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Device used to vary the speed of an electric motor. To achieve energy
savings we will look at loads, such as pumps, blowers, and cooling
towers. For building HVAC, VFDs are purchased to achieve energy
savings by taking advantage of the Affinity Laws.

Includes built-in motor protection
Adjustable to the motor specifications.

Adjusts both the frequency
& voltage to the motor

Reduces the inrush current to
115% (pumps and fans) of the
motor rated current, possibly

reducing Peak Demand Charges.
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All AC motors use magnetic

fields. In the case of an AC
Induction motor, a magnetic
fleld 1Is made to rotate
around the outside of the
motor. These are called
Stator poles which then
causes a second magnet to
rotate following the outside
field. The second
electromagnet called the
Rotor IS connected to the
motor’s shaft, so it is
responsible for making the
output shatft rotate.
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Rotation of the motor

The frequency of the AC power determines the rotati  onal speed

of the rlnagnetic field.
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Across The Line Start

In the case of an AC Induction motor, the Stator
causes a rotating magnetic field which sweeps across
the bars of the rotor. This relative motion between the
magnetic field and the rotor bars induces an electric
current in the rotor. When the motor is started across
AC line, the rotating magnetic field immediately starts
at a high speed. Since the rotor bars are stationary,
this results in a large speed difference between them.
Thus inducing a large current in the rotor bars and
explains why such motors draw very large starting
currents. 600-1000%* Full Load Amp Rating.

Often this is a main cause of Large Peak Demand
Charges.
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~  Variable Frequency Drive Start

The VFD starts the motor by applying a low
frequency AC waveform to the motor and slowly
ramping it up to the desired frequency.
Remember, AC Frequency=Motor Speed.

Therefore, a major benefit of VFD’s is controlled
acceleration and deceleration . This can help in a
variety of ways.

Instead of attempting to immediately jump to full
speed, the motor can now smoothly come up to
speed In an user adjustable time period. This
can eliminate the shocks which are often
associated with starting motors. Extended belt,

coupling and motor life is the benefit gained.
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Application “Definitions

To get a good understanding of applications, it is
advantageous to understand.:

Torgue - twisting force that tends to produce rotation

Power - the rate of doing work. It is the product of torque
times speed divided by a constant (5250).

Load Torque - torque required to perform an application
Motor Torque - torque available from the prime mover
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“Power and Torgue”
Power = Torgue X Speed (n)
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“Power and Torgue”

Power = Torque X Speed (n)
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“Types of Loads”

Loads can be grouped into two basic categories:

Constant Torgue Loads
Load does not change with speed

Industrial loads like presses, conveyors, extruders,
compressors, mills, etc.

We buy VFD s for these applications to control the process,
Not to save energy.

Variable Torque Loads (Energy Savings Potential!)
Load changes with speed
HVAC, pumps and fans on industrial processes
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~ Drnives (VFDs) & Energy Savings

Heating Ventilation & Air Conditioning (HVAC) Fans
& Pumps are some of the largest electrical loads In
commercial buildings. Pumps and Fans are also

used in many industrial manufacturing processes.
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How did we control FLOW befo
Variable Frequency Drives?

Dampers & Valves (very inefficient)

Air Dampers & Valves limit flow by placing a
restriction in the system. Most HVAC pumps and
fans do not shut down when the system is satisfied.

Imagine pressing the accelerator of your car to the
floor and trying to slow the car down by pressing the
o010 Drakes at the same time...wasteful!



Fan & Pump Loads

The basic Affinity laws can be converted for use wi th
centrifugal fans and pumps.

Flow is directly proportional FLOW = RPM'’s
to speed.

No need for valves & dampers

Horsepower is directly HP= (RPI\/I’S)3
proportional to the cube of

the speed.

1 HP = 746 watts (How do we
pay for power?)

A 10% reduction in speed = 27% reduction in power!
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“Variable Torque Loads”

With a variable torque
load, torque loading I
a function of the spedy. Winter
The torque will changg

with the square of the

speed and the — Torque

Horsepower will B
change with the cube
of the speed.

FLOW=SPEED
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Some HVAC Perspective
1 Horsepower = 74vatts of electricity

50 HP = 37,300 watts or 37.3 Kilowatts
At 8,760 hours per year that equals

37.3 times 8,760 = 326,748 Kilowatt Hours
(kWh).
At 10 cents per kWh that equals

$32,674.80 to run a 50HP motor under
maximum load for one year.
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More HVAC PerspectiveSizing

How do we determine the size of our HVAC
System? Keep us at a constant
temperature and humidity year round.

Basic Criteria

Building Construction (insulation, solar
absorption, windows, wall construction, etc.)

Out Door Temperature Extremes (Hottest
and Coldest Day of the Year
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Annual Average Temperature
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VFDs Save Energy For HVAC

How can a drive save money?

Motor Is sized for maximum demand volume at a
constant speed

Maximum demand volume is required for small
percentage of total operating time (The Coldest
Day of the year, and the Hottest Day of the year)

Majority of operating time is spent providing
40% - 70% volume. 70% volume=70% speed

70% speed=34.3% power.
Almost 66% energy savings!

Dropping Motor Speed Means Energy Savings!
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VFED Additional Benefits

Potential power factor improvement up to .98

Provides accurate and repeatable control to
minimize system readjustment

Improved system efficiency (Example, Cooling
Tower VFD’s can improve Chiller efficiency)

Reduced audible noise

Greatly reduce maintenance cost of mechanical
flow controls

Reduced wear on motors, belts, and other
components, fewer revolutions per year

Equipment Life Span Increased Exponentially
with speed reduction & soft start!



Estimating Energy Savings

Motor Nameplate Data
Motor Hp
Motor Efficiency

Operating Hours of the Fan or Pump / Year

Load profile (% amount loaded and for how

long) For industrial processes, this needs to be monitored
to develop accurate savings numbers.

Cost per kWh
Drive and Installation cost
Utility Rebate
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HVAC LOAD PROFILE CHART

Fans at 60% of maximum flow* Pumps at 70% of maxim  um flow*

Ratio Flow control method Ratio Flow control method
0.32 Variable Frequency Drive

0.69 Inlet Guide vane 0.41 Variable Frequency Drive
0.94 Qutlet Damper 0.83 Discharge valve

0.94 Ride the Fan Curve 1.00 Bypass value

1.00 Bypass Damper 1.00 No Control

* The Power Ratio Data is a conservative assumption based on
HVAC applications which have shown that fans and pumps
operate, on average, at 60% and 70% of maximum flow rate
respectively.
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HVAC VFD ENERGY CALCULATION

Step 1. Convert motor HP to Kw:
HP x .746 = Kwl

Step 2. Multiply the Variable Frequency Drive Power Ratio (from Table above) times
Kwl from Step 1.

Ratio x Kwl = Kw2 (using VFD)

Step 3. Multiply the power ratio of the control method now being used (see table
above) times Kw1l from Step 1.

Ratio x Kwl = Kw3 (method now being used)

Step 4. Subtract Step2 Kw2 from Step 3 Kwa3:
Kw3 minus Kw2 = Kw4 (savings using VFD)

Step 5. Multiply Step 4 Kw4 savings times hours per year of operation times cost
per KwHTr of electricity:

_ Kw4x__ Hrsx$__ KwHr=%_
(Annual savings using VFD **)
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HVAC ENERGY SAVINGS

Example: A 60HP fan motor Is now operating
24 Hrs per day (or 8760 Hrs per year) riding
the fan curve for variable volume control

and the local utility charges $0.12 per KwHr:

Step 1. 60 HP x .746 = 44.76 Kwl

Step 2. .32 Ratio x 44.76 Kwl = 14.32 Kw2

Step 3. .94 Ratio x 44.76 Kwl = 42.07 Kw3

Step 4. 42.07 Kw3 - 14.32 Kw2 = 27.75 Kw4

Step 5. 27.75 Kw4 x 8760 hrs x $0.12/kwHr =
$29,170 Annual savings!

©2010



University of Rochester Central Utilities #9 Boiler Cogeneratiopgrade

500hp Forced Draft fan)

The Savings

The Cogeneration building has run continuously sinc e the shutdown without issue
and the variable frequency drive has not only prove d reliable but also efficient. The
energy savings we will realize for the first year w ill be $84,826!! We also took
advantage of the current NYSERDA rebate program and received a check for over
$19,000 for installing the variable frequency drive !

Just by installing this one VFD in the plant, not o nly are we saving on energy
consumption costs, but also eliminating 409 tons of CO02 into the environment, and
avoiding the RGE reactive power penalty for thison e application. We also eliminated

th
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e excessive fan noise and inlet air duct vibratio n problems.
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How does this Green Technology Really
make YOUbGREENS$?

VFDs save money due to the application of
pumps, and fans following the Affinity Laws.
HP=Speed cubed

The cost of electricity has, and will increase

The cost of VFD’ has decreased due to matured
technology

VFDs reduce Maintenance costs, & extend
equipment life span

Using VFDs greatly reduces energy consumption,
hence it is called environmentally GREEN

technology...l like to say it puts $SGREENS in your
pockets!
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