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Abstract

Malaysia has been experiencing strong economic growth through the last decade. Energy has been a key input in the development and growth of the country. The industrial sector is the second largest consumers of energy in Malaysia. In the present work sixty-four (64) factories in seven different manufacturing sectors were audited within the four regions of east-coast of Malaysia. In this audit, the most important parameters that have been collected are; power rating and operation time of energy consuming equipment/machinery; fossil fuel and other sources of energy consumption; production figure; peak and off peak tariff usage behavior; and power factor. These data were analyzed to investigate the breakdown of end-use equipment/machinery, the peak and off peak usage behavior, power factor trend, specific energy consumption and specific electricity consumption. The result of the energy audit shows that the highest energy consuming equipment is electric motor followed by liquid pumps and air compressor. The highest specific total energy (fossil fuel and electricity) consumption among the industrial sub-sectors is found in the rubber producing industries followed by fabricated metal industries, while the highest specific electrical energy consumption was found in the fabricated metal industries followed by rubber producing industries. The specific energy and electricity consumptions found in the present study are compared with Indonesian industrial sectors and presented in thin paper. The study also found that the 64% electrical energy was consumed in peak hours by the industries and average power factor ranged from 0.88 to 0.91. The energy audit in this study can be important tools and approaches for the policy maker to get insight into the energy and electricity uses pattern of Malaysian industrial sector. 
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1. Introduction
Recently, there has been a growing concern about energy consumption and its adverse impact on the environment. Most of the developing countries shifted from agricultural towards industrialization and urbanizations due to the economic growth since last few decades. The growth in the industrial sector, promising a healthy growing of gross domestic products (GDP), severely affected the ability to maintain the fuel supply or reserve. Introducing the concept of rational use of energy aims at reduction of the energy consumption and also corresponding to the optimum use of all limited economic resources [1]. This definition indicates that the measures leading to a more rational use of energy have to show advantages over the actual current situation. Energy losses in a large number of industries exist, and the reduction of such losses can improve energy conservation significantly [2]. Among the various sectors contributing to greenhouse gas (GHG) emissions, the contribution of the industrial sector was significant. Thus, mitigating GHG emissions from the industrial sector offers the best means of reducing overall GHG emissions. Therefore, energy conservation means less reliance on energy imports and, thus, less GHG emissions. Previous studies are reported that implementing a few options with little or no cost in the industrial sector could reduce 10-30% of GHG emissions [3-4]. 

Malaysia is made up of Peninsular Malaysia and the states of Sabah and Sarawak on the island of Borneo. Today about 80% of the total 23.3 million people live in Peninsular Malaysia, the hub of the country’s economic activities. Like many other developing countries, energy has been the prime contributor towards the rapid growth of Malaysia’s economy. Malaysian economic grew at 5.3 percent in 2005. Rural–urban migration, higher living standards and increased income per capita have also spurred an ever-increasing demand for energy. The overall energy demand is expected to increase at an average rate of 6.3% per annum between 2005 and 2010. Industrial sector noted as the second higher consumer of energy at 38.6% in 2005 [5].  Against the backdrop of a growing need for coal and piped natural gas imports and Malaysia becoming a net crude oil importer in 2008, greater challenges lie ahead for the energy sector implies that Peninsular Malaysia may become a net importer of fossil fuels (oil, gas and coal) sooner than expected [6]. The increasing of energy consumed raised serious concern by the government of Malaysia to overcome the phenomena by promoting the end-use energy efficiency which means using less energy while maintaining the same level of service. It can be achieved either by decreasing total energy use or by increasing the production rate per unit of energy consumed.  On the other hand, improving energy efficiency is the key to reducing green house gas (GHG) emissions. Therefore, energy research organizations and governments are actively engaged in developing methods of assessing energy efficiency. This assessment can provide a reference for establishing energy policy and can simultaneously reduce GHG emissions. One of the ways to attain the more efficient use of final energy in industry is determined by the energy consumed and energy losses in a plant. Various types of equipment and devices that consume energy at varying levels of efficiency depend on the characteristics and working conditions. Energy audit is one of the methods that can be used to identify and quantify how energy is being used in a plant. Numerous studies have been published on energy audit and energy analysis results for different industries [7-11]. Energy use performances and energy efficiencies of the industrial have also been studied in different surveys [12-13] in different countries. But in the exiting literature, no study has identified and quantified estimates of energy usage breakdown in industrial sector.     

This study presents the results and analysis of walkthrough energy audit on ninety-one factories in eleven industrial sectors located in Peninsula Malaysia. Emphases were given on electrical and fossil fuel energy consumption pattern of end-use equipments/machineries, specific energy consumption, peak and off-peak hour electricity consumption, and power factor at production processes.   Authors hope that this study will be useful for benchmarking and other policy measures for ASEAN and other countries of industrial energy consumption. This study may be useful for utility company to expand their future plan as well. The results of the study can be considered as an insight into the energy and electricity uses pattern of Malaysian industrial sector for the policy maker. Furthermore, the results could provide important guidelines and insights for future research and development allocations and energy projects. 
2.    METHODOLOGY

This section explains about targeted factories, walk-through audit, data collected, approaches used to estimate end-use electricity consumption, specific energy and electricity consumption, peak and off-peak hour electricity consumption and power factor. These are elaborated below:

2.1. Targeted manufacturing factories

The targeted industries in the present study are electricity consumers of TNB (a utility industry in Malaysia) from industrial sector in various regions within east-coast of Malaysia. Sixty-four manufacturing factories from four major industrial regions have been targeted and audited. The locations of industrial regions along with number of audited factories in each region are shown in Table 1. 

Table 1 Locations of audited factories

	Location 
	Number of audited factories

	Central  (Selangor, Kuala Lumpur)
	29

	North  (Perak, Penang, Kedah, and Perlis)
	18

	South (Johor, Melaka and Negeri Sembilan)
	10

	East (Pahang and Terengganu)
	8

	Total (East-coast of Malaysia)
	64


Table 2 Number of audited industrial sector with ISIC code

	Sectors
	Sector/ISIC code
	Number of audited factories

	Food products 
	311
	9

	Wood and wood products
	331
	8

	Paper and paper products
	341
	13

	Chemicals
	352
	4

	Petroleum refineries
	353
	5

	Rubber and rubber products
	355
	13

	Fabricated metal products
	381
	12

	Total 
	
	64


Audited factories are divided into 7 sectors according to the product that they manufactured. Table 2 listed the sectors with three digit International Standard Industrial Classification (ISIC) code and the number of factory audited from each sector. 
2.2. Walkthrough energy audit

Before conducting a walk-through energy audit in the selected the industrial facilities, following preparations have been made. A meeting was held with the appropriate plant personnel who are familiar with the physical conditions and day-to-day operation of the manufacturing equipments in the facility. The purpose of the meeting was to identify areas where auditors’ attention should be focused during the walk-through audit. The well prepared questionnaire and checklist has been made for walkthrough energy audit and sent to industrial facility at least one week prior to the walk-through audit in order to allow sufficient time for relevant person to obtain the required data and inform the concerned staff. An audit team consists of qualified electrical and mechanical engineers was formed and trained in order to conduct walkthrough energy audit. On-site walkthrough energy audit has been performed as follows: 

(a) Initially, an energy audit meeting was held with the facility manager/maintenance engineer to introduce energy audit target and the members of the audit group. The facility manager then has explained their manufacturing process and energy-consuming equipments/machineries, and provided operation and maintenance records for review by the auditors. 

(b) Following the meeting, the maintenance engineer took the audit team to the manufacturing plant for an on-site audit. The auditors have visited energy-consuming equipment with representatives of equipment operators.

(c) Auditors have reviewed the operating manual and equipment specifications for the energy-consuming equipment. 

(d) In addition to the facility inspection, the auditors met again with the facility staff to review the preliminary findings and the recommendations being considered. 

(e) Along with that an energy audit checklist have been filled to investigate industries emphasize on energy conservation or awareness of energy conservation in their industrial facilities. After the on-site walkthrough audit, the data and recommendations have been combined to produce the on-site energy audit report.

2.3.  Energy audit data

During the walkthrough audit in a factory, audit team counted all the equipments on production floor, took notes on rated power from technical specifications on the equipments and operating hours per working day. Audit team has also estimated total working days in a year in consultation with responsible person of production process. 

The most important data that have been collected during walkthrough audit are; power rating and operation time of energy consuming equipments/machineries; fossil fuel and other sources of energy consumption; production figure; peak and off peak tariff usage behavior; and power factor. Using these data, an analysis has been carried out to investigate the breakdown of end-use equipments/machineries energy consumption, the peak and off peak usage behavior, power factor trend, specific fossil fuel energy and specific electricity consumption.

2.4. Approaches used to estimate SEC 

Energy consumed per unit of physical product or specific energy consumption (SEC) is considered as a measure of energy efficiency in the considered sectors. SEC can be expressed by the following equation: 

[image: image1.wmf]t

N

i

it

i

P

E

J

SEC

å

=

   

(1)

where:

Ji = number of unit associated with energy source i

Eit = quantity of energy source i used during period t 

N = number of energy sources

Pt = quantity of production during period t  

3.  ENERGY CONSUMPTION ANALYSIS

3.1. End-use electricity Consumption

In this study the maximum emphasize was given to find out the end-use electricity consumption in the industrial production process for the year 2006. Based on the analyzed data, it has been found that electrical motors consumed the highest amount of energy (47.05%) followed by pumps (13.75%), air-compressors (8.85%), air-conditioning system (7.21%), workshop machines (6.00%,), lighting (5.65%), overhead cranes (3.00%), ventilation (1.96%), furnace (1.26%), conveyor system (1.00%), boiler (0.88%), refrigeration system (0.49%), dust collecting equipment (0.30%), lift/escalators (0.20%), and other equipments (3.38%). Figure 1 shows the breakdown of end use energy consumption. As electric motors consume major fraction of industrial energy, several measures could be taken to reduce their energy consumption. The usage of energy efficient motor can reduce financial cost of industrial sector such as the cost of motor maintenance. From the survey and data analysis it has been found that the most of factories are still using the standard motors in their premises even though some of them have knowledge of energy efficient motors. 

3.2.   Specific Energy Consumption (SEC)

In this study, the SEC of each sector is represented by average SEC from the audited industries of that particular sector. For each of the factory, the SEC has been calculated by considering the total fossil fuel energy and the total electrical energy consumption data that was obtained during the energy audit. The SEC data of each factory were then complied to estimate the sectoral SEC, and these are presented in Tables 4 and 5. The total specific energy (fossil fuel and electrical) of each sector have also been given as a range. It has been found that SEC varies significantly from one industry to another even in the same industrial sector due to the production process, products, and raw materials used in an industry. The average SEC was given in terms of electrical energy consumption (MWh/100 ton) and total fossil fuel energy (GJ/100 ton) consumption in each sector. The highest total energy (fossil fuel and electricity) consumption among industrial sectors was found in the rubber and rubber producing industries (675 GJ/100ton) followed by fabricated metal producing industries (598 GJ/100 ton) while the highest total specific electrical energy consumption was found in the fabricated metal producing factories (166 MWh/100ton) followed by rubber and rubber producing industries (71.5 MWh/100 ton). A comparison of SEC with 6 Indonesian industrial sectors has been made and presented in Tables 3 and 4.  From the Table 4 it has been observed that average SEC in Malaysian industry is lower than Indonesian average industrial SEC. On the other hand, few Indonesian industrial sectors consuming less SEC than Malaysian industries. As SEC is dependent on total energy consumption and production figure, it is certainly influenced by type of fuel used, production process, and energy consuming machineries (i.e. their efficiency).

From the Tables 3 and 4, it has been found that average SEC for electrical energy is quite similar for some of the industries for both of the countries. 
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Figure 1 End-use average electricity consumption in audited Malaysian factories
Table 3 Total Specific energy consumption of audited Malaysian and Indonesian factories

	Sector/

ISIC code
	Total SEC (electrical + fossil fuel) (GJ/ 100 ton of production )

	
	Malaysian Audited factories
	Indonesian factories

	
	Average
	Range
	Average
	Range

	311
	15
	3.89 - 52.6
	590
	8 - 2350

	331
	506
	49.3 - 1358
	280
	150 - 600

	341
	290
	48.4 - 579.8
	40
	4 - 180

	352
	83
	74.80 - 90.58
	820
	10 – 233

	353
	47
	41.41 - 53.07
	680
	150 – 15.7

	355
	675
	114 - 1152
	-
	-

	381
	598
	489.6 - 802.8
	1260
	20 - 4590


Source: Ref [9] for Indonesian data
Table 4 Specific electrical energy consumption of audited Malaysian and Indonesian factories

	Sector/ISIC code
	Total specific electrical energy consumption (MWh/100 ton of production)

	
	Audited factories
	Indonesian factories

	
	Average
	Range
	Average
	Range

	311
	4.3
	1.08 - 14.61
	15.27
	0.29 – 68.92

	331
	18.5
	1.2 - 29.5
	95.68
	10.14 – 275.56

	341
	22.7
	2.43 - 49.67
	28.66
	4.89 – 69.42

	352
	23.0
	20.78 - 25.16
	93.99
	5.21 – 430.37

	353
	11.0
	10.48 - 11.50
	6.73
	1.62 – 35.65

	355
	71.5
	15.24 - 189.23
	-
	-

	381
	166.0
	136  - 223
	98.51
	57.9 – 294.46


Source: Ref [9] for Indonesian data

3.3.   Peak and Off-peak hour’s electrical energy consumption

From the data analysis it has been found that 64% of the total electrical energy consumption took place during the peak hours while 36% consumed during the off-peak hours as shown in Figure 2. Peak hours indicates the higher percentage due to the realization by the industries that amount of overtime payments to operate an industry during the off-peak hours will be higher than the savings obtained from operating during the off-peak period. It may be mentioned that minor equipments are also operated during the peak hours especially for regular production process and administrative purpose. It has been found that the most of the audited factories used off peak hours to run major equipments for production purpose and a few factories have an agreement with TNB to shift fully to the off-peak hour. It was also found that large and medium scale factories run their production plants during off-peak hours. Small scale industries are not wiling to run the production plants during off-peak hours due to the high employee cost.
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Figure 2 Percentage of Off-peak and Peak hours electricity consumption in Malaysian industries
3.4.   Power Factor

From the data analysis it has been found that the average power factor ranged from 0.88 to 0.91 as shown in Table 5. It may be mentioned that improved power factor will reduce utility bill and increase the electrical systems capacity. TNB imposes a penalty to those companies that have a power factor less than 0.85. In this study, the power factor has been found higher than the specified level as most of the industries installed the capacitor bank for power factor correction. This will decrease the current through the facility power distribution system and will effectively increase the capacity of that line and reduce the line losses. 

Table 5 Average and range of power factor of audited factories

	Sector/ISIC code
	Power factor

	
	Average
	Range

	311
	0.88
	0.75 – 0.94

	331
	0.87
	0.85 – 0.92

	341
	0.88
	0.85 – 0.92

	352
	0.91
	0.89 – 0.95

	353
	0.89
	0.86 – 0.90

	355
	0.91
	0.90 – 0.93

	381
	0.90
	0.85 – 0.90


4.   CONCLUSION

In the present study energy audit has been done in eleven industrial sectors comprising 91 factories of east-coast of Malaysia. From the analysis of energy audit data, it can be concluded that: 

Among wide variation of end-use electricity consuming equipments, the electric motors are the major consumer of electrical energy followed by pumps and air-compressors. This study also found that majority of the factories is still using old equipments which are not efficient and waste huge amount of energy. There is wide variation of specific energy consumption observed in the audited factories. This is mainly due to the variety of products in a particular industrial sector, as well as the process steps involved in transferring the raw material to the final product. It has been found that the most of audited factories have lack of knowledge and awareness about conservation of energy. It can be recommended from this study that all factories should have their own energy conservation department which may be responsible to manage energy losses and hence reduces specific energy consumptions.  

The study also found that huge amount of energy and bill can be saved if high efficient motors are used in place of standard efficiency motor with a short payback period particularly for larger motors.This study also found that the 64% electrical energy is consumed in peak hours by the industries and average power factor ranges from 0.88 to 0.91. 
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summary table

		

		Sectors		Average Production										Average Electricity Consumption		Specific Electricity Consumption (SEC); total electricity										Specific Energy Consumption (SEC); total energy										Energy Intensity		Average Peak Hours Electricity Consumption		Average Off-peak Hours Electricity Consumption		Power Factor

				ton		pieces		m3		m		kg		MWh		MWh/ton		MWh/pieces		MWh/m3		MWh/m		MWh/kg		MJ/ton		MJ/pieces		MJ/m3		MJ/m		MJ/kg		MJ/RM		MWh		MWh

		Food Products and Beverages		264,523.00										6,903.00		0.0430										154.00										N/A		4,835.60		2,067.00		0.88

		Textiles								369,438.00		826,933.00		6,120.62								0.0258		0.0033								98.35		38.42		N/A		3,860.93		2,259.69		0.93

		Fabricated Metal		175.00										326.00		1.6600										5,976.00										0.95		326.20		0.00		0.90

		Paper and Paper Products		105,229.00										33,839.60		0.2274										2,899.00										N/A		21,336.00		12,502.00		0.88

		Glass and Glass Products		9,644,723.00										57,339.00		0.5074										45.00										N/A		36,234.00		21,102.00		0.89

		Wood and Wood Products		71,956.20				119,927.00						13,295.00		0.1850				0.0975										8,434.28						N/A		8,301.43		4,993.43		0.87

		Basic Iron Steel		655,984.00										254,885.00		0.7800										5,030.00										N/A		145,185.00		109,700.00		0.92

		Automobiles				12,710.00								14,247.75				1.2400										4,710.00								1.60		11,584.50		1,663.00		0.89

		Chemical		186,520.00										42,671.00		0.2297										826.92										N/A		42,671.00		0.00		N/A

		Rubber and Rubber Products		58,460.00		68,325,000.00								5,666.30		0.7153		0.0249								6,747.32		99.46								N/A		4,324.64		774.45		0.91

		Plastic and Plastic Products		54,438,000.00		1,061,500.00								16,501.07		0.0830		0.0020								298.00		7.22								N/A		9,879.67		6,621.67		0.92

		Cement		1,167,386.00										180,764.78		0.2764										1,015.08										N/A		119,363.75		61,400.75		0.88

		Petrochemicals		376,100.00										39,813.23		0.1099										472.40										0.25		22,929.98		16,883.25		0.90

		Consumer Appliances/Electrical				999,250.00								6,614.00				0.7186										2,586.80								N/A		4,728.00		1,885.67		0.90

		Electronics				58,666.67								38,881.00				0.4500										1,783.10								N/A		23,368.00		15,316.33		0.92

																																						458928.7		257169.24
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SEC

		

		End-use Equipments		Sub-sector																														Total		Average Electricity Consumption (MWh)

				Petro-chemicals		Glass Product		Textiles		Cement		Auto-mobiles		Food Products and Beverages		Fabricated Metal		Paper and Paper Products		Wood and Wood Products		Chemical		Rubber and Rubber Products		Consumer Appliances/Electrical		Basic Iron Steel		Plastic and Plastic Products		Electronics

		Total Audited industry		2		4		2		4		4		5		5		5		7		2		11		3		4		3		3		64

		Electric lights		3,981.33		21,036.00		913.52		40,283.28		2,296.00		2,904.00		137		24,319.00		1,782.00		1,281.00		6,636.40		1,890.00		20,581.00		641		26,929.00		155,610.53		2,431.41		5.7

		Electric motors		55,738.52		100,098.00		5,835.07		99,131.41		27,531.00		22,293.00		32		96,648.00		47,711.00		56,640.00		29,791.53		3,635.00		713,541.00		28,405.00		8,222.00		1,295,252.53		20,238.32		47.1

		Steam/hot water boilers						59.4		11,531.65				2,075.00										59.4		396				4,771.00		5,216.00		24,108.45		376.69		0.9

		Air conditioning systems		3,981.33		25,919.00		1,037.04		66,781.13		1,259.00		1,341.00		60.00		9,448.00		3,577.00		10,232.00		3,974.94		1,145.00		51,175.00		950		17,511.00		198,391.44		3,099.87		7.2

		Refrigeration systems				12,520.00								824																10				13,354.00		208.66		0.5

		Reciprocating air-compressor		6,370.11		41,587.00		3,027.21		88,471.37		5,301.00		1,853.00		195.00		9,162.00		8,158.00		9,491.00		4,283.61		598		20,180.00		10,923.00		34,059.00		243,659.30		3,807.18		8.9

		pumps						125.39		324,279.54										4,935.00				8,619.07		9,450.00		20,566.00		2,600.00		8,018.00		378,593.00		5,915.52		13.8

		Ventilation & exhaust systems				5,494.00										295.00		9,135.00		18,354.00								20,118.00		519				53,915.00		842.42		2.0

		Air cleaning equipments										2,304.00								6,074.00										5				8,383.00		130.98		0.3

		Lifts/elevators/escalators				5,494.00																								97.5				5,591.50		87.37		0.2

		Conveyor systems				6,144.00								499				26										20,801.00		14.4				27,484.40		429.44		1.0

		Cranes ( Overhead & gantry)																2,295.00										50,571.00		563				53,429.00		834.83		1.9

		Workshop  machines		1,592.53		11,055.00		144.14		74,526.86		10,556.00				760.00		18,158.00				7,699.00		1,331.70		401		40,743.00		4.3		590		167,561.53		2,618.15		6.1

		Electric furnaces										3,744.00																30,873.00						34,617.00		540.89		1.3

		Others		7,962.64				1,099.47		18,053.86		4,000.00		2,724.00		155.00				2,473.00				7,632.67		2,327.00		30,391.00				16,099.00		92,917.64		1,451.84		3.4

		Total (MWh)		79,626.46		229,347.00		12,241.24		723,059.10		56,991.00		34,513.00		1,634.00		169,191.00		93,064.00		85,343.00		62,329.32		19,842.00		1,019,540.00		49,503.20		116,644.00		2,752,868.32		43,013.57		100.0
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		Sectors

						MWh/100 ton		Range		GJ/ 100 ton		Range

		Food Products and Beverages		311		4.3		1.08 - 14.61		15.4		3.89 - 52.6

		Fabricated Metal		381		166.0		136  - 223		597.6		489.6 - 802.8

		Paper and Paper Products		341		22.7		2.43 - 49.67		289.9		48.4 - 579.8

		Glass and Glass Products		362		50.7		1.8 - 78.68		863.0		45 - 1884

		Wood and Wood Products		331		18.5		1.2 - 29.5		506.0		49.3 - 1358

		Iron and steel		371		78.0		8 - 237		503.0		127 - 2012

		Chemical		352		23.0		20.78 - 25.16		82.7		74.80 - 90.58

		Rubber and Rubber Products		355		71.5		15.24 - 189.23		674.7		114 - 1152

		Plastic and Plastic Products		356		8.3		3.68 - 15.23		39.9		17.82 - 66.41

		Cement		390		27.6		12.76 - 65.42		101.5		47.03 - 243.4

		Petroleum refineries		353		11.0		1048 - 11.50		47.2		41.41 - 53.07

		http://www.unido.org/doc/3531				(code)
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		154		5976		2899		45		5030		826.92		6747.32		298		1015.08		472.4



Food Products and Beverages

Fabricated Metal

Paper and Paper Products

Glass and Glass Products

Iron and steel

Chemical

Rubber and Rubber Products

Plastic and Plastic Products

Cement

Petroleum refineries



		311

		381

		341

		362

		331

		371

		352

		355

		356

		390

		353



Industrial sectors

SEC (MWh/100 ton)

4.3

166

22.74

50.74

18.5

78

22.97

71.53

8.3

27.64

10.99



		311

		381

		341

		362

		331

		371

		352

		355

		356

		390

		353



Industrial sectors

SEC (MJ/100 ton)

1.54

59.76

28.99

0.45

50.604

50.3

8.2692

67.4732

2.98

10.1508

4.724




