








Design Guidelines for Energy Efficiency

"" '-rJ. I Electric Motor Replacements

3.7.1 Summary

Electric motor replacemem is an excellent opportunity to save energy and improve plant
operations. These opportunities begin by evaluating motor sizing to driven load, electrical power
supply, motor controllers, motor driven equipment and control methods, variable speed drives,
and power transmission components. College campus applications involving electric motor
drives can include ventilation loads (e.g., air handler fan), pump loads (e.g., chilled water pump),
and process load (e.g., refrigeration compressors). For the remainder ofthis guideline, these and
other applications will be referred to as motor systems.

Motor replacements are of two types: retrofit of an existing operating motor or replacing a motor
that has failed or burned out. Hawaiian Electric Company (HECO) currently offers fmancial
incentives for both types ofreplacemems of AC, polyphase motors. National Electrical
Manufacturers Association (NEMA) premium efficient motors should be specified to reduce
electrical energy consumption per application.

See Table 3.6 below for outline qualifying motor efficiency levels and potential rebate values.

3.7.2 Energy Code Requirements

Table 3.6: Hawaii EnerJ;Jl Code Requirements & Rebate Values -Revroduced

5.4
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I Size: I 2 Poie (3,600 rpm)
4 Pole (1,800 rpm) 6 Pole (1,200 rpm)

I Rebate(hp) iODP TEFC ODP TEFC ODP TEFC per Motor
1 I no no 85.5 85.5 82.5 82.5 I $15
1.5 I 84.0 84.0 86.5 86.5 86.5 87.5 I $22.50

2
1 85.5 85.5 86.5 86.5 87.5 88.5 I $30

3 I 85.5 86.5 89.5 895 88.5 89.5 I $45
5 I 86.5 88.5 89.5 89.5 89.5 89.5 $50
7.5 I 88.5 89.5 i 91.0 91.7 907 91.0 $75 .

10 I 89.5 90.2 I 91.7 91.7 91.7 91.0 $100

15 I 907 91.0 - 193.0 92.4 191.7 91.7 $120
20 i 91.0 91.0 93.0 93.0 I 92.4 91.7 $160
25 I 91.7 91.7 93.6 93-6 I 93.0 93.0 $200
30 I 91.7 91.7 94.1 93.6 I 93.6 93.0 I $210
40 ! 97.4 97A i 94.1 94.1 I 94.1 94.1 $240
50 I 93.0 93.0 I 94.5 94.5 I 94.1 94.1 $300
60 I 93.6 93.6 I 95.0 95.0 I 94.5 94.5 I $360
75 I 93.6 93.6 I 95.0 95.4 I 94.5 94.5 $450

i 100 I 93.6 94.1 ! 95.4 95.4 I 95.0 95.0 I $600
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3.7.3 Utility Incentives

Utility incentives are available as a rebate for High-Efficiency Motors from HECO, and are
shown on the far right column in Table 3.6. The rebate is rererenced to motor size in horsepower
(hp), minimum efficiencies ror 2-, 4-, and 6-pole polyphase motors with either Open Drip Proof
(ODP) or Totally Enclosed Fan Cooled (TEFC) enclosures. All applications are subject to
HECO review and approval. For a specialized motor that is not listed on the rebate table, an
applicant may submit specifications on a selected motor. HECO will consider these situations on
a case-by-case basis to determine if a particular motor can qualify for a rebate.

Rebate application instructions are available from HECO. Note that rebate levels and
availability are subject to change.

3.7.4 Recommendations

At facilitieswhere many electricmotorsexist,the followingguide canbe usedto set priorities:

.. Begin by looking at the motor systems that are problematic;

. Examine systems where motors or components are due for major maintenance or
replacement;

Inventory motors and identify ones that operate at least 1,000 hours per year, and are the
larger ill units on campus; and

'"

Examine motor systems with fansJpumpslblowers/compressors that have flow controlled by
throttling devices (typically dampers or valves).

Data to gather when assessing energy consumption and performance for evaluaTingreplacement
of motors should include nameplate data on each component in the motor system, manufacturer's
specifications and performance charts, process and instrumentation diagrams including the
conTrolsystem strategy (not always readily available), and field measurements.

'"

Data gathering in typical motor systems should include:

" Power Supply - Input voltage, conductor size, breaker rating, transrormer capacity and tap
settings, switchgear rating, phase balance, power factor and peak current;

Motor Controller - type, overload setting, starting characteristics and safety interlocks;..

Motor - type, horsepower, efficiency, manuracturer, voltage, peak current, frame size, hours
or operation, model number, RPM, multi-speed capability and NEI\1A design rating;

Power transmission - type, adjustable speed capability, speed ratio and torque rating;
"

.. Driven load - type, efficiency, power and speed rating, manufacturer and model, outlet
conditions;

..
Process load requirements - flow, pressure, temperature, speed and hours operated; and

Control methods - automatic, manual, measuring devices and operating techniques.
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Note that before servicing or taking field measurements, disconnect the power supply from
motors and use safe working practices throughout.

The purpose of data gathering is to establish specific operating points that match the output
capabilities of the motor with the system requiremems. Typically, motor efficiency is fairly
constant from 50 percent to 100 percent of rated load, with maximum efficiency near 75 percent
to 85 percent of rated load (see calculations below). Below 50 percent rated load, motor
efficiency can drop off quickly. Care should be taken in leaving an adequate, but not excessive,
safety margin.

Options to consider when a motor operates for eXTendedperiods of time under 50 percent loading
are two-speed motors and adjustable speed drives. Occasional high load demands may require a
motor that is oversized; for example, a boiler fan that must meet high demands during start-up.
Without an adjustable speed drive to control the speed of the motor, these type motor systems
typically use a method of throttling the fluid flow and will consume much greater amount of
energy when compared to an adjuStable speed drive application.

Overloaded motors can overheat and lose efficiency. While many motors are designed with a
service factor that allows for occasional overloading, running the motor continuously above rated
load reduces efficiency and motor life.

For larger motors, rewinding can offer the lowest life-cycle cost when a rewind facility with high
quality standards ensures that motor efficiency is not adversely affected.

To estimate motor load, direct read power measurements ate applied as follows:

P = V x I x PF x 1.732/1,000, where:

P = three phase power in kilowatts (kW)
V = RMS voltage, mean line-to-line of three phases
I = RMS current, mean of three phases
PF = power factor, mean of three phases, as a decL."'11al

Pr = rIP x 0.746/ Nr, where:

Pr = Input power at full-rated load (kW)
rIP = Nameplate rated horsepower
Nr = Nameplate efficiency at full-rated load

Load = (P / Pr) x 100 percent, where:

Load = Percentage of actual power to rated power
P = Measured input three phase electrical power (kWj
Pr = Input power at full-rated load (kv\')
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Data logging electrical power to a motor for a time per that captures typical operations, at a time
increment equal to or shorter than a utility meters reading period (typically 15 to 30 minutes),
can allow for adequate motor loading analysis and prove very valuable in determining whether or
not the motor is appropriately sized and/or whether a two-speed motor or adjustable speed drive
installation should be considered. If data-logging equipment is not available, and the input
power measurements ilbove can be assumed fairly constant, then annual energy operating costs
can be estimated as follows:

i\.n.nualEnergy Usage (kWb) =P (kW) x iillnual Hours of Operation (hI/year), and

Operating Energy Costs ($) = kWhlyr x Aggregate Cost per kWb ($/kWh)

Note that aggregate cost per kWh combines demand and energy usage utility charges to simplify
energy cost calculations.

The above information should be applied towards a simple payback and/or life cycle cost
analysis to determine whether or not a motor replacement makes economic sense.

Motor Loading Calculation Example:

An existing motor driving a boiler feed warer pump is identified as a 20-hp, 1,800 rpm unit with
a totally enclosed, fan cooled enclosure. Full-load motor efficiency is listed at 90.2 percent. The
motor is 11years old and has not been rewound. The motor system has been adequately
maintained throughout its life, and is not considered proble:t;natic. It is one of the higher
horsepower electric motors inventoried on the.campus though, and operates approximately
2,800 hours per year. An electrician makes the following measurements when it is in typical
operation mode:

Vab = 471V
Vbc = 469V
Vea = 468V

la.= 22 amps
Ib = 20 amps
Ie = 19 amps

PFa = 0.81
PFb = 0.79
PFc = 0.77

v = (471 + 469 + 468) / 3 = 469.3.volts
1= (22 + 20 + 19) /3 = 20.3 amps
PF = (0.81 + 0.79 + 0.77) 13 = 0.79

P = 469.3 x 20.3 x 0.79 x 1.732/1,000 = 13.0 kW

Pr = 20 HP x 0.746 / 0.902 = 16.54 kW

Load = (13.0 kW /16.54) x 100 percent = 78.8 percent
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Without data logging equipment available, and assuming that the measurements captures typical
operation, and an aggregate cost of energy equals $O.ISrk%, the annual energy usage and
operating costs can be estimated as follows:

Annual Energy Usage (kVlh) = 13.0 kW x 2,800 hrs/year = 36,400 kWhlyr

Annual Operating Energy Costs ($/yr.) = 36,400 kwD/yr. x $0. 1S/kWh = $S,460/yr
I

A few motor replacement options to consider exist. One could consider replacing the motor with I
a high efficiency IS or 20 hp unit, but note that the existing motor loading is within the rated

! load where maximum efficiency typically occurs, and that based upon the measured data,
downsizing to a 15 hp motor would place the motor above full load operation, and possibly
require modification to the existing motor frame and pump connection. A VSD installation
could be appropriate if more information regarding variation in system loading were available to
adequately analyze. For now, with the available data, replacing with a 20 hp, 1,800 rpm, TEFC,
93% high effiCiency motor will be considered, and calculations made below:

kW Reduction = Input Power - (Load x hp x 0.746/Efficiency of new motor)
= 13.0 kW - (0.788 x 20 hp x 0.746 / .93)
= 0.36 kW

Annual kWh Saved = 0.36 kWx 2,800 hrs per year = 1,008 kWn/yr.

iVIDual Savings = $O.15/kWh x 1,008 kWh/yr. = $151

With more economic cost inputs collected (including utility rebate, if available), simple payback
. and/or life cycle cost analysis would be appropriate at this point when considering motor
I replacement.

If one foregoes simple payback and/or life cycle cost analysis, the following rules-of-thumb can
be applied when considering replacement of oversized and properly sized motors:

Wnen motors are significantly oversized and under-loaded, replace with more efficient,
properly sized models at the next opportunit<j, such as a scheduled plant downtime.

When motors are moderately oversized and under-loaded, replace with more efficient,
properly sized models when the motors fail.

$ When motors are properly sized but standard efficiency, replace with energy-efficient models
that meet or exceed efficiencies listed in Table 1 above when the motors fail.

3.7.5 Long-Term Performance Issues

3.7.5,1 Maintenance

Clean motor surfaces and fan and inlet openings periodically. (A vacuum cleaner is preferable
VS.use of compressed air for blowing.) A heavy accumulation of dUSTand lint will result in
motor overheating and a shonened mOTOrlife.
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Lubrication is an important factor for maintaining efficient operation of motors, and larger
motors require periodic bearing gTeasing. Avoid over-gTeasingmotor bearings though, as over-
gTeasingtends to increase friction and leads to motor failure. Follow motor manufacturer's
maintenance requirements.

Maintain proper belt tension and alignment, otherwise increased power consumption and a
decrease in motor life will result.

Attention to increases or changes in vibration will signifYa bearing problem, load imbalance,
bent shaft or couple misalignment, all best caught early on and addressed prior to failure.

Check for balanced three-phase power, and over- or under-voltage conditions, as these can
shorten the motor life through excessive heat build up.

Inventory motors at the facility, particularly larger horsepower units and those that operate over
1,000 hours per year. The software described below can help with this inventory.

3.7.6 Eleciric Motor Software

Available electric motor software can help facilities determine potential energy savings by
replacing motors with high efficiency ones, as well as providing an inventory database for
existing electric motors. Current available software packages for facility maintenance and
engineering staff include the following:

Electric Motor Mana2:er. EM1- Described at the software website as "A full featured, yet easy
to use motor management software, where users can enter motor nameplate data ITomyour desk
or from the plant floor and the software will help you calculate motor operating costs, compare
your motors to higher efficiency motors including NEMA PremiumTMmotors, prioritize motors
for efficiency, analyze repair/replacement options, and track spare motors." Visit
http://www.drivesandmotors.com for additional information.

MotorMaster 4.0 - Developed for the U.S. Department of Energy by the Washington State
University Cooperative Extension Energy Program to support motor management functions at
medium-sized and large industrial facilities. It includes a large database of manufacturers
electric motors, provides analysis tools for simple payback and life cycle costing for motor
replacements. MotorMaster is available through the U.S. Dept. of Energy's Office of Industrial
Technology's web-site http://www.oit.doe.£ovlbestpractices/softvvare tools.shtrnl.
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