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Savings Considerations: Lifecycle vs.
First Cost for Installing Energy
Efficient Motors/VSDs

==

Motor Terminology and Performance
Factors

a
Load Factors and Ability to Estimate
Motor Loads

‘WVvariable Volume Options and
Frequency Drives (VFD)




ELECTRIC MOTOR MANAGEMENT

& Why bother?

™ Electric motor basics

™ Electricity and electric motors

™ Energy efficient electric motors

™ Electric motor inventories and rewind policies

& Motor drives

= VFDs

= Eddy current clutches

= Permanent magnetic drives
= Hydraulic drives, etc.

™ Electricity basics review

ELECTRIC MOTOR MANAGEMENT
WHY BOTHER?

™ A heavily used motor can cost 10 times its first cost to
run for one year!

I US motor use statistics
= Electric motors use over ¥; all U.S. electricity
= Motor driven systems use over 70% electric energy for many pla

= Motor driven systems cost about $90 billion to operate per yea :

ELECTRIC MOTOR MANAGEMENT
WHY SO DIFFICULT?

™ Load on most driven systems is unknown at least on
retrofits

™ Very difficult to determine load accurately through
measurements

™ Electric motor management is FULL of surprises
™ Yet, savings can be large (small percentage of a big
number is a big number)

™ Important note: Often oversized wiring (above code) is
cost effective in heavily used systems as it reduces I2R
losses. (CDA and Southwire Corp.)




ELECTRIC MOTOR MANAGEMENT
TYPES OF MOTORS

™ AC Synchronous motors

[ One to two percent or so (but large motors)

™ Large KW and slow speed applications typical

™ Similar in construction to induction motors, but more
expensive

™ More efficient, can be run at leading PF (Cos phi)

M Can generate or absorb reactive power

ELECTRIC MOTOR MANAGEMENT +
TYPES OF MOTORS

& DC Motors

™ Good for precise speed control and strong torque
properties

™ Not efficient, (historically) high maintenance, and
higher down time (commutator and brushes need
inspection and maintenance)

@ Newer brushless motors much better

™ Less than 5% of the motors today are DC (US)

™ Replacing with a VFD driven AC motor may be cost
effective especially if down time is reduced

TYPES OF MOTORS
& KW ___ (shaft power design- output)
& NLRPM (synchronous speed)
™ FLRPM (running RPM at design load)
™ LRA (starting amps - 1sec?) /; El
™ FLA (amps at design load and voltage)

™ Volts (design voltage)

& Max. capacitor

™ Efficiency (test vs. guaranteed)
™ Service factor




MOTOR NAMEPLATE DATA

™ Every motor has a nameplate which lists critical
information about the operation of the motor.
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MOTOR NAMEPLATE DATA +

TERMINOLOGY (US, NEMA)

NEMA (National Electrical Manufacturers
Association) standards used in US

Standard Efficiency Motors: Any Pre EPACT |
1992 motor (US Energy Policy Act of 1992)

Energy Efficient Motors: Motors meeting
EPACT 1992 requirements

Premium Efficiency Motors: Motors
exceeding EPACT 1992 requirements (extra
efficient, ultra high efficient, but these
terms are not used by NEMA)

JPremium efficiency motor
Or Ultra high efficiency
motor




ELECTRIC MOTOR BASICS
MOTOR SPEEDS

Alternating current, thus speed will vary with
pole pairs (inside motor, pole pairs between
stator and rotor)

One pole pair (2 poles) - one RPM per cycle (50
cps or Hertz); two pole pairs - %2 rpm per cycle,
etc.

Thus

50998 g SE€

SPEED=—__S€C____min_
number of pole pairs

SPEED = 3000, 1500, 1000, 750, 600, 500, etc.
(no other choices) for 50 Hz power to motor

ELECTRIC MOTOR BASICS SLIP

Design (Full Load) Slip = (NLRPM - FLRPM)
True (Actual) Slip = (NLRPM - RPM measured)
% Load = (True Slip)/(Design Slip)

Perfect indicator but very difficult to measure
accurately (+/- 1% typical)

Many don’t use this - why?

Difficult to measure accurately
Large motors are more efficient than small
motors (more later)

ELECTRIC MOTOR BASICS
SLIP EXAMPLE

™ FLRPM = 1460 (off name plate)

I Design KW = 50 (off name plate)

@ Measured RPM = 1476

& NLRPM = ? (obviously 1500)

™ Design slip = 1500 - 1460 = 40

™ True slip = 1500 - 1476 = 24 % load = 24/40 = 0.6 or 60%

™ True load = 50 KW x (0.6) = 30 KW

™ See plot next slide, motors run very well at 60% load

™ This motor will run very cool, is not causing a problem,
why bother!!
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MOTOR PERFORMANCE & EFFICIENCY DATA QQ'}

Efficiency and PF vs. Load:

POWER FACTOR

% 20 4«0 o a0 100
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Typical Efficiency vs. Load Curves for 1,800 rpm, Three-Phase,
60 Hz, Design B Squirrel-Cage Induction Motors
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Motor Efficiency Versus Output Power
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Efficiency Calculation Accuracy

600 HP Motor
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Proposed European Union-CEMEP Energy Effi
Classification Scheme for Two- and Four-Pole Induction Motors

WMinimum Nominal Efficiency
(as determined by Method IEC 34.2)
)

Class 2 Class 1
Motor Size (kW) 2-pole 4-pole 2pole | a-pole
11 76.2 762 82.2 838
15 785 785 84.1 850
22 810 81.0 85.6 86.4
3.0 826 826 86.7 874
4.0 842 842 87.6 883
55 85.7 85.7 88.5 89.2
75 87.0 87.0 89.5 9.1
11.0 88.4 88.4 %06 | 910
15.0 89.4 89.4 91.3 918
18.5 90.0 900 91.8 922
220 90.5 905 %2.2 926
30.0 914 914 92.9 932
37.0 920 920 933 93.6
450 %25 925 93.7 939
55.0 930 93.0 94.0 942
75.0 936 93.6 94.6 94.7

‘Source: European Unlon-CEMEP 1998




Input Current Versus Output Power
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ELECTRIC MOTOR MANAGEMENT-LOSSES IN MOTORS
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™ Note: This graph explains the efficiency drop off with load
reduction Source: “Electrical Motors and Energy Conservatio
Ronald Cota, Specifying Engineer, July, 1978.
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VOLTAGE AND FREQUENCY VARIATION
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VOLTAGE IMBALANCE IMPACT

¥ Increase In Losses
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M Leave existing motors alone until they fail except:
= Exceptionally oversized motors (25% loading or so)
= Sizes that are needed elsewhere (requires inventory)
™ When they fail, maybe buy new energy efficient
motors (EPACT or Premium) instead of paying for
rewind (much more on this later)
™ If financial incentives are available, much more

may be done
™ Premium efficient motors need economic help in muc|
of the country (PUC, Utility, motor mfgs.)




MOTOR BASICS-MOTOR REWIND

@ Most rewind motors over __ KW
M Typical rewinds cost 60+% of a new motor

& New motor could be an energy efficient motor
™ Motor efficiency often suffers during rewind. Average drop

about 1% according to one study & sometimes significantly more.
™ If efficiency drops, losses increases, motor runs hotter and won'
last as long
™ Rewinds can be done well. Use DoE rewind specifications, inspe
shop, and periodically requests tests. However, 1% still seems valid
™ Why does efficiency drop?
= Oven temperature of burnout and cure is critical

= Reassembly can cause more acute problems

PROPOSED MOTOR REWIND POLICY

™ If motor is energy efficient, go ahead and rewind, except

M If failed ODP motor is not energy efficient, scrap for
copper and buy a new energy efficient motor.

™ If failed TEFC motor is not energy efficient, scrap for copper an
buy a new energy efficient motor unless motor is larger than
KW. Then, rewind.

™ If rewind, use a good shop, use DoE specifications and periodic
inspect

M See reference, Horse Power, a DoE publication.

ELECTRIC MOTOR MANAGEMENT
ENERGY EFFICIENT MOTORS (INDUCTION)

™ Energy efficient %

= More copper - less resistance losses I2R or HEAT because ;’\
larger wire

= Lower loss core material

= Better fans and bearings more carefully lubricated

= Better engineering design Longer and heavier




ELECTRIC MOTOR MANAGEMENT
ENERGY EFFICIENT MOTORS

™ Energy efficient motor characteristics

= More efficient, and often higher power factor
= Save energy and reduce demand

double whammy with higher efficiency and hig
PF (Cos phi))
= Speed is slightly higher (can be critical)
= Significantly larger inrush (LRA)

$5$%5

™ Watch carefully energy efficient motor retrofits on
centrifugal applications

I Faster speed

= More volume (work)

= More power requirement (cube)

I Re-sheave to lower speed?

= Same (or less) volume

= Reduced power requirement

= Watch retrofit applications in other areas also e.g. screw
compressors

™ Watch LRA and circuit breakers

Table 2-8

Nominal Full-Load Efficiencies for the Most Efficient Three-
Phase, 1,800 rpm, NEMA Design B, General Purpose Induction
Motors Available: 1999

‘Open Drip-Proof

Horsepower
Manutacturer 12 3 5 15 102 075 100200
Baldor 855 86.5 89.5 895 91.0 910 941 945 950 954 9538
Dayton 855 86.5 90.2 805 917 917 941 945 NA 954 NA
GE NA NA 865 885 91.0 910 936 945 945 954 958
Lincoln 85.5 86.5 89.5 89.5 91.0 910 941 945 950 95.4 962
MagnaTek NA NA 895 895 917 1.7 936 945 941 954 954
Marathon 840 855 89.5 89.5 91.0 910 917 930 945 950 95.8
Reliance 87.4 88.8 89.3 893 895 913 930 936 95.0 954 958
iemens 85.5 855 875 885 902 902 930 936 945 941 950
TecoWestinghouse 840 86.5 87.5 885 91.0 910 93.6 94.5 95.0 945 950
Toshiba 840 86.5 895 895 917 91.7 941 945 950 954 962
U.S. Motors. 85.5 865 90.2 89.5 91.7 917 93.6 950 954 954 96.2
WEG 825 840 865 875 885 895 917 930 941 941 950

Average Premium - 862 87.3 897 895 889 917 940 945 950 954 950




.« Totally Enclosed Fan-Cooled

Horsepower
Manufacturer 1 2 3 5 15 10 25 50 75 100 200
Baldor 055 86.5 895 902 895 895 036 941 5.4 %54 062
Dayton 8.5 840 875 902 901 910 936 M5 941 %45 950
[ NA NA 895 895 910 917 936 941 045 950 958
Lincoln 855 855 895 895 901 910 941 950 950 958 %65
Mrathon 625 835 875 902 917 917 936 941 945 958 954
MagnaTek 845 865 885 895 910 910 930 941 954 %54 958
Relance NA 888 903 885 902 %02 %6 M5 950 954 %62
Siemens 840 865 895 895 895 895 930 936 941 945 958
TecoMestinghouse 86,5 865 89.5 89.5 917 91.7 936 945 954 %54 962
Toshiba 855 86.5 895 895 910 910 036 %41 5.4 %54 962
US. Motors 8.5 865 895 902 917 917 936 941 %54 %54 9.2
WEG 855 86.5 895 895 017 924 930 M5 945 950 962
Average Premium 859 869 895 897 917 917 937 945 964 %55 %2
Table 2-9

Minimum Full-Load Efficiencies for NEMA Energy-Efficient and
CEE Premium-Efficiency Open and Enclosed Motors

Eficiency Levels for ODP Motors

1,200 prm.
epac cee
Enery-
Eficent

Horsepower )

EEEEREEER - E PRS-

[ 1,800 rom

3600 pm
Epact P cee
Premiun- | Eneny- Energy- Premu:
Eficency | Efcion: Eilcent | Eflcioney
) ) %) )
& 25 25 NA 80
84 865 4 825 855
855 875 84 84 8.5
865 895 865 84 865
a5 895 875 85 895
885 917 885 875 895
%02 917 895 517 885 902
s02 o2z o1 93 895 o1
91 924 91 Ed e 924
517 3 517 95 of 53
924 936 524 4.1 o1 93
£ a1 £l 941 917 536
9 941 93 545 o4 936
536 5 38 95 93 541
936 % 94.0 5 3 945
841 5 841 954 93 545
o4 9.4 945 5.4 £ 95
945 558 £ 958 E 954
945 9.4 E 558 945 954

Efficioncy Levels for TEFG Mators

1,800 rpm 3,600 pm.
EPct e Epact
Energy- ium neroy- Premium-
Effciont Enficioncy Etcion Eniclency
Horsspower ) ) 1) )
1 825 855 755
15 ” 865 625
2 84 865 84
3 87.5 895 855
5 875 895 875
7.5 895 917 ses
10 895 917 895
15 i 24 %02
20 o1 93 202
25 92.4 936 o1
30 024 a36 o1
a0 () a1 91.7
50 a5 845 024
&0 936 95 98
75 941 954 93
100 9415 054 936
125 945 054 945
150 95 05’8 945
200 95 962 95

Note: Roported lovels are nominal afficiencies, representing the median efficiancy of a populati

motors of a given design as etermined by IEEE Method 112-6.

Sources: CEE 1996; NEMA 1999, MG 1, Section 12-10




ENERGY EFFICIENT MOTORS
CALCULATING SAVINGS

™ Power and energy savings depends of efficiency of
standard vs. energy efficient motor

KWNPxLF} {KWNPXLF
Stan EE

Power savings = kW, = { EFF EFF

Energy savings = Power savings x Time = kWe X
Operating hours

&
™ Facility has a 55 kW pump motor operating at an A

annual load factor of 70%

™ Existing motor is 87% efficient, and operates 4000
hours each year

™ Electric cost is $0.10 per kWh New 55 kW motor will
be 94% efficient

@ New high efficiency motor premium is about $1200

100% 100%}

S=kWNPxLFxCxNx[ Ea Eb

™ S = Annual savings in dollars on energy use
@ kWNP = kW Name Plate Rating

™ C = Energy Cost, dollars per kWh

™ N = Annual hours per year running time

™ Ea = Efficiency of standard motor

™ Eb = Efficiency of higher efficient motor

™ LF = Load factor of motor




CALCULATION OF ENERGY SAVINGS

100% 100%7
s-kWNwaxCxNx[ e Eb} L

9 0
S=55x%x0.7x%x $0.10 % 4000 X [100 % 100% }

87% 94%

100% 100%
S =55x0.7%$0.10 x 4000 x [ 7% ~ o0

ECONOMIC ANALYSIS OF MOTOR EMO

I Savingsis $1318.24

M Cost is about $1200

™ SPP = $1200/$1318.24 per year
= 0.9 years

$$$%

™ Energy efficient motors (used 2000 hours or more per

year) are almost always cost effective for new
purchases

™ Energy efficient motors as an alternative to
rewinds is almost always cost effective (2000+ hrs)

for all except large TEFCs (see earlier discussion)

™ Premium efficiency motors are difficult to justify
economically without DSM (design-side management
program) help unless hours are very high and energy is
expensive (bull frog is already close to the pond)




ELECTRIC MOTOR PRINCIPLES REVIEW

™ A three phase 50 kW motor with a load factor of 0.8
has an efficiency of 90%, what is the kW electrical
power input?

_ 50KWx0.80

kWin 0.90

= 44.44kW

44.44 kW

ELECTRIC MOTOR PRINCIPLES REVIEW

2. For the motor in 1, if the PF = cos phi = 0.7 and

%
voltage is 380 V, what is the kVA and what is the amp Sy
S

draw? =
PF = 0.7 = kW/kVA

0.7 = 44.44[/kKVA or KVA = 44.44/0.7 = 63.49 kVA
Also kVA = /3 x (kV) x | = (v3)(0.380) | = 63.49 kVA
1 = 63.49 / (\/3 x 0.380) = 96.47 amps

ELECTRIC MOTOR PRINCIPLES VIEW

3. Next, we want to correct the PF (cos phi) to 0.90. What size capacitor i
needed and what is the impact on the amperage?

AKVAR = 44.44 (tan cos-1 0.7 - tan cos-1 0.9) = 23.82 kVAR You will find
the value for () above in PF table (see Section K) (.536)

—
q‘ -
New KVA = 44.44/0.9 = 49.38 KVA = 49.38 = (kV)lV/3

| = 49.38/(0.380y/3) = 75.03 amps

Thus, PF correction dropped amperage (upstream of the capacitor) froi
96.47 to 75.03 amps or 22%

Also, new kVA = /3 kV | = 49.38 kVA




Table 117 Power-Factor Improvement®
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M Single phasing is the loss of one phase in a3

phase system

I Worst case scenario of voltage imbalance

™ Causes

= |n plant

= Pole hits
= Tree limbs
= Animals
= Lightning In other words, this does happen

ELECTRIC MOTOR MANAGEMENT
SINGLE PHASING




MOTOR PRACTICE PROBLEM

I A recent advertisement said a premium efficiency 50
KW motor is available at 94.5%. It would replace a
motor that presently runs at 90.7%. Given the
parameters below, calculate the cost of operating both

motors and the savings for conversion:

= Motor runs 8760 hours/year

= Demand cost is $10 per kW month
= Energy cost is $0.06/kWh

= Motor runs at 80% load all the time

MOTOR PRACTICE PROBLEM {

™ Cost to operate existing motor

= Demand
=Energy
=Total

™ Savings

MAR ACE




