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As energy costs rise around the world, the incentive for facilities to
operate their equipment more efficiently will multiply. There are
mandatory means (regulations) that authorities use to enforce

conservation, and compensatory means (special rate tariffs) that Power factor improvement
Voltage unbalance

The Bottom Line...

Where to look for savings

reward users for using less energy. In either case, decreasing
energy consumption decreases the bottom line costs to the user.

Sidebars:
The first step industrial facilities should take toward effectively EI o1
reducing energy costs is to evaluate their motors — the number xample

Example 2

one energy consuming culprit. Motors in industrial facilities
consume by far the largest percentage of energy of any electrical
device used in the US infrastructure. Tens of billions of kWh are
consumed by motors each year, accounting for more than 25% of
all electricity sales in the US.

Rockwell Automation to sell
mechanical and motor business
DOE funds LED development

TVA awards transformer contract
Littelfuse completes Concord
Polyphase induction motors, more than 90% of which are squirrel ~ acquisition

cage, are the most commonly used. Because of their prevalence Schneider Electric to acquire IBS
throughout the industrial and commercial sectors, polyphase

induction motors offer a great potential savings opportunity in both energy and operational costs during
the motor’s useful life.

An adequate assessment of the impact that induction motors can have on an energy bill requires a
detailed knowledge of the motor’s many operational and electrical parameters. Permanently installed
monitoring devices are the most effective tool in the arsenal to reduce energy consumption, especially in
motors. Knowing which parameters to monitor and evaluate helps you save energy.

Monitoring your motors

Each motor within a facility operates with some level of distinctiveness from other motors. This
distinctiveness may be due to a combination of factors, which include:

Nameplate ratings
Voltages
Load/Application
Duty cycle
Environment
Adjacent loads
Impedances

Age.

The more knowledge that can be accumulated about a motor and how it operates, the easier it is to
reduce energy costs associated with that motor. Permanently installed monitoring systems are
particularly useful because they are able to capture a great deal of information over the motor’s life —
both real-time and historical.

Effect of voltage variations on induction
motor characteristics

Full load a
Power factor

| — Efaiery
— Starting a
Starting & maxirmurm torgue

Changes in motor performance (%)

-15 =10 -5 o] 5 10 15
Voltage wvariation (%)



Monitor induction motors to ensure energy efficiency http://www.manufacturing.net/ple/index.asp?layout=articlePrint&articl...
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Fig.1

A fundamental issue that can affect a motor’s energy usage is its suitability for the intended application.
Motors are designed to operate most efficiently at their nameplate rating. Selecting the wrong motor for
a particular application or operating the motor outside its recommended parameters decreases its
performance by introducing additional energy losses into the electrical system. Monitoring systems
identify many symptoms that result in reduced motor performance including deviations from various
nameplate parameters (Fig. 1).

Where to look for savings

Components of motor current

Inductive current component

Resistive current component

Fig.2

There is a wealth of information about a motor’s well-being buried in the characteristics of the electrical
signals at the motor’s terminals. With the motor’s nameplate data and these electrical characteristics, it is
possible to quantify many energy savings opportunities for a given motor. The fundamental electrical
characteristics include the voltage, current and frequency data for each phase. By collecting data on
these fundamental characteristics, monitoring devices can provide additional information needed to
maximize energy savings. This information includes:

Power factor

Voltage variations

Voltage unbalance

Motor load (based on current)
Harmonic distortion

Frequency deviations.

Monitoring systems also have the ability to measure and record temperatures, number of starts, running
time and even vibration through the use of I/O modules.
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Power factor improvement

The first and most obvious opportunity for motor energy savings is power factor correction. Most
monitoring systems provide a wide range of data directly or indirectly associated with power factor
including:

® Displacement power factor (total, and per phase)
® True power factor (total, and per phase)

® Distortion power factor (total, and per phase)

® Min/max power factor

® Reactive power and energy

® Real power and energy

® Apparent power and energy.

How does power factor relate to energy savings? Polyphase induction motors use current composed of
both resistive and inductive components (Fig. 2). The resistive component includes the load current and
the loss current; the inductive component includes the magnetizing current and the leakage reactance. It
is possible to cancel out the inductive current component by using capacitance. A capacitor does not
affect the magnetizing current or the leakage reactance of the motor. However, it offsets the inductive
component at the point in the circuit where the capacitor is installed. As more capacitance is added, the
power factor angle, &, becomes smaller until a unity power factor is achieved (& = 0). At a unity power
factor, the electrical system is at its optimum performance for maximum power transfer (see “Example
1"). Placing excessive capacitance in the circuit causes a leading power factor condition (& is negative in
this case), which can lead to serious complications.

Voltage unbalance

Voltage unbalance is both a leading cause of motor failures and a major contributor to energy losses in
motors. The subsequent current unbalance produces additional losses in the motor. Monitoring systems
are typically used to quantify voltage unbalance for power quality purposes, but may also be used to
provide information on the losses due to voltage unbalance at the terminals of three-phase induction
motors (see “Example 2”). The cost of energy losses is substantial in this case and will be further
multiplied by additional motors exposed to the voltage unbalance within the facility.

Other voltage quality issues adversely affect the efficiency of induction motors. Operating a motor at
90% of its rated nominal voltage results in roughly a 2.5% decrease in efficiency (Fig. 1). Harmonic
distortion at the motor’s terminals produces additional currents including counter-rotational (negative
sequence) currents that reduce a motor’s efficiency. Even variations in the system frequency result in
energy losses for motors. Each of these dynamics contributes to energy losses and present untapped
methods of reducing operational expenditures.

Historical and real-time data provided by monitoring systems is not only the key to locating motors that
are operating uneconomically, but these systems can allow the user to more easily determine the root
cause of the problem(s). Remedies that are employed can also be assessed on an “as needed basis” by
the monitoring system, and modified to insure they are effective. Concurrently, the return-on-investment
for a given solution can be easily established.

The Bottom Line...

® Permanently installed monitoring systems collect vast amounts of data that can be scrutinized
for motor savings.

® Actions taken to improve the motor’s efficiency will also increase the operating life of the motor.

® The payback period for improvements to the electrical system can be relatively short.

® Operating motors as closely as possible to their optimal parameters decreases capital expenses,
lowers process downtime, lowers stress on the supporting infrastructure and reduces operating
expenses — including energy bills.
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Example 1

A three-phase induction motor uses 200 A at a power factor of 0.78 (éold = 38.73 degrees).

Real (resistive) current = 200 x cos(0,,,) = 200x0.78 = 158 £ 0 Amps

Reactive (inductive) cument = 200 x sin(0,,) = 200x0.63 = 12515 £ 00" Amps
Total currant = 156 2707 + 125,15 .2°80° = 200 38.73° Amps

Mew reactive current = 156 270°x tan (18.19) = 51.26 .~ 90° Amps
Reactive current from capacitance = 12515 2790° - 51.26 7 00* = 73.80 .90° Amps

Mew total current ., = 156 270° + 51.26 290° = 164.21 £ 18.19° Amps

To ensure these values are correct,

The reactive (inductive) component can be reduced by adding a capacitive load (generally a capacitor
bank) near the motor. The capacitive load is also expressed as reactive in nature, but it uses the
current 180 degrees out of phase from the inductive load; thus, a canceling effect occurs (Fig. A). To
bring the power factor from 0.78 (€old = 38.73 degrees) to 0.95 (énew = 18.19 degrees), a capacitor
bank would have to be sized so that its corresponding current is:

A reduction in current (and energy) of approximately 18% is obtained by adding capacitance to the
system based solely on the power factor improvement*. Each kVArh of reactive energy passing
through an electrical system produces superfluous line losses and higher energy bills. Permanently
installed monitoring devices can quantify these losses and offer additional savings opportunities within
the facility.

*Note: A word of caution: Most industrial systems use motors with adjacent loads that are complex
(e.g, non-linear loads such as adjustable speed drives). These complex load-types may react
negatively to the addition of standard power factor correction capacitors due to the capacitors’
interaction with other frequencies produced by the complex loads. More information is available on the
internet regarding the interaction between complex-load types and power factor correction capacitors
(also see displacement power factor versus true power factor).
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Motor current with PF correction capacitors
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Example 2

A 200-hp three-phase induction motor operates 4,500 hours each year at an average load of 80%. The
motor’s efficiency (g) is 93% at 80% load, assuming a negligible voltage unbalance. However, it is
discovered after reviewing the monitoring system’s data that the average voltage unbalance to the
motor over the course of a year has been 3%. The facility’s average energy cost is $0.13/kWh and the

average demand charge is $16/kW.

The reduction in efficiency (based on Fig. B) is roughly 3.5% giving the new efficiency (cnew) as
89.5% (93% minus 3.5%). The losses due to the voltage imbalance are determined as follows:

Loss in efficiency (kW)

T E

100 | 1100 1| = 5.0zkw
805 |93

Loss in energy (KWh/fyear) = Loss in efficiency (kW) x Operational time (Hours/Year)

HP x 0.746 KW/HP x % Load [[E] _[‘U'” J

200HP x 0.746 KW/HP x BO%

Loss in efficiency (kW)

Loss in energy (kWh/year) = 5.02kW x 4,500 Hours/Year = 22,590 kWh/Year

Energy losses (§/Year) = Lossin energy (kWhjYear) x Energy cost ($kWh)

Energy losses ($/Year) = 22590 kWh/Year x $0.13/kWh = $2,936.70/ear

Demand charges ($/Year) = Loss in efficiency (kW) x Demand charge ($/KW) x 12 Months/Year

Demand charges ($MYear) = 5.02 kW x $16kW x 12 Months/Year = $963.84/Year

To determine the total cost due to the voltage imbalance each year,
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Efficiency reduction due to
voltage unbalance
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