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Abstract

This paper evaluates change in prices of different kinds of energy such as crude oil, natural gas & coal, petroleum production and electricity & gas on the prices of other goods especially in the industrial and transportation sectors which are major users of energy and household expenditure in Malaysia. In this paper we apply the input-output technique to investigate the effects of change in energy prices on the prices of other goods and on the household expenditure. We use the IO table of Malaysia for the year 2000 as a reference point and applied the close input-output model. The results show that doubling the price of primary energy affected more the prices of other goods compared to doubling electricity prices. By doubling energy prices the bottom quintile of the population is more vulnerable than the top quintile  for the Housing, water, electricity & gas group but for the Transportation group, the top quintile is more affected than the  bottom quintile, ignoring the absolute amount of their expenditures.
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1. Introduction

Energy sector is the most important sector in Malaysia’s economy and plays a major key role compared to other economic sectors. In 2007, the price of energy, especially petroleum, had increased dramatically. Consequently, it led to the increase in production costs of many petroleum-based goods. Malaysia's economy, like many other developing countries, depends on the use of large amount of energy in its production sector as an intermediate input. Although the commercial energy supply increased 2.3% in 2006 as compared to 2005, the final energy demand also recorded a significant increase of 5.3% in 2006. In 2006, the industrial sector had surpassed the transportation sector, which became the main energy consumer. Conversely, the energy consumption in the industrial sector was recorded at 17002 ktoe in 2006, which was an increase of 9.7% compared to 15492 ktoe in 2005. On the other hand, the transportation sector was the second largest energy consumer in 2006, recording 14825 ktoe in that year. During the mentioned years, the growth rate of energy demand was greater than the growth rate of energy supply.  Hence, in this study, we evaluated the effects of changing price of all kinds of energy on the prices of other commodities and services. The rates of utilization of different kinds of energy, increasing over time, are shown in the following figure.
1-Industrial is a very broad-based sector ranging from manufacturing to mining and construction.  Diesel sales through  distributors are assumed to be to industrial consumers. 

2- Transportation basically refers to all sales of motor gasoline and diesel from service stations and sales aviation fuel.  It also includes diesel and motor gasoline sold directly to the government and military.

3- Agriculture covers agriculture, forestry and fishing.
4- Residential and Commercial not only refer to the energy used within households and commercial establishments, but also government buildings and institutions.
5-Non-energy use refers to the use of products resulting from the transformation process for non-energy purpose (i.e. bitumen /lubricants, asphalt/ greases), and the use of energy products (such as natural gas) as industrial feed stocks.
Figure 1: Final Energy Use by Sectors (in ktoe) 
During the Years 1990-2006
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Note: Estimated Data for Residential and Commercial Sectors from 1990 until 1996 (Source: National Energy Balance, 2006, Published by PTM  - Malaysia Energy Centre)

From the table above, it can be stated that the energy utilization in Malaysia had been increasing, which means, any increase in the price of energy could affect the economy as a whole. Figure 1 shows both the industrial1 and transportation2 sectors as the two major consumers of energy during the stipulated years. In aggregate, both sectors utilized about 80% of all energy consumptions in Malaysia. Residential and commercial3 sectors were the third biggest consumers of energy. On the contrary, agriculture4 was the smallest consumer of energy, while non-energy5 production had the larger share in energy consumption in terms of agriculture. Conversely, the pattern of energy consumption showed that the agricultural sector was less than 1% in all the years. The consumption of energy by all economic sectors grew at the rate of 9% on average within the period of 16 years, i.e. from 1999 to 2006. We can argue that the increase in the energy price could adversely affect the two important sectors of Malaysian economy, and the spillover effects might influence other economic sectors. Many macro-economic variables, such as employment, production, import, inflation, income, total welfare, etc. would be adversely affected as a result of the increase in the energy price. Hence, this paper evaluates the effects of doubled energy price on the prices of other goods and household expenditure, particularly focusing on industrial and transportation sectors.
The increasing energy prices will have different effects on the economy, such as reduction in CO2 emission, increase in inflation, inequality in income distribution because of inflation, decrease in total social welfare, increase in government revenues if the government increases the energy prices by tariffs or subsidy removal, income and substitution effects for households, etc. Thus,  this paper investigates some of these effects.

Many research studies had investigated the consumption pattern and demand of fuels in housing, transportation and other economic sectors. Wright (1974), Bullard and Herendeen are among the pioneers, who evaluated the costs of fuel consumption by different economic sectors. These researchers also applied the input-output technique in their study analysis, focusing on the amount of primary and secondary energy, which are needed by other economic sectors as input. In addition, Chapman at el. (1974) emphasized that inflation tends to arise from more energy demand. However, the above-mentioned studies did not take into account the effects of energy prices on the prices of other goods, etc. There are many reasons behind the analysis of energy costs, such as energy cost on consumption, production, CO2 emission, income distribution, etc.  Nevertheless, some researchers, for instance Gool (1980), were also motivated to analyse energy conservation through technological fix.

Some studies had also attempted to analyse energy prices exclusively. Energy prices can influence many macro and micro economic variables.  Following this, Hope and Singh (1995) investigated the increasing energy prices in some developing countries, such as Ghana, Indonesia, Malaysia, Turkey and Zimbabwe.  However, the researchers only considered some kinds of fuel prices in their studies.  Thus, one major serious weakness of the studies was they did not transparently and comprehensively quantify the effects of energy prices. Meanwhile, in two research works carried out in Mexico by Uri and Boyd (1997) and the United States of America by Bopp and Lady (1982), the researchers applied the equilibrium model in their studies.  They employed a simple or partial equilibrium model so it could allow them to simply investigate  the effects of higher energy prices. In another study done by Liew (1980), the researcher inspected the effects of energy prices on macro-economic variables, such as economic growth and inflation, by applying the input-output model. Nevertheless, all the above-mentioned studies did not consider the meso and micro effects of increasing energy prices. However, the detailed examination of effects of energy prices had been done by Lardic and Mignon (2006) in European countries. The findings revealed that the economic activities had a strong relationship with the oil price shocks, whereby, in the study, the researchers had applied the cointegration method. 
Another aspect of energy price effects is the impact on energy intensity, which was considered by Hong and Tu (2007) in China in their study. The researchers applied the time series analysis and discovered higher energy prices leading to energy intensity. They conducted the study in a short period of time focusing only on the macro level, which was a limitation of the study. One of the recent studies has been done by Dender (2009), who exclusively observed the transportation sector. The author discriminated between the energy policy in transports and transport policy. The study exclusively investigated the energy security and green house emission without considering the impact of energy price. Furthermore, transportation was inspected by Timilsina and Shrestha (2009) in Asia, applying the decomposition analysis by focusing on CO2 emission. Transportation sector is one of the major consumers of energy, so it produces green house gasses and leads to the growing CO2 emission. Their study can be completed by considering the price of energy.  As proven in many studies, energy prices affect energy intensity as well as energy consumption, and consequently influence the growing green house gas emission. In some recent studies, such as those done by Valadkhani (2002) in Australia and Kpodar (2006) in Mali, the effects of increasing oil price were investigated. They computed that there were significant effects of higher oil price on inflation and household expenditure. The reviews of all the studies indicate that the price inflation due to the increasing primary energy prices, such as oil, is less than the increasing price of secondary energy, such as petroleum production and electricity.
Hence, to investigate the impact of changing energy prices on the prices of other goods, we must first categorise the two major types of energy, namely; (i) the primary energy, and (ii) the secondary energy. Figure 2 outlines this classification in details. 
Figure 2: Commercial Energy Flow in Malaysia
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Therefore, the impact of changing price of primary energy, such as crude oil, might be different from the changing price of secondary energy, such as electricity. Thus, this paper will consider these two effects separately. The rest of the paper is organized as follows: Section 2 inspects the aspects of increasing energy prices, while Section 3 outlines the methodology; the following section describes the source of data; and finally, the final section presents the empirical results and conclusion of the study.
2.
Different Aspects of Increasing Energy Prices 

As mentioned previously, the Malaysian input-output table consists of three energy sectors. These three energy sectors have the highest forward linkages among other economic sectors. Therefore, the investigation of these three sectors is unavoidable as they are the key sectors in Malaysian economy. On the other hand, the increasing price of energy as the key sector leads to the increase in the prices of other goods, which consequently affects the household expenditure. This section explains the different features of effects of increasing energy prices on household welfare through interpretation of household energy consumption pattern and Lorenz’s curve for proportion of consumption energy for the different quintiles of population.
2.1. 
Economic Linkages of Energy Sectors
The three energy sectors of Malaysian economy in the input-output table of year 2000 are; (i) crude oil, natural gas and coal, (ii) petroleum production, and (iii) electricity and gas. These sectors have the highest forward linkages among other sectors. Table 1 shows the sectors with the highest forward linkages in Malaysian economy.  These high forward linkage indices imply that the energy sectors are the most important input contributors for other sectors. 
Table1: Industrial Forward Linkage Index of Sectors of Economy
	Activities
	Forward linkage

	Wholes & retail trade
	6.354

	Electricity & gas
	4.241

	Petrol & coal industries
	4.005

	Business services
	3.210

	Manufacture oils and fats
	3.084

	Crude petrol, natural gas & coal
	2.919

	Transport
	2.903

	Manufacture industries chemic.
	2.886

	Iron & steel industries
	2.689

	Forestry & logging
	2.665

	Paper & board industries
	2.466

	Agriculture, other
	2.392

	Communication
	2.298

	Real estate
	2.282

	Livestock breeding, etc.
	2.206

	Hotels & restaurants
	2.158

	Building & construction
	2.071


(Source: Malaysian Input-output table, 2000)
2.2. 
Energy Consumption Pattern among Households

According to Figures 3 and 4, the pattern of household expenditure in year 2005 did not significantly change as compared to the year 1999. It implied that the effects of technological change and change in prices and income were insignificant. For the analysis, we considered the household expenditure survey in year 2005, which had 12 expenditure groups, comprising two groups, as follows; (i) housing, water, electricity, gas, other fuels, and (ii) transportation sector.  These two groups were directly affected by the increase in energy prices.
Figure 3: Pattern of Household Expenditure on Fuels in 1999
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Source: Department of Statistics Malaysia (DOS)

Between the years 1999-2005, the composition of fuel consumption of Malaysian households showed that they obtained fuel by consuming unleaded petrol, allocating more than 50% of their expenditure to purchase it. Following this, 30% of their expenditure was spent on consuming electricity. Overall, 10% of their expenditure was on gas and leaded petrol. In other words, 80% of the household fuel expenditure was set aside for consumption of unleaded petrol and electricity.  Although the government policy was to replace gas for petrol, in year 2005, the households allocated more shares of their expenditure to the consumption of leaded petrol compared to year 1999.  In both years of household expenditure, they just allocated 1% of their fuel expenditure on diesel.  Hence, unleaded and leaded petrol, as well as electricity and gas were the most consumed fuels.
Figure 4: Pattern of Household Expenditure on Fuels in 2005
[image: image3.png]Pattem of housahold expenditure on fusls n year 2005

Liguid Fuel, 0.1%

O, 4% Otners, 0.2%

Electricity, 28%

Other
Fuel,Transport
0.25% —
Unleaded Petol,
3%
Engin OIl, 1%
LPG,0.08%

Wotor Oil 1% Leaded Petral,

Diesel, 1%
12%





Source: Malaysia’s Department of Statistics (DOS)

Table 2 shows the trend of growing household expenditure of the different kinds of energy. This table indicates that, except for motor oil, the liquid fuel consumption of other kinds of fuels, such as premium and regular petrol, diesel, LPG, as well as electricity and gas had increased. During these years, some fuels, such as gas, had replaced some other petroleum products and electricity. As mentioned above, the average expenditure per household allocated more than 50% on the purchase of unleaded petrol. Among the household fuel expenditure groups, the purchase of leaded petrol, diesel and LPG had increased more than two times within the years 1999-2005.  The second largest group of household fuel expenditure was electricity, which increased at 9% of growth rate. The household fuel expenditure grew at the rate of 4%, totally.
Table 2: Average Expenditure Per Household, Malaysia, 1993/94, 1998/99 to 2004/05 (RM)
	Expenditure Group
	1999
	2000
	2001
	2002
	2003
	2005

	Unleaded petrol (premium)
	897.05
	977.42
	1,064.99
	1,160.40
	1,264.36
	1,377.63

	Leaded petrol (regular)
	67.92
	91.21
	122.49
	164.49
	220.89
	296.64

	Diesel
	16.86
	19.37
	22.25
	25.55
	29.35
	33.71

	Motor oil
	30.24
	25.66
	21.78
	18.49
	15.69
	13.32

	LPG
	0.11
	0.20
	0.35
	0.63
	1.12
	2.00

	Engine oil
	-
	-
	-
	-
	-
	18.36

	Other   (e.g. break fluid, grease, battery water, etc.)
	2.91
	3.41
	4.00
	4.68
	5.49
	6.43

	Electricity
	458.48
	500.61
	546.62
	596.86
	651.71
	711.60

	Gas
	94.17
	97.31
	100.55
	103.89
	107.35
	110.93

	Liquid fuels
	5.62
	4.69
	3.91
	3.26
	2.72
	2.27

	Other fuels
	6.38
	6.15
	5.92
	5.71
	5.50
	5.30

	Total Expenditure
	19,572.7
	20,289.1
	21,031.7
	21,801.4
	22,599.4
	23,426.5


 (Source: Department of Statistics Malaysia (DOS) and author calculation)
Table 3 focuses on the household fuel expenditure groups in year 2005. The total rural household expenditure was 56% of the total urban household expenditure in year 2005. However, this proportion decreased to 53% in the transportation group and 47% in the group comprising housing, water, electricity and gas. This table also reveals that the total rural households spent less expenditure on energy categories. The rural household fuel expenditure was less than the urban households, except for the gas group. In addition, the transportation group of the rural households spent more on purchasing motor-cycles and paying for sea and land transportation as passengers. Overall, the urban and rural households allocated similar shares of their expenditure on housing, water, electricity and transportation.
Table 3: Average Monthly and Share of Household Expenditure for Urban and Rural, 2004/05                           

	Expenditure Group
	Total  (RM)
	Urban  (RM)
	Rural  (RM)
	Urban share of expenditure (%)
	Rural share of expenditure (%)

	Housing, Water, Electricity, 
	429.57
	522.3
	247.4
	22.86
	19.01

	Electricity
	59.33
	71.38
	35.62
	3.12
	2.74

	Gas
	9.27
	8.84
	10.13
	0.39
	0.78

	Liquid Fuels
	0.19
	0.08
	0.4
	0.004
	0.03

	Other Fuels
	0.44
	0.15
	1.01
	0.01
	0.08

	Transport
	314.13
	372.1
	200.2
	16.29
	15.39

	Motor cars
	67.07
	77.74
	46.08
	3.40
	3.54

	Motor cycles
	8.07
	6.07
	12.03
	0.27
	0.92

	Spare parts & accessories for personal transport equipment
	5.42
	6.21
	3.88
	0.27
	0.30

	Repair and maintenace of personal trasnport
	21.99
	26.1
	13.92
	1.14
	1.07

	Other services in respect of personal transport equipment
	34.81
	48.95
	7.01
	2.14
	0.54

	Passenger transport by railway
	1.08
	1.46
	0.31
	0.06
	0.02

	Passenger transport by road
	18.65
	19
	17.98
	0.83
	1.38

	Passenger transport by air
	5.95
	8.79
	0.4
	0.38
	0.03

	Passenger transport by sea & inland waterway
	1.27
	0.67
	2.44
	0.03
	0.19

	Other transport charges
	3.18
	4.45
	0.68
	0.19
	0.05

	Fuel and Lubricants for Personal Transport Equipment
	145.68
	171.8
	94.32
	7.52
	7.25

	         Unleaded petrol (premium)
	114.79
	135.37
	16.00
	5.93
	1.23

	         Leaded petrol (regular)
	24.72
	29.15
	0.39
	1.28
	0.03

	         Diesel
	2.82
	3.33
	0.02
	0.15
	0.001

	         Motor oil (e.g. 2T, 4-stroke, etc.)
	1.11
	1.31
	0.00
	0.06
	0

	         LPG for cars
	0.18
	0.21
	0.00
	0.01
	0

	        Engine oil (e.g. "Helix", "Duckhams", 'Petronas Fully                     Synthetic', etc.)
	1.53
	1.80
	0.00
	0.08
	0

	        Other (e.g. break fluid, grease,battery water, etc.) 
	0.53
	0.62
	5.80
	0.03
	0.45

	Average Monthly Expenditure
	1953
	2285
	1301
	100
	100


Source: Department of Statistics Malaysia (DOS) and author calculation
2.3
Lorenz’s Curve of Household Expenditure
The increasing energy prices happen due to some consumption such as the increasing demand of energy caused by economic growth, the growing population, etc. However, sometimes, the increased price of energy can be due to non-consumption reasons such as political decisions. Hence, the domestic price of energy can increase because of two major reasons, namely; first, by increasing the world’s energy price, whereby in this manner, inflation and social welfare also increase, and; second, by removing energy subsidies, thus, the increasing social welfare and raising inflation can be controlled by reallocating the released sources through subsidy removal.
Many research works had investigated the inequalities in income across households using the Lorenz’s curve. The Lorenz’s curve explains the distribution of energy among the different quintiles of households. Some studies, such as done by Saboohi (2001), calculated the Gini coefficient between the cumulative energy usage and the population in Iran.  Pachauri (2007) also estimated the Lorenz’s curve in India. In Malaysia, we used the energy expenditure to draw the Lorenz’s curve in order to inspect the distribution of direct final energy use and find out which groups of the population profited more via subsidies. In this figure, the bottom quintile demonstrates the poor people, while the top quintile shows the affluent part of the population.
Figure 6: Lorenz’s Curve for Shares of Household 
Fuel Expenditure and Population
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Source: Malaysia’s Department of Statistics Malaysia (DOS)
As shown in Figure 6, there was inequality in the fuel expenditure among Malaysian households. It was interesting to note that this inequality was more pronounced in year 2005 as compared to year 1999.  If we considered Equation 3 to compute the Gini coefficient, we would get the Gini coefficients for years 1999 and 2005.

[image: image5]             (3)

As shown below, the inequality was detectable.
G(S) 1999=0.4063

G(S) 2005=0.4866

We must mention that the increasing energy prices would lead to the change in household consumption pattern and production technology in a long run (Noel & Boyd, 1997).  However, this paper only evaluates the intermediate effects on the prices of other goods. 
3. 
Methodology
The Leontief’s price system is usually applied for analyzing the effects of prices, using the IO model as explained in Miller and Blair (1985).  For evaluating how the prices of different kinds of energy affected the prices of other goods, we applied the close input-output model and considered the wages or employee compensation as the endogenous variable. 1First, we wrote the Leontief’s price system, shown as follows:
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Next, we rewrote the notation matrix and divided the vector price matrix, transaction matrix and vector value added matrix into two parts of energy, whereby (e) non-energy (n) groups and (n) employee compensation.
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  (6)             
The first equation was constant, which means the price of energy goods was exogenously determined, therefore, we will discuss the second equation.
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The last equation denotes the effects of change in the energy prices on the prices of different kinds of goods. We added the row coefficient of wages to the last row of technical coefficient matrix and added column vector of share of household expenditure for the different categories of commodities to the last column of technical coefficient matrix.  
Impact on Household Expenditure, Output and Value Added
To evaluate the changing household expenditure due to the changing energy prices, we considered both the direct and indirect effects in purchasing the energy goods due to the increasing prices of other goods. Thus, to measure the direct and indirect effects, we had applied the following equations:
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Where: 
n = all goods, k = energy goods, i = non-energy goods

             
HE = household expenditure

P = price of energy and non-energy goods

S = the share of goods or groups of goods in household expenditure

(HE1 measures the amount of changing household expenditure directly due to the increase in energy prices.  It shows how much the household expenditure was directly affected by the purchase of energy goods. On the other hand, (HE2 measures the change in household expenditure indirectly due to the change in prices of other goods, which were affected by the increase in energy prices. Equation 18 also shows the change in household expenditure by the purchase of non-energy goods, whereby their prices increased as a result of the increase in energy prices.
To evaluate the effects of increasing energy prices on the value added and output in economy, we had multiplied the share of output and value added of each sector with the amount of price change in the same sectors. The amounts of price change are computed in the previous sections. 
4.
Data
Many countries had conducted input-output surveys within periods of five or ten years. In Malaysia, the Department of Statistics (DOS) had undertaken the full responsibility in collecting vast amounts of the country’s economic activities and the transaction table between various sectors. The classification of activities in the IO table is based on the Malaysian Standard Industrial Classification (MSIC). MSIC is published for different years, the current one is 2008. A copy of year 2000 was applied in this study. We used the IO table of Malaysia for the year 2000 comprising 94 sectors as published by DOS. For evaluating the household expenditure, we used the Household Expenditure Survey (HES) as published by DOS for various years. Some publications of different organizations such as PTM (Pusat Tenaga Malaysia) for different years were also referred to in this study.
5. 
Empirical Results
As described in the methodology section, the impact of the different kinds of energy price changes is shown in Table 4. The results of the aggregated 64 economic sectors, which are classified in the input-output table of Malaysia in 2000, were divided into two parts, namely: the first part showed the energy sectors of table, while the second part showed the non-energy sectors.  The original input-output table of Malaysia had 94 sectors in year 2000. However, since this study emphasized industrial and transportation sectors, thus, the rest of the sectors in this table aggregated. In addition, we evaluated the effects of increasing energy prices on the prices of other goods, especially transportation, industrial and household expenditure, with the doubled prices of primary and secondary energy, as well as all types of energy.
Table 4: The result of doubling prices of different types of energy (%)
	Commodities
	Doubling price of Primary energy
	Doubling price of Secondary energy 
	Doubling price of all types of energy

	Crude petrol, natural gas & coal
	100
	0
	100

	Petrol & coal products
	100
	0
	100

	Electricity & gas
	0
	100
	100

	Agricultural
	7.48
	1.5
	8.98

	Metal ore
	9.41
	4.56
	13.98

	Stone, clay & sand quarrying
	6.9
	3.03
	9.92

	Meat & meat products
	5.21
	4.06
	9.26

	Dairy products
	3.89
	4.67
	8.56

	Preserved fruits & vegetables
	4.09
	5.38
	9.47

	Preserved seafood
	5.77
	3.41
	9.18

	Oils and fats
	11.4
	2.55
	13.95

	Grain mill products
	6.45
	3.57
	10.02

	Bakery products
	4.28
	4.24
	8.52

	Confectionery
	3.68
	5.45
	9.13

	Ice
	4.67
	22.36
	27.02

	Other foods
	4.77
	22.01
	26.78

	Animal feeds
	2.37
	1.95
	4.32

	Wine and spirits
	2.58
	2.77
	5.35

	Soft drinks
	3.55
	4.56
	8.11

	Tobacco
	2.65
	2.01
	4.66

	Yarns & cloth
	4.32
	7.49
	11.81

	Knitted fabrics
	3.26
	4.91
	8.17

	Other textiles
	3.34
	4.72
	8.06

	Wearing apparel
	2.6
	3.27
	5.87

	Leather products
	4.17
	4.76
	8.93

	Footwear
	4.37
	6.2
	10.57

	Sawmill products
	6.91
	3.4
	10.3

	Other wood products
	6.11
	4.18
	10.29

	Furniture 
	4.12
	3.25
	7.37

	Paper & board
	5.29
	4.58
	9.87

	Printed products
	4.3
	3.86
	8.16

	Industrial chemicals
	11.58
	4.85
	16.43

	Paints & lacquers
	6.11
	3.57
	9.68

	Drugs & medicines
	6.46
	6.04
	12.5

	Soap & cleaning preparations
	6.34
	3.14
	9.47

	Other chemical products
	8.57
	1.84
	10.41

	Processed rubber
	6.53
	2.92
	9.44

	Rubber products
	5.75
	4.54
	10.29

	Plastic products
	3.16
	4.88
	8.04

	China, glass & pottery
	9.24
	5.52
	14.76

	Clay products
	11.66
	7.46
	19.12

	Cement, lime & plaster
	8.12
	13.96
	22.08

	Other non-metal products
	6.19
	5.89
	12.08

	Iron & steel
	4.03
	5.97
	10

	Non-ferrous metal
	2.19
	3
	5.19

	Other fabricated metal and fixtures
	2.83
	3.33
	6.16

	Structural metal products
	2.96
	3.65
	6.61

	Other metal products
	2.87
	3.82
	6.69

	Industrial machinery
	1.85
	1.8
	3.65

	Household machinery
	1.02
	0.94
	1.95

	Radio, TV & com. equipment
	1.41
	1.71
	3.12

	Elect. appliances & houseware
	2.54
	2.67
	5.21

	Other electrical machinery
	2.11
	2.89
	5

	Ships & boats
	3.1
	2.46
	5.56

	Motor vehicles
	1.84
	2.24
	4.09

	Cycles & motorcycles
	2.59
	3.72
	6.3

	Other transport equipment
	4.18
	2.56
	6.74

	Instruments & clocks
	2.33
	3.03
	5.36

	Other manufacturing products
	2.93
	3.05
	5.98

	Recycle products
	8.95
	3.9
	12.85

	Transport
	10.63
	2.3
	12.93

	Services
	3.85
	3.33
	7.19

	Wages
	9.86
	4.9
	14.76


The preliminary results showed the doubled price of primary energy (i.e. crude oil, natural gas and coal, and petroleum production) greatly affected the prices of non-energy goods, which was more than the doubled prices of secondary energy (i.e. electricity and gas). In this manner, by doubling the prices of all kinds of energy, the price of transportation had increased around 13%. The transportation sector was more affected by the raising price of primary energy, which was around 11%. Increasing the prices of both types of energy had a similar impact on services. Employee compensation or wages affected two times more by raising the price of primary energy than those of secondary energy. The price of some industrial sectors, such as ice and other foods, had increased on the average of 22% because of the doubled price of just secondary energy. The price of commodities of textile industry, such as yarn and clothes, knitted fabric and other textiles had also raised around 6%, while for cement, lime and plaster sectors, they were affected around 14%. In addition, plastic products, iron and steel were influenced around 5.5% due to the doubled price of secondary energy. Agriculture, metal ore, stone, clay, sand quarry and sawmill products affected around 8%.  Finally, oil and fat were affected around 11.4 % by the doubled price of primary energy.
Table 5: Direct expenditure effect due to doubling prices of all types of energy by quintile , 2004/05 (%)

	Expenditure Group
	percentage change in Prices
	Quintile 1
	Quintile 2
	Quintile 3
	Quintile 4
	Quintile 5
	Total

	Housing, Water, Electricity, Gas and Other Fuels (Group 4)
	-
	4.43
	4.23
	3.86
	3.78
	2.99
	3.52

	Electricity
	100
	3.25
	3.35
	3.21
	3.27
	2.76
	3.04

	Gas
	100
	1.12
	0.85
	0.64
	0.50
	0.22
	0.47

	Kerosene
	100
	0.05
	0.03
	0.01
	0.00
	0.00
	0.01

	Methylated spirit
	100
	0.002
	0
	0.00004
	0.0005
	0
	0.0002

	Charcoal
	100
	0.01
	0.01
	0.01
	0.00
	0.00
	0.00

	Firewood
	0
	0
	0
	0
	0
	0
	0

	Other (e.g. coconut shell, carbide, etc) 
	0
	0
	0
	0
	0
	0
	0

	Transport( Group 7)
	-
	3.98
	7.06
	8.85
	9.39
	9.10
	8.57

	Motor cars
	13
	0.01
	0.01
	0.04
	0.03
	0.96
	0.45

	Motor cycles
	13
	0.02
	0.05
	0.08
	0.08
	0.03
	0.05

	Spare parts Repair, other services in transport 
	13
	0.06
	0.13
	0.26
	0.35
	0.62
	0.41

	Passenger transport by railway
	13
	0.01
	0.01
	0.01
	0.00
	0.01
	0.01

	Passenger transport by road
	13
	0.25
	0.21
	0.17
	0.10
	0.08
	0.12

	Passenger transport by air
	13
	0.00
	0.01
	0.00
	0.01
	0.08
	0.04

	Passenger transport by sea & inland waterway
	13
	0.01
	0.02
	0.01
	0.01
	0.00
	0.01

	Other transport charges
	13
	0.00
	0.01
	0.01
	0.01
	0.04
	0.02

	Unleaded petrol (premium)
	100
	2.85
	5.40
	6.74
	7.20
	5.48
	5.88

	Leaded petrol (regular)
	100
	0.57
	0.82
	1.10
	1.31
	1.51
	1.27

	Diesel
	100
	0.08
	0.19
	0.20
	0.09
	0.15
	0.14

	Motor oil/Engine oil
	100
	0.11
	0.18
	0.21
	0.16
	0.09
	0.14

	LPG 
	100
	0
	0.0005
	0.0001
	0.007
	0.02
	0.01

	Others (e.g. break fluid, grease, battery water, etc.)
	100
	0.007
	0.02
	0.02
	0.02
	0.04
	0.03

	Direct expenditure effect 
	-
	8.41
	11.29
	12.70
	13.17
	12.08
	12.10


Tables 5 and 6 present the direct effects of the doubled energy prices on household expenditure in terms of quintile. By doubling the prices of all types of energy, the household expenditure group comprising housing, water, electricity and gas was affected around 3.5%. In other words, the household real income decreased 3.5% or the household income for purchasing the same basket had  increased 3.5% in year 2005. However, the number for transportation group of household expenditure was 8.5%. As explained in the previous sections of household expenditure, the survey had 12 expenditure groups. Nevertheless, we only considered housing, water, electricity, gas and transportation as directly affected sectors. In addition, Table 5 expresses the expenditure of the bottom quintile or the poor population, which was affected around 4.5 %, while the top quintile of the housing group was just influenced around 3%. The results were adverse in the transportation group, whereby the quintile group 4 was more affected, i.e. around 9.4%, compared to the rich quintile, i.e. 9.1%.  Meanwhile, the bottom quintile of the transportation group or the poor group was affected around 4%. Finally, the household expenditure was influenced around 12% on average. Furthermore, in getting the same direct energy of basket consumption before the rise in energy prices, the top quintile expenditure was affected around 12%, while the poor quintile expenditure was affected around 8.4%. Although the rich population expenditure was affected around 12%, which was around 3.5% more than the poor expenditure, we must consider the absolute amount of expenditure. We must also mention that the household expenditure of the top quintile was more than 7 times greater than the expenditure of the bottom quintile of population in year 2005. The rural and urban households were affected similarly in the group of housing, water and electricity. However, in the transportation group, the urban household expenditure was affected around 8.65%, while the rural household expenditure was around 2.75%. 
Table 6: Direct expenditure effect due to doubling prices of all types of energy 2004/05      

	Expenditure Group
	Percentage change in price
	Percentage change in the household expenditure

	
	
	Total
	Urban
	Rural

	Housing, Water, Electricity, 
	 
	3.54
	3.52
	3.62

	Electricity
	100
	3.04
	3.12
	2.74

	Gas
	100
	0.47
	0.39
	0.78

	Liquid Fuels
	100
	0.010
	0.004
	0.031

	Other Fuels
	100
	0.02
	0.01
	0.08

	Transport
	 
	8.57
	8.65
	2.75

	Motor cars
	13
	0.45
	0.44
	0.46

	Motor cycles
	13
	0.05
	0.03
	0.12

	Spare parts & accessories for personal transport equipment
	13
	0.04
	0.04
	0.04

	Repair and maintenance of personal transport
	13
	0.15
	0.15
	0.14

	Other services in respect of personal transport equipment
	13
	0.23
	0.28
	0.07

	Passenger transport by railway
	13
	0.007
	0.008
	0.003

	Passenger transport by road
	13
	0.12
	0.11
	0.18

	Passenger transport by air
	13
	0.04
	0.05
	0.004

	Passenger transport by sea & inland waterway
	13
	0.01
	0.004
	0.02

	Other transport charges
	13
	0.021
	0.025
	0.007

	Fuel and Lubricants for Personal Transport Equipment
	100
	7.46
	7.52
	7.25

	         Unleaded petrol (premium)
	100
	5.88
	5.93
	1.23

	         Leaded petrol (regular)
	100
	1.27
	1.28
	0.03

	         Diesel
	100
	0.14
	0.15
	0.001

	         Motor oil (e.g. 2T, 4-stroke, etc.)
	100
	0.06
	0.06
	0.0001

	         LPG for cars
	100
	0.009
	0.009
	0.0001

	Engine oil (e.g. "Helix", "Duckhams", Petronas Fully Synthetic', etc.)
	100
	0.08
	0.08
	0.0003

	Others (e.g. break fluid, grease, battery water, etc.) 
	100
	0.03
	0.03
	0.45

	Average Monthly Expenditure
	 
	12.12
	12.18
	6.38


As revealed in Table 7, the indirect effect of the doubled energy prices on other different groups of household expenditure was overall around 6%. In Table 6, group 7 of transportation was excluded due to the discussion of them in Table 7. By doubling all types of energy prices indirectly, the urban households were less affected compared to the rural households. By considering 12% of the direct and indirect effects, the urban household expenditure must be increased around 18%. In addition, the rural household expenditure must be increased around 12%, therefore, they could buy the same basket before the increase of energy prices.

Table 7: Indirect expenditure effect due to doubling prices of all types of energy, 2004/05      

	Groups*
	Selected sub groups of expenditure
	percentage change in price**
	Percentage change in household expenditure

	
	
	
	Total
	Urban
	Rural

	Group 1
	Food and Non-Alcoholic Beverage
	10.2
	2.06
	1.82
	2.79

	Group 2
	Alcoholic beverage and tobacco
	5.1
	0.09
	0.08
	0.12

	Group 3
	Clothing and footwear
	8.7
	0.26
	0.24
	0.32

	Group 4
	Housing, Water
	
	
	
	 

	 
	Housing
	3.3
	0.56
	0.59
	0.47

	 
	Water
	12.87
	0.20
	0.20
	0.18

	Group 5
	Furnishing, household equipment and routine household maintenance
	5.3
	0.23
	0.23
	0.23

	Group 6
	Health
	10.0
	0.14
	0.14
	0.12

	Group 8
	Communication
	4.35
	0.23
	0.24
	0.18

	Group 9
	Recreation services and culture
	6.50
	0.31
	0.33
	0.24

	Group 10
	Education
	13.5
	0.26
	0.29
	0.17

	Group 11
	Restaurants and hotels
	10.7
	1.17
	1.22
	0.98

	Group 12
	Miscellaneous goods and services
	6.6
	0.57
	0.58
	0.52

	 
	All groups
	 
	6.07
	5.97
	6.32


* Group 7 and part of Group 4 are discussed in Tables 5 and 6 in details.
** The percentage change in the prices of different groups of household expenditure was computed by the match of the percentage change in the prices of sectors, which is shown in Table 4 concerning the household expenditure groups.
Table 8: Sectoral changes within the rest of economy after increment in energy prices
	Commodities
	Percentage* in price
	share of total output
	share of value added
	Percentage change in Total output
	Percentage change in value added

	Agricultural
	8.98
	0.0221
	0.62
	0.20
	5.5

	Metal ore
	13.98
	0.0002
	0.37
	0.00
	5.2

	Stone, clay & sand quarrying
	9.92
	0.0013
	0.57
	0.01
	5.6

	Meat & meat products
	9.26
	0.0010
	0.17
	0.01
	1.5

	Dairy products
	8.56
	0.0011
	0.23
	0.01
	2.0

	Preserved fruits & vegetables
	9.47
	0.0002
	0.19
	0.00
	1.8

	Preserved seafood
	9.18
	0.0008
	0.15
	0.01
	1.4

	Oils and fats
	13.95
	0.0203
	0.22
	0.28
	3.1

	Grain mill products
	10.02
	0.0014
	0.07
	0.01
	0.7

	Bakery products
	8.52
	0.0010
	0.30
	0.01
	2.5

	Confectionery
	9.13
	0.0007
	0.18
	0.01
	1.7

	Ice
	27.02
	0.0001
	0.49
	0.002
	13.2

	Other foods
	26.78
	0.0028
	0.23
	0.07
	6.0

	Animal feeds
	4.32
	0.0014
	0.12
	0.01
	0.5

	Wine and spirits
	5.35
	0.0006
	0.47
	0.00
	2.5

	Soft drinks
	8.11
	0.0008
	0.18
	0.01
	1.4

	Tobacco
	4.66
	0.0010
	0.18
	0.004
	0.8

	Yarns & cloth
	11.81
	0.0029
	0.23
	0.03
	2.8

	Knitted fabrics
	8.17
	0.0018
	0.27
	0.01
	2.2

	Other textiles
	8.06
	0.0009
	0.28
	0.01
	2.2

	Wearing apparel
	5.87
	0.0044
	0.26
	0.03
	1.5

	Leather products
	8.93
	0.0001
	0.22
	0.001
	2.0

	Footwear
	10.57
	0.0003
	0.21
	0.003
	2.3

	Sawmill products
	10.3
	0.0073
	0.33
	0.08
	3.4

	Other wood products
	10.29
	0.0013
	0.24
	0.01
	2.5

	Furniture
	7.37
	0.0040
	0.27
	0.03
	2.0

	Paper & board
	9.87
	0.0041
	0.31
	0.04
	3.1

	Printed products
	8.16
	0.0027
	0.31
	0.02
	2.5

	Industrial chemicals
	16.43
	0.0104
	0.25
	0.17
	4.1

	Paints & lacquers
	9.68
	0.0010
	0.21
	0.01
	2.0

	Drugs & medicines
	12.5
	0.0004
	0.36
	0.005
	4.5

	Soap & cleaning preparations
	9.47
	0.0012
	0.24
	0.01
	2.3

	Other chemical products
	10.41
	0.0028
	0.49
	0.03
	5.1

	Processed rubber
	9.44
	0.0015
	0.09
	0.01
	0.8

	Rubber products
	10.29
	0.0035
	0.37
	0.04
	3.8

	Plastic products
	8.04
	0.0055
	0.32
	0.04
	2.6

	China, glass & pottery
	14.76
	0.0019
	0.47
	0.03
	7.0

	Clay products
	19.12
	0.0012
	0.37
	0.02
	7.2

	Cement, lime & plaster
	22.08
	0.0014
	0.30
	0.03
	6.7

	Other non-metal products
	12.08
	0.0019
	0.25
	0.02
	3.1

	Iron & steel
	10
	0.0056
	0.12
	0.06
	1.2

	Non-ferrous metal
	5.19
	0.0036
	0.20
	0.02
	1.0

	Other fabricated metal and fixtures
	6.16
	0.0008
	0.25
	0.00
	1.5

	Structural metal products
	6.61
	0.0015
	0.28
	0.01
	1.9

	Other metal products
	6.69
	0.0051
	0.32
	0.03
	2.1

	Industrial machinery
	3.65
	0.0037
	0.54
	0.01
	2.0

	Household machinery
	1.95
	0.0473
	0.13
	0.09
	0.2

	Radio, TV & com. equipment
	3.12
	0.0816
	0.18
	0.25
	0.6

	Elect. appliances & houseware
	5.21
	0.0015
	0.28
	0.01
	1.5

	Other electrical machinery
	5
	0.0082
	0.24
	0.04
	1.2

	Ships & boats
	5.56
	0.0009
	0.38
	0.01
	2.1

	Motor vehicles
	4.09
	0.0085
	0.20
	0.03
	0.8

	Cycles & motorcycles
	6.3
	0.0012
	0.17
	0.01
	1.1

	Other transport equipment
	6.74
	0.0002
	0.44
	0.00
	3.0

	Instruments & clocks
	5.36
	0.0045
	0.26
	0.02
	1.4

	Other manufacturing products
	5.98
	0.0026
	0.28
	0.02
	1.7

	Recycle products
	12.85
	0.0006
	0.25
	0.01
	3.2

	Transport
	12.93
	0.0204
	0.35
	0.26
	4.5

	Services
	7.19
	0.1584
	0.58
	1.14
	4.2


*Computed in the previous section (Table 4)
Finally, Table 8 shows the sectoral shift within the economy.  Some sectors, such as services, oils and fats, transportation, radio, television and communication equipment, agriculture, household machinery, sawmill products, other foods, as well as iron and steel had the highest percentage change in their outputs. Others, such as ice, clay products, China glasses and pottery, cement, lime and plaster, other foods, stone, clay and sand quarry, agriculture, metal ore, other chemical products, drugs and medicines, transportation, services, and industrial chemicals had the most change in the added value.
6.
Conclusion

In this paper, we had applied the close input-output technique to investigate the effects of the increase in energy prices on the prices of other goods and household expenditure. For this purpose, we considered three categories of energy according to the classification of Malaysian input-output table for the year 2000. The energy sectors, which were used in this research, were crude oil, natural gas and coal, petroleum production, as well as electricity and gas. We then separated the two major types of energy, namely; crude oil, natural gas, coals and petroleum production as the primary energy; and, electricity and gas as the secondary energy. The results showed that the energy sectors had high forward linkages, implying the most important role in providing inputs for the rest of the sectors. This paper emphasizes the industrial and transportation sectors as the two major consumers of energy (i.e. around 80%). The price of transportation as a sector increased around 13% due to the doubled energy prices. In addition, the transportation sector was more influenced by the increased price of primary energy.
Increasing the price of both types of energy had similar impact on services. Employee compensation or wages affected two times more by raising the primary energy as compared to the secondary energy. The price of some industrial sectors, such as ice and other foods, increased on the average of 22% due the doubled price of secondary energy. The price of commodities of textile industry, such as yarn and clothes, knitted fabric and other textiles raised around 6%. On the other hand, cement and lime sector, as well as plaster sector were affected around 14%, while plastic products as well as iron and steel were influenced around 5.5% by the doubled price of secondary energy. In addition, agriculture, metal ore, stone and clay, sand quarry and sawmill products were affected around 8%. Finally, oil and fat had the impact of 11.4 % due to the doubled price of primary energy. The outcomes showed that the doubled price of primary energy affected more the prices of other goods compared to the doubled price of secondary energy.

The investigation on household fuel expenditure showed inequality among the Malaysian households in such a manner that inequality increased in year 2005 as compared to year 1999. The household group expenditure of housing, water, electricity and gas was affected around 3.5%, while it was 8.5% in the transportation group due the doubled price of all kinds of energy. The bottom quintile of population comprising the housing, water, electricity and gas group was affected around 4.5%, while for the top quintile, it was less affected, i.e. around 3%.  Hence, the vulnerability of bottom quintile of the housing group was higher than the other parts of population. However, in the transportation sector, the top quintile was more affected, i.e. 4.5%, than the bottom quintile. Although the total bottom quintile was less directly affected, i.e. 3.5%, than the top one by the doubled price of energy, we must consider the absolute amount of their expenditure. The top affluent population expenditure was more than 7 times greater than the poor population in year 2005. 
The inspection of sectoral shift within the economy showed that some sectors, such as services, oils and fats, transportation, radio, television and communication equipment, agriculture, household machinery, sawmill products, other foods, as well as iron and steel had the most percentage change in their outputs. Meanwhile, others such as ice, clay products, China glasses and pottery, cement, lime and plaster, other foods, stone, clay and sand quarry, agriculture, metal ore, other chemical products, drugs and medicines, transportation, services and industrial chemicals had the most change in their added value.

References

Bopp, A. and Lady, G.M.(1982). On Measuring the Effects of Higher Energy Prices. Energy Economics, October.

Bullard, C. and Herendeen, R.A. (1975). The energy Cost of Goods and Services. Energy Policy, December.

Chapman, P.F., Leach, G. and Slesser, M. (1974). The Energy Cost of Fuels. Energy Policy, September.

Dender, K.V.(2009). Energy Policy in Transport and Transport Policy. Energy Policy,37,pp.3854-3862.

Fetini, H. and Bacon, R.(1999).Economic Aspects of Increasing Energy Prices to Border Price Levels in the Islamic Republic of Iran. Document of the World Bank.

Fofana, I. , Chitiga, M. and Mabugu, R.(2009). Oil Price and South African Economy: A Macro-Meso-Mirco analysis. Energy Policy,(8).

Gool, W.V. (1980). Fundamental Aspects of Energy  Conservation Policy. Energy, Vol(5),pp.429-444.

Hang,L. and Tu, M.(2007). The Impact of Energy Prices on Energy Intensity: Evidence from China. Energy Policy,35,pp.2978-2988.

Hope, E. and Singh, B.(1995). Energy Price Increases in Developing Countries, Case Studies for Colombia, Ghana, Indonesia, Malaysia, Turkey and Zimbabwe. Public Economic Division, Policy Research Department, The World Bank.

Kpodar, K. (2006). Distributional Effects of Oil Price Changes on Household Expenditures: Evidence form Mali. IMF Working Paper, No.WP/06/91.

Lardic, S. and Mignon, V.(2006). The Impact of Oil Prices on GDP in European Countries: An Emprical investigation based on Asymmetric Cointegration. Energy Policy,34, pp.3910-3915.

Liew, C.K. (1980). The Impact of High Energy Prices on growth and Inflation in an Industrializing Economy: the Korean Experience. Journal of Policy Modeling, 2(3),pp.389-408.

Malaysia, Department of Statistics (2000).Input-Output Table. Percetakan Nasional Malaysia Berhad : Kula Lumpur

Miller, R. and Blair, P. (1985).Input-Output Analysis: Foundation and Extensions. Prentice Hall, New Jersey.

Noel, D.U. , Boyd, R. (1997). An evaluation of the economic effects of higher energy prices in Mexsico. Energy policy, 25(2), 205-215.

O'conner,R. and Henrey, E.W.(1975).Input-Output Analysis and It's Applications. Grate Britain: Charles Griffin Press.

Pachauri, P. (2007). An Energy analysis of Household Consumption, changing Pattern of Direct and Indirect Use in India. USA: Springer Press.

Saboohi, Y.(2001). An Evaluation of the Impact of Reducing Energy Subsidies on Living Expenses of Households. Energy Policy,29,pp.245-252.

Samuelson, P.A., & Nordhaous, D. (2005). Economics. (18th ed.) Boston: McGrowHill.

Uri, N.D. and Boyd, R.(1997). An Evaluation of the Economic Effects of Higher energy Prices in Mexico. Energy Policy,Vol 25,No.2, pp.205-215.

Valadkhani, A. and Mitchell, W.F. (2002). Assessing the Impact of Changes in Petroleum Prices on Inflation and Household Expenditures in Australia. The Australian Economic Review, 35, 122-132.

Wright, D. (1974).Goods and Services: An Input-Output Analysis. Energy Policy, December.


















Industrial





Transport





Resid.&Come.





Non-Energy





Agriculture





2006





2005





2004





2003





2002





2001





2000





1999





1998





1997





1996





1995





1994





1993





1992





1991





1990





45000





40000





35000





30000





25000





20000





15000





10000





5000





0




















































































































Corresponding author :Tel:+60322 725897,Fax:+60322730197


Email address: Zakariah@mier.po.my


1  In the input-output close model, some components of supply and demand of IO table, such as private consumption and employee compensation were considered as the endogenous variable. The wages were added as row, while the private consumption was added as column in Leontief’s matrix. The close system gave more actual analysis for the economic activities. In the open input-output model, because it assumes that the household incomes or wages are constant, therefore, the change in the final demand would lead to the increase in output, which did not change the household income. On the contrary, in the close input-output model, any shift in the final demand would lead to the change in employee compensation and private consumptions. If the open input-output model was applied, the results would show that the prices of other goods would be less affected by the doubled energy price in comparison to the close input-output model .
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