
VFDs for Pumps: Benefits, Setup, and Best

Practices

Variable Frequency Drives (VFDs)  have become an essential  technology for controlling pump motors in

industrial,  commercial,  and municipal applications. A VFD (also known as a variable speed drive) allows

precise  adjustment  of  a  pump’s  motor  speed,  which  offers  significant  advantages  in  energy  efficiency,

process control, and equipment longevity. In fact, pumping systems are one of the largest consumers of

energy in industry (roughly 30% of industrial electricity use) , and energy expenditures often dominate

the life-cycle cost of pumps (in some cases ~90% of total ownership cost) . Using VFDs for pumps can

dramatically reduce these energy costs while improving system performance. This article will explore the

benefits  of  VFD-controlled  pump  systems,  guide  you  through  proper  setup  and  implementation,  and

highlight best practices and real-world examples from across the industry.

Benefits of Using VFDs on Pumps

Implementing a VFD to control  a pump’s motor speed provides a range of  benefits that improve both

operational efficiency and equipment health. Below are some of the key advantages:

Significant  Energy  Savings: By  matching  pump  speed  to  the  required  flow  or  pressure,  VFDs

eliminate excess energy usage. The power drawn by a centrifugal pump drops roughly with the cube

of speed – for example, running a pump at 50% speed can consume as little as 1/8th (12.5%) of the

power  compared  to  full  speed .  Even  a  modest  reduction  in  speed  yields  outsized  savings;

reducing flow by just 10% via a VFD can cut energy consumption by over 25% . These savings

directly  translate  to  lower  operating  costs  and  quick  payback  on  VFD  investments.  One  pump

industry  case  study  found that  replacing constant-speed pump motors  with  VFDs led  to  a  30%

reduction in energy per volume pumped (from 259 kWh/MG down to 179 kWh/MG) in a municipal

water treatment facility . This not only slashes electricity bills, but also helps facilities meet energy

efficiency targets and sustainability goals.

Improved Process Control: VFDs give precise control over pump performance, allowing the pump

to  maintain  exactly  the  pressure  or  flow  rate  required  by  the  process.  Instead  of  inefficiently

throttling flow with valves or cycling pumps on and off, a VFD adjusts motor speed in real time to

meet demand. This means a water supply pump can keep pressure constant across varying usage,

or an industrial process pump can deliver a precise flow rate as conditions change. Many VFDs have

built-in PID (proportional-integral-derivative)  controllers that use feedback from sensors (such as

pressure or flow transmitters) to automatically regulate speed and hold a setpoint. This yields stable

process conditions and better product quality.  It  also simplifies system design by eliminating

many mechanical control devices – no more pressure relief bypass or multiple valve adjustments,

since the drive handles it electronically. For example, integrating a pressure sensor with the VFD

allows a booster pump to maintain a constant discharge pressure without manual intervention .

Overall,  fine-tuned  speed  control  leads  to  smoother  pump  operation  and  greater  operational

flexibility.
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Reduced Mechanical  Stress  &  Wear: Starting  large  pumps  across  the  line  (direct-on-line  start)

subjects motors, pumps, and piping to high torque and pressure surges. A VFD provides a soft start

by ramping the motor up to speed gradually, which avoids pressure spikes (water hammer) and

mechanical  shock  to  couplings  and  impellers .  Likewise,  when  slowing  down,  a  controlled

deceleration prevents abrupt flow stoppages. By only running the pump as fast as necessary, VFDs

also reduce the overall stress on components. Pumps operating at full design speed 24/7 can wear

out faster, whereas a pump that often runs at a moderate speed will experience less bearing and

seal  wear.  One industry  expert  noted that  soft-starting via  VFD  lowers maintenance costs and

extends motor life by avoiding the stresses of full-voltage starts . In cyclic operations, the VFD

can even prevent motor overheating by limiting run time at high speeds or allowing cooling between

cycles .  All  these  effects  contribute  to  higher  reliability  and  longer  intervals  between  pump

overhauls. In addition, running pumps slower can mitigate issues like cavitation in some cases (since

lower speed = lower impeller suction vacuum), further protecting the pump internals.

Lower Operating Costs: Energy savings from VFDs not only reduce electricity bills but also often

reduce demand charges from utilities by smoothing out peak power draws. In the City of Columbus

example, the facility saw its peak demand drop from 60 kW to 30 kW after installing VFD-controlled

pumps , cutting costly demand spikes in half. Maintenance and repair costs also decline due to

reduced wear and tear. Over the life of a pump system, these savings in energy and maintenance

can far outweigh the initial cost of the VFD. Studies of pumping systems frequently show payback

periods  of  only  a  few  months  to  a  couple  of  years thanks  to  the  compounded  savings.

Furthermore, many utilities and energy agencies offer incentives or rebates for VFD installations on

pumps because of the clear efficiency benefits.

Elimination of Throttling & Improved System Design: Traditionally, when pumps provided more

flow or pressure than needed, systems relied on throttling valves or bypass lines to dissipate the

excess energy – essentially wasting energy as pressure drop. With a VFD, the pump can run at the

exact speed to meet demand, so these inefficient methods can be reduced or eliminated .

This not only saves energy, but also means the system can be simpler (fewer control valves or bypass

circuits)  and  maintenance  of  those  extra  components  is  avoided.  Additionally,  avoiding  high-

pressure throttling means the pump operates closer to its best efficiency point more often, which is

good for  both efficiency and pump longevity .  In  sum,  variable speed operation keeps the

pump near optimal efficiency across a range of conditions, unlike fixed-speed pumps that might

often run in suboptimal regions of their performance curve.

Adaptability  and  Special  Features: Modern  VFDs  often  come  with  pump-specific  intelligent

features that enhance operations. For instance, many drives include a “sleep mode” or automatic

stop when demand is low – the drive can turn the pump off when a pressure setpoint is met and

fluid demand ceases, and then automatically restart when pressure drops. This saves energy and

reduces wear from running at very low flow. Drives can also have a “no-flow” detection (by sensing

when the pump is running but flow/pressure aren’t increasing) to shut off a deadheaded pump or

prevent running dry. Some advanced pump VFDs even incorporate anti-jam or cleaning sequences

– e.g. automatically detecting when a pump or its impeller is clogged and momentarily running in

reverse  or  cycling  speed  to  clear  debris .  Cavitation  detection algorithms  are  another

cutting-edge feature: ABB’s ACQ series drives, for example, use a patented algorithm to sense the

onset of cavitation (via torque and speed fluctuations) and can automatically adjust speed or alert
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operators  to  mitigate  it .  Drives  with  such  intelligence  can  dramatically  reduce  unplanned

downtime by protecting the pump from damaging conditions. 

Multiple  Pump Coordination: In  systems with  parallel  pumps (such  as  municipal  water  supply

networks or HVAC chilled water systems), VFDs can coordinate multiple pumps efficiently. Rather

than running one pump at full speed while another idles, a multi-pump VFD control scheme can run

both at moderate speed, which is often more efficient and spreads the workload. Many VFDs have

built-in cascade control or multi-pump logic to manage this. For example, a drive can be set as a

“master” that maintains pressure by controlling its pump’s speed and sending start/stop signals to

additional pumps (with their own drives or across-the-line starters) as demand increases. The ABB

ACQ580 drive can directly  coordinate up to  8 pumps in a lead-lag arrangement,  automatically

alternating lead pump roles to balance runtime and triggering backup pumps as needed, all through

a dedicated drive-to-drive communication link . This ensures that no single pump is overused and

provides  redundancy  if  one  pump  or  drive  fails.  Other  manufacturers  offer  similar  multi-pump

control features – Eaton drives, for instance, support a multi-PID control mode that can manage

multiple  pumps  or  control  loops  simultaneously .  The  overall  result  is  smoother  system

operation, avoidance of surges when additional pumps kick in, and improved energy efficiency by

always operating pumps in their best efficiency range.

By leveraging these benefits, facilities can achieve energy cost reductions of 20–50% or more, more stable

and controllable process conditions, and longer equipment life.  The initial  investment in a VFD is often

justified  quickly  by  the  savings  and  performance  improvements.  It’s  no  surprise  that  VFDs  are  now

considered  a  best  practice  for  most  pump  systems  –  from  high-rise  building  booster  pumps  to  large

industrial process pumps, and from irrigation systems to wastewater treatment facilities.

Setting Up a VFD for Pump Applications

To realize the above benefits, a VFD must be properly selected, installed, and configured for the pump

application. Setting up a VFD for a pump involves several important steps and considerations:

Drive Selection & Sizing: Choose a VFD that matches the motor’s voltage and current requirements

and  is  rated  for  the  motor’s  horsepower  (or  kilowatt)  and  full-load  amperage.  It’s  generally

recommended to select a drive specifically designed for  variable-torque loads (VT) for centrifugal

pumps, as these drives are optimized for the torque vs speed characteristics of pumps and fans. For

example, Yaskawa’s P1000 family of pump drives covers motors up to 1000 HP and is tailored for fan

and pump applications with built-in energy-saving features . Ensure the VFD’s continuous current

rating is equal or above the motor’s nameplate current, and check that it can handle any overload

conditions if your application requires (most drives allow a short-term overload of 110-120% for a

minute or so, which is usually sufficient for centrifugal pumps that have reduced torque at lower

speeds). Also consider the supply voltage and phase – VFDs are available for standard three-phase

voltages (208V, 480V, 600V, etc.), and some models (usually lower HP) can accept single-phase input

if needed for smaller pumps or residential systems.

Motor  Compatibility: Not  all  motors  are  suitable  for  use  with  VFDs,  especially  older  standard

motors. A  VFD drives the motor with a rapid series of voltage pulses (PWM waveform) rather

than  a  pure  sine  wave,  which  can  impose  extra  thermal  and  electrical  stresses  on  the  motor.

Therefore, using an inverter-duty motor is highly recommended for VFD applications. Inverter-duty
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motors have enhanced insulation (to withstand voltage spikes from the VFD) and often have features

like a smaller fan (or a separately powered fan) to provide adequate cooling at low speeds. Refer to

standards like NEMA MG-1 Part 31, which provides guidelines for motors on VFDs (e.g. it recommends

larger insulation thickness and wire capable of handling the fast voltage rise) . If your existing

pump motor is not inverter-rated, you may still run it on a VFD, but take precautions: ensure the VFD

has output filters or dV/dt chokes to soften the pulses (more on that in Best Practices), limit the

length of cable between drive and motor (long leads exacerbate voltage spikes), and avoid running

the motor at very low speed for long periods (because its internal cooling might be insufficient).

Additionally, high-frequency currents from the drive can induce voltages on the motor shaft – over

time this may cause bearing damage if not mitigated. Using a  shaft grounding ring or insulated

bearings on the motor can prevent bearing EDM (electric discharge machining) caused by VFDs .

Many inverter-duty motors come with such features pre-installed or available as an option.

Installation Environment: Proper installation of the VFD is crucial for reliable operation. The drive

should be mounted in an environment within its rated temperature and humidity limits (typically 0–

40°C ambient for standard drives, though some are rated up to 50°C with derating) and protected

from dust, moisture, and corrosive fumes. For pump systems located outdoors or in wet areas (e.g.

wastewater pump stations), you may need a NEMA 4/4X or IP65 rated drive enclosure to protect

from water and dust. Ensure adequate ventilation or cooling for the VFD; they dissipate heat during

operation and often have cooling fans that  require  space for  airflow.  Follow the manufacturer’s

spacing guidelines – typically, you must allow a few inches of clearance around the drive and avoid

placing heat-producing equipment directly below it. Also consider the altitude of installation; at high

altitudes (usually above 1000 m), drives might need derating due to thinner air providing less cooling

. Vibration can be an issue if the drive is mounted on a pump skid – if so, use vibration isolators

or mount the VFD on a nearby wall/panel instead of directly on the pump base. By paying attention

to environmental factors, you ensure the VFD will have a long service life and not suffer nuisance

trips.

Wiring and Grounding: Follow best practices for electrical installation of the VFD. Use shielded VFD-

rated power cables for the connection between the drive and motor. These cables have braided or

foil shields and insulation designed to contain the high-frequency switching noise, which protects

nearby  instruments  from  electromagnetic  interference  (EMI)  and  reduces  the  risk  of  voltage

reflections.  Keep  the  cable  length  from VFD to  motor  as  short  as  practical  –  long  motor  leads

(generally over 50-100 feet) can cause voltage reflections that increase the voltage stress on the

motor windings . If long runs are unavoidable (for example, submersible pumps in a deep

well),  consider installing output filters on the drive (see Best Practices section for filter types) to

mitigate voltage spikes.  Grounding is  extremely  important:  the VFD should have a  solid  ground

connection to the facility earth ground, and the motor cable shield should be grounded at the drive

end (and usually  at  the motor end as well)  per manufacturer instructions.  Good grounding and

bonding will shunt high-frequency noise to ground and reduce the chance of interference or even

damage to the drive. Also be mindful of the  input power wiring – check if the drive requires or

recommends an input line reactor or AC choke to smooth the power (some drives have DC link

chokes built-in,  which help reduce input current harmonics and protect from surges).  Many VFD

installations include a circuit  breaker or disconnect switch upstream for safety and maintenance

purposes; if so, ensure it’s properly coordinated and that any fuses or breakers meet the drive’s spec

(fast-acting  semiconductor  fuses  if  specified).  Finally,  follow  National  Electrical  Code  (NEC)
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requirements (or local code) for conductor sizing, branch circuit protection, and grounding when

installing the drive.

Programming  and  Configuration: Once  the  drive  is  wired,  the  next  step  is  configuring  its

parameters for the pump and process. Begin with the motor nameplate data – program the drive

with the exact motor voltage, frequency (50/60 Hz), rated current, power (HP or kW), power factor,

and RPM. This allows the VFD to correctly model the motor and provide proper overload protection.

Then, set up the control method: you can run the drive in open-loop (volts/Hz) mode or sensorless

vector mode for  basic  speed control,  or  use the  built-in PID control for  closed-loop control  of

pressure/flow if you have a transducer feedback. For example, if maintaining pressure is the goal,

wire a pressure transmitter (4-20 mA or 0-10 V output) to the drive’s analog input and enable the PID

control in the drive. You’ll set a target setpoint (e.g. 50 psi) and the drive will automatically adjust

speed to hold that. Tune the PID gains as needed (many drives have an auto-tune or preset PID

values that work decently for slow systems like pumping). Configure acceleration and deceleration

times to ramp the pump up and down smoothly – a few seconds of ramp time (e.g. 5–10 seconds)

can prevent water hammer in piping. Some drives even have a “line fill” or pre-charge function (as

noted in Hitachi’s SJ-P1 pump VFDs ) which slowly fills pipelines when starting a pump to avoid

pressure surges. Set the minimum and maximum frequencies appropriate for your pump and motor.

For instance, you might restrict the VFD to not go below 30% speed if the pump’s flow becomes too

low or unstable at low RPM, and not exceed 100% (or a safe overspeed like 105% if the pump and

motor are designed for it). Enable protective features: these include underload detection (to trip or

alarm if the pump is running dry or against a closed valve), overload protection (the drive will trip if

the motor draws excessive current, protecting the motor from burn-out if the pump is jammed or a

downstream valve suddenly closed), and any process interlocks (for example, a low suction pressure

switch that tells the drive to stop if the supply tank is empty to prevent cavitation). Many pump-

oriented drives have specific protection modes; ABB’s ACQ drives can be set to fault on detection of

pump cavitation or dry-run via torque sensing or external sensor inputs . It’s a good practice

to use these features to safeguard your equipment.

Testing and Tuning: After programming, perform a  commissioning test.  Run the pump at low

speed first to verify rotation direction (if backwards, swap two motor leads). Then test the control

modes: if  using PID control,  observe how the pump responds to changing demand (e.g.  open a

downstream valve or simulate demand changes) and adjust PID gains to eliminate any oscillation in

pressure/flow. Check that the pump can reach the full range of required operation (for example, can

it hit the maximum flow needed at full speed? Does it maintain minimum pressure at low speed?).

Listen and watch for any problems like excessive vibration at certain speeds – if you find a speed

range where vibration or noise spikes (perhaps due to a mechanical resonance in piping or pump

structure), make use of the VFD’s  skip frequency function to avoid continuous operation at that

frequency . Most drives allow you to program one or more “skip freq” bands – the drive will then

automatically avoid running the motor at those speeds for extended time. Finally, verify all safety

interlocks (stop signals, level switches, etc.) correctly stop the drive when triggered. It may be useful

to log parameters or use the drive’s software tools (if available) to trend the motor load, speed, etc.,

during real operation to ensure everything is within limits. Once testing is satisfactory, you can ramp

up to normal operation.  Train the operators or maintenance personnel on the basics of the new

VFD system – such as how to adjust the setpoint, acknowledge alarms, or switch to manual bypass if

your system has one. Good initial setup and testing will  ensure the VFD-controlled pump system

runs smoothly from day one.
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By carefully selecting the hardware, following installation guidelines, and configuring the VFD properly, you

set the foundation for a reliable and efficient pump control system. Next, we will look at overarching best

practices that apply throughout the lifecycle of a VFD-driven pump system.

Best Practices for VFD-Pump Systems

When using VFDs with pump motors, there are several best practices that industry experts recommend to

maximize performance, safety,  and equipment longevity.  Many of these practices align with IEEE/NEMA

standards and manufacturer guidelines for VFD installations. Here are some of the top recommendations:

Use an Input Line Reactor or AC Choke: Installing a line reactor (inductor) on the input side of the

VFD is highly advised. Line reactors smooth out transient voltage spikes and limit inrush currents

from  the  power  supply .  They  protect  the  VFD  from  surges  (for  example,  utility  capacitor

switching transients) that could otherwise cause DC bus over-voltage trips or component stress. Line

reactors also reduce harmonic distortion by “rounding off” the sharp current waveform drawn by

the VFD’s rectifier . This benefits not only the VFD but the entire electrical system by mitigating

harmonic pollution. If your drive doesn’t have a built-in DC choke, adding a 3-5% impedance line

reactor is usually a cost-effective way to improve reliability. For drives above a certain size, IEEE 519

guidelines  for  harmonic  distortion  may  even  require  mitigation  –  a  line  reactor  helps  toward

compliance. In summary, a modest investment in an input reactor yields protection against voltage

spikes and smoother, more sinusoidal current draw.

Install  Proper  Grounding  and  Shaft  Grounding: As  mentioned  earlier,  VFDs  can  induce  stray

currents on motor shafts due to the high-frequency switching of IGBTs. Over time, these currents

can  discharge  through the  motor’s  bearings,  causing  electrical  pitting  and  fluting  that  ruin  the

bearings.  Shaft grounding rings or brushes provide a low-impedance path to ground for these

currents, protecting the bearings . Many motor manufacturers offer motors with shaft grounding

rings  pre-installed  on  VFD-ready  models,  but  you  can  also  retrofit  rings  (e.g.,  Aegis© rings)  on

existing motors. Ensure the ring is properly installed and maintenance keeps it free of dirt/oil so it

works effectively. Additionally, use  VFD shielded cable and ground connections as per the drive

manual. The cable shield should be bonded to the drive’s ground clamp and the motor’s ground

terminal, which channels high-frequency noise away from sensitive equipment. Avoid daisy-chaining

grounds – each component (drive, motor, etc.) should have its own solid ground to the common

earth point. Good grounding practices will also reduce electromagnetic interference (EMI) issues in

sensors, PLCs, or communication networks nearby. If EMI is a concern, you may also consider output

ferrite chokes or EMI filters on the drive output to further suppress high-frequency noise.

Output Filters  for  Long Motor Leads: When the distance between the VFD and motor  is  long

(typically  >  ~15–30  meters  /  50–100  feet),  the  cable  and  motor  inductance  can  cause  voltage

reflections of the PWM pulses. These reflections can lead to peak voltages far above the DC bus

level,  even up to  twice the DC bus voltage in  worst  cases ,  potentially  stressing the motor’s

insulation beyond its limits. To prevent voltage overshoot and high dV/dt at the motor terminals,

install appropriate output filtering devices when long leads are necessary. Options include: 

Output Reactors: A reactor (inductor) on the VFD output will slow down the rise time of the pulses and

slightly drop voltage, typically effective for cable lengths up to around 150 meters (500 feet) .
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dV/dt Filters: These are L-C filter networks specifically tuned to reduce the voltage rise rate (dV/dt) of

the drive output waveform. They can usually support longer cable runs (up to ~600 m or 2000 feet)

 by significantly cutting down the spikes.

Sine Wave Filters: These filters essentially convert the PWM output back into a near-sinusoidal

waveform. They are more expensive but very effective, and they aren’t distance-limited – you could

have very long motor leads with a sine filter . These are often used in marine or offshore pump

applications where motor cables can be extremely long.

Snubbers at the Motor: RC snubber circuits installed at the motor terminals can absorb reflections and

are another option for very long leads or particularly sensitive motors .

The choice depends on cable length, switching frequency, and how critical the motor is. In all cases, also

use VFD-rated motor cables with low capacitance, and avoid unnecessary splices or junctions in the motor

lead which can add impedance mismatches. By implementing output filters, you will  prevent premature

motor insulation failure and reduce nuisance tripping caused by voltage reflection issues.

Follow Cooling and Spacing Guidelines: VFD electronics are sensitive to heat. Always adhere to the

manufacturer’s recommendations for cooling. Ensure the drive’s cooling fans are operational and

that air intakes/outlets are not obstructed by dust. In dirty pump rooms or industrial environments,

periodically clean any filters on the VFD’s enclosure. Maintain the recommended clearance around

the drive – this often means not stacking other devices directly above or below it in a cabinet unless

adequate spacing or thermal shielding is provided. If multiple drives are in one panel, consider using

internal  cooling  fans  or  even  air  conditioning  for  the  panel  if  ambient  temperatures  are  high.

Overheating is a leading cause of VFD failures, so keeping the drive cool will prolong its life. Also,

avoid placing the VFD in locations with high vibration (as mentioned, move it off-skid if needed) or

corrosive atmospheres (which may require a sealed enclosure or conformal-coated circuit boards).

Many drives are designed for reliability with features like conformal coating and high temperature

ratings – for instance, Eaton’s drives include models rated for 50°C without derating and with robust

components for harsh environments  – but they will still benefit from a kinder environment.

Use Bypass or Redundancy for Critical Pumps: If the pump system is mission-critical (for example,

a fire pump, or  a  cooling water pump that  cannot be off-line),  consider incorporating a  bypass

contactor or backup system. A bypass allows the motor to be fed directly from mains in case the

VFD fails or needs maintenance – essentially it’s a contractor circuit that can isolate the VFD and

connect the motor to the line at full speed. This ensures the pump can still run (albeit at full speed

only)  during  emergencies  or  drive  downtime.  Some VFD packages  (especially  in  HVAC or  water

systems) come as  bypass panels with this functionality built-in. When using a bypass, make sure

there are proper interlocks so the VFD is fully disconnected before the motor is connected across the

line  (to  avoid  backfeeding  the  drive).  Additionally,  if  two  pumps  are  installed  in  parallel  for

redundancy, you might equip both with VFDs such that either one can handle the load if the other

fails. The VFD control logic (or an external controller/PLC) should alternate usage to keep wear even.

Having backup strategies in place adds reliability to the pumping system.

Program Skip Frequencies to Avoid Resonance: As briefly noted, pumps and the systems they

connect  to  (piping,  mounting  structures)  can  have  natural  frequencies of  vibration.  Running a

pump at certain speeds might excite these resonances, causing excessive vibration that can damage

bearings, couplings, or piping supports. ANSI/HI standard 9.6.8 provides methods to evaluate pump

dynamics and identify critical speeds . Once known, you can configure the VFD to skip over those

frequencies. For example, if a pump exhibits strong vibration at 45 Hz, you could set a forbidden
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band around 44–46 Hz. The VFD will  then ramp through that range quickly and not steady-state

there. This way you still  get variable speed flexibility without lingering at a damaging speed. It’s

important to observe the pump during commissioning at various speeds to catch any such issues. In

practice, many VFD-controlled pumps run very smoothly, but large pumps (especially if not originally

designed for variable speed) should be checked for any resonance or hydraulic instabilities at partial

speeds.

Leverage Pump-Specific Drive Features: Make use of the special features your VFD offers for pump

control. For instance, sleep mode (also called “pump auto-stop”) is common – this stops the pump

when the setpoint is met and the drive’s output frequency drops below a threshold for a certain

time.  It  essentially  prevents  the pump from dribbling at  a  very  low speed when there’s  no real

demand,  which  saves  energy.  Another  feature  is  automatic  rotation  (lead/lag) in  multi-pump

systems: many drives or pump controllers will rotate which pump is the “lead” after a set number of

hours or cycles, to distribute operating hours evenly. Line fill and pipe leak detection functions are

available on some drives: line fill will gently ramp up flow to fill pipelines (preventing water hammer

on start), and leak detection can detect if the pump is having to cycle too often (indicating a possible

leaking pipe or tank).  Underload and overload alarms can give early warning – e.g.  underload

might indicate a pump running dry or a broken coupling, overload might indicate a clogged impeller

or closed discharge valve. Configure these to alarm or fault at appropriate levels.  Utilizing these

smart features can significantly improve reliability. As an example, ABB’s dedicated water drives can

automatically detect a dry-run condition and stop the pump to protect its seals , and Hitachi’s SJ-

P1 drives have a built-in PID specifically for pumps with a sleep function and a “line fill” mode to

manage pipe pressurization . Familiarize yourself with your drive’s pump control menu – enabling

these functions typically just requires parameter changes, and they act as valuable 24/7 “guardians”

of your pumping system.

Monitor  and  Maintain  the  System: Once  your  VFD-driven  pump  is  operational,  implement  a

routine monitoring and maintenance plan. Many modern VFDs can provide a wealth of data – such

as real-time power usage, speed, torque, and even diagnostics like counting how many times it went

into current limit or any fault history. Some even have IoT connectivity for remote monitoring. For

example, Eaton’s pump panels offer remote monitoring via cellular gateways for irrigation systems

. Use this data to your advantage: track energy consumption, look for trends (a gradual increase

in  power  for  the  same  flow  could  indicate  pump  wear  or  fouling),  and  keep  an  eye  on  drive

temperature or any warnings. On the maintenance side, periodically inspect the VFD installation:

tighten any electrical connections (vibration and thermal cycles can loosen them over time), clean

out any dust from cooling vents, and if the VFD has internal fans, consider replacing them every few

years as their bearings wear (some drives will alert on a failed fan). Also maintain the motor and

pump: lubrication, alignment, and so forth, since a healthier pump places less strain on the drive. If

the drive is in a critical application, having a spare VFD or spare circuit boards on hand is a good

idea so you can swap out quickly in event of a failure. By treating the VFD-pump system proactively,

you’ll ensure long-term, trouble-free operation.

Following these best practices will help avoid common pitfalls and ensure you get the maximum benefit

from  using  a  VFD  on  your  pump.  In  the  next  section,  we’ll  look  at  some  real-world  applications  and

successes  with  VFD-controlled  pump systems,  illustrating  how these  principles  come together  to  solve

problems.
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Real-World Applications and Examples

VFDs for  pumps are used across a wide range of  industries,  delivering tangible improvements in each

domain.  Here  are  a  few examples  and applications  showcasing the  benefits  discussed,  along with  the

involvement of various major drive manufacturers:

Municipal Water & Wastewater: Perhaps the most widespread use of pump VFDs is in city water

supply systems and wastewater treatment plants. These facilities face highly variable flow demands

– from overnight lows to daytime peaks – and pumps often ran inefficiently at full speed with throttle

control in the past. By retrofitting VFDs, municipalities have saved enormous amounts of energy and

improved reliability. For example, the City of Columbus wastewater plant case mentioned earlier not

only achieved a 30% energy reduction per volume pumped, but also reduced their peak electrical

demand by 50% . Another common benefit is improved wet-well level control at lift stations:

with VFDs, pump startup and shutoff levels can be optimized to reduce pump cycling and avoid

surges in the sewer force mains. Major manufacturers have developed water-industry-specific VFD

solutions –  ABB’s  ACQ580 series  drives  are  a  prime example,  offering features  like  multi-pump

control,  cavitation  and  dry-run  protection,  and  even  specialized  firmware  to  handle  wastewater

pump  clogging  issues .  ABB  drives  were  used  in  Auckland,  New  Zealand’s  water  system

during a drought to optimize pumping and are credited with significant energy savings and more

stable  supply .  Likewise,  Schneider  Electric  and  Rockwell  (Allen-Bradley)  have  targeted

solutions (Altivar  Process  drives,  PowerFlex  drives  with  Add-on-Profiles  for  pump control  etc.)  in

many water plants. For wastewater aeration blowers (a related application), VFDs slash energy use

and  allow  precise  dissolved  oxygen  control.  These  municipal  examples  underscore  how  VFDs

contribute to sustainability and lower operating costs on a large scale.

Building HVAC and Booster Pumps: Commercial buildings such as high-rises, hotels, campuses,

and hospitals use pumps for domestic water boosting, chilled water circulation, hot water heating,

and condenser water in HVAC systems. These loads vary with occupancy and weather, making them

ideal for VFD control. A classic example is using VFDs on  chilled water loop pumps and  cooling

tower  water  pumps:  as  cooling  load  drops  (e.g.  in  the  evening),  the  VFD  slows  the  pumps,

maintaining just enough flow/pressure for the chillers and air handlers. This can save 30-50% of

pumping energy and also improve temperature control. In domestic water booster systems, VFDs

maintain  constant  water  pressure  despite  fluctuating  usage  across  floors,  eliminating  pressure

fluctuations  and  frequent  on/off  cycling  of  pumps.  Many  modern  “packaged”  booster  pump

systems come with integrated VFD controllers for this reason. For instance, a luxury hotel in Dubai

found that retrofitting VFDs (Invertek Optidrive Eco units) to its HVAC system pumps and fans yielded

about  25%  reduction  in  energy  costs for  climate  control .  Yaskawa’s  P1000  drives  are

commonly deployed in large building HVAC systems due to their reputation for reliability and simple

integration into control systems. Eaton offers the H-Max series drives specifically marketed for HVAC

and pump applications,  which  include  features  like  built-in  BACnet  communications  and energy

optimization routines. In sum, VFDs have become a standard in building services – so much so that

energy codes and green building standards (like ASHRAE 90.1 and LEED) encourage or award points

for VFD control on pumps and fans. Facility managers appreciate not only the energy savings but

also the soft-start reduces pipe stress (less pipe movement and fewer leaks) and the quiet operation

(pumps running slower generate less noise and vibration).
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Industrial Process Pumps: From chemical manufacturing to food processing to mining, industrial

sites employ countless pumps (for process fluids, cooling water, boiler feed, etc.). Process flexibility

and product quality are key drivers for VFD adoption here. For example, a chemical plant might use

a VFD on a dosing pump to precisely control the flow of a reactant, adjusting speed based on real-

time feedback from a flowmeter to maintain recipe proportions. This level of control can improve

product  consistency  and  yield.  In  other  cases,  a  plant  might  have  multiple  production  lines  or

intermittent processes – using VFDs allows pumps to ramp up and down or idle as needed, rather

than running full bore continuously. The reliability aspect is also crucial: sudden pump failures can

halt production, so the soft start/stop and protective features of VFDs help avoid water hammer and

pressure  excursions  that  could  damage  equipment  down  the  line.  Many  industrial  VFDs  (like

Rockwell  PowerFlex  755  or  Siemens  SINAMICS  drives)  are  programmed  with  custom  logic  to

coordinate with process controllers. As for manufacturers mentioned: Hitachi drives are often found

in general industry due to their robust design – the Hitachi SJ-P1 series, for instance, provides heavy-

duty performance (able to deliver 200% torque at 3 Hz for demanding loads)  and includes

pump-oriented features such as an internal PLC-like controller and pump sleep mode. This can be

useful in scenarios where a pump might need to maintain a tank level – the drive itself can handle

start/stop logic based on level sensor input without a separate PLC. Lenze/AC Tech drives (SMVector,

etc.)  are another example, frequently used on smaller industrial pumps and mixers; they include

simple  PID  control  that  is  easy  to  set  up  for  maintaining  pressure  or  flow.  These  industrial

applications  highlight  that  VFDs  not  only  save  energy  but  also  act  as  smart  control  devices,

enhancing automation and responsiveness of pumping systems in manufacturing environments.

Agriculture and Irrigation: In farming operations, pumps are used for irrigation water supply, and

requirements can vary with weather, time of day, or irrigation cycles. VFDs allow farmers to optimize

energy use and better control water distribution. For example, an irrigation district might have VFDs

on canal lift pumps so they can adjust flow to match scheduled deliveries to farms, avoiding spills or

oversupply.  Individual  farmers  using  well  pumps  or  booster  pumps  with  center-pivot  irrigation

systems also benefit – as different sections of a field are watered, the system can modulate pump

speed to maintain the target pressure, rather than pumping at full power against a throttling valve.

The  result  is  a  significant  drop  in  energy  consumption  and  often  improved  water  application

uniformity  (because  pressure  is  steadier).  Manufacturers  have  noticed  this  sector:  Eaton,  for

instance,  offers  an  “EGS”  irrigation  pump  VFD  panel that  is  purpose-built  for  the  agriculture

industry, complete with remote monitoring so farmers can check pump status and energy usage via

phone . This unit uses Eaton’s Active Energy Control algorithm to further maximize efficiency,

reportedly  yielding  an  additional  ~10%  energy  savings  beyond  standard  VFD  operation  by

dynamically optimizing motor voltage . In one case study, a large farm updated its fixed-speed

pumping to VFD control and saw immediate reductions in electricity cost while also alleviating issues

with pumps cycling on/off and pressure surges that had been causing pipeline breaks. Thus, in the

agricultural sector, VFDs contribute to both energy conservation and better stewardship of water

resources.

Multiple Manufacturer Solutions: It’s worth noting how different drive manufacturers tailor their

products for pump use, as choosing the right drive can depend on application specifics. ABB drives

(like the ACQ series) are known for comprehensive pump control features out-of-the-box and strong

support for the water industry, including ultra-low harmonic models to meet strict power quality

requirements in large installations.  Yaskawa drives are celebrated for reliability and ease of use –

the P1000’s interface, for example, includes an easy setup wizard with pre-configured pump macros,
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and it provides built-in logic such as sleep function and under/over-torque detection to catch pump

issues.  Eaton emphasizes energy optimization and packaging options (offering drives integrated

into pump control panels with bypass, etc.), as well as fast delivery of pre-engineered configurations.

Lenze/AC Tech focuses on compact drives with quick commissioning; their drives often show up in

OEM pump skids or smaller systems where cost-effectiveness and simplicity are key. Hitachi drives

combine high-performance motor control  (with sensorless vector capability  for high torque) and

have recently added more pump-centric functions as noted, making them suitable for heavy-duty

industrial pump tasks where both torque and intelligence are needed. And there are many others

(Toshiba, Danfoss, Schneider, etc.) with their own strengths. Users should look at not just specs, but

also the manufacturer’s local support, availability of spare parts, and compatibility with their control

systems when selecting a VFD brand for pumps. In many cases, any quality VFD can do the job, but

the included pump-specific features can tilt  the decision –  for  instance,  if  you need multi-pump

synchronization, choosing a brand that has that feature built-in will save a lot of integration effort. 

In  all  these  real-world  scenarios,  the  common theme is  that  applying VFDs  to  pumps leads  to  better

outcomes:  energy  savings,  more  stable  control,  and  gentler  mechanical  operation.  Whether  it’s  a  city

saving thousands in electricity costs and preventing water main breaks, or a factory fine-tuning its cooling

water flow and avoiding downtime, or a farmer optimizing irrigation – VFDs have proven their value. As the

technology  has  matured,  drives  have  become  more  user-friendly  and  cost-effective,  making  them

accessible even for small systems. 

It’s  also  important  to  mention  industry  standards  and  initiatives that  encourage  VFD  adoption.

Organizations like the Hydraulic Institute (HI) and the U.S. Department of Energy promote variable speed

pumping as a best practice for improving pump system efficiency. Utility companies often conduct energy

audits  and  recommend  VFD  retrofits  as  a  “low-hanging  fruit”  measure  for  energy  conservation.  Many

countries now have minimum efficiency regulations that indirectly favor VFD use – for example, rules that

pump systems above a certain power must have flow control that does not waste energy (which usually

means VFD or similar).  All  these factors mean that if  you’re managing a pump system and haven’t  yet

considered VFDs, now is the time. Not only do they provide operational improvements, but they may soon

be an expected standard for modern efficient pump systems.

Conclusion

Variable Frequency Drives have revolutionized how we operate pumps by enabling the motor speed to

continuously match the demand. The benefits in terms of energy savings, reduced wear, improved control,

and cost reduction are well-documented and significant. To fully capture these benefits, it’s crucial to pay

attention to proper setup – from selecting an appropriate inverter-duty motor and drive, to installing with

care for grounding and filtering, to programming the drive’s features to protect the pump and optimize

performance. By following best practices and leveraging the advanced capabilities built into modern VFDs,

you can greatly enhance the reliability and efficiency of almost any pumping system. 

Real-world  successes  across  various  industries  show  that  VFDs  are  often  the  key  to  unlocking  both

operational excellence and financial savings in pump applications. A simple change like adding a VFD can

turn an energy-hungry, maintenance-prone pump into a smart, flexible asset that adapts to your needs and

slashes costs. The technology is continually advancing – newer drives are adding predictive maintenance

diagnostics, wireless connectivity, and even AI-based optimizations. But even the current generation, when

applied with solid engineering practices, yields transformative results for pumping systems. 
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In summary, VFDs for pumps are a proven best practice. Whether you oversee a municipal water station, a

manufacturing plant utility system, or a commercial building’s HVAC, consider deploying variable frequency

drives on your pumps. When combined with the right setup and operational guidelines, you’ll ensure your

pump systems run at peak efficiency, with fewer headaches and longer equipment life – a clear win-win

for both business and sustainability.
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