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Why Using High Efficiency
Motors

Electric motors are the major prime movers
of various mechanical systems such as the
HVAC systems, water pumping systems and
other industrial machines etc. According to
EMSD's Energy End Use Database, HVAC
consumes nearly 48% of the electricity in
the office segment in the year 2004 while
industrial machines can consume up to
79% electricity of the industrial segment.
Improvement in motor efficiency can no
doubt help reducing energy consumption.
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What contributes to Improved
Motor Efficiency

Motor efficiency measures how well
electrical energy is converted into
mechanical energy. Compared with
conventional standard motors, which are
usually a compromise design between
performance and cost, high efficiency
motors are more efficient in converting
electrical energy into mechanical energy.
The improvement in energy efficiency is a
result of the following:

e Increasing the use of copper in the
motor's rotor to reduce copper
winding resistance losses and
improving temperature performance of
motor

e Improving the design of stator and
rotor with thinner laminated and
higher quality steel.

e Reducing the air gap between the

stator and rotor to increase the
intensity of magnetic flux.

e Improving the overall design to reduce
windage losses and stray load losses.
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B How are Motor Efficiency
Classified

The two major markets, i.e. the European
and the North American, have adopted
different designation schemes for
classifying efficiency of electric motors.

In the North American market, the Energy
Policy Act (EPAct) of 2005 mandated the
use of National Electrical Manufacturers
Association (NEMA) Premium efficiency
electric motor as the motors of choice for
federal procurement. Since the motors in
the North American market are working on
60 Hz supply line which is not compatible
with the local electricity supply networks,
the details of the EPAct requirement will
not be covered in this pamphlet.

In the European market, members of the
European Committee of Manufacturers of
Electrical Machines and Power Electronics
(CEMEP) signed a voluntary agreement
relating to motor efficiency. The
classification scheme under the voluntary
agreement provides customers and users a
clear designation of motor efficiency class
as highlighted in the table below:
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Coverage Motor Type
EREE EIRER

¢ 3 Phase AC squirrel cage Induction Motor
“HRRERENKEET

e S1 Duty class (continuous duty)
EETHES (S1)

e Totally Enclosed Fan-Cooled (TEFC)
E2EHYARE S A

Rated Motor Voltage

Low Voltage < 400V, 50Hz

BEETER BB < 400A% ' 50#F &
Motor Power 1.1kW - 90kW
B2 T Th & 11FE—90FR
Number of Poles 2 poles and 4 poles
& 2 B — & R &
Energy Efficiency | Class EFF1, EFF2 and EFF3
Classification Al

4k SE S 25 A KE
R @ D B Measurement Standard

85 12%

EN 60034-2

Designation Requirements

e Efficiency class on motor rating plate

2 0 M E TEETECEERETERIERH
e Efficiency at full load and 3/4 part load

declared in product document such as
product catalogues
EEMXH (WERBH) SH2ERH
EOH 2z =Z8&EKHRE

Certification Manufacturer declaration

R SEHEH

Under the agreement, manufacturers
will indicate efficiency designations on
motor rating plate. The appearance of the
designation label is shown below:
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Efficiency Class Designations
BEIR K v R B IR 7%



Efficiency class should be printed on

motor plate o
FET 19 B ) 3 25 AR B
TN,
C € o .

e min? fr.p.m. £
EES . p

Example: Efficiency class information printed on motor rating plate
BIF : FEEEFTBEE (B JE AT FBE R X v R B B #Y

R T



B i 3% &

Efficiency at full load and 75% part load to
be declared in a product document

ERXMHAABLRERTDZ =R H

XX
XX

Model |Output (kW) cosq)
XXX-XX XX XXXX XX.X xx XX.X XX.X
XXX-XX XX XXXX XX.X xx XX.X XX .X
XXX-XX XX XXXX XX.X xx XX.X XX.X
XXX -XX XX XXXX XX.X xx XX.X XX.X
XXX-XX XX XXXX XX.X xx XX.X XX.X
XXX-XX XX XXXX XX.X

Example: Efficiency at full load and 75 % part load declared in a product document
O F  EmXHHHAZBEHLEENSZ = BEBEHKNE

The efficiency of EFF1, EFF2 and EFF3
motors are as follows, with EFF1 being the
most energy efficient and EFF3 the least

energy efficient:
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For 4-pole motors

7 13 FE §]
EFF3 - motors EFF2 - motors EFF1 - motors
EFF3FE4T EFF2FE4T EFF1E4T

M (%) M (%) M (%)

1,1 < 76,2 >76,2 > 83,8
1,5 < 78,5 >78,5 > 85,0
2,2 < 81,0 =81,0 > 86,4
3 < 82,6 > 82,6 >87,4
4 < 84,2 > 84,2 > 88,3
5,5 < 85,7 > 85,7 > 89,2
7,5 < 87,0 > 87,0 =>90,1
11 < 88,4 > 88,4 >91,0
15 <89,4 =>89,4 =91,8
18,5 <90,0 >90,0 >92,2
22 <90,5 =>90,5 >92,6
30 <914 =914 =>93,2
37 <92,0 >92,0 > 93,6
45 <92,5 >92,5 >93,9
55 <93,0 =93,0 =942
75 <93,6 > 93,6 >94,7
90 < 93,9 =939 >95,0

For 2-pole motors

7 18 FE §T
EFF3 - motors EFF2 - motors EFF1 - motors
EFF3E4T EFF2FE 4T EFF1EE4T

Nx (%) M (%) M (%)

1,1 < 76,2 > 76,2 > 82,8
1,5 < 78,5 =785 = 84,1
2,2 < 81,0 > 81,0 > 85,6
3 <82,6 > 82,6 > 86,7
4 < 84,2 = 84,2 = 87,6
5,5 < 85,7 > 85,7 > 88,6
7.5 < 87,0 > 87,0 > 89,5
11 < 88,4 > 88,4 =90,5
15 <894 > 89,4 >91,3
18,5 <90,0 >90,0 >91,8
22 <90,5 =90,5 =922
30 <91,4 =914 =929
37 <92,0 =920 >93,3
45 <92,5 =925 =93,7
55 <93,0 >93,0 >94,0
75 <93,6 > 93,6 > 94,6
90 <93,9 =939 =95,0




What are the Savings in Using

High Efficiency Motors

Motor with higher efficiency (e.g. EFF1
motor) can reduce electricity consumption
to deliver the same amount of work done
currently driven by EFF3 or EFF2 motor. The
annual electricity cost saving by replacing
an existing motor with a high efficiency
motor can be roughly estimated by the
following equation:

FERERAEEATHESORER
R &

SHEREL (PIMEFF1E) AR D
REE B®HEMWENHEEFFIKEFF2
AT — 8 c BRMAFE T AR
BRAAEBREEITRRBREENREF
FEiamEE

Annual Operating Hours
BEETRH

Annual Electricity Cost Saving
BFEHENEE

Motor Rating (kW)
E{TREEE (TR)

BTR/NREE

= Hr xR x %FL x C x [—-—]

Electricity Cost per KWh

Percentage of Full Load

MEE DL

N

o,
Efficiency of Efficiency of
Existing Motor ~ New Motor
BAELT FEEST
YRk e

However, the cost of EFF1 motor is
significantly higher than EFF3 and EFF2
motor due to better materials and improved
overall design. The incremental cost of
EFF1 motor can be as high as 50% thus
giving users a first impression that they are
too expensive to use. However, it should
be noted that from a life cycle perspective,
the initial cost constitutes only a very small
proportion of the life cycle cost. Thus
in typical applications with reasonable
operating hours each year, the annual
saving will generally offset the incremental
cost within a short period of time. The
following worked examples illustrate all
this. The calculation is based on discount
cash flow analysis because the time horizon
is long:
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Example 1: Proportion of motor cost out BlF1: EEFTBCATE & 7 B B A AR AP AR

of the life cycle cost HE
Assuming the followings:
R
Capital Cost of Motor _
R . : $6,000
BT 6 & A A ALY )
Motor Rating
X (30 kW (F &
BEEE )
Efficiency .
a0 & :90.0% (EFF3)
Annual Operating Hours
3000 h N B
BEETRH ours (/1)
ie;maty Cost L $0.9KWH (2 / F FL/ B)
B35
Expected Life Span
. 10
BatiE a0 years (%)
Discount Rate
10%
1740 % °
Discount Factor for 10 years with discount rate 10% i _6.14
TOFEMAMEAT  HAERR10% = (1+10%)"
Annual Electr|C|ty Cost 30kW (FE) x 3000 hours (/)\E) Y SO.9KWH (7/ /1) = $90,000 ()
BEEE 90%

Life Cycle Cost = Annual Electricity Cost x Discount Factor + Capital Cost
EnEBAKAN = BFEE x FMEF + BEXAKAK

= $90,000 (7t ) x 6.14 + $6,000 (Jt.)

= $558,600 (7T )

Proportion of Capital Cost Within Life Cycle Cost $6,000 (JT) 1.07%

s, N . = = = . 0

B RBK AR TE A on B EA AR R ORT 4G B L Bl $558,600 (7T)
It can be seen from the example that the EMEG FERAREITNERRK KR GEm
capital cost of the motor only constitutes FEERAKNL1.07% @ B itk EITHEA
about 1.07% of the life cycle cost. Thus RAUHEGAER A SERA o

the life cycle cost itself is not sensitive to
the capital cost of the motor.




H Ig‘ﬁ Efficiency Motor
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Example 2: Savings in using high efficiency Blf2: FREREEITMEHENH
motor BN E

To appreciate the benefits in using EFF1 MG F1 NEFF1EITRAEFF3E

motor in lieu of the EFF3 motor in Example
1 above, the life cycle cost and payback
period for EFF1 are worked out based on

T #Be<EREYTE - BRTIK
B BEFFIET A ASAARE K

the following: H

Capital Cost of Motor _

N X :$10,000
BT 0 & AR $10,000 (7t)
Motor Rating

— 130 kW N
BIEEE Gzl
Efficiency
i : 93.2% (EFF1
o b (EFF1)
Annual Operating Hours
[ i e 3000 h N
SEBABY o ks
I;e;[naty Cost . $0.9/WH Gt/ T /B )
B35
Expected Life Span

o, 210
B3t/ 4 19 e GE
Discount Rate
1 10%

X °
Discount Factor for 10 years with discount rate 10% - o

10EMFMEF @ FNEAR10% ? SEIS

Annual Electricity Cost 30kW (FF2) x 3000 hours (/]\E)
BEEE 93.2%

1+10%

i=1

x $0.9/KWH (7r/ FE/)\Es) = $86,910 (7T)

Life Cycle Cost

S BEERA $86,910 (7£) x 6.14 + $10,000 (7T.)

= $543,627 (L)

T



From the above two examples, the annual
saving in using high efficiency motor is
$90,000 - $86,910 = $3,090/year. The
incremental capital cost for upgrading to
EFF1 motor from EFF3 motor is $10,000
- $6,000 = $4,000. Thus the pay back
period for the incremental capital cost can
be calculated as follows:

BEFrEMEN T SFAHEH%
#7290,0007T - 86,9107 = 3,090
T IBEFF3EIT M AEFF1IET AN
MEARKAZ10,0007T - 6,000 =
4,000 © AL A TF A K EHE LK
BARAKAME AL :

$4,000 (7T)
$3,090 (7T)

= 1.3 years (F)

What else to he Considered
when Upgrading Existing

Motors To High Efficiency
Motors

Operating Speed

For induction motors, the operating speed
is always less than the synchronous speed
(i.e. the rotating speed of the magnetic
field). The difference is called slip. The
equation defining the operating speed is
shown below:

ERAETURRRNEETRE
AEREMNE?

BURE
REETNETREARERNRLEE
(AHEMEBHREE)  MENZUE
ZoRBEETRENSREAMT

Operating Speed (rpm) _ 120x f

BITRE (B0EBEH)

. BE

\ Number of Poles

B2

Supply Frequency (Hz)
[ HEEE (Hi2L)

slip
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~ Some motor loads are very sensitive to the
operating speed of motor. Examples of
these loads are: centrifugal pumps, fans,
and etc. A slight increase in operating

speed may induce a large increase of

energy consumption. High efficiency
motors may have a higher rotating speed
(smaller slip) due to improved design.
This will offset the energy efficiency
improvement, or sometimes consume even
more energy than the existing motor due
to increased loading. During the upgrading
process, the following processes are
recommended:

e Check the type of motor load to
ascertain the sensitivity to operating
speed

e Measure the existing operating speed.

e Specify the operating speed in addition
to the nominal speed in procuring the
new high energy efficiency motor.

e If a close match of the operating speed
is not achieved with the procured new
high efficiency motor, some adjustment
to the drive train (e.g. belt drive pulley)
or modification of the load component
(e.g. trimming of a pump impeller) may
be necessary.
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Starting Current

High efficiency motors may have higher
starting current which may result in
nuisance circuit breaker tripping during
motor start up. This may occur in the case
of motors with direct-on-line starting. For
motor upgrading, the starting current
has to be checked and the circuit breaker
settings may need to be adjusted, if
required, to accommodate the increased
starting current. During the motor
procurement process, the starting current
may be included in the specifications for
product selection.

Starting Torque

High efficiency motors may sometimes
have lower starting torque than standard
motors. Motor loads within buildings are
usually not very sensitive to starting load,
but some motor load may be sensitive to
starting torque and thus has to be checked
to ensure that the high efficiency motor can
provide the required torque during starting.
Documentation of the existing motor may
contain information about the start torque
of the motor. As for the starting current,
the starting torque may be included in the
specifications for product selection during
the procurement.
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