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Abstract Electrical motors use about 30–80% of total

industrial energy for some selected countries around the

world. Experiences from other countries show that gov-

ernment intervention in the form of regulations such as

mandatory and voluntary approaches can save huge

amount of energy along with the reduction of emissions

associated with energy savings. In this paper, use of high

efficient motors to replace standard motors to save energy

have been quantified and presented. Emission reductions

associated with the energy savings have been estimated and

presented as well. Based on estimation, it has been found

that 15,111, 6507 and 4295 MWh of energy can be saved

for 50, 75 and 100% motor loadings, respectively, for using

high efficient motors. These savings will correspond to

US$ 967,074, US$ 416,461 and US$ 274,892 savings for

50, 75 and 100 motor loadings, respectively, by replacing

standard motors with high efficiency motors. It was also

found that 7,562,070 kg of CO2, 45,266 kg of SO2,

21,326 kg of NOx and 4,599 kg of CO could be avoided by

using energy efficient motors for 50% load. It was also

found that payback period for implementing high efficient

motors are in the range from 1.22 to 6.05, which is eco-

nomically very viable for motor loadings of 50%.

Keywords High efficient motors � Energy savings �
Emission reductions

Introduction

Electric motors have broad applications in areas such as

industry, business, public service and household electrical

appliances, powering a variety of equipment including

wind blowers, water pumps, compressors and machine

tools as can be seen in Fig. 1. In industrially developed

nations and large developing nations, electric motors

account for a considerable proportion of total national

power consumption (APEC 2008).

Energy use performances and energy efficiencies of the

industry have also been studied in different surveys in

many countries (Ozturk 2005; Christoffersen et al. 2006;

Subrahmanya 2006). In Slovenia, industrial sector uses

about 52% of total electrical energy (Al-Mansour et al.

2003). In Turkey, about 35% of total energy is used in

industrial sector (Onut and soner 2007). Approximately,

half of UK’s generated electricity is used to drive electrical

motors. This means that efficiency improvements to elec-

trical machines can have a very large impact on energy use

(Mecrow and Jack 2008). Motor driven systems account

for approximately 65% of the electricity used by EU

industry (Anon 2004). In Jordan, industrial sector uses

about 31% of total energy (Al-Ghandoor et al. 2008). In

Malaysia, about 48% of total industrial energy used by

industrial motors is as shown in Table 1 (Saidur et al.

2009a, b). In many industrialized countries, more than 70%

of the total produced energy is used by electric motors.

Share of electric motor energy use for some selected

countries is shown in Table 1. Therefore, the cost of energy

to operate motors has become a real concern for industries.

On the other hand, the concern for the environment par-

ticularly through the emission of green-house gases and

other pollutants has prompted the regulators of utilities to

enforce alternative measures to meet load growth, instead
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of building additional power stations (Akbaba 1999).

Comprehensive literatures in energy electrical motors’

energy savings, policy, and technology can be found in a

handbook written by Nadel et al. (2002).

The energy that electric motors used in plants is about

65% of the total energy consumption in Turkey. Therefore,

it is important to choose ‘high efficiency’ motors in plants to

reduce industrial energy use and emission reductions (Kaya

et al. 2008). Many countries around the world already

implemented energy efficiency standards; many are in the

process of developing them as can be seen in Table 2. It

may be mentioned that energy can be saved using tech-

nology such as use of variable speed drive, use of capacitor

banks to improve power factor, by regular maintenance of

equipments/machineries and by implementing energy effi-

ciency regulations such as voluntary, mandatory approa-

ches, incentives and energy guide labels. However, focus of

this paper is to quantify energy savings, bill savings and

emission reductions for electric motors using high efficient

motors (i.e. using energy efficiency regulations)

Mahlia et al. (2002, 2004) carried out some works about

the energy savings potential by implementing energy effi-

ciency standards for room air conditioners and household

refrigerator-freezers in Malaysia. De Almeida et al. (2003),

Garcia et al. (2007), Yanti and Mahlia (2009) and many

others carried out some works on motor energy efficiency

standards. Lu (2007) developed energy efficiency standards

for central air conditioners for China and reported potential

energy savings and environmental benefits of energy effi-

ciency standards. Lu (2006a, b) developed energy effi-

ciency standards for refrigerator-freezers in China and

reported potential energy savings and environmental ben-

efits of energy efficiency standards.Wiel and McMahon

(2005) wrote a comprehensive guidebook about global

standards and labels for appliances. However, there is no

such work for industrial motors in Malaysia. This study

will fill that gap and it is expected that this study will be

useful for policy makers of Malaysia and ASEAN regions,

researchers and industrial energy users. Moreover, this

study will create strong awareness about electric motor

energy savings and emission reductions.

Global status of electric standards and labels

Many countries already developed energy efficiency stan-

dards and labels and many are in the process of developing

them. A summary of present status of standards and labels

is shown in Table 2.

Minimum efficiency requirements or minimum energy

performance standards (MEPS) are a powerful tool to force

market transformation, as it can be seen in Fig. 2.

Energy savings by using a high efficiency motor

A high efficiency motor (HEM) uses low loss materials to

reduce core and copper losses. Therefore, it generates less

heat and requires smaller and more energy efficient cooling

fans. The most popular is demand-side management, one

aspect of which is to improve efficiency to offset load

growth. These facts have led electric-motor manufacturers

Table 1 Electrical motor

energy uses for selected

countries

Country Motor Energy use (%) Reference

US 75 Nesbitt (2008), Lu (2006a, b), Bouzidi (2007)

UK 50 Mecrow and Jack (2008)

EU 65 De Almeida et al. (2003), Anon (2004), Tolvanen (2008a, b)

Jordan 31 Al-Ghandoor et al. (2008)

Malaysia 48 Saidur et al. (2009a, b)

Turkey 65 Kaya et al. (2008)

Slovenia 52 Al-Mansour et al. (2003)

Canada 80 Sterling (1996)

India 70 Prakash et al. (2008)

China 60 Yuejin (2007)

Fig. 1 Share of motor energy use by type of end-use, in the industrial

sector in EU (De Almeida et al. 2003)
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to seek methods for improving the motor efficiency, which

resulted in a new generation of electric motors that are

known as energy-efficient electric motors. Several leading

electric motor manufacturers, mainly in USA and Europe,

have developed product lines of energy-efficient electric

motors (Akbaba 1999).

Historically, the primary goal in motor manufacture has

been to reduce production costs while preserving available

power. A motor can be made more efficient by

improvements in design: magnetic cores with plates made

of ferrosilicon alloys, better-filled slots using more copper,

larger rotor conductors, and improvements in air-gaps, core

heads, fans and bearings, and in the dimensional design.

High-efficiency motors typically cost 10–25% more than

standard ones (Garcia et al. 2007; CLASP 2009). Malay-

sian policy on the classification of motor is based on

CEMEP classification. In rating motors for high efficiency

standards in Malaysia, Suruhanjaya Tenaga (Energy

Commission of Malaysia) has adopted the EU’s EFF1 level

as the threshold, i.e. all motors with efficiency level equal

to or above the EFF 1 level efficiencies are to be classified

as high efficiency motor (HEM).

The aim is to make the industry realize that EFF 2 and

EFF 3 motors use more energy than EFF 1 motors. Motor

manufacturers representing 80% of the motor sales in

Malaysia have agreed and participated in the high effi-

ciency electric motor agreement (HEEMA) to support the

Suruhanjaya Tenaga’s initiative to promote greater use of

HEMs. To encourage use/sales of high efficient motors,

Malaysian government prodived following incentives:

1. For companies providing energy conservation services:

• Pioneer Status with tax exemption of 70% of

statutory income for a period of 5 years; or

Table 2 Test procedures and the legal status of energy efficiency standards and labels for electric motors for selected countries (CLASP 2009)

Country Test procedure Energy labels Efficiency standards

Mandatory Voluntary Mandatory Voluntary

Australia Yes No No Yes No

Brazil Yes Yes No Yes No

Canada Yes No No Yes No

Chile Yes U U U U

China Yes No No No Yes

Chinese Taipei Yes No No Yes No

Costa Rica No Yes No Yes No

Columbia Yes No Yes No Yes

EU Countries Yes No Yes No Yes

India Yes No Yes No No

Israel Yes No No Yes No

Malaysia No U U No Yes

Mexico Yes No Yes Yes No

New Zealand Yes No No Yes No

Philippines No U U U U

South Korea Yes No Yes No No

Poland No No Yes No No

Thailand Yes No Yes U U

USA Yes No No Yes No

Vietnam Yes No No U U

Note: U under consideration

Fig. 2 Effects on motor market of mandatory MEPS and efficiency

class labelling (De Almeida et al. 2002)
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• Investment Tax Allowance of 60% on the qualify-

ing capital expenditure incurred within a period of

5 years with the allowance deducted in each year

of assessment be set-off against 70% of statutory

income; and

• Import duty and sales tax exemption for equipment

used in the related project, which are not produced

locally. Equipment purchased from local manufac-

turers is given sales tax exemption .

2. For Companies which incur capital expenditure for

conserving energy for own consumption:

• Import duty and sales tax exemption for equipment

used in energy conservation, which are not pro-

duced locally.

• Equipment purchased from local manufacturers is

given sales tax exemption.

• Applications made to Chairman of Energy Com-

mission.

Mathematical formulations to estimate energy

savings using HEMs

Annual energy savings (AES) attained by replacing stan-

dard efficient motors with high energy efficient motors can

be estimated using the methodology described in Garcia

et al. (2007):

AES ¼ P� L� hr� 1

EEstd

� 1

EEhem

� �
� 100 ð1Þ

Annual bill savings associated with the above energy

savings can be calculated as:

Savings ¼ AES� C ð2Þ

where, AES is the annual energy savings (kWh), Sav-

ings = expected annual bill savings (US$), P is the motor

rated power (kW), L is the load factor (percentage of full

load), hr is the annual operating hours, C is the average

energy cost (US$/kWh), EEstd is the standard motor effi-

ciency rating (%) and EEhem is the energy-efficiency of

high efficiency motor (%).

Total number of motors with the capacities has been

collected from Saidur et al. 2009a. Motor usage time at

different percentage of loadings is shown in Table 3.

Formulations of emission reductions associated

with the energy savings

Emission estimation associated with the electricity gener-

ation by burning fossil fuels can be expressed by the fol-

lowing equation (Mahlia 2002):

EMi ¼ EPi

�
PE1

i � Em1
p þ PE2

i � Em2
p þ PE3

i � Em3
p

þ � � � þ PEn
i � Emn

pÞ ð3Þ

where EMi is the total emission for unit of electricity

generation (kg), Emn
pis the fossil fuel emission for a unit of

electricity generation of fuel type n (kg), EPi is the elec-

tricity production in year i (GWh), PEn
i is the percentage of

electricity generation in year i of fuel type n.

Tables 4 and 5 show input data needed to estimate

amount of emissions that can be reduced due to energy

savings for using energy efficient motors.

Mathematical formulations of payback period

A simple payback period for different energy saving

strategies can be calculated using Eq. 4.

Simple payback period yearsð Þ ¼ Incrementalcost

Annual dollar savings

ð4Þ

Input data needed to estimate energy savings and

payback period for different percentage of motor loadings

are shown in Tables 6 and 7. Average usage hours have

been collected from energy audit survey data. Efficiency of

standard and high efficiency motors have been collected

from Garcia et al. (2007). Incremental costs associated with

the usage of high efficiency motor have been collected

from Garcia et al. (2007). It should be noted here that there

is no comprehensive work on motors in Malaysia, so these

data have been used to provide some insight into the

amount of energy and energy costs can be saved along

Table 3 Electric motor operating hours

Motor loading (%) Operating hours per year

100 600

75 1,200

50 4,200

Table 4 Percentage share of fuel used to generate electricity (Mahlia

2002)

Coal (%) Petroleum (%) Gas (%) Hydro (%)

16.76 2.44 53.2 27.6

Table 5 Unit emission released by different sources of energy

(Mahlia 2002)

Fuels Emission factor (kg/kWh)

CO2 SO2 NOx CO

Coal 1.18 0.0139 0.0052 0.0002

Petroleum 0.85 0.0164 0.0025 0.0002

Gas 0.53 0.0005 0.0009 0.0005
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with emission reductions. Moreover, motors are manufac-

tured, sold and used around the world, so data from other

countries have also been used in this estimation.

Results and discussions

Using data in Tables 4, 5, 6 and 7 and Eqs. 1–3, energy

savings, bill savings and emission reductions associated

with energy savings for using high efficient electric motors

have been estimated and presented in Figs. 3 and 4 and

Tables 8, 9 and 10.

It has been found that more energy and electrical bill can

be saved for 50% of motor loadings. Using data from Fig. 3

and Eq. 4, energy savings and payback period for using

high efficient motor have been estimated and presented in

Tables 8 and 9, respectively. From Table 9, it has been

found that payback periods for using high efficient motors

particularly for 50% are economically very viable as there

are huge savings potentials at this loading. Table 10 shows

that huge amount of emission can be reduced associated

with electrical motor energy savings. It may be mentioned

that this savings are shown for about 111 industries in

Malaysia. However, there are many industries and they use

number of electric motors for different industrial processes.

If savings are estimated for total motor populations in

Malaysia, a sizeable amount of energy and emission

reductions can be achieved through this policy measures.

De Almeida et al. (2003) reported that 47 TWh can be

saved in industry and 14 TWh in the services sector for

using high efficient motors. Akbaba (1999) reported that

using an energy efficient motor will save about 79 MWh per

year in Bahrain. Cheek and Pillay (1997) mentioned that

about 650 MWh energy can be saved annually for motor

systems in petrochemical industry. De Keulenaer et al.

(2004) projected that implementation of energy efficient

motor can save 202 billion kWh of energy in EU industries.

Table 7 Efficiency of energy efficient and standard motors at different loads (Garcia et al. 2007)

Motor power (kW) Incremental price (US$) For 50% load 75% load 100% load

EEstd EEhem EEstd EEhem EEstd EEhem

0.75 21 70.05 75.28 74.43 79.49 77.00 80.97

1.12 25 76.04 80.06 78.03 81.28 78.50 82.55

1.49 27 77.2 80.02 79.29 83.07 81.00 83.55

2.24 60 77.78 82.44 79.87 84.55 81.50 85.01

2.98 61 81.07 83.69 82.39 85.24 82.90 85.96

4.10 68 81.15 84.35 84.73 86.5 85.48 87.75

5.59 91 84.07 85.51 86.23 87.58 86.61 88.69

11.19 100 83.85 87.56 86.45 88.9 87.58 89.5

14.91 111 84.92 88.32 87.58 89.85 87.94 90.44

18.64 186 86.03 88.51 88.39 91.05 88.95 91.64

22.37 273 89.43 89.89 90.54 91.73 90.7 91.83

29.83 371 88.15 90.39 89.86 91.91 90.36 92.85

37.29 678 88.77 90.86 91.33 92.72 92.44 93.02

44.74 887 90.03 91.51 92.15 92.84 93.05 93.62

55.93 1172 89.14 91.47 91.69 93.25 93.56 94.5
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Fig. 3 Energy savings for high efficient motors at different % of

loadings

Table 6 Unit electricity price for motor energy savings

Parameters Value

Average electricity cost (US$/kWh) 0.064
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Conclusions

Following conclusions can be drawn from this study:

(a) The study found that a substantial amount of energy

and utility bills can be saved if high efficiency motors

are used for industrial motors.

(b) It has been found that the payback period for using

energy efficient motors is reasonable (i.e. within

1–3 years).

(c) The study also estimated that emissions can be sub-

stantially reduced by applying energy efficient motors.

(d) Along with energy efficiency standard, energy guide

label which provide information about the efficiency
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Fig. 4 Bill savings for high efficient motors at different % of loadings

Table 8 Sum of energy savings for different percentage of loadings

Total energy savings (MWh) for loadings

50% 75% 100%

15,111 6,507 4,295

Table 9 Payback period for energy efficient motors

Motor power P (kW) Payback period (year) for load

50% 75% 100%

0.75 2.46 6.59 9.98

1.12 2.16 6.44 9.76

1.49 2.70 4.95 7.50

2.24 1.22 2.96 4.49

2.98 3.86 8.50 12.87

4.10 2.52 11.28 17.08

5.59 6.05 15.66 23.73

11.19 2.16 5.16 7.82

14.91 3.02 5.22 7.90

18.64 2.93 5.62 8.51

22.37 2.79 6.71 10.17

29.83 2.05 8.08 12.25

37.29 2.99 3.96 6.00

44.74 3.46 23.76 36.00

55.93 2.66 5.26 7.97

Table 10 Emission reductions associated with motor energy savings using high efficient motors

Motor power, P (kW) Emission (kg) for 50% load Emission (kg) for 75% load Emission (kg) for 100% load

CO2 SO2 NOx CO CO2 SO2 NOx CO CO2 SO2 NOx CO

0.75 308,789 1,848 871 188 115,108 689 325 70 76,071 455 215 46

1.12 25,524 153 72 16 8508 51 24 5 5505 33 16 3

1.49 118,110 707 333 72 64,560 386 182 39 42,540 255 120 26

2.24 508,475 3,044 1,434 309 210,197 1,258 593 128 138,630 830 391 84

2.98 1,641,535 9,826 4,629 998 746,698 4,470 2,106 454 492,961 2,951 1,390 300

4.10 66,562 398 188 40 15,014 90 42 9 10,009 60 28 6

5.59 78,073 467 220 47 30,028 180 85 18 20,019 120 56 12

11.19 88,082 527 248 54 36,534 219 103 22 24,022 144 68 15

14.91 1,688,579 10,108 4,762 1,027 976,413 5,845 2,753 594 644,603 3,859 1,818 392

18.64 651,609 3,901 1,838 396 339,818 2,034 958 207 224,210 1,342 632 136

22.37 238,223 1,426 672 145 99,093 593 279 60 65,561 392 185 40

29.83 582,545 3,487 1,643 354 147,638 884 416 90 97,591 584 275 59

37.29 243,227 1,456 686 148 183,672 1,099 518 112 121,113 725 342 74

44.74 1,071,502 6,414 3,022 652 156,146 935 440 95 103,096 617 291 63

55.93 251,235 1,504 708 153 127,119 761 358 77 84,079 503 237 51
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level of a motor should be established and its impact

on energy and emission reductions can be analyzed.

Education and information dessimation through mass

media may certainly play important role in creating

awareness about the benefit of energy efficient

products.
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