goods and services: process analysis and input-output analysis. 

Energy and environmental problems were addressed by Hawdon and Pearson(1995) who inspected the direct, indirect and induced incomes affected by changing some exogenous and endogenous variables. In their paper ten aggregate sectors in input-output framework were applied. Different strategies can be used with the energy-environmental I-O model, such as changing the pattern or level of final demand, mixing of technologies, increasing efficiency, reducing impact of pollution and changing the zone of pollution generation. They used the ENDAM model to simulate the impact of many different hypothetical policy changes on energy demand and the environment..
Robinson and Duffy-Deno (1996) examined Utah's oil and gas industry using a multiregional economic base/input-output approach. They addressed the politically significant though easily overlooked features of the oil and gas economy, including the role of oil and gas in the rural economies where most production occurs, and the transmitting effect this production has on the state's urban economies. This latter feature is conditioned by patterns of central place trade dominance, and these are specifically captured by their models multiregional structure. In this paper they described the Utah Multiregional Input-Output, the (UMRIO) model which was constructed to inform Utah policy-makers on issues pertaining to economic development and the impact of oil and gas. The (UMRIO) model is unique in that it conveys a multiregional structure based on a central place view of Utah's space economy. And also it is unique in the manner of model closure. In particular, while the UMRIO model provides standard "'type II" I-O output, employment, and income multipliers, it is also possible to cast the model according to a set of what was termed economic base/input-output (EB/I-O) multipliers.

The I-O technique can be used to compute direct and indirect energy inputs to produce goods as demonstrated by Born (1996). The identification of the energy-intensive production sectors must be done to obtain more trustworthy results so as to evaluate carbon dioxide emission, working hours and primary energy inputs.

Dincer and Dost (1996) state the amount of energy consumption imply to measure of energy intensity. Energy intensity is the ratio of energy use or expenditure to total output. They use two types of energy intensities as TPES/GDP and TFEC/GDP indicators, where TPES is total primary energy supply and TFEC is total final energy consumption. 

showed that use of energy and material as inputs for production finally cause trouble for the environment. They used physical flows of material and energy. These physical input-output tables can be connected to monetary input-output tables to compute material or energy intensities for the final goods. As done by other researchers Konjin et al.(1997) calculated the direct and indirect material inputs of zinc, steel and iron in sectors and the modified energy use required to produce material. Through applying the I-O technique, they achieved a convenient framework for integrating information on the material and technologies of these materials.

Decomposition analysis of the industrial energy consumption in the pulp and paper industry was conducted by Farlat, et al.(1997) in order to study the impacts of energy efficiency improvements and structural changes. A method was presented for cross-country, cross-time comparison of energy efficiency developments in the manufacturing industry. The method was based on physical production data as measure of activity growth in the pulp and paper industry of eight countries of the OECD. With this methodology it was possible to follow energy efficiency development, separately for fuel and electricity consumption. 

Tiwari (2000) calculated the direct and total energy intensities for different sectors in the Indian economy for 1983-84 and 1989-1990 using input-output transaction tables for these two years. In order to apply the input-output technique, he used the general framework of I-O analysis and energy I-O model. In his paper the dependence of the economy on energy was indicate by the elasticity of consumption of energy with respect to gross domestic product.

Change in the energy consumption pattern of  Dutch households in the period from 1984 to 1996 were examined by Vringer and Blok (2000) in order to discover whether these changes have influenced the energy intensity of society. Due to the rise in consumption, the total household energy requirement per capita grew on average by 2.4% per year over a period of 12 years. Energy requirements and CO2 emission are positively correlated with household expenditure although characteristics of different households such as age, employment status, family size and location of living area (urban or rural) affect the energy requirements of households (Wier et al.(2001).

Pachauri and Spreng (2002) in their research based on 115 sectors in the input-output tables for India for years 1983-84, 1989-1990 and 1993-94 calculated the total primary energy intensities. They computed the Indian household energy requirements along with private final consumption expenditures. The energy requirements for households were estimated in two stages, first by applying input output analysis to calculate the direct and total primary energy intensities. Second the private final consumption expenditure for all goods and services were multiplied by the appropriate sectoral total primary energy intensities, to determine the total energy requirements of household consumption. Actual quantity data for each energy type were relied on to obtain the physical flows of energy across sectors. So we must the I-O matrix must be converted from monetary to physical unit.

Some researchers such as Yoshida et al. (2002) assert that there are uncertainties of energy consumption in the input-output analysis. They define life-cycle assessment, LCA, as a methodology for evaluating the life-cycle environment. This method is one approach to apply the I-O table for this kind of analysis. In this way components of products are classified as intermediate products or row materials. They mention that environmental burden is usually evaluated by retracing the manufacturing process, and although the variance of CO2 intensity derived from the I-O table is large, I-O tables are still useful tools for life-cycle assessment if the number of components of products is large. The coefficients of variation for all sectors are calculated and their distribution analyzed. The variance of direct input coefficient for the energy sectors and the CO2 emission intensity and its variance are also computed.

Reinders et al. (2003) investigated both the direct and indirect energy requirements for European countries with the aim of defining the categories of households which would save more energy. Data on the energy consumptions of households among these countries were collected and compare. The researchers applied the input-output method and analyzed the data on household expenditures and energy intensities. They found there a relation between household expenditure and direct or indirect energy requirements.

Hana et al. (2004) investigated the role of the four electric power sectors (hydroelectric, fossil-fuels, nuclear and non-utility) in the Korean national economy. Their research that observed for the period 1985–1998 focused on three topics: the impact of electricity supply investment on individual sectors and the inter-industry linkage effect; the electricity supply shortage effect; and the impact of the rise in electricity rates on prices of other products. To explain the methodology, they used the general framework of the I-O model. They also applied the demand-driven model, inter-industry linkage effect analysis, the supply-driven model as well the Leontief price model which is well documented in Miller and Blair (1985) (1985, p.351-357). Because of the electricity-based I-O analysis, this study used four sets (1985, 1990, 1995, 1998) of the original benchmark I-O domestic tables. Also the unit in all the I-O Tables was adjusted at the price by using sectoral price indices for inter-temporal comparison of the results.

The energy consumption in agriculture in Turkey was investigated by Ozkan, et al. (2004) with the difference that they included both human and animal labors. They produced descriptive data an energy usage in the agriculture sector. They calculated energy value by multiplying the amount of input and output by their energy equivalents with the use of related conversion factors. The other difference of this work from previous ones is that energy ratios were computed based on the total input and output in the primary agricultural sector. Focusing on Turkey the input-output technique was applied by Karkacier and Goktolga (2005) who addressed the structural interdependency of the agricultural and energy sectors to establish the linkage between these two sectors.
Bhattacharyya and Ussanarassamee (2005) argued that 30%  of final energy demanded by industrial sectors. The Industrial sector faced by rapid increase in using energy, and 98% of industrial energy consumption refer to manufacturing in Thai industries. They claimed energy consumption followed closely the growth of the industrial sector. They applied the logarithmic-mean Divisia decomposition multicative method for 20 years from 1981 to 2000, driving these years into four periods and analyzing the energy intensity in every period. The energy intensity curve appeared U-shaped. The decreasing energy intensity in some periods referred to structural was significantly more than those of the construction and mining industries. Although the total energy consumption of the industrial sector increased, the energy intensity in this sector decreased over these years.  

The  reasons for changing pattern of energy consumption among the Netherland's households were the focus of Vringer et al. (2007) who investigated the relationship between household energy requirement and consumption pattern, the motivation to save energy and climate concerns. They found just a very small significant association between household energy requirement and the motivation to save energy. Using the household survey method and consumer-specific information collected from 2304 respondents. So according their finding self-regulation energy policy based only internalizing environmental responsibility was not sufficiently effective in saving energy.

Gales et al. (2007) in their book investigated the energy consumptions of some European countries over 200 years. They inspected the process of energy transition and the inverted U-curve energy intensity. Increasing energy consumption was tied to population and economic growth and energy intensity. Over the 200 years, by the end of the twentieth century, traditional forms of energy such as wind, water and draft animals had almost all disappeared, and human muscle energy became unimportant. In their method they decomposed energy consumption to three factors, population, per capita GDP and energy intensity. Intensity in definition is the efficiency in energy consumption. That is the ratio of the output of useful energy to the total input. Declining in energy intensity refer to rising services in economic structure and technological changes.

Input-output energy analysis implies that for all sectors energy inputs and energy outputs are in balance. It means the sum of all kinds of energy consumed by the inter-industry sectors plus that consumed as final goods must equal to the total amount of energy consumed in all economy (Shonali Pachauri, 2007). Because of the balance in energy inputs and energy outputs, direct primary energy used for the final demand is proportional of the total   sectoral productions. The energy intensity of household energy consumption can be obtained by the energy requirements of households divided by the total household expenditure.

Pachauri (2007) examined in his book, household energy requirements influenced by lifestyle, technologies, demography and wealth levels. Lifestyle refers to the consumption pattern affected by income and purchases of the energy-intensive goods or less energy-intensive services. If the consumption pattern changes demography must also change. Within changing consumption pattern, some parameters such as household size, urbanization, literacy rate and age of population can change. The results of his study indicated that economic growth, technical, demographic and lifestyle changes have significant impact on energy use by households. 

Energy conservation can be realize, if consumption can be directed towards less energy intensive products. The first step for energy conservation is the quantification of total energy use. According to Parka and Heo (2007), the causes of the increase in total energy requirements are found by decomposing the increase in total household energy use by activity, structure and energy efficient effect.

For the quantification of household energy requirements, applied Leontief inverse intermediate. The above study used the I-O table in 168 sectors consisting of 161 non-energy sectors and 7 energy sectors. The monetary I-O table was transformed into energy I-O table with the help of energy prices. Because the calculated energy requirement by fuel did not match official energy statistics the average fuel prices were calculated using information on energy use and expenditure by fuel from the I-O Table. Average uniform energy prices was calculated in this way:
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Household total energy requirement was calculated by multiplying total energy intensity by sectoral household expenditure. The indirect household energy requirement was then the sum of sectoral total energy requirement of the 161 non-energy sectors. If energy intensity decreased it meant that energy efficiency improved, but if the household energy requirement increased, the causes could be related to three factors:

i) change in household expenditure (activity effects);
ii) change in structure of household consumption (structure effects);
 iii) change in energy intensity (efficiency effects).
Hartono and Resosudarmo (2008) defined the effects of controlling energy consumption in Indonesia by applying SAM matrix. Their paper inspected the policies on reducing energy by restricting energy use and improving efficiency in energy use. They maintained that improving efficiency in energy use was much better than putting constraint an energy use, because such policy would cause a reduction in incomes of households. They suggested instead of restricting energy use, a combination of two policies, is reducing the energy subsidy and improving efficiency in energy use. The input-output framework can be used to establish vectors of energy intensities for economy, having unit energy/currency and two type of energy intensities can be defined ( Proops, 1977). 

METHODOLOGY AND DATA

In this research we shall apply the input-output tables of two years, 2000 and 2005. These Malaysian I-O tables are published, by the Department of Statistics of Malaysia. The I-O table of year 2000 comprises 94 sectors and the I-O table of yeas 2005 has 124 sectors. Both of these tables are provided in monetary value and current prices. The 2000 table is prepared in the current price of the year 2000 and the 2005 table is provided in current price of the same year.

Cause of limitation in data we aggregated the some rows of these Tables and make these Tables the year 2000 and 2005, both equivalent, the 54-sector economy comprises of aggregated agriculture and services sectors while manufacturing and mining sectors have a more detail breakdown together with transport and compensation of employee.

As it well known, input-output is a transaction between sectors of economy. For these years transaction are computed in value and current prices. The value of each transaction is multiplication of prices by quantity. This happens when analyzing happen between two different I-O Tables over the two different years. The numbers of the I-O Tables can change over time because of changes in price or quantity. Moreover, changing technology and structure of the economy as well changing prices and inflation lead to a change in the technical coefficients of the table ( Dietzenbacher, and Hoen, 1998). In order to make these two tables comparable, we deflate the table of the year 2005 to constant price of the year 2000.

Classification of activities in the I-O table is based on the Malaysian Standard Industrial Classification (MSIC). The MSIC is published for different years, the last one belonging to year 2008 (DOS, 2008). This study aggregated some sectors because of some reasons which we shall mention blow. This study aggregate Agriculture and Services as one sector, and keep the Transport and Mining sectors. The industrial sector was aggregated because the data from DOS are available just according to classification of I-O table in year 2000. So in order to make these two 2000 and 2005 tables equivalent we aggregate some Industrial sectors. Then to compute energy intensity more accurately and reliably we disaggregate the original three energy sectors to ten subsectors for reasons as follows:
i. We unable to estimate quantity of consumed energy in disaggregated level, particularly in Services and Agriculture sectors.

ii. Data provided by DOS just in industrial and according to I-O Table 2000 classification.

iii. Data source such as Energy Center of Malaysia, Department of statistics of Malaysia, etc provide data in aggregate level.
Leontief (1986) originally developed the input–output model in physical units (bushels of wheat, yards of cloth, man-years of labor, etc.). In particular, he assumed that direct input coefficients, A are based on physical quantities of inputs divided by physical quantities of output. These data were then converted to a table of (base year) transactions in value terms by using (base year) unit prices – for a bushel of wheat, a yard of cloth and a man-year of labor. 

Input–output tables are usually assembled and input–output studies are generally carried out in monetary (value) units. However, with the emergence of energy and environmental concerns, mixed-units models have been developed, where economic transactions are recorded in monetary terms and ecological and/or energy transactions are recorded in physical terms ,tonnes, BTUs, joules, etc.(Miller, and Blair, 2009).
First we begin with how the basic input–output framework has been extended to account for interindustry energy flows, applications of which, as noted earlier, were particularly extensive in the late 1970s and early 1980s in the wake of the Arab oil embargoes and their effects on the US economy. The mathematical structure of all these extensions almost mirrors the classical Leontief model that we have discussed in earlier parts. However, when we seek to ensure consistency between, for example, measured levels of energy consumption (in physical units) and economic activity (usually measured in monetary units), we must add to the basic analytical framework Miller and Blair, 1985; 2009).

In general energy input–output typically determines the total amount of energy required to deliver a product to final demand, both directly as the energy consumed by an industry’s production process and indirectly as the energy embodied in that industry’s inputs. In engineering parlance, calculating this total energy requirement is the result of what is often called a process analysis: a target product is identified either as a good or service, then a list can be compiled of the goods and services directly required to deliver the product. These inputs to the target production process include fuels (direct energy) and other non-energy goods and services. The non-energy inputs are then analyzed to determine the inputs to their production processes, which again include some fuels and non-energy goods and services (Proops, 1977; Miller and Blair, 1985; 2009)
In the input-output framework, computing the total energy requirement ,sometimes called the" energy intensity" of industries, is analogous to computing the total energy requirement or Leontief inverse of traditional input-output model. In energy input-output analysis most often are concerned with energy measured in physical units.
Table ‎3‑2 Energy transaction between sectors of economy
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As can be shown in Table 3.2 we divided the input-output table into two parts, energy and non-energy sectors. Energy sectors are in physical energy unit (toe) and non-energy sectors are in monetary unit (Malaysian ringgit). In this table we suppose that we have k type of energy and (n-k) type non-energy sectors. This table comprises final demand components and total output which are all in physical unit of energy in energy rows. For simplicity to understand this separation we draw Figures 3.3 and 3.4.

	
	Energy sectors
	Non-energy sectors
	Final demand
	Output

	Energy sectors
	TE
	Ey
	E

	Non-energy sectors
	TN
	y
	X


Figure ‎3‑3 brief separation of hybrid energy input-output matrix.

As shown in Figure 3.3, a brief division of the energy hybrid input-output table is presented. The numbers of energy rows must be in physical unit of energy and the non-energy rows in monetary unit. Again as can be seen in Figure 3.4, more details of the divided sub matrix of energy input-output table are revealed.

	
	Energy sectors
	Non-energy sectors
	Final demand
	Output

	Energy sectors
	TEE (k*k)
	TEN k(n-k)
	Ey (k*1)
	E (k*1)

	Non-energy sectors
	TNE (n-k)*k
	TNN (n-k)(n-k)
	Y (n-k)*1
	X (n-k)*1


Figure ‎3‑4 Detailed separation of hybrid energy input-output matrix

 TE is as an energy transaction matrix and TN is as a non-energy transaction matrix. The dimension of TE is (k×n) and of TN is ((n-k)×n).
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  is (n×n) matrix  and   
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 is (n×n) shows r th row is sector of r kind energy and ith row is the sector of non-energy. 
Final Demand Sector

This study divide the final demand sector into two parts, demand for energy sectors and demand for non-energy sectors as follows:
The matrix of demand for energy sectors is called 
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 and the matrix for non-energy sectors is 
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 then after jointing these two we get 
[image: image26.wmf]ú

û

ù

ê

ë

é

=

y

E

y

y

*

 in this matrix erk is belongs to energy sectors and yi is for non-energy sectors.

Output Sector

Again divided production sector into two parts like that previously. The matrix of production of energy sectors is 
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 and the matrix of production of non-energy sectors is 
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 is the matrix of production sector for both parts, so 
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 in this matrix er refers to energy sectors and xi is the row of non-energy sectors.

Finally we verify a vector of energy, the elements of non-energy sectors are zero 
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   the elements er represent of energy sectors and 0 for non-energy sectors.

Technical coefficients of Leontief Matrix

The technical coefficient matrix is 
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. Now we explain how we achieve that. We know 
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. TEE is transaction between energy sectors and TNN is transaction between non-energy sectors, TEN means the energy sectors selling to the non-energy sectors and TNE vice versa.

The technical coefficient, matrix in another form:


[image: image35.wmf]ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

=

-

-

1

1

*

)

ˆ

(

0

0

)

ˆ

(

x

E

T

T

T

T

A

NN

NE

EN

EE
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Note:  The sum of columns in technical coefficient matrix obligatory is not wqual unit obligatory. 

As example, can get matrices as below:
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These matrices show the kind of transaction unit between sectors.

To achieve the matrix of direct and total energy demand or intensity, we must separate energy rows in Leontief inverse matrix (I-A*)-1 and transaction matrix (A*). For this purpose we build   
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 is a matrix with 0 and 1 elements, in such a manner that 1 refers to energy sectors and 0 relate to non-energy sectors.
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In the last matrix Ik or one elements refer to energy sectors and Ok(n-k) or zero elements relate to non-energy sectors.
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  is the matrix showing just the part of A* that refer to energy parts.
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So if we define α in this way: 
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 , α here just shows rows that refer to energy sectors in (I-A*)-1 matrix.
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The elements of δ matrix: δrj shows how much type of r energy is used                                        by sector j  directly to produce one unit. 

The elements of α matrix: αrj shows how much type of r energy is used                                          by sector j totally to produce one unit. 

δ is the matrix of direct use of energy and α is the matrix of direct and indirect (total) uses of energy.

Direct energy intensity is δ:  
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Total energy intensity is α:    
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The input-output table in two different periods can show the change in energy consumption over the time and the reasons of this change can be divided into two parts, first from the change in final demand, second from technical change. Also the final demand can be broken down into direct and indirect parts.

We must mention that the key issue is building energy I-O tables for our purpose (transaction flow between sectors) and quantification of direct and indirect energy intensity is, that monetary input-output table must be transformed into energy term.

Since we do not have uniform prices for energy among different sectors of the economy, we get physical energy flow data instead of converting monetary data in the input-output tables by using energy tariffs or use other kinds of method such as weighted prices of different types of energy, using exact energy and prices of different sectors.
RESULTS AND DISCUSSION

2.1.1 Most Energy Intensive Products

As we mentioned in the previous sectors, energy intensity is a quantity of energy required per unit of output of a sector. In this part we computed the energy intensities of all sectors and then arranged them in descending and ascending orders. 

Table ‎4‑7 Ten Most Energy Intensive Industries in Base Year 2000 (toe/’000RM.)
	No.
	Sectors of economy
	2000
	2005

	1
	Land, water, air and other   Transport
	0.529
	0.640

	2
	Iron and Steel Products, Casting of Metals
	0.227
	0.190

	3
	Metal Ore Mining
	0.214
	0.103

	4
	Cement, Lime and Plaster
	0.207
	0.340

	5
	Clay and Ceramic
	0.171
	0.139

	6
	Stone Clay & Sand Quarrying, Other Mining & Quarrying
	0.121
	0.153

	7
	Sheet Glass and Glass Products
	0.121
	0.139

	8
	Concrete & Other Non-Metallic Mineral Products
	0.105
	0.116

	9
	Tyres, Rubber Gloves, Rubber Products
	0.104
	0.113

	10
	Yarn and Cloth, Finishing of Textiles
	0.094
	0.089


Source: Author’s estimation.

The most energy intensive sectors for base years 2000 and 2005 was Land, water, air and other transport and its energy intensity was 0.529 toe/’000RM. The energy intensity of this sector increased 0.601 toe/’000RM in year 2005. The second highest energy intensive sector in year 2000 is Iron & steel products, casting of metal (0.227 toe/’000RM) and its energy intensity decrease to 0.190 toe/’000RM in year 2005.

Table ‎4‑8 Ten Most Energy Iintensive Industries in Base Year 2005 (toe/’000RM).

	No.
	Sectors of economy
	2005
	2000

	1
	Land, water, air and other   Transport
	0.640
	0.529

	2
	Cement, Lime and Plaster
	0.340
	0.207

	3
	Iron and Steel Products, Casting of Metals
	0.190
	0.227

	4
	Stone Clay & Sand Quarrying, Other Mining & Quarrying
	0.153
	0.121

	5
	Clay and Ceramic
	0.139
	0.171

	6
	Sheet Glass and Glass Products
	0.135
	0.121

	7
	Concrete & Other Non-Metallic Mineral Products
	0.116
	0.105

	8
	Tyres, Rubber Gloves, Rubber Products
	0.113
	0.104

	9
	Metal Ore Mining
	0.103
	0.214

	10
	Sawmilling and Planning of Wood, Veneer Sheets, Plywood, Laminated & Particle Board 
	0.091
	0.052


Source: Author’s estimation
The ten most energy intensive products were almost the same in ranking for the two years 2000 and 2005, except the last place which was taken by Yarn and Cloth, Finishing of Textiles in year 2000 and by Sawmilling and Planning of Wood, Veneer Sheets, Plywood, Laminated & Particle Board in year 2005.
Energy intensity of most high energy intensive sectors increases from the year 2000 to 2005. These high energy intensive sectors such as Iron and Steel Products, Casting of Metals Cement, Lime & Plaster, Clay & Ceramic and Tyres, Rubber Gloves, Rubber Products are sectors with high CO2 emissions. In other words, the pattern of most energy intensive products within years 2000 and 2005 does not change noticeably.

2.1.2 Least Energy Intensive Products

Against the pattern of the most energy intensive sectors, the least energy intensive products are half different within years 2000 and 2005.As can be seen in tables 4-9 and 4-10, The important point is that the energy intensities of ten least energy intensive products based on year 2000, increase within  five  years. In this way half of these least energy intensive sectors are not listed anymore among the ten least energy intensive sectors in year 2005.  In year 2000, the Industrial Machinery, General Purpose Machinery, Special Purpose Machinery, Office, Accounting and Computing Machinery sector is the least energy intensive one (0.012 toe/’000RM). But in year 2005, the lowest one was Recycling (0.009 toe/’000RM). Agriculture energy intensities in years 2000 and 2005 are 0.015 and 0.019 toe/’000RM respectively. The Service sectors also among the least energy intensive products in 2000 but its energy intensity increase after five years. Although the Agriculture and Services sector are less energy intensive in comparing with other sectors, their intensities increase after 2000 and in fact become less efficient in consuming energy. 

Table ‎4‑9 Ten Least Energy Intensive Industries in Base Year 2000 (toe/’000RM).

	No.
	Sectors of economy
	2000
	2005

	1
	Industrial Machinery, General Purpose Machinery, Special Purpose Machinery, Office, Accounting and Computing Machinery
	0.012
	0.025

	2
	Semi-Conductor Devices, Tubes and Circuit Boards, TV, Radio Receivers & Transmitters & Asso. Goods
	0.015
	0.030

	3
	Agriculture
	0.015
	0.019

	4
	Medical, Surgical and Orthopedic Appliances, Measuring, Checking &  Industrial Process Equipment, Optical Instruments and Photographic Equipment, Watches and Clocks
	0.017
	0.024

	5
	Motor Vehicles 
	0.019
	0.036

	6
	Domestic Appliances
	0.022
	0.027

	7
	Electrical Machinery and Apparatus, Other Electrical Machinery, Insulated Wires and Cables ,Electric Lamps and  Lighting Equipment
	0.022
	0.029

	8
	Wearing Apparel
	0.023
	0.039

	9
	Animal Feeds
	0.027
	0.031

	10
	Services
	0.028
	0.041


Source: Author’s estimation

Table‎4‑10 Ten Least Energy Intensive industries in Base Year 2005 (toe/’000RM).

	No.
	Sectors of economy
	2005
	2000

	1
	Recycling
	0.009
	0.041

	2
	Agriculture
	0.019
	0.015

	3
	Other Transport Equipment
	0.024
	0.04

	4
	Medical, Surgical and Orthopedic Appliances, Measuring, Checking &  Industrial Process Equipment, Optical Instruments and Photographic Equipment, Watches and Clocks
	0.024
	0.017

	5
	Leather Industries
	0.026
	0.039

	6
	Industrial Machinery, General Purpose Machinery, Special Purpose Machinery, Office, Accounting and Computing Machinery
	0.025
	0.012

	7
	Domestic Appliances
	0.027
	0.022

	8
	Electrical Machinery and Apparatus, Other Electrical Machinery, Insulated Wires and Cables ,Electric Lamps and  Lighting Equipment
	0.029
	0.022

	9
	Semi-Conductor Devices, Tubes and Circuit Boards, TV, Radio Receivers & Transmitters & Asso. Goods
	0.030
	0.015

	10
	Tobacco Products
	0.031
	0.033


Source: Author’s estimation

2.1.3 Analysis of Sectoral Energy Intensity

Overall, sectors that are located in upstream production chain have higher energy intensities than the downstream sectors. Industries in downstream sectors probably required less energy and more labor or capital intensive. Indirect energy intensity depends on energy intensity of inputs of products. So for the industries which are lying towards the end of production chains, indirect energy intensity for them must be bigger because of these sectors receive their inputs from sectors which have higher energy intensities.
2.1.3.1 Consumption of Energy by Sectors

In this part the least and most energy consuming sectors were compiled using the hybrid energy I-O table. As we mentioned in the first chapter, Transport and Manufacturing together utilize approximately 80 percent of Malaysian energy demand. As can be seen in Table 4-11, the transport sector consumed 32.6% and 36.2% of energy in Malaysia in the years 2000 and 2005 respectively, followed by the Services sector at 6% and 7% in these two years respectively. Also other manufacturing sectors which, has high energy intensities are high consumers in Malaysia.

 In Table 4-12, among the least energy consuming sectors are Domestic appliances, Recycling and Leather industries, which are also among the least energy intensive sectors according to Table 4.10 parts. So there could be a positive relationship between consumption of energy and energy intensity.

Table‎4‑11 Ten Most Energy Consumer of Sectors (toe), %
	No.
	Commodity 
	2000
	2005
	Change 

	
	
	Quantity
	Share
	Quantity
	Share
	Quantity
	Share

	1
	Land, water, air and other   Transport 
	12070063
	32.6
	15379000
	36.2
	3308937
	3.6

	2
	Services 
	2233659
	6
	2953733
	7
	720074
	1

	3
	Iron and Steel Products, Casting of Metals 
	1315494
	3.6
	1965457
	4.6
	649963
	1

	4
	Basic Chemicals, Fertilizers, Other Chemicals Product, Paints and Varnishes  
	1081813
	2.9
	957322
	2.3
	-124490
	-0.6

	5
	Semi-Conductor Devices, Tubes and Circuit Boards, TV, Radio Receivers & Transmitters & Asso. Goods 
	527276
	1.4
	453235
	1.1
	-74041
	-0.3

	
	
	
	
	
	
	
	

	6
	Tyres, Rubber Gloves, Rubber Products 
	378613
	1.02
	382447
	0.9
	3835
	-0.12

	
	
	
	
	
	
	
	

	7
	Paper   Products   and Furniture 
	353640
	0.95
	338143
	0.8
	-15497
	-0.15

	8
	Oils and Fats  
	352872
	0.953
	392371
	0.9
	39498
	-0.053

	9
	Cement, Lime and Plaster 
	282973
	0.8
	660629
	1.6
	377656
	0.8

	10
	Sheet Glass  and  Glass Products 
	249625
	0.7
	153388
	0.4
	-96237
	-0.3


Source: Author’s estimation

Table ‎4‑12 Ten Least Energy Consuming of Sectors (toe), % 
	No.
	Commodity
	2000
	2005
	Change

	
	
	Quantity
	Share
	Quantity
	Share
	Quantity
	Share

	1
	Meat and Meat Production 
	15255
	0.04
	17499
	0.04
	2244
	0

	2
	Preservation of Seafood 
	14258
	0.04
	22350
	0.05
	8092
	0.01

	3
	Soap, Perfumes, Cleaning & Toilet Preparations 
	11431
	0.03
	10759
	0.03
	-672
	0

	4
	Pharmaceuticals, Medicinal Chemicals and Botanical Product 
	10559
	0.03
	7692
	0.02
	-2867
	-0.01

	
	
	
	
	
	
	
	

	5
	Recycling 
	10020
	0.03
	3851
	0.01
	-6169
	-0.02

	6
	Domestic Appliances 
	9644
	0.03
	8148
	0.02
	-1497
	-0.01

	7
	Preservation of Fruits  and  VegeTables 
	6753
	0.02
	5163
	0.01
	-1590
	-0.01

	
	
	
	
	
	
	
	

	8
	Footwear 
	4208
	0.01
	3976
	0.01
	-232
	0

	9
	Other Transport Equipment 
	3061
	0.01
	7549
	0.02
	4488
	0.01

	10
	Leather  Industries 
	1282
	0.003
	1288
	0.003
	5
	 0


Source: Author’s estimation

2.1.3.2 Comparing the Results with Previous Studies

Previous studies on energy intensities for Malaysia can be found only in PTM publications and can be extracted from the International Energy Agency website.  Comparing the energy intensities of Malaysia during 2000 and 2005 by using the data provided by National Energy Balance (NEB), we found a slight increase over the years.  As can be seen in Table 4-13, energy intensity from 2000 to 2005 increased slightly from 0.083 to 0.088 (toe/’000RM) with some erratic movements, showing some successful attempt of improvement (0.085) during 2001-2006 but increase again in 2007. 

  Table ‎4‑13 Energy Intensity of Total Production (toe/’000 RM) in NEB

	year
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007

	Energy intensity *
	0.083
	0.088
	0.088
	0.087
	0.088
	0.085
	0.085
	0.088


* Final Energy Demand/GDP at 2000 Prices

Source: i) Department of Statistics Malaysia

            ii) National Energy Balance 2007, Ministry of Energy, Water and Communications
Table ‎4‑14 Computed Energy Intensity of Total Production (toe/’000 RM) 
	Year
	2000
	2005

	All sectors
	0.094
	0.103

	Non-energy sectors
	0.069
	0.077


     Source: Author’s estimations.

In the present study, we attempt to compute energy intensities by applying the I-O model, and found the intensities for the overall sectors of the economy and for the non-energy sectors only in 2000 to be 0.094 and 0.065, increasing to 0.103 and 0.077 respectively in 2005.  Certainly intensities for the energy sectors is higher than those in the non-energy sectors for the obvious reason that the energy sectors themselves use more energy to produce their outputs.  Generally, the energy intensities for the overall sectors of the economy and for the non-energy sector increased from 2000 to 2005.

Table ‎4‑15 Energy Intensities in ASEAN Countries (Ktoe/Million USD) 

	Countries
	1971
	1980
	1990
	1995
	2000
	2002
	2003
	2004
	2005

	Brunei
	0.036
	0.052
	0.112
	0.165
	0.164
	0.158
	0.161
	0.169
	0.167

	Indonesia
	0.23
	0.35
	0.34
	0.319
	0.431
	0.423
	0.444
	0.429
	0.404

	Malaysia
	0.306
	0.253
	0.289
	0.303
	0.32
	0.343
	0.338
	0.346
	0.333

	Myanmar
	0.493
	0.343
	0.209
	0.265
	0.223
	0.183
	0.223
	0.223
	0.222

	Philippines
	0.215
	0.165
	0.169
	0.239
	0.231
	0.225
	0.22
	0.212
	0.206

	Singapore
	0.122
	0.141
	0.156
	0.127
	0.113
	0.133
	0.126
	0.138
	0.141

	Thailand
	0.267
	0.248
	0.272
	0.31
	0.342
	0.358
	0.354
	0.359
	0.352

	Vietnam
	0.86
	0.396
	0.281
	0.356
	0.382
	0.431
	0.445
	0.527
	0.493


Source: Energy Balance of Non-OECD countries, 2007 edition, International Energy Agency (IEA).
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Source: Energy Balance of Non-OECD countries, 2007 edition, International Energy Agency (IEA).

Figure ‎4‑2 Energy intensities in ASEAN countries in years 2000 and 2005

Table 4-15 compares Malaysia energy intensity in 2005 vis-à-vis its ASEAN counterparts where the country (0.333) ranks fifth, Vietnam (0.493) the highest and Singapore the lowest (0.141) (ktoe/millionUSD). The energy intensities of all ASEAN countries increases in the year 2005 in compare to year 2000, except for the Philippines and Myanmar as can be seen from Figure 4-2.  Inspecting Singapore’s I-O Table, which is summarized in Table 4-16, reveals that while the output share of the transport sector in Malaysia (1.12%) is much lower than that in Singapore (4.02%), by itself the sector is a major consumer of energy in Malaysia (more than 32% of the total energy demand is from the transport sector), can leading us to conclude that the Transport sector in Malaysia is energy inefficient compared to that in Singapore.  Table 4-17 lists most energy intensive sector in Malaysia, sectors 13 to 20 are not listed in similar list for Singapore while output share of these sectors are bigger than Singapore in Malaysia. In other words the output share of most energy intensive products in Malaysia is bigger than these kinds of products in Singapore. The number of most energy intensive products in Singapore is less than Malaysia.
In order to find the reason why Singapore is more efficient than Malaysia, we inspect the component of I-O Table of Singapore. By looking at Tables 4-15, we can find that the share of Transport output to total output is (1.12%) in Malaysia while it is (4.02%) in Singapore. By considering Transport sector as a major consumer of energy in Malaysia (approximately more than 30%) we can conclude Transport sector is not efficient in Malaysia. 
Table ‎4‑16 Share of Output of Most Energy Intensive Products in Singapore and Malaysia the Year 2005.
	No. 
	 Commodities  in Malaysian economy
	 Share of Total output (%) 
	 Commodities in Singapore economy
	 Share of Total output (%) 

	1
	Water Transport
	0.59
	Water transport
	2.647

	2
	Air Transport
	0.53
	Air transport
	1.382

	 
	           Sum Transport
	1.12
	          Sum Transport
	4.029

	3
	Other Chemicals Product
	0.92
	Petrochemicals
	2.017

	4
	Iron and Steel Products
	0.76
	Other metal products
	0.196

	5
	Land Transport
	0.33
	Metal stampings
	0.122

	6
	Veneer Sheets, Plywood, Laminated & Particle Board 
	0.26
	Structural metal products
	0.11

	7
	Concrete & Other Non-Metallic Mineral Products
	0.2
	Other chemical products
	0.322

	8
	Rubber Gloves
	0.19
	Basic metals
	0.093

	9
	Cement, Lime and Plaster
	0.17
	Industrial chemicals & gases
	0.083

	10
	Sawmilling and Planning of Wood
	0.17
	Metal precision components
	0.082

	11
	Casting of Metals
	0.15
	Petroleum & mining consultants
	0.062

	12
	Clay and Ceramic
	0.13
	Metal containers
	0.052

	13
	Rubber Products
	0.11
	Bricks, cement & concrete products
	0.052

	14
	Stone Clay and Sand Quarrying
	0.1
	Treatment & coating of metals
	0.041

	15
	Yarn and Cloth
	0.1
	Glass & glass products
	0.04

	16
	Sheet Glass and Glass Products
	0.09
	Yarn, fabrics & textile articles
	0.025

	17
	Finishing of Textiles
	0.08
	Fiberglass & fiberglass products
	0.014

	18
	Tyres
	0.08
	Food chemicals & additives
	0.029

	19
	Other Mining and Quarrying
	0.02
	Rubber & rubber products
	0.043

	20
	Metal Ore Mining
	0.02
	 
	 

	21
	Pharmaceuticals, Chemicals & Botanical Product
	0.06
	 
	 

	22
	Basic Chemicals
	0.92
	 
	 

	23
	Other Fabricated Metal Products 
	0.77
	 
	 

	24
	Basic Precious and Non-Ferrous Metals
	0.32
	 
	 

	25
	Structural Metal Products
	0.17
	 
	 

	 
	               Sum Manufacturing
	6.12
	                Sum Manufacturing
	3.4

	 
	Total
	7.26
	 Total 
	7.4


Sources: Singapore I-O Table 2005, Singapore Department of Statistics, (2010)

            Malaysia I-O Table 2005, Malaysian Department of Statistics, (2010)

In Table 4-16 where we compiled the sectors in the Singapore economy which have similar high energy intensities as in the Malaysian economy, Malaysia has more energy intensive industries, which consume more energy and they are less energy efficient in comparing with service sector.
In Table 4-17, among most energy intensive sectors list compiled for Malaysia as can be seen, numbers 13 to 20 do not exist in the I-O Table of Singapore. The output share of energy intensive Manufacturing in Singapore is 3.4 % while it is 6.1% in Malaysia (Table 4-16).
Table ‎4‑17 List of Most Energy Intensive Sectors in Malaysia in Years 2000 and 2005. 
	No. 
	 Commodities 

	      1 
	Other Chemicals Product

	      2 
	Water Transport

	      3 
	Air Transport

	      4 
	Land Transport

	      5 
	Concrete & Other Non-Metallic Mineral Products

	      6 
	Rubber Gloves

	      7 
	Cement, Lime and Plaster

	      8 
	Sawmilling and Planning of Wood

	      9 
	Rubber Products

	   10 
	Yarn and Cloth

	   11 
	Sheet Glass and Glass Products

	   12 
	Finishing of Textiles

	   13 
	Iron and Steel Products

	   14 
	Veneer Sheets, Plywood, Laminated & Particle Board 

	   15 
	Casting of Metals

	   16 
	Clay and Ceramic

	   17 
	Stone Clay and Sand Quarrying

	   18 
	Tyres

	   19 
	Other Mining and Quarrying

	   20 
	Metal Ore Mining


Source: Author’s estimation

With comparing to Indonesian I-O table, again output share of most intensive of Malaysian products in Indonesia has higher share in comparing to Malaysia. Energy intensity of Indonesia is greater than Malaysia as well the share of output which are most energy intensive in Malaysia, are bigger than the share of output in Malaysia. These energy intensive products maybe distinct that the major energy intensity of the country.
Table ‎4‑18 Share of Output of Most Energy Intensive Products in the Year 2005 in Indonesia.
	Commodities in Indonesian economy
	 Share of Total output (%) 

	Water transport
	1.4

	Air transport
	1.0

	          Sum Transport
	2.4

	 Textiles, textile products, leather and footwear
	5.2

	 Chemicals excluding pharmaceuticals
	3.2

	 Rubber & plastics products
	2.4

	 Other non-metallic mineral products
	1.0

	 Iron & steel 
	1.2

	 Non-ferrous metals
	0.9

	 Fabricated metal products, except machinery & equipment
	1.8

	 Railroad equipment & transport equipment.
	1.7

	                Sum Manufacturing
	17.6

	Total
	19.9


Source: Indonesia I-O Table 2005, Indonesia Department of Statistics, (2010)

Conclusion
The Industrial and Transportation sectors are major consumers of energy in Malaysia consuming together approximately 80 percent of the energy requirement in recent years. Energy conservation can be achieved if consumption of energy is directed towards less energy intensive goods and services. Over the years 2000 to 2005, sectors that were located in upstream production chain had higher energy intensities than the downstream sectors. Industries in downstream sectors probably required less energy and more labor or be capital intensive. Indirect energy intensity depends on energy intensity of inputs of products. So for the industries which are lying towards the end of production chains, indirect energy intensity for them must be bigger because these sectors receive their inputs from sectors where their energy intensities are more. The Malaysian economy has been experiencing increasing energy intensity over time, leading to some problems that are accompanied by high energy prices and increasing high demand of energy. High energy price can affect the economic growth particularly the Malaysian economy due to fast development.  Finally as it is very important to provide a sustainable and reliable picture of energy situation in economy
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