
VFD on Pumps: Benefits, Technical Insights, and

Best Practices

Introduction

Modern pumping systems increasingly rely on Variable Frequency Drives (VFDs) to improve efficiency and

control.  A  VFD  is  an  electronic  controller  that  adjusts  an  AC  motor’s  speed  by  modulating  the  supply

frequency and voltage. In pump applications, this means the pump can respond smoothly to fluctuations

in demand, providing only as much flow or pressure as needed at any given time . By matching pump

speed to real-time requirements instead of running full tilt and throttling flow, VFDs eliminate waste and

reduce stress on equipment. Utilities and industry groups have recognized these advantages – in fact, the

Hydraulic Institute, Europump, and the U.S. Department of Energy jointly published a 150-page guide on

variable speed pumping, underscoring its energy-saving potential for variable-duty systems. In this article,

we delve into why and how VFDs are used on pumps, covering the technical benefits (from energy efficiency

to  improved  process  control  and  equipment  longevity),  key  considerations  for  implementation  (sizing,

motor  compatibility,  harmonics,  etc.),  and  real-world  examples  from  leading  manufacturers  like  ABB,

Hitachi, Eaton, Lenze, and Yaskawa. 

What is a VFD and Why Use It on Pump Systems?

A VFD (also called an adjustable speed drive) takes incoming AC power and electronically produces an AC

output of variable frequency and voltage, thereby controlling the speed of a standard AC induction motor.

In pump systems,  speed = flow (for centrifugal pumps) – slowing the pump impeller decreases flow, and

speeding  it  up  increases  flow.  Traditionally,  many  pumps  ran  at  constant  speed  and  used  mechanical

methods to control flow, such as throttling valves or bypass lines. However, using a valve to limit flow is

inefficient,  akin  to  driving  a  car  at  full  throttle  while  riding  the  brakes .  The  excess  energy  is

dissipated as pressure drop and heat across the valve. By contrast,  adjusting pump speed directly via a

VFD is the most efficient way to control flow, since the pump only does the minimum work required for

the target flow or pressure . According to the fundamental pump affinity laws,  power consumption

varies with the cube of speed – for example, running a pump at 80% of its full speed can cut energy usage

roughly in half, and at 50% speed the power draw is only about 12.5% (an 87% reduction) of full-power .

This dramatic effect is why VFDs are so effective for pumps operating at varying loads. In practical terms,

reducing a pump’s speed by just 20% can yield about 50% energy savings in a system with variable

demand . VFD control thus eliminates the energy waste of throttle valves, while also avoiding the

wear-and-tear those valves can cause (noise, cavitation, etc.). In short, a VFD allows pumps to run only as

fast as necessary, which is a fundamental shift from the brute-force, always-on approach of older pumping

systems. 
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Energy Efficiency and Cost Savings

Energy savings are the primary driver for adding VFDs to pumps. Pumping is energy-intensive – industry

studies note that pumps account for nearly 20% of the world’s electrical energy use, and in some facilities

25–50% of electricity consumption . Because of the cube law relationship between speed and power,

even  modest  speed  reductions  translate  to  major  energy  cuts.  Many  facilities  that  retrofit  VFDs  on

centrifugal pumps report  30–50% reductions in energy use on those systems . For example, the

City of Columbus wastewater plant replaced constant-speed influent pumps with variable-speed units and

saw a  30% drop in energy per million gallons pumped .  In  real  terms,  the specific energy of

pumping fell  from 259 kWh/MG to 179 kWh/MG after the VFD upgrade . Another case study by ABB

found that using a VFD on a variable-torque water pump reduced annual energy costs by roughly 48%,

while  also  extending  the  pump’s  seal  life  by  two  years  (due  to  gentler  operation)  –  highlighting  both

efficiency and maintenance benefits together. Moreover, energy cost savings directly improve the bottom

line: one manufacturer (Lenze) estimates that an 11 kW (15 HP) pump can save on the order of €3,000 per

year (≈\$3,300) in electricity by adding a VFD and trimming speed based on demand . 

Such savings are significant enough that many utilities and governments offer incentives for VFD retrofits

on pumps . This can make project payback very quick – often just a couple of years from energy savings

alone. It’s important to note that the  best savings occur when pump loads are inherently variable or

oversized for much of their duty cycle. In systems that always require near full design flow, a VFD might not

save energy (there’s no opportunity to slow down). But in applications like HVAC circulation pumps, water

distribution networks,  wastewater  lift  stations,  industrial  process  pumps,  etc.,  demand often fluctuates

below peak capacity. In these cases, a VFD continuously modulates speed to  meet the exact demand,

avoiding the excess energy that a fixed-speed pump would waste when throttled. According to one industry

guideline, pump-speed control is the most efficient means of flow control and can cut not only energy

use but also overall life-cycle costs . Indeed, ABB reports that high-efficiency motor+VFD packages

typically  lower  pump  energy  consumption  by  20–60% compared  to  fixed  speed,  with  corresponding

reductions in CO₂ emissions .

Beyond reducing kilowatt-hours,  VFDs also help lower peak demand charges on electrical  bills.  Starting

large motors across-the-line draws a high inrush current and spike in power demand. In contrast, a VFD

ramp-up limits the inrush. For instance, adding VFDs on pumps in one water utility cut their peak demand

from 60 kW down to 30 kW, halving the strain on the electrical system during pump start events .

Many electric rate structures penalize high peaks, so this is an additional cost saving. Overall, the energy

efficiency gains from VFDs on pumps are well-proven – and they form the foundation of most VFD project

justifications.

Improved Process Control and Performance

While energy savings get the spotlight, improved process control is another key benefit of using VFDs on

pumps. In processes that require maintaining a target pressure, flow, or level, a VFD allows the pump to

automatically adjust its speed to hold a setpoint. Most modern drives have built-in PID controllers: the

drive  can  read  a  feedback  signal  (from a  pressure  transmitter,  flow meter,  tank  level  sensor,  etc.)  and

continuously modulate pump speed to maintain the desired value. This results in very stable control. For

example, in water distribution booster systems, VFDs can keep outlet pressure constant within a narrow

band as usage fluctuates – something difficult to achieve with simple on/off or throttle control. A case in
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point is a packaged booster pump system by QuantumFlo (for high-rise buildings and municipal water) that

used Eaton VFDs: by automatically varying speed based on demand, the system delivered  just the right

flow and pressure at any given time, eliminating the overshoot and pressure surges common with fixed-

speed pumps cycling  on/off .  End users  saw more  stable  water  pressure at  the  taps,  and the

operator  enjoyed  significant  energy  savings  because  the  pumps  ran  at  partial  speed  during  low-flow

periods instead of repeatedly hitting 100% .

VFD-driven pumps also enable more sophisticated control strategies that enhance process performance.

In wastewater pumping, for instance, drives can be programmed to maintain a set wet-well  level or to

follow a  complex flow schedule.  The Columbus WWTP case not  only  saved energy but  also raised the

average  wet-well  level  (by  slowing  the  pumps),  which  reduced static  head and further  cut  energy  per

volume pumped . In aeration systems, VFDs on blowers allowed that plant to “dial down” airflow to

exactly what the process needed, eliminating over-aeration and saving energy (26% cost reduction in that

aeration upgrade) . These examples illustrate that precision control improves process efficiency and

can enhance product quality or service reliability. A VFD gives much finer control authority than a simple

valve or  on/off cycling.  Changes in  demand are met  with proportional  changes in  pump speed,  which

smooths out what would otherwise be cyclic or oscillating behavior. 

Another advantage is the ability to coordinate  multiple pumps intelligently. Many pumping stations use

parallel pumps for capacity or redundancy. With VFDs, one can implement lead-lag control and multi-pump

sequencing:  e.g.  running one pump at  optimum efficiency and only bringing on a second pump (also

speed-controlled) when needed, or alternating which unit is lead to balance run hours. Modern drives often

include multi-pump control logic built-in. For example, ABB’s ACQ series drives have an “Intelligent Pump

Control” feature that can manage a rotating multi-pump system without an external PLC, balancing usage

and minimizing wear on each unit . Lenze’s drive software similarly offers cascade control of up to

3 pumps, automatically starting/stopping additional pumps and adjusting speeds to maintain setpoint .

This ensures efficient operation across varying flow ranges – something fixed-speed pumps struggle with

(they tend to either overrun or under-deliver in multi-pump setups). Overall, VFDs enable “smart pumping”

strategies: matching output to demand in real time, coordinating multiple units, and reacting dynamically

to process feedback. The result is a more responsive and efficient system with fewer upsets. 

Reduced Mechanical Stress and Maintenance

Using VFDs on pumps not  only  saves energy but  also  reduces mechanical  stress  and wear,  yielding

maintenance benefits. One big factor is soft starting and stopping. When an AC motor is started across-

the-line (direct full voltage), it inrushes 6–8 times its rated current and produces a sharp torque spike that

can jolt the pump and piping . Valves, joints, and couplings see a sudden pressure surge, often called

water hammer in fluid systems. By contrast, a VFD ramps the motor speed up gradually (and likewise can

ramp down slowly). This gentle acceleration and deceleration avoids pressure spikes. For example, ABB

drive  systems  include  a  “soft  pipe  filling”  function  that  brings  pump  speed  up  slowly  to  fill  pipelines

smoothly, preventing the sudden surges that cause burst pipes or damaged sprinkler heads . Even

in daily operation, VFDs can be programmed with controlled acceleration/deceleration profiles to mitigate

water  hammer.  The  earlier  booster  pump  example  noted  that  the  VFD’s  smooth  ramping  eliminated

pressure  overshoot  and  water  hammer,  thereby  protecting  the  distribution  piping  from  stress  and

extending its life . 
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Reduced speed operation in general also tends to  lengthen the life of pump components.  Running a

pump at lower speeds (when full flow is not needed) means less centrifugal force, lower bearing loads, and

often a more favorable operating point on the pump curve. Mechanical seals – one of the more failure-

prone parts of a pump – benefit from reduced pressure differential and heat when the pump isn’t working

against  a  high  throttling  head.  Industry  practitioners  observe  that  by  avoiding extreme pressures  and

frequent  stop-start  cycles,  VFD  control  can  significantly  extend  seal  and  bearing  life .  In  one

documented case, as mentioned, converting to VFD control added an extra two years to the mean time

between seal  replacements on a critical  pump. Additionally,  VFDs inherently  provide  motor protection

features (against overload, phase loss, etc.) and can integrate sensors (for vibration, temperature) to help

detect mechanical issues early. Some advanced drives from manufacturers like ABB even include predictive

maintenance  algorithms  that  monitor  the  motor  and  load  condition,  potentially  alerting  operators  to

bearing wear or seal leaks based on changes in torque signatures. 

There are also electrical maintenance advantages. By limiting inrush current, VFDs reduce the electrical

stress on motor windings and the power supply. This can prevent nuisance trips and limit voltage sags in

the facility during pump start,  which in turn is gentler on other equipment.  VFDs can act as a form of

reduced-voltage starter, which is why backup generators can be sized smaller for VFD-driven pumps than

for across-the-line started pumps . (The generator doesn’t need to accommodate huge start surges.)

Moreover, the ability to control pump speed means operators can avoid operating in damaging conditions –

for instance, avoiding running a pump dead-headed or at too low a flow (which can cause recirculation and

vibration) by programming a minimum frequency. Many drives offer pump-specific protective functions

such as dry-run protection, cavitation detection, and automatic flush cycles. Lenze’s i500 series, for example,

has built-in features like sleep mode (shutting the pump off when demand is zero), anti-ragging or purge

routines to clear clogged pumps, and sensors to detect if a pipe has burst or if there’s no flow so that the

drive can stop the pump . These functions can prevent failures and reduce the need for manual

intervention. 

It’s  worth noting that  VFDs themselves do require maintenance –  primarily  keeping the drive’s  cooling

system clean and functional. The typical lifespan of a VFD is on the order of 8–12 years , depending

on environmental conditions and usage. Capacitors and cooling fans inside the drive have finite life and

may need replacement after several years. However, many manufacturers design for easy servicing: e.g.

Eaton’s drives use modular components and have replaceable fan units to simplify maintenance .

Overall, by preventing mechanical shocks and regulating operating conditions, VFDs help pumps and

motors  last  longer  with  fewer  unplanned  breakdowns.  Users  often  report  reduced  maintenance  on

bearings,  seals,  and  couplings  after  converting  to  soft-starting,  variable-speed  pump  operation.  The

maintenance  costs  saved  (and  downtime  avoided)  can  be  a  significant  secondary  benefit,  sometimes

rivaling the energy savings in economic value.

Technical Considerations and Best Practices for Implementation

Implementing a VFD on a pump system requires some technical planning to ensure reliability and maximize

benefits. Here are several key considerations and best practices:

Drive and Motor Sizing: It’s critical to size the VFD appropriately for the motor and load. The drive’s

voltage and current rating must meet or exceed the motor’s requirements. For centrifugal pumps (a

variable torque load), drives are often selected with a  variable torque rating – these drives can

handle the normal torque vs speed curve of a pump, which generally requires lower torque at lower
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speeds. Many VFDs have dual ratings (VT = variable torque and CT = constant torque). Using the VT

rating often allows a smaller or more cost-effective drive for fan and pump duties, since 100% torque

is only needed at full speed and drops off at lower speeds. Ensure the drive’s overload capacity is

sufficient for any expected transient conditions (e.g. if the pump might occasionally run near shutoff

head,  which  increases  torque).  If  the  application  involves  a  high  static  head or  a  positive

displacement pump (where torque demand may not fall  off with speed),  then a constant-torque

rated VFD or an oversized drive may be needed.

Motor Compatibility (Inverter-Duty Motors): Not all motors are equally suited for use with VFDs.

The fast switching PWM output of a drive can produce voltage spikes (due to cable impedance and

reflections) and a non-sinusoidal waveform that stresses motor insulation.  Inverter-duty motors

are  recommended,  especially  for  460 V  and higher  systems or  when motor  cables  are  long.  An

inverter-duty motor per NEMA MG1 Part 31 has enhanced insulation to withstand peak voltages of

at least 1600 V (for a 460 V motor) and high dV/dt, as well as other features to handle VFD operation

. The NEMA MG1 standard also addresses issues like  bearing currents – VFDs can induce

electrical currents on the motor shaft that lead to bearing pitting (from EDM discharges). To mitigate

this,  inverter-duty motors may have insulated bearings or include a shaft  grounding ring.  Shaft

grounding rings (SGR) are often added to motors to safely bleed off these currents to ground,

protecting  the  bearings .  As  a  best  practice,  if  you  are  retrofitting  a  VFD  to  an  existing

standard motor, consult the motor manufacturer or a motor specialist. Often, adding output filters

on the VFD (like a dV/dt filter or sine wave filter) can help protect a standard motor by smoothing the

waveform. In fact, for cable lengths over about 100 feet, output filters are generally recommended

to avoid overvoltage spikes at the motor terminals . Also note that when driven by a VFD,

motor cooling can be a concern at low speeds – many TEFC motors rely on a shaft-mounted fan

for cooling, which is less effective when the motor turns slowly. If a pump will run at significantly

reduced speed for  long periods,  an auxiliary cooling fan or  a  motor derate may be required to

prevent overheating.

Power  Quality  and  Harmonics: VFDs  are  non-linear  loads;  they  draw  current  in  pulses,  which

introduces  harmonic  distortion into  the  facility’s  electrical  system.  Excessive  harmonics  can

overheat transformers, nuisance-trip breakers, or disturb other equipment. Standards such as IEEE

519 provide recommended limits on harmonic distortion (for instance, voltage THD < 5% at the point

of common coupling is a typical guideline). For most small to medium pump VFDs on a strong power

system, harmonics are usually not a severe issue, especially if the drive has an integrated DC choke

or  if  an AC line reactor  is  added on the input.  These simple reactors  can cut  harmonic  current

distortion roughly  in  half.  For  larger  drives  or  stricter  requirements,  passive  or  active  harmonic

filters,  12-pulse  or  18-pulse  diode  front-ends,  or  active  front-end  VFDs  can  be  used  to  meet

compliance. When designing a VFD installation, it’s wise to perform a harmonic analysis or consult

IEEE  519  guidelines  if  multiple  large  drives  are  present.  Many  drive  manufacturers  offer  low-

harmonic versions of their products. For example, ABB’s ACQ580 drives have options for ultra-low

harmonic (THDi ≤ 3%) input, which can help meet stringent power quality needs . Ensuring

proper grounding and following the installation guidelines (like separating power cables to reduce

electromagnetic interference) will also improve power quality and drive performance.

Environmental Protection: Pumps are often located in challenging environments – such as pump

rooms with high humidity, outdoors at treatment plants, or in hazardous areas. VFDs need to be

housed in an appropriate enclosure to protect  them. Drives come in various ingress protection/
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NEMA ratings:  NEMA 1 / IP20 for clean dry indoor areas,  NEMA 12 for industrial areas with dust,

NEMA 3R or NEMA 4X for outdoor or wet locations (4X also providing corrosion resistance, often in

stainless steel or coated enclosures). If the drive will be near the pump (which might be wet or in a

washdown area), consider a NEMA 4X drive or put the drive in a suitable cabinet. Some modern VFD

designs  are  decentralized –  for  instance,  Lenze  offers  the  i550  motec drive  which  is  an  IP66

outdoor-rated VFD that can be mounted right on the motor or wall near the pump . This can

simplify  installation by  eliminating long cable  runs.  In  any  case,  ensure  adequate  ventilation or

cooling for the drive. Follow the manufacturer’s clearance requirements around the VFD, and if the

ambient temperatures are high, you may need to upsize the drive or provide air conditioning to the

VFD panel. 

Control Integration: Plan how the VFD will interface with your control system. Most VFDs support

multiple control methods: analog signals (4-20 mA or 0-10 V from a PLC or sensor), digital fieldbus

communications (Modbus, EtherNet/IP, PROFIBUS, etc.), or simple hardwired contacts for start/stop.

Using the VFD’s built-in PID loop (if available) can simplify retrofits – the drive can directly regulate

flow  or  pressure  by  adjusting  speed,  without  needing  an  external  PID  controller.  However,  for

complex control or SCADA integration, you might tie the VFD into a PLC or plant DCS via network

comms. Ensure that any critical pump has appropriate  redundancy or bypass. For example, in a

municipal water pumping station, it’s common to include a bypass contactor around the VFD (or

have a standby pump) so that if the VFD is out of service, the pump can still run at full speed to meet

demand. VFDs themselves have high reliability, but a contingency for drive failure is important for

mission-critical services. Also consider adding protective devices like output shaft-power monitors

or instrumentation that can detect a dead-head or run-out condition; while the VFD can limit current,

it won’t inherently know if the pump isn’t actually moving fluid (unless using advanced diagnostics).

External pump protection relays or using the VFD’s programmable logic to trip on certain conditions

(like no rise in pressure within X seconds of starting) can save the pump from mechanical damage.

Tuning and Troubleshooting: When commissioning a VFD-driven pump, take the time to set the

appropriate parameters. This includes setting a proper V/F or vector control mode (most pumps use

a normal  quadratic  V/Hz pattern or sensorless vector),  enabling any pump-specific features (like

sleep  mode  or  auto-flush  if  useful),  and  tuning  the  acceleration/deceleration  ramps  to  avoid

pressure shocks. If using the internal PID, tune the gains conservatively to start, to prevent hunting

or oscillations in the feedback loop. Cavitation considerations are also important: a VFD can drive a

pump to lower speeds which might drop the available NPSH margin. Ensure that at lower speeds, the

pump still  operates  within  safe  ranges  (some pumps have  minimum speeds  to  avoid  excessive

vibration or to maintain flow in vertical lines to prevent settling of solids, etc.). Likewise, at very low

Hz, the motor fan might not cool  itself  well  –  many drives have a “skip frequency” or minimum

frequency  setting  to  avoid  certain  problematic  speeds.  Utilizing  those  features  can  help  avoid

resonances and mechanical issues. As a positive note, if a pump was previously oversized for the

application, slowing it with a VFD reduces the risk of cavitation that would occur when a pump is

forced to operate far out on its curve at full speed . In effect, variable speed can bring the pump

closer to its best efficiency point under part-load conditions, which is gentler on the pump.

Standards and Compliance: Be mindful of relevant standards when implementing VFDs on pumps.

Electrical  codes  (like  NFPA  70  /  NEC  in  the  US)  will  dictate  proper  installation  practices,  circuit

protection, and disconnect means for the VFD.  UL 508C or the updated UL 61800 series standards

apply to VFD equipment – most drive units will carry a UL listing for industrial control equipment. In
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international contexts,  IEC 61800-5-1 is the standard for drive safety requirements, and CE-marked

drives  will  comply  with  that.  If  the  pump  system  is  part  of  a  building  HVAC,  certain  efficiency

standards or building codes (ASHRAE,  Title  24 in California,  etc.)  may effectively require variable

speed control on large pumps to meet energy codes. On the mechanical side, Hydraulic Institute

guidelines (such as the  HI “Application Guideline for Variable Speed Pumping”)  provide a wealth of

technical guidance on how to evaluate and implement variable speed in pumping systems, including

system curve considerations, control methods, and case studies. Adhering to these best practices

and standards ensures that the VFD installation not only delivers on performance but also operates

safely and reliably.

Real-World Examples and Applications

To illustrate the concepts above, here are a few real-world examples of VFDs on pumps, highlighting results

and lessons:

Municipal Water Supply (Energy & Reliability): A notable case is the Town of Mooresville’s water

treatment plant in North Carolina. The utility had two sets of pumps – new 800 HP pumps at an

expanded plant and older pumps at an existing plant – and needed to run them in tandem for

capacity and redundancy. They installed an Eaton medium-voltage VFD (a custom SC9000 EP drive)

to control the 800 HP pumps. The VFD solution fit into the existing space and allowed the new and

old pump systems to work together seamlessly . As a result, the town can use both plants at

once or either as backup, ensuring reliable service. Importantly, the VFD keeps the big pumps from

simply sitting idle (which would have led to corrosion and wasted capital) and it improved the overall

energy efficiency of the plant with a noticeable drop in power usage . This case underscores

how VFDs can solve operational challenges (integrating infrastructure, providing redundancy) while

also cutting energy costs. The public utilities director of Mooresville noted that this gave customers

confidence that water service would continue even if one plant went down, thanks to the flexibility

provided by the VFD system .

Wastewater  Pumping  (Energy  Savings  &  Capacity  Management): In  the  earlier  mentioned

Columbus, OH wastewater facility, the upgrade of three influent pumps to VFD-driven units (with

new  submersible  pumps)  led  to  a  30%  energy  reduction  for  those  pumps .  Additionally,

because the VFDs allowed pumping the wet well down to a lower level (by speeding up as needed),

the utility was able to increase the effective storage volume in the wet well and extend pump run

times,  reducing on-off cycling.  An interesting side benefit was the ability  to use smaller backup

generators – by ramping up slowly, the peak demand seen by the generator was lower, so the city

could avoid upsizing their generator when they added the VFDs . This project shows how

VFDs can help manage capacity and optimize existing infrastructure: the plant got more throughput

with  the  same  pumps,  simply  by  operating  them  smarter.  It  also  highlights  the  importance  of

considering both energy and peak power (demand charge) savings.

Industrial  Process  Pump  (Equipment  Protection): A  large  chemical  plant  faced  frequent

maintenance on a high-pressure process pump that ran continuously at full speed with a throttling

valve. The pump often operated far from its best efficiency point, causing vibration and repeated

seal  failures.  The  plant  installed  an  ABB  ACS580  VFD  on  the  200 kW  (≈270  HP)  pump.  By

implementing  closed-loop control,  the  pump speed is  now modulated  to  maintain  the  required

pressure, rather than using the control valve to drop excess head. The outcome was a nearly  50%
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reduction  in  energy  consumption for  that  process,  but  just  as  importantly,  the  mechanical

reliability improved markedly – vibrations dropped into acceptable range, and the mechanical seal

life  went  from  ~6  months  to  over  18  months  before  the  next  replacement.  The  variable-speed

operation reduced the average discharge pressure and eliminated the severe cavitation that had

been  occurring  at  the  control  valve.  This  example  (summarized  from  an  ABB  case  study)

demonstrates the combined energy and maintenance payoff of adding VFD control to a previously

fixed-speed, throttled pump system.

Irrigation and Agriculture (Smooth Operation & Solar Pumping): In agricultural irrigation, VFDs

are  used  to  accommodate  varying  flow  to  different  zones  and  even  to  enable  solar-powered

pumping. For instance, Hitachi has documented upgrades of irrigation pumps where the VFD allows

the pump to ramp smoothly when zones open or close, preventing pressure shocks to irrigation

lines. One such case showed that a VFD-driven pump could adjust to intermittent pivot irrigator

demands efficiently and cut energy use by around 25% compared to running the pump at full speed

against a valve. Moreover, because many farms now use solar panels, a VFD is essential to regulate

pump speed in tandem with power availability and irrigation requirements. Hitachi’s engineers note

that VFDs are especially valuable in remote or off-grid pumping because they provide soft-start

(avoiding generator oversizing), phase conversion if needed (running a 3-phase pump from single-

phase or DC solar through an inverter), and overall smoother pump operation which reduces wear

on the system. Many rural electric co-ops offer rebates for VFDs on pivot pumps due to the energy

and grid benefits. This example highlights that beyond industrial use, VFDs have broad applicability

in sectors like agriculture, where water resources and energy efficiency are both critical.

HVAC Chilled Water Pumps (Demand-Based Control): In a large commercial building, an array of

centrifugal chilled water pumps (each 75 HP) was originally running constant speed with balancing

valves. The facility retrofitted each pump with a VFD and implemented a pressure reset strategy: the

building management system adjusts the pump speed to maintain a differential pressure setpoint

that floats based on actual cooling load. Under low cooling load, the setpoint is lowered and pump

speeds drop. This project resulted in annual electricity savings of around \$150,000 (for the multiple

pumps) due to the significant reduction in pump power at part loads. It also solved a comfort issue –

previously,  overflow in  the system caused poor chiller  ΔT and some control  valves  couldn’t  trim

enough flow, leading to overcooling in some zones. With the VFDs, flow matches the load more

closely, so the system is more stable and all chillers operate with design temperature differences.

This case demonstrates how VFDs on pumps in building systems not only save energy but improve

system  performance  (better  temperature  control  and  less  wear  on  control  valves).  It  also

underscores the importance of proper control integration: the success came from combining the

VFD hardware with a smart control algorithm that continuously optimizes the pressure setpoint.

Each of these examples – municipal water, wastewater, industrial, agricultural, and HVAC – shows a different

facet  of  VFD  benefits  on  pumps.  Common  themes  are  energy  efficiency,  improved  control,  and

equipment  longevity.  The  diversity  of  scenarios  also  indicates  that  VFD  technology  is  mature  and

adaptable: whether it’s a giant 800 HP water pump or a 5 HP well pump on a farm, the same principles of

variable speed control can be applied with the appropriate drive solution.
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Manufacturer Spotlight: VFD Solutions for Pump Applications

Virtually  all  major  drive  manufacturers  offer  specialized  VFD  products  or  firmware  tailored  to  pump

applications, often with dedicated features to simplify pump integration. Below are a few notable mentions:

ABB: ABB has  a  long history  in  drives  and provides  units  specifically  optimized for  pumps.  For

example, the  ABB ACQ580 series drives (marketed for water and wastewater) come with built-in

intelligent pump control macros. These include features like multi-pump coordination (running up

to 3–4 pumps in lead-lag configuration without an external controller), anti-cavitation and dry-run

protection (the drive can detect rapid changes in torque or power that indicate cavitation or a pump

running dry, and then adjust or trip to prevent damage), and even sensorless flow calculation for

scenarios where a flowmeter isn’t available. ABB also offers ultra-low harmonic versions to meet IEEE

519 limits,  which can be important in large pump stations.  One ABB solution,  the  ACQ580 with

Intelligent Pump Control (IPC),  was able to eliminate the need for separate PLCs in a complex

irrigation system by handling all the pump sequencing and pressure control internally . ABB

often cites that using a VFD is “by far the most efficient way to change the duty point of a pump system”,

a conclusion drawn from their numerous installations across industries . ABB’s drive packages for

pumps frequently include not just the VFD but also integrated pump-specific HMI panels and even

ABB Ability™ digital monitoring that can send alerts if, say, a pump is operating inefficiently or if

maintenance is due.

Yaskawa: Yaskawa Electric  is  known for  extremely  reliable  VFDs,  and they  produce a  dedicated

pump-centric software suite called iQpump. The iQpump microdrive and iQpump1000 are tailored

for water infrastructure – they feature an easy setup for level control, sleep mode to stop the pump

during zero demand and wake it on pressure drop, and multi-pump rotation for up to 4 pumps.

Yaskawa drives are popular in municipal pumping due to their robustness. A case in Virginia saw a

sanitation district install 42 Yaskawa drives (30 HP to 350 HP) across a network of sewage lift

stations  and booster  pumps .  After  standardizing  on  Yaskawa VFDs,  the  district  reported

nearly zero unplanned downtime, as the drives handled voltage fluctuations and motor stresses

that previously caused nuisance trips . Yaskawa’s reputation for reliability (mean time between

failure) made them the drive of choice there. Additionally, Yaskawa includes features like pump off

scheduling (to  alternate  wells  or  pumps  on  a  schedule)  and  advanced  protection  against

phenomena like hunting (through PID gain presets). They also provide extensive documentation on

using VFDs to  troubleshoot pumping problems – for example, using the drive’s data (like torque

trending) to identify issues such as clogged impellers or air entrainment in the pump .

Eaton: Eaton offers the PowerXL series of VFDs, with models ranging from compact micro drives to

large medium-voltage units. For pump applications, Eaton drives (such as the DG1 general-purpose

VFD  and  the  DH1  HVAC  drive)  have  a  suite  of  Energy  Optimization and  Multi-Pump  Control

functions. Eaton’s application notes emphasize replacing throttling valves with drives to save energy

. In the earlier QuantumFlo booster system example, Eaton’s M-Max VFDs were chosen for

their small footprint and cost-effectiveness in a skid package . These drives featured an auto

PID that  maintained pressure and a cascade setup to bring additional  pumps online only  when

needed. Eaton also supplies fully packaged pump control panels – for instance, they have a line of

pump controllers with integral VFDs for the irrigation market, which come pre-programmed with

typical pump sequences (one example is an Eaton panel that can run a duplex pump system with

alternation and backup logic out-of-the-box). On the high end, Eaton’s medium-voltage drives, like
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the 4160 V  SC9000 series used in Mooresville,  show their capability to handle  very large pumps

(hundreds to thousands of HP) with custom engineering . Eaton often touts their drives’

rugged design (encapsulated power electronics, etc.) for harsh water plant environments, as well as

features like Safe Torque Off and bypass options for critical applications .

Lenze: Lenze, a German-based drive manufacturer, might be more known in factory automation, but

they also have solutions for  pumps.  Their  i500 series drives include specific pump functions as

outlined earlier – e.g. cascade control for 3 pumps, pump rinsing (anti-ragging) sequences, pipe

fill and ramp features to avoid hammer, minimum flow supervision, and even unit conversion

on the keypad (so the drive can display flow in m³/h directly) . Lenze emphasizes energy

efficiency compliance with standards like the European Ecodesign Directive, noting that their

drives  have very  low internal  losses  which makes  cabinet  cooling easier .  A  unique

feature in Lenze’s  offering is  an optional  integrated  PLC functionality in  some models  (i650

series), which can take over logic tasks – for example, handling a custom pump sequence or

sensor logic without an external PLC . They’ve applied their pump drives in applications

ranging from progressive cavity sludge pumps (where precise slow speed control is needed) to

high-pressure booster pumps. Lenze’s documentation often provides the example that a 20%

speed reduction yields 50% energy savings, reinforcing the fundamental benefit of VFDs on centrifugal

pumps .  They  also  highlight  maintenance  benefits,  claiming  their  drives’  accurate  speed  control

“minimizes wear and tear… significantly diminishing the risk of premature failure” of pumps by avoiding

extreme conditions .

Hitachi: Hitachi Industrial Equipment offers the SJ-P1 and similar VFD models with dedicated pump

features. Hitachi’s drives have been used extensively in Asia and the Middle East for large irrigation

projects.  Key pump-centric capabilities include  constant pressure control (with multi-PID loops),

sleep mode with auto-restart, and even solar pump drive options (where the VFD can accept DC

power  from solar  panels  and manage a  pump accordingly).  A  Hitachi  white  paper  on irrigation

pumps points out that VFDs “allow the pump to respond smoothly and efficiently to fluctuations in flow

and  pressure  demand”,  which  is  crucial  in  irrigation  networks  with  varying  usage .  They

describe cases where retrofitting VFDs reduced irrigation pump energy consumption by roughly 25–

30%, and improved water distribution by maintaining more stable pressures over a wide range of

conditions. Hitachi also integrates protections like pipeline leak detection (shutting down if flow is

unexpectedly  low  for  a  given  speed)  and  has  options  for  remote  monitoring  –  important  for

agriculture installations where pumps may be in remote fields. 

Other manufacturers like Schneider Electric (Altivar drives), Siemens (SINAMICS drives), Danfoss (which

has a strong presence in HVAC and also offers dedicated irrigation drive packages),  and  WEG all  have

comparable offerings with pump-specific features. The landscape is rich – competition drives innovation, so

users benefit from highly capable and reliable VFD products. When selecting a drive for pump service, one

should consider available local support and the familiarity of your technicians with the platform, in addition

to  technical  specs.  Fortunately,  the  core  pump-control  features  (PID  control,  soft  start,  sleep,  etc.)  are

ubiquitous, and industry standards ensure any quality VFD will perform well if applied correctly.

Conclusion

Applying a VFD on pumps is a proven strategy to boost efficiency, improve control, and protect equipment

in a wide range of fluid-handling systems. By varying motor speed to match the required pump output,
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VFDs eliminate the wasteful practices of throttling and bypassing – often cutting energy use by 20–50% or

more and saving substantial operating costs. At the same time, they bring valuable capabilities: smooth

soft-starting,  precise flow/pressure regulation,  multi-pump coordination,  and built-in safeguards against

conditions like dead head, cavitation, or motor overload. These benefits translate into a more resilient and

optimized pumping system with lower lifecycle costs. Real-world case studies from city utilities, industrial

plants, commercial buildings, and farms all echo the same outcome: after installing VFDs, pumps run only

as  hard  as  needed  and  no  harder,  which  saves  money  and  extends  the  life  of  both  the  pumps  and

associated infrastructure.

From a technical standpoint, successful implementation requires attention to factors like drive sizing, motor

compatibility (inverter-duty considerations), and mitigation of harmonics or other side effects. Following

industry guidelines (NEMA, IEEE, Hydraulic Institute, etc.) and leveraging the advanced features offered by

drive manufacturers will ensure a smooth integration. It’s also wise to involve experienced professionals in

the setup, especially for larger systems – but the good news is that VFD technology has become very user-

friendly, with many drives offering quick-start menus specifically for pumps and extensive documentation

to guide users.

In summary,  VFDs on pump applications have evolved from an energy-saving option to something of a

best  practice  in  modern  engineering  design.  Whether  it’s  for  energy  regulations  compliance,  process

improvement, or equipment longevity, the case for VFDs is compelling. As variable speed drives continue to

advance (with smarter controls, connectivity, and even AI-based diagnostics), we can expect even greater

efficiencies  and insights  from our  pumping systems.  For  any facility  or  project  dealing with  significant

pumping requirements, it is well worth exploring the use of VFDs – the technology pays for itself and sets

your pumping system on a course for sustainable, trouble-free operation.
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