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7.2 PUMP SYSTEM CHECKLIST 

Use pump operation and performance characteristics to identify efficiency opportunities.

System Information – Where and what is the pump used for?

Service/system:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

System description: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Annual operation (hours):  . . . . . . . . . . . . . . . . . . . . . . . . .

Pump manufacturer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Age (years):  . . . . . . . . . . . . . . . . . . . . . . . . .

❍ Constant flow ❍ Variable pressure
❍ Constant pressure ❍ Variable flow

Optimization Quick Check – More “yes” answers indicate a better opportunity to improve efficiency 

❍ Yes ❍ No Is the pump greater than 75 hp?
❍ Yes ❍ No Does the pump operate for more than 4000 hours per year?
❍ Yes ❍ No Are throttle valves installed? Does the pump recirculate more than 20% total flow?
❍ Variable torque loads with major energy-saving potential (refer to Section 8) 
❍ Constant torque loads with moderate savings potential 
❍ Constant horsepower loads with no energy-saving potential

Controls – Inspect pump system controls and indicator mechanisms

❍ Outlet throttle valve:  . . . . . . . . . . . . . . .% normally open ❍ Auto ❍ Manual ❍ Fixed
❍ Recirculation or dump to sump:  . . . . . . . . . . . . . . . . . .% flow
❍ ASD ❍ Eddy current ❍ Wound rotor  . . . . . . . . . . . . . . .% speed ❍ Hydraulic coupling
❍ Belt drive ❍ Gear reducer  . . . . . . . . . . . . . . .% ratio ❍ Direct drive 

Pump Information

Rated horsepower:  . . . . . . . . . . . . . . . . . . . . . . . . . . hp Rated speed:  . . . . . . . . . . . . . . . . . rpm
Actual: Flow  . . . . . . . . . . . . . . . . . . . . . . cfm Pressure  . . . . . . . . . . . . . . . . . . . . . kPa (if available)
Max. (rated): Flow  . . . . . . . . . . . . . . . . . . . . . . cfm Pressure  . . . . . . . . . . . . . . . . . . . . . kPa
Impeller type:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Motor

Motor manufacturer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Model:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . hp  . . . . . . . . . . . . . . . . . . . rpm  . . . . . . . . . . . . . . . . . . . NEMA  . . . . . . . . . . . . . . . . . . . Efficiency  . . . . . . . . . . . . . . . . . . FLA

Load Duty Cycle – Cost of power  . . . . . . . . . . . . . . . .$/kWh 

Average cost = Hours � Power (kW) � ($/kWh) 
Three-phase power (kilowatts) = 1.73 � Amp � Volts � Power Factor ÷ 1000 (Section 4.3)  

% FLOW HOURS MOTOR AMP MOTOR VOLTS DAMPER SETTING FAN RPM POWER kW AVERAGE COST

This checklist catalogues important information about equipment operation and its operation specifications. This information when
used with the equipment evaluation criteria helps to identify the best candidates for efficiency gains, propose changes to the purchase
specification, modify maintenance procedures and optimize equipment operation.



8 ADJUSTABLE SPEED DRIVES 

Adjustable speed drives (ASDs) offer a versatile method 
of precise speed control over a wide range

Many systems use constant speed motors and mechanically regulate process flow
using throttling valves, dampers, fluid couplings or variable inlet vanes. These
devices generally do not control flow efficiently because energy is dissipated 
across the throttling device. 

Electronic ASDs provide a cost-effective means of matching system performance
to the requirements of the process while saving significant amounts of energy. AC
variable frequency drives are used with standard squirrel cage induction motors. 

ADVANTAGES DISADVANTAGES

• precise process control and wide speed range • increased cost
• reduced maintenance compared with DC systems • maintenance

(brushes and commutators) • complexity
• energy savings
• soft starting and stopping with controlled 

acceleration/deceleration
• reduced noise levels

Drive applications are categorized with respect to power and torque changes 
in response to the motor’s speed. It is important to understand the type of load
presented for a particular application because not all are equally good energy-
saving opportunities for the application of an ASD. In fact, if an ASD is used 
on some loads there will be little or no energy savings.

Variable Torque Loads

In variable torque load applications, both torque and power change with speed.
Torque varies with speed squared, and horsepower varies with speed cubed. This
means that at half speed, the horsepower required is approximately one eighth of
rated maximum. Common examples of variable torque loads are centrifugal fans,
blowers and variable discharge pressure pumps.

The use of an ASD with a variable torque load often returns significant energy 
savings. In these applications the drive can be used to maintain various process
flows while minimizing power consumption. In addition, a drive also offers the
benefits of increased process control, which often improves product quality 
and reduces scrap.

Effective speed ranges are from 50% to 100% of maximum speed and can
result in substantial energy savings.
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Constant Power Loads

In constant horsepower applications, the power requirement remains constant at
all speeds, and the torque requirement varies inversely with speed. One example of
this type of load would be a lathe. At low speeds, the machinist takes heavy cuts,
using high levels of torque. At high speeds, the operator makes finishing passes
that require much less torque. Other examples are drilling and milling machines.

Typically, these applications offer no energy savings at reduced speeds.

Constant Torque Loads

In constant torque loads, the power is directly proportional to the operating speed.
Since torque is not a function of speed, it remains constant while the horsepower
and speed vary proportionately. Typical examples of constant torque applications
include conveyors, extruders, mixers and positive displacement pumps. For 
constant torque loads, the speed range is typically 10:1.

Usually these applications result in moderate energy savings at lower speeds.

8.1 APPLICATION CONSIDERATIONS

Most ASD installations achieve their objectives of improved process control,
energy savings and reduced maintenance. Their proper selection is dependent on
many considerations that are unique to each application. The following outlines a
number of areas that should be examined.

Control Options 

Each turbomachine type will have a somewhat different relationship of flow to
power for various flow-control devices. Available power savings are contingent
upon the degree of flow reduction. For example, for a fan requiring a small flow
reduction from 100% to 85%, the power saving is nearly identical for ASD control
or variable inlet vanes, which may be much cheaper. At less than 85% flow, ASD
control becomes increasingly more efficient than other methods.

Constant Head Systems  

Not all systems with widely varying flow requirements are good candidates for
ASDs. Many systems require constant pressure over a wide range of flows or have
a minimum head requirement. Even though flow may be substantially reduced, it
may be necessary to keep the turbomachine near full speed to meet the system’s
pressure requirements. 
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System Suitability

Knowledge of all points of operation of a system is crucial in establishing whether
there is an appropriate match of turbomachine performance and variable speeds
selected. Operation of a system at unstable speeds may cause damage to the 
equipment, the system or possibly both.

Surge Conditions  

Surge is characterized by strong pulsations that can be quite violent and destructive.
For this reason, the surge region of the performance curve is to be avoided.
Systems that have a constant static head may have operating points in a surge
region when operated under speed control.

Pump Run-Out Conditions

Installation of an ASD on a pumping system frequently involves the elimination of a
throttling valve. When the valve is removed and the pump is correspondingly slowed
down, it may see very little system resistance. This condition is called run-out and is
signified by high vibrations, impeller and seal damage, and piping pulsations. 

Shaft Natural Frequencies

Most turbomachines are designed to operate at a speed that is below the first 
natural frequency of the shaft. In certain cases, high-speed turbomachines are
designed to operate between the first and second natural frequencies. A speed
reduction for a machine of this type could result in operation at the first critical
speed. This would result in high vibration levels and possible failure.

Bearing Problems

Large fans are frequently built with shafts that use sleeve or journal bearings.
These fans may have very high breakaway torque requirements, particularly when
they have been at rest for an extended period. Selection of the drive and motor
should take into consideration this torque requirement to ensure that the necessary
requirements can be met. 
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8.2 ADJUSTABLE SPEED DRIVE CHECKLIST

The following lists information needed to evaluate whether the motor system is a suitable 
candidate for adjustable speed drives.

❍ Pump ❍ Fan ❍ Compressor ❍ Other:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Manufacturer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Model:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Rated power (hp): . . . . . . . . . . . . . . . . . . . . . . . .

Temperature Min.:  . . . . . . . . . . . . . . . Max.:  . . . . . . . . . . . . . . . Speed (rpm):  . . . . . . . . . . . . . . . Feedback control:  . . . . . . . . . . . . . . . . . . .

Torque:  ❍ Fixed ❍ Variable ❍ Fixed power Design pressure: . . . . . . . . . . . . . . . Design flow:  . . . . . . . . . . . . . . .

Variable controlled:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Speed/torque requirements: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Process requires precise control:  ❍ Yes ❍ No Reliability req’d:  ❍ Low ❍ Medium ❍ High

Schematic available:  ❍ Yes ❍ No Total operating hours:  . . . . . . . . . . . . . . . . . . Flow tolerance:  . . . . . . . . . . . . . . . . . . .

Pressure tolerance:  . . . . . . . . . . . . . . . . . . . . . . . . Specific gravity:  . . . . . . . . . . . . . . . . . . . . . . . Turn-down ratio: . . . . . . . . . . . . . . . . . . . . . . . . .

Operating Points (Consult manufacturers’ specification for power and speed data)

% FULL LOAD HOURS MACHINE MOTOR VOLTS MOTOR AMP POWER kW AVERAGE COST
RPM SPEED

Motor Data Supplier:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Manufacturer:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Serial number:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Model:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Size (hp):  . . . . . . . . . . . . . . NEMA type: . . . . . . . . . . . . . . . . . Frequency (Hz):  . . . . . . . . . . . . . Capacitors close:  ❍ Yes ❍ No

❍ Clean ❍ Dusty ❍ Acidic Ambient temp.:  . . . . . . . . . . . Enclosure type:  . . . . . . . . . . . Speed (rpm):  . . . . . . . . .

Voltage (V):  . . . . . . . . . . . . . . FLA:  . . . . . . . . . . . . . . . . . Efficiency (%):  . . . . . . . . . . . . . . . . . Total operating (hrs.):  . . . . . . . . . . . . . . . .

Monitoring and Control Supplier:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Electrical bypass:  ❍ Yes ❍ No Max. fault level:  ❍ Yes ❍ No

Auto restart:  ❍ Yes ❍ No Fault diagnostics: ❍ Yes ❍ No Fused inputs:  ❍ Yes ❍ No

Power dip-thru:  ❍ Yes ❍ No Adjust acceleration/deceleration: ❍ Yes ❍ No

Harmonics Supplier:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Non-linear load:  ❍ Less than 20% ❍ Greater than 20% Specify:  . . . . . . . . . . . . . . . . . . .%

ASD on separate circuit:  ❍ Yes ❍ No Level of protection required:  ❍ Low ❍ Medium ❍ High

Drive protection used:  ❍ Reactors ❍ Filters ❍ Isolation transformer

This checklist catalogues important information about equipment operation and its operation specifications. This information when
used with the equipment evaluation criteria helps to identify the best candidates for efficiency gains, propose changes to the purchase
specification, modify maintenance procedures and optimize equipment operation.



BREAKDOWN OF 
COMPRESSOR COSTS

9 COMPRESSORS AND COMPRESSED A IR  SYSTEMS

Energy savings through improved design and operation 
can range from 20% to as much as 50%

Compressed air is distributed throughout a modern facility via a pipe network and is
widely used in processes and to operate equipment. Although compressed air is ver-
satile and convenient, it is one of industry’s most expensive energy sources. 

A typical compressor operating at 100 psi produces about 4 cfm per hp, or 
about 0.23 kW per cfm. Using an average cost of electricity of $0.06 per kWh, 
1 cfm = $0.014/hr.

• 1 cfm over 8000 hours = $112

• 100 hp compressor over 8000 hours = $44,800

Every 2 psi of pressure drop on a 100-hp air system costs approximately 
$450 more per year.

It is important to determine what quality of air is required in terms of minimum
pressure and cleanliness from dirt, oil and moisture. The degree of air quality has 
a significant effect on power consumption from filtration, cooling treatment and
compressor capability. Instrumentation requires higher-quality air than hand-
operated tools. For example, many filters have a recommended changeout at 
8 to 10 psig. Stacking a particulate filter with a coalescing filter to achieve cleaner
air than required may result in a pressure drop across the two of 15 psig or more,
increasing costs by 7.5%. When selecting components, consider that 
electricity, maintenance and downtime costs outweigh the initial cost over the life of
the equipment. 

The two broad categories of air compressors are dynamic and positive displacement
machines. Dynamic machines use axial and centrifugal impellers to impart velocity
to the air, which is then converted to pressure. The most common positive displace-
ment machines are reciprocating piston, helical rotary screw, sliding vane and lobed.
In general, reciprocating compressors are more efficient than rotary types but can
be more costly to maintain. Two-stage flooded rotary screw compressors offer sig-
nificant power savings over single-stage compressors.

Motor Design

Sound-attenuating enclosures can raise ambient temperatures. Ensure adequate ven-
tilation is provided so that ambient temperatures do not exceed 75°C.
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9.1 OPPORTUNITIES FOR ENERGY SAVINGS

Relocate Air Intakes Outdoors

Install intakes in locations providing the cleanest, driest and coolest air possible –
outdoors if possible. The amount of moisture in air doubles approximately every
65°C. Air density increases as temperatures decrease, raising overall efficiency. 

Compressor Controls 

Compressors charge the system to the preset pressure and maintain it by various
methods, including load/unload, inlet modulation, recirculation, venting, stop/start
and speed control with adjustable speed drives. Target a pressure point and bring
on compressors as required. Average savings of 35% have been obtained when
variable speed drives are used to control air compressors.

Compressed Air Dryers 

Atmospheric air entering a compressor always contains water vapour, or humidity.
At 24°C and 75% relative humidity, about 3.6 litres of water per hp of compression
enters per day. Condensation can create downstream equipment operational 
problems, lead to corrosion, high-pressure drop, scale and air leakage. Choose 
filter systems with the lowest pressure drop. 

Air and Oil Cooling  

It is estimated that compressor cooling is approximately 5% to 7% of overall 
costs. Compressor systems give off high volumes of low-grade waste heat, which
can be used efficiently by some industrial processes, boiler feed water and heating 
or ventilation systems. 

Consider Alternate, More Efficient Methods

Low-pressure applications such as agitation, part ejection, cleaning, cooling 
and fume removal can be effectively done at greatly reduced cost by blowers or 
air amplifiers. 

Leakage is the Largest Single Waste of Energy Associated 
with Compressed Air Usage

In a typical plant, air leaks account for 20% of the total air usage, and can 
be as high as 50%. Tighten connections, replace cracked hoses and install 
pressure-driven drain valves.

Costs are approximate and are calculated using $0.06 per kWh and 8000 hours. 
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DIAMETER COST 
OF LEAK PER YEAR

0.3 cm (1/8 in.)    $2,000

0.6 cm (1/4 in.)     $8,100

0.9 cm (3/8 in.)    $18,500



Leakage Measurement 

An ultrasonic leak detector is recommended as an effective leak detection method.
Detect the exact location of leaks by applying a soapy water solution to the joints,
valves and fittings and look for bubbles. Overall leakage can be determined by
shutting down all loads and measuring the amount of time the compressor operates
after the system has been pressurized. Knowing how long the compressor runs and
the rate of compressed air produced allows the calculation of the cubic metres of
air consumed by leaks per hour. 

Use Lowest Pressure Possible 

If an application requires air pressure at a much higher level than the rest of 
the system, consider using a separate compressor or booster that is sized for the
function. The lower the pressure delivered to the plant, the lower the leakage rate.
Use pressure regulators whenever possible.

Use Adequate Sizing to Reduce Losses

Pipe pressure loss is proportional to pipe length; the square of the compressed 
air velocity in the pipe is inversely proportional to the pipe diameter. Every 
2 psi increase in pressure drop uses 1% additional power. Keep air velocities 
below 9 m/s. 

Reduce Compressor Cycling

Install one gallon of receiver capacity for every cfm of compressor capacity.
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10 WEB S ITES ON MOTOR SYSTEMS

The EnerGuide for Industry Web site, developed by the Office of Energy
Efficiency of Natural Resources Canada, provides tips and advice on purchasing
energy-efficient industrial equipment, including motors, lighting, transformers, 
and heating, ventilation and air-conditioning systems. The site helps users select
products based on energy efficiency criteria and provides a tool for calculating
energy and dollar savings. You can find this site at oee.nrcan.gc.ca/egi.

The following Web sites represent a starting point for obtaining unbiased 
information on energy-efficient industrial equipment. Information about 
specific brands and products can be found on individual manufacturer and 
supplier Web sites.

Hydro One Networks

www.hydroonenetworks.com

Go to “Customers” and select “Small Business.”

Click on “Energy Efficiency Tips and Tools,” select “Commercial Buildings” and
then select “Machines, Equipment and Motors.” 

Air Movement and Control Association International, Inc.

www.amca.org

Go to “Publications.”

Electrical Apparatus Service Association, Inc.

www.easa.com

Go to “Other Resources” and select “Directory of Technical Books.” Includes
information on motors and motor maintenance.

Drives Mag

www.drivesmag.com

Includes various articles and links relating to drives, their selection and installation.

United States Department of Energy’s Office of Industrial Technologies

www.oit.doe.gov/bestpractices

Presents information on compressed air, motors, process heating and steam.
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Leading Canadians to Energy Efficiency at Home, at Work and on the Road

The Office of Energy Efficiency of Natural Resources Canada

strengthens and expands Canada’s commitment to energy efficiency

in order to help address the challenges of climate change.




