
Variable Frequency Drive HVAC Systems:

Enhancing Efficiency and Control

Introduction

Heating,  ventilation,  and  air  conditioning  (HVAC)  systems are  among the  largest  energy  consumers  in

commercial and industrial buildings – often accounting for around 40–60% of a building’s total energy use

. Optimizing HVAC performance is therefore a major opportunity for cost savings and sustainability. One

technology at the center of modern HVAC efficiency is the variable frequency drive (VFD), also known as a

variable speed drive or adjustable frequency drive. VFDs are electronic controllers that adjust the speed of

electric motors by modulating the frequency and voltage of the power supplied to the motor. In essence, a

VFD allows precise speed control of fans, pumps, and compressors so that HVAC equipment can run only

as fast as needed, rather than at full speed or in on/off cycles.

The ability to continuously match motor speed to the required load has profound benefits. Most notably,

energy consumption drops dramatically at lower speeds due to the physics of centrifugal loads. For

instance, slowing down a fan or pump motor by even 10% can reduce its power draw by roughly 27% ,

and a 20% speed reduction can cut power consumption roughly in half. This nonlinear relationship (per the

affinity laws) means  small reductions in speed yield big energy savings.  By eliminating the waste of

running motors at full throttle when full output isn’t needed, VFDs can reduce HVAC energy usage by 20–

50% or more in many applications. In addition, VFDs provide other benefits: they enable soft-starting of

motors, which avoids high inrush currents and mechanical stress, and they allow much finer control of

environmental conditions. This comprehensive guide will explain  how VFDs work in HVAC applications,

their key technical benefits, best practices for implementation, real-world examples of savings, and

the features offered by leading manufacturers (ABB, Yaskawa, Eaton, Danfoss, Schneider, Hitachi, Lenze,

etc.).

How Does a VFD Work in HVAC Applications?

At its core, a variable frequency drive is an electronic power converter that can adjust the speed of an AC

motor by controlling the frequency of the electricity supplied to the motor. Most HVAC motors are induction

motors whose speed is proportional to the supply frequency (e.g. a standard 4-pole motor runs ~1800 RPM

at 60 Hz). A VFD takes the incoming fixed utility power (typically 60 Hz AC in the U.S. or 50 Hz elsewhere) and

converts it to a variable frequency output. This process occurs in three main stages:

Rectifier (AC to DC): The VFD first uses a diode bridge or similar rectifier to convert the incoming AC

power to DC. This creates a fixed DC voltage bus inside the drive.

DC Link: The DC voltage is smoothed and regulated using capacitors (and often inductors) to

provide a stable intermediate DC supply. This stage may include filters or chokes to reduce ripple

and provide ride-through for brief power dips.

Inverter (DC to AC): Power transistors (typically insulated-gate bipolar transistors, IGBTs) rapidly

switch the DC on and off in a pulse-width modulated (PWM) pattern to synthesize a new AC
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waveform at the desired frequency and voltage. By controlling the output frequency (and voltage in

proportion to frequency), the VFD produces a variable-frequency, variable-voltage AC supply for

the motor.

Using this method, a VFD can smoothly ramp the motor up or down to any speed within its range. For

example, if a motor runs at 1800 RPM on 60 Hz power, the VFD can run it at 30 Hz to achieve about 900 RPM

(half speed), or any other frequency as needed. Most HVAC VFDs allow speeds from near zero up to the

base  frequency  (and even slight  overspeed in  some cases).  The  motor’s  synchronous  speed is  directly

proportional to frequency, so varying the frequency gives direct continuous speed control of fans, pumps,

and compressors.

Soft Start Capability: An inherent benefit of VFDs is the ability to  soft-start motors by ramping up the

frequency and voltage gradually,  rather than applying full  voltage across-the-line.  Across-the-line motor

starts  typically  hit  the  motor  with  an  immediate  surge  of  current  that  can  be  6–8  times  the  normal

running current  (this is called locked-rotor or inrush current). Such sudden inrush can cause voltage

dips in the electrical system (dimming lights, tripping breakers) and mechanical stress on belts, shafts, and

bearings. A VFD avoids this by smoothly accelerating the motor from 0 Hz up to the desired speed over a

programmed ramp time. This eliminates the massive inrush current and associated voltage sag, greatly

reducing electrical stress. Soft starting with VFDs not only prevents nuisance trips and light flicker, but also

extends the life  of  the motor  and driven equipment by  avoiding the shock of  abrupt  startups.  For

example, belt-driven fans and pumps experience much less strain on couplings and belts when started via a

VFD as opposed to an instantaneous across-the-line start.

In summary, a VFD allows an HVAC motor to ramp up gradually and run at whatever speed is needed,

rather than just  Off or On at  full  speed.  By doing so,  it  enables a range of  benefits in HVAC systems,

particularly in terms of energy efficiency and control, which we explore next.

Benefits of VFDs in HVAC Systems

Installing VFDs in HVAC applications yields numerous technical and economic benefits. Below are some of

the key advantages and how they impact HVAC performance:

Energy Efficiency and Cost Savings

The most compelling reason to use VFDs is the  significant energy savings they provide. HVAC fans and

pumps are often variable-torque loads, meaning the power required varies with the cube of the speed. This

is  described  by  the  affinity  laws:  for  centrifugal  machines,  flow is  proportional  to  speed,  pressure is

proportional to speed², and  power is proportional to speed³.  The practical effect is that  reducing the

speed of a fan or pump even slightly can dramatically cut its power consumption. For example, if an air

handler fan only needs to deliver 80% of full airflow, running its motor at 80% speed can roughly halve the

power used (0.8³ ≈ 0.51, about 51%) – in other words, a fan at 50 Hz instead of 60 Hz might use only half

the energy for that condition. An even smaller reduction, say  90% speed, can yield nearly 30% energy

savings .  This  cubic  relationship  is  why  throttling  a  fan  or  pump  with  dampers  or  valves  (which

maintains full speed and wastes excess pressure) is inherently inefficient compared to slowing the motor

itself.

3

2

2

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.jadelearning.com/blog/motor-calculations-part-iii-the-motor-overload/#:~:text=start,voltage%20drop%20is%20a%20concern
https://library.e.abb.com/public/a2bd960ccd43d82ac1257b0200442327/VFD%20EnergyEfficiency_Rasanen_Schreiber_ABB_27%2004%202012.pdf#:~:text=flow%20according%20to%20affinity%20laws,of%20the%20consumed%20power


In real HVAC operations, loads often fluctuate below peak capacity: e.g. at part-load cooling conditions, at

night, during mild weather, or when areas are unoccupied. VFDs take advantage of these opportunities

by dialing back motor speed to exactly what’s needed,  avoiding the energy waste of running at full

power when not required. The result is substantial energy and cost savings. Building case studies have

repeatedly shown  30–60% reductions in HVAC energy use after retrofitting VFDs onto fans and pumps

that previously ran at constant speed. This translates to lower electricity bills and often a quick return on

investment.  For  instance,  a  retail  chain  that  installed  VFDs  on  its  store  HVAC  fans  realized  over  50%

reduction in HVAC energy consumption, saving about \$800,000 per year in electricity across 78 stores

. Another documented project in a large commercial building saw overall electricity usage drop  33%

(from 65 million kWh to 43 million kWh annually) after adding VFDs on over 150 motors,  with peak

demand reduced by 6+ MW – yielding more than \$1.1 million in yearly savings . These examples

demonstrate how VFDs directly cut energy costs and often pay for themselves in a short time (sometimes

under 1–3 years for retrofit projects).

In addition to reducing steady-state energy use, VFDs also lower  peak demand charges.  Utilities often

charge commercial customers not just for kWh consumption but also for the highest kW demand during a

billing period. By limiting motor speed (and thus power draw) during all but the most extreme conditions,

VFDs can flatten the demand profile of a building. Many building operators have observed that installing

VFDs on large pumps and fans curbed their peak electrical demand, resulting in lower demand charge fees

from the utility. Over time, these demand savings add up alongside the direct kWh savings.

Finally, using less energy through VFDs has a  positive environmental impact, reducing greenhouse gas

emissions associated with electricity generation. Many organizations use VFD projects as a key strategy in

sustainability and carbon reduction plans.

Reduced Mechanical Stress and Equipment Wear

By  soft-starting  and  modulating  motor  speed,  VFDs  help  protect  HVAC  equipment  and  extend  its

lifespan. As noted earlier, a VFD’s gentle ramp-up avoids the intense mechanical shock of across-the-line

motor starts. Fans, blowers, and pumps driven by VFDs accelerate gradually, which  minimizes stress on

belts, shafts, gears, and impellers. This leads to fewer mechanical failures and maintenance issues. Belts

do  not  squeal  or  slip  from  sudden  jerks,  couplings  and  bearings  see  less  impact  loading,  and  pump

impellers  avoid  pressure  surges.  The  reduced  mechanical  wear means  less  frequent  replacement  of

components like belts and bearings and improved reliability of the system.

Moreover, the ability to run at lower speeds can itself prolong equipment life. Many HVAC components (like

cooling tower fans or pump seals) last longer when not continuously operated at maximum speed and

vibration. For example, a centrifugal pump running at 45 Hz will have lower shaft stress and potentially less

impeller  erosion than the same pump at  60 Hz,  assuming flow needs are met.  By  avoiding excessive

speeds and on-off cycling, VFDs create gentler operating conditions.

Another benefit is in motor longevity: VFDs drastically cut down the heat generated during startup (high

current equals high I²R losses in windings). Motors run cooler and are less likely to overheat when started

and controlled by  VFDs,  which can extend the insulation life.  The soft-start  also means less  chance of

tripping breakers or causing voltage disturbances that affect other equipment.
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In  summary,  VFDs  reduce mechanical  and electrical  stresses,  leading to  longer  mean time between

failures for motors and driven devices. The HVAC system experiences smoother operation with fewer abrupt

changes, which is beneficial for everything from fan blades to ductwork (less stress from pressure spikes).

Many facility managers find that VFD retrofits not only save energy but also lower maintenance costs and

downtime.

Lower Peak Demand and Improved Power Quality

When motors run at reduced speeds/power via VFD control, the building’s peak electrical demand can be

significantly lowered. As mentioned, VFDs cut down the maximum kW draw of large HVAC motors during

typical operation, since those motors no longer run full-out except when absolutely needed. For the utility,

this is seen as a big benefit (lower peak loads on the grid), and for the customer it means lower demand

charge penalties. For example, in the large office building case, the peak demand dropped from ~16–17

MW to ~10 MW after extensive VFD implementation . That kind of reduction can enable a facility to stay

within transformer or generator capacity limits and avoid expensive electrical infrastructure upgrades.

VFDs also have implications for power factor and harmonics. Induction motors at partial load often exhibit

a poor (lagging) power factor, drawing reactive power that the facility must compensate for. A VFD, however,

uses a rectifier front-end that inherently draws current in near phase with voltage (a diode bridge draws

nearly sinusoidal currents on each phase while conducting).  Thus the  displacement power factor of a

standard VFD is  close  to  unity  (typically  0.95–0.98) throughout  most  of  its  load  range .  This  can

actually  improve the overall  power factor  seen by the building when compared to many lightly-loaded

motors without drives. In many cases, adding VFDs reduces or eliminates the need for separate power

factor correction capacitors, and avoids utility penalties for low power factor.

That said, VFD rectifiers are nonlinear loads and do introduce current  harmonics (distorted waveforms)

back  into  the  electrical  system.  If  unmanaged,  harmonics  can  cause  heating  in  transformers  and

interference with sensitive equipment. To address this, most HVAC-grade VFDs come with built-in filtering or

reactor components. For example, Yaskawa’s Z1000 drives include an integrated 5% impedance line reactor

to reduce input harmonics, and an EMI/RFI noise filter that meets IEC 61800-3 requirements . Similarly,

Eaton’s H-Max drives came standard with a DC choke (5% impedance) and EMI/RFI filters for compliance

with IEEE 519 harmonic limits . These features attenuate the distortion, resulting in a “cleaner” power

draw with low total harmonic distortion (THD) that is usually within code requirements. For particularly

large installations or stringent conditions, additional harmonic mitigation (such as active front-end drives,

multi-pulse arrangements, or external filters) can be applied. In general, when properly specified, VFDs can

be used without significant adverse power quality issues in a building’s electrical system.

It’s worth noting that by virtue of their near-unity displacement power factor, VFDs reduce reactive power

losses and can marginally lighten the reactive load on generators and UPS systems. In fact, many modern

drives have active front-ends or power factor correction capabilities to keep the overall power factor high

while minimizing harmonics.  The net effect is that a facility with VFDs can often realize  more efficient

electrical usage and avoid utility penalties for power factor, as long as harmonic distortion is kept within

acceptable levels (per IEEE 519 or local standards).
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Quieter and More Comfortable Operation

An often overlooked benefit of using VFDs in HVAC is the reduction in noise levels. HVAC fans and pumps

running at full speed can generate considerable noise – airflow whooshing through vents, duct rumble, and

motor/fan mechanical noise. When a VFD slows a fan down, the sound output drops significantly, since

noise from air turbulence and vibration generally decreases at lower flow rates. For example, a large air

handling unit that previously ran its supply fan at 100% speed all the time might operate at 60–70% most of

the day with a VFD, resulting in a several decibel reduction in sound in the occupied spaces. Similarly, VFD-

controlled pumps in hydronic systems produce less pipe noise (and valve hiss) when throttled by speed

instead of forcing water through half-closed valves at full speed.

This improved acoustic environment is especially valuable in sound-sensitive facilities like hospitals, schools,

offices, and theaters. HVAC background noise is less noticeable when fans run slower, improving occupant

comfort.  In  many commercial  buildings,  installing VFDs has solved complaints  of  noisy  air  handlers  or

variable air volume (VAV) boxes – by modulating fan speed to meet cooling demand, the system avoids

blasting air at full volume and then abruptly shutting off. Instead, it ramps up and down more gradually,

maintaining a steadier and quieter operation. Architects and engineers now routinely incorporate VFDs into

designs where low-noise HVAC is a priority, allowing them to meet stringent noise criteria for spaces like

concert halls or conference rooms.

Another noise-related benefit is that VFDs can eliminate the need for certain noisy control devices. Without

a VFD, controlling airflow often requires mechanical dampers that throttle flow and can create hissing or

rumbling. With a VFD, those dampers may be fully open (less noise) and the fan speed modulates to control

flow, which is inherently quieter. Cooling tower fans on VFDs also avoid the loud on/off cycling that can

occur with two-speed or across-the-line fan controls – instead of a big roar each time the fan kicks on, a VFD

can run the tower fan continuously at a low speed to maintain conditions, greatly reducing cyclic noise.

In summary, VFDs contribute to a  quieter HVAC system, which improves the comfort and satisfaction of

occupants.  This  can  have  positive  side  effects  like  better  concentration  in  offices  or  improved  patient

recovery environments in hospitals due to reduced background noise.

Improved Control and System Flexibility

VFDs bring a new level of  flexibility and controllability to HVAC systems. Traditional HVAC controls are

often coarse (on/off or multi-step) and cannot precisely match conditions, but a VFD enables  continuous

modulating control which translates to more stable temperatures, pressures, and flows. Many modern

VFDs include built-in intelligence that simplifies integration with control systems:

Direct Sensor Feedback and PID Control: Most HVAC drives have an onboard PID (proportional–

integral–derivative) controller. This allows the drive to take an input from a sensor (for example, a

duct static pressure sensor or building pressure sensor) and automatically adjust motor speed to

maintain a setpoint. For instance, a VFD on a supply fan can continuously vary the fan speed to hold

duct pressure at 1.0" w.c., replacing the need for a separate pressure controller and motorized inlet

guide vanes. The internal PID loop in the drive regulates the output without external intervention,

which simplifies the control wiring and improves accuracy. Technicians can set the desired setpoint

on the VFD and let  it  manage the rest.  This  is  commonly used for  pump pressure control  (VFD
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maintains a constant differential pressure in a chilled water loop) or for maintaining room static

pressure in labs, etc.

Building  Automation  System  (BAS)  Integration: HVAC  VFDs  typically  come  with  built-in

communication  protocols to  talk  to  building  management  systems.  Support  for  protocols  like

BACnet  (MS/TP  and/or  BACnet/IP),  Modbus  RTU/TCP,  and  sometimes  LonWorks  or  Johnson

Controls N2, is often standard. For example, Schneider’s Altivar drives integrate  Modbus, BACnet,

Johnson  N2,  and  Siemens  APOGEE  P1 protocols  natively .  Yaskawa’s  Z1000  drive  includes

embedded BACnet (BTL certified) out of the box . This means the drives can be monitored and

commanded over the network by the central BAS – adjusting speed setpoints, reading current draw,

status, fault alarms, etc., all through software. Networked VFDs allow more sophisticated strategies

like  demand-controlled  ventilation  (automatically  slowing  fans  based  on  CO₂  sensors)  or  reset

schedules  (raising/lowering setpoints  based on occupancy schedules),  implemented via  the BAS.

Integration  is  further  aided  by  features  like  real-time  clocks  in  the  drives (for  scheduling  or

timestamping events) and standard objects in the protocols for energy monitoring. Overall,  VFDs

with BAS connectivity make HVAC systems “smarter” and easier to optimize at the system level.

Multiple  Operating  Modes  and  Safety  Functions: HVAC  drives  often  incorporate  application-

specific modes. One critical example is “firefighter” or emergency override mode, which forces the

drive to run no matter what in order to exhaust smoke during a fire. Many VFDs intended for air

handling have this feature and carry certifications (e.g. UL 864 for smoke control) to ensure they can

operate  through  an  emergency .  In  fire  override,  the  drive  ignores  its  own  trip  signals  (like

overheating or overload) and keeps the fan running to clear smoke, since saving lives is priority over

saving the drive. Building codes may require this capability for smoke evacuation systems, and VFD

manufacturers like ABB, Siemens, and Eaton provide it in their HVAC product lines. Another common

feature is  “bypass” mode or an intelligent bypass: if the VFD is part of a package with a bypass

contactor, the control can automatically drop the motor onto direct line power if the drive fails or if

full speed is needed. Yaskawa’s Z1000, for example, offers an Intelligent Bypass that will transfer

the motor to utility power seamlessly when needed . This kind of redundancy is important for

critical fans and pumps – it ensures the system can still operate (at full capacity) even if the VFD is

out of service.

User-Friendly Interfaces and Diagnostics: Modern HVAC drives are designed with the end-user in

mind.  They  often  include  graphical  keypads  with  Hand/Off/Auto  buttons,  making  it  easy  for

operators to take manual control  or view status.  Many have quick-start wizards or HVAC-specific

parameter presets (e.g. a menu for fan vs pump application, selecting units for pressure, etc.), which

speeds up commissioning. Some drives provide built-in energy meters and even display kWh saved,

helping operators quantify savings. Fault diagnostics on the display can greatly aid troubleshooting –

rather than a motor just tripping a breaker, a VFD might show “High Motor Current – Check Filter”

which guides maintenance to the root cause. The availability of data (like current, power, frequency,

temperature) via both the keypad and the BAS means facility teams have better visibility into their

HVAC system’s performance.

Overall, adding VFDs transforms an HVAC system from a blunt, rigid operation into a flexible, responsive

system.  Facility  operators  can  fine-tune  how  the  system  runs:  scheduling  fans  to  ramp  according  to

occupancy,  maintaining tighter  environmental  conditions,  and responding more  gracefully  to  changing

loads. This flexibility not only saves energy and improves comfort, but also can adapt to changing needs
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(for example, if a building zone is repurposed with different airflow requirements, a simple command to the

VFD can adjust  fan speed –  far  easier  than resizing pulleys  or  dampers).  In  retrofits,  VFDs allow older

equipment to get modern control capabilities without extensive mechanical modifications.

Finally,  it’s  important  to  note  that  regulatory  standards  are  increasingly  calling  for  VFDs or  similar

variable speed control in HVAC systems. Energy codes such as ASHRAE 90.1 now mandate that many HVAC

fan and pump systems have the ability to reduce speed. For instance, ASHRAE 90.1 requires supply fans

over 5 hp to have variable speed or staged control, and pumps above a certain size to be able to reduce

power to 30% at half flow (which in practice almost necessitates a VFD) . This means that deploying

VFDs is not just an efficiency choice but often a compliance requirement in new construction and major

renovations.  By adopting VFD technology,  building owners stay ahead of  codes and ensure their  HVAC

systems meet modern efficiency standards.

Common HVAC Applications for VFDs

VFDs can be applied to almost any motor-driven component in an HVAC system. The following are the most

common areas where VFDs are used in HVAC and the benefits they provide in each case:

Supply and Return Air Fans: Virtually all modern large air handling units (AHUs) and rooftop units

use VFDs on their  supply fans,  and often on return or exhaust fans as well.  By modulating fan

speed, the system can maintain duct static pressure or deliver only the needed airflow to each zone,

rather  than  running  at  full  volume  constantly.  This  enables  strategies  like  demand-controlled

ventilation (reducing flow based on occupancy  or  CO₂  levels)  and prevents  over-pressurization.

Energy codes now mandate variable speed fans in many cases – for example, ASHRAE 90.1 requires

fan systems over 5 hp to have speed control to reduce energy at part-flow conditions . The result

of using VFDs on fans is  huge fan energy savings (often 30–50%) and better control of building

pressurization and ventilation rates. Additionally, supply fans with VFDs can ramp up slowly, avoiding

large thermal swings and drafts when heating or cooling starts, thus improving occupant comfort.

Chilled Water and Hot Water Pumps: Pumping systems for chilled water, hot water, and condenser

water  are  ideal candidates  for  VFDs.  In  traditional  constant-speed  pump  systems,  flow  is  often

controlled by throttling valves,  which wastes a lot of energy by inducing pressure drops.  A VFD-

equipped pump varies its speed to match the required flow or pressure in real time, so the pump

only works as hard as necessary. This drastically reduces pumping energy, especially under part-load

conditions. In large central plants, it’s now standard practice to have VFDs on primary and secondary

circulation pumps. ASHRAE 90.1 effectively requires many pump systems above 5 hp to be able to

reduce  power  to  30% at  half  flow  –  a  criterion  that  is  naturally  met  with  VFD control.  In

operation, a VFD on a chilled water pump might ramp down when only a few air handlers demand

cooling, maintaining just enough pressure differential in the piping loop. This saves energy and also

reduces wear on valves and pipes (less pressure = less strain and noise). Overall, VFDs on pumps

provide more stable control of water temperatures and flows, improving chiller and boiler efficiency

(e.g. by maintaining optimal differential pressure across coils).

Cooling Tower Fans: Most large cooling towers now use multi-speed or VFD-controlled fans. A VFD

on  a  cooling  tower  fan allows  the  heat  rejection  capacity  to  modulate  with  outdoor  wet-bulb

conditions and chiller load. On milder days or when the chiller isn’t fully loaded, the tower fan can

slow down and still achieve the required cooling, which  saves considerable fan energy and also
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often improves chiller efficiency by achieving lower condenser water temperatures. Many energy

codes  require  variable  speed on cooling tower  fans  above certain  sizes  as  well.  Beyond energy

savings, using VFDs on cooling towers  reduces noise in the vicinity of the towers – a tower fan

running at half speed is much quieter than one at full speed (important for locations near offices or

residential areas). It also minimizes wear on fan motors and gearboxes by avoiding constant on-off

cycling.  In  critical  applications,  tower  fans  with  VFDs  can  be  ramped  up  gradually  after  power

restoration to avoid large electrical peaks.

HVAC Compressors: Traditionally, most large HVAC compressors (in chillers, rooftop units, etc.) were

fixed-speed,  cycling  on/off  or  using  slide  valves  for  capacity  control.  However,  variable-speed

compressors are  increasingly  common,  and  they  are  essentially  compressors  driven  by  an

integrated VFD. In large centrifugal  chillers,  adding a VFD to the compressor motor can  greatly

improve part-load efficiency (raising the COP) because the compressor can slow down when full

capacity  isn’t  needed.  Technologies  like  magnetic-bearing  centrifugal  compressors  (e.g.  Danfoss

Turbocor)  use  built-in  VFDs and have  shown nearly  50% energy  savings in  certain  chiller  retrofit

projects . Similarly, some screw and scroll compressors in chillers or variable refrigerant flow

(VRF) systems are now driven by VFDs to modulate capacity smoothly. While retrofitting a VFD to an

existing  compressor  is  complex  (it  may  require  oil  management  changes  and  ensuring  the

compressor  design  can  handle  variable  speed),  many  manufacturers  offer  new equipment  with

variable-speed compression as a key feature. The benefits include not only energy savings but also

better  humidity control (by running longer at lower capacity) and reduced mechanical stress (no

more hard cycling off and on, and no need for energy-wasting hot gas bypass for capacity control).

Other  Auxiliary  Equipment: Beyond  the  primary  movers,  VFDs  are  also  applied  to  various

secondary HVAC components. Examples include  building exhaust fans (e.g. modulating restroom

or general exhaust based on occupancy or air quality),  make-up air unit blowers,  cooling tower

water pumps, boiler feed pumps, and large kitchen hood exhausts. In parking garages, VFDs on

exhaust fans allow the fans to run at low speed continuously and only ramp up to high speed when

carbon monoxide sensors detect high concentrations – this provides huge energy savings in garage

ventilation. Essentially, any motor in the HVAC system that runs for long hours and doesn’t always

need full output is a good candidate for VFD control. Even small fan-coil or unit heater fans can

benefit (many now come with ECM or small VFD drives). By applying VFDs widely, an integrated HVAC

system  can  intelligently  scale  its  output  up  and  down to  match  the  exact  building  demands,

eliminating waste in all areas of heating, cooling, and ventilation.

In all these applications, VFDs have proven to be reliable and effective. They have transitioned from a novel

technology decades ago to a  standard best practice today. HVAC systems designed with VFDs achieve

superior performance and efficiency compared to those with legacy constant-speed controls.

Best Practices for Implementing VFDs in HVAC

To  fully  realize  the  benefits  of  VFDs  and  ensure  reliable  operation,  it’s  important  to  follow some best

practices when specifying, installing, and operating VFDs in HVAC systems. Below are key guidelines and

considerations:

Proper Sizing and Selection: Choose a VFD that is correctly rated for the motor and application.

The drive should be sized for at least the motor’s full-load amperage (FLA) at the given voltage, with
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a  safety  margin.  Do  not  undersize  a  VFD,  as  it  may  trip  on  overload;  conversely,  oversizing

excessively can reduce efficiency. Use drives specifically designed for HVAC when available – these

often  have  features  like  conformal-coated  circuit  boards for  resistance  to  dust  and  moisture,

higher ambient temperature ratings (many are rated for continuous operation at up to 50 °C), and

integrated functions for fans and pumps. For example, Eaton’s H-Max HVAC drives had an operating

range up to 50 °C without derating, and came with coated boards and built-in fire mode and bypass

options .  Ensure  the  VFD’s  enclosure  type suits  the  environment  (NEMA  1  for  clean  indoor

mechanical rooms, NEMA 12 for dusty areas, NEMA 3R/4X for outdoors or wet locations, etc.). If the

VFD will be mounted in a plenum (such as above a ceiling with air distribution), it may need to be

plenum-rated or placed in a plenum-rated enclosure per code. Many smaller HVAC drives (certain

models from Yaskawa and ABB, for instance) are UL plenum-rated for this reason .

Motor and Cable Compatibility: Verify that the existing motor is either inverter-duty rated or in

good  enough  condition  for  use  with  a  VFD.  Inverter-duty  motors  have  enhanced  insulation  to

withstand the fast voltage transients (dv/dt) from VFD PWM waveforms, as well as features to handle

potential bearing currents. If you plan to retrofit very old motors, consider using output filters or

reactors on the VFD to smooth the voltage waveform and protect motor insulation – especially if the

motor leads are long (long cable runs can cause voltage reflections that spike motor terminals).

Common solutions are dv/dt filters or sine wave filters on the VFD output. Additionally, for larger

motors (>50 hp), it’s good practice to add shaft grounding rings or insulated bearings to mitigate

any induced shaft  currents  from the VFD that  could  cause bearing pitting.  Many modern HVAC

motors come with such features factory-installed. Lastly, ensure the motor’s cooling is sufficient at

lower speeds: a motor’s internal fan might not provide as much airflow when slowed down, so if a

motor will run at say 20% speed for extended periods, an external cooling fan or choosing a totally

enclosed air-cooled (TEBC) motor could be necessary. In most HVAC cases where motors run 30–

100% speed, overheating isn’t an issue, but be mindful if expecting very low speed operation for long

durations.

Managing Harmonics and Power Quality: Check if the project or client has requirements to limit

electrical harmonics (for example, IEEE 519 compliance for current and voltage THD). In facilities with

many VFDs or other nonlinear loads, it’s wise to include harmonic mitigation. Most HVAC VFDs today

help by including at least 3–5% impedance reactors or DC chokes and EMI/RFI filters built-in (as

mentioned, drives like the Yaskawa Z1000 and Eaton H-Max have these standard). This usually brings

harmonic distortion to acceptable levels for typical installations. For  very large drive systems or

sensitive  electrical  environments  (hospitals,  data  centers),  you  might  consider  using  multi-pulse

drives  (12-pulse  or  18-pulse  arrangements)  or  active  front-end  VFDs that  actively  correct  the

waveform. Those solutions can virtually eliminate harmonics but are more expensive. A common

approach in commercial  buildings is  to install  simple line reactors on each drive and possibly  a

passive harmonic filter on the main bus if needed – this often suffices. It’s also a good practice to

distribute VFDs across different phases or panels in a building so their harmonic currents are not

all  in phase (reducing additive effects).  Overall,  plan for harmonics in the design, but know that

standard HVAC drives from reputable manufacturers will meet most building codes for power quality

out  of  the  box.  If  in  doubt,  consult  with  the  drive  supplier  –  many  offer  harmonic  analysis  or

guarantee IEEE 519 compliance if you follow their setups.

Bypass and Redundancy: Evaluate whether a  bypass circuit is needed for critical applications. A

bypass is  essentially a contactor arrangement that allows the motor to be fed directly from line
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power (at full  speed) if  the VFD is out of service or in case of emergency override. For example,

hospital air handlers, smoke control fans, or server room cooling units might require a bypass

so that airflow is maintained even if the VFD fails. Bypass can be  manual (an operator throws a

switch to bypass the drive) or automatic (“intelligent bypass” that senses drive failure and switches

over). When using bypass, remember that in bypass mode the motor has no speed control or soft

start – it’s running across the line – so ensure the system can handle that (e.g. all valves fully open to

not deadhead a pump). Many packaged HVAC VFDs come with bypass options; for instance, Eaton’s

H-Max series could be ordered with a  2-contactor or 3-contactor bypass module integrated ,

and Yaskawa offers an IntelliPass bypass with auto-transfer . If uptime is mission-critical, you may

also consider  N+1 redundancy (multiple smaller VFDs/motors instead of one large one, so others

can pick up slack if one fails). Generally, bypass circuits add cost and complexity, so use them only

where needed (life safety, critical process, etc.). When implemented, test the bypass operation and

interlocks thoroughly.

Fire/Emergency  Mode Configuration: For  any  fans  that  are  part  of  smoke control  or  stairwell

pressurization systems, ensure the VFD fire mode is enabled and tested. This typically involves a

hardwired input from the fire alarm panel to the drive. When activated, the drive should override all

normal commands and run the motor at a preset speed (often 100%) regardless of faults (except

maybe a few like power loss). Verify the drive’s UL 864 rating or equivalent if required by code for

smoke control. Also confirm that the wiring for the override is fail-safe (e.g. normally closed contact

that will trigger run on open, etc., depending on design). During commissioning, a fire alarm test

should include seeing that each VFD goes into its fire override (often the drive’s display will flash a

“Fire Mode Active” message). Drives like ABB’s ACH series and others explicitly support this mode and

are commonly used in such applications . Never assume a standard VFD is suitable for smoke

control unless documentation confirms it – using an improper drive in a fire safety application could

be a liability. 

Tuning and Commissioning: Take full advantage of the VFD’s programmability during setup. Most

HVAC drives have an easy startup menu – use it to configure the basics (motor nameplate data,

control  mode,  min/max frequency,  accel/decel  time,  and any preset speeds or PID settings).  Set

appropriate acceleration and deceleration times: too fast and you might get mechanical shock or

water hammer in pumps; too slow and the system might lag in response. A typical accel time of 10–

30 seconds for fans/pumps is common, but adjust to your system’s needs. If the drive has a built-in

PID loop and you plan to use it (say to maintain pressure), program the correct sensor feedback

input and scale, then tune the PID gains. Many drives can auto-tune the PID or have default gain

settings for slow processes that you can start with. Also configure  min and max speed limits to

protect the system: for example, a cooling tower fan VFD might have a minimum speed of 30% to

ensure the gear reducer gets adequate oil splash lubrication, or a pump VFD might limit to 90% to

avoid dead heading a three-way valve system. Document all the drive settings for future reference.

It’s wise to also set up any fault handling logic – e.g. some drives can auto-reset and restart after a

fault a certain number of times; enabling this can help if, say, a nuisance trip occurs and you want

the fan to try coming back online. However, if safety would be compromised, you might disable auto-

restart. During commissioning, simulate various scenarios (low demand, high demand, emergency

override, BAS commands) to verify the VFD responds correctly and the system remains stable.

Environmental  Factors  and  Location: Provide  a  proper  environment  for  the  VFD  itself.  Drives

dissipate heat (approximately 2–4% of the motor’s power as losses in the drive). Make sure the VFD is
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mounted in a space with adequate cooling or ventilation so it doesn’t overheat. If installing multiple

drives in an enclosed panel, you may need a cooling fan or air conditioning in that panel. Follow the

manufacturer’s clearance requirements around the drive for cooling. Keep VFDs out of extremely

hot, humid, or dusty areas unless they are rated for it (or put them in appropriate NEMA enclosures).

For instance, do not mount a standard open NEMA 1 drive next to a boiler where it’s 100°F and

humid; instead use a NEMA 12 or better enclosure or remote-mount the drive in a cooler electrical

room. If drives are in a plant room with lots of airborne contaminants (e.g. chlorine from a pool

facility, or salty air near the coast), consider  conformal coated drives or NEMA 4X enclosures to

prevent corrosion. Also note that many small VFDs are approved for plenum use (UL 1995) when

open, but larger ones might require metal enclosures. When in doubt, check local code requirements

for  VFD  placement.  Taking  these  precautions  will  ensure  the  drives  have  a  long  life  and  don’t

nuisance-trip due to environmental stress.

Maintenance and Training: Once VFDs are in service, maintenance personnel should be trained on

basic drive operation and troubleshooting. They should know how to use the keypad to start/stop

the drive (in case of BAS failure, for example), how to read fault codes, and how to switch between

Hand/Auto modes. It’s a good idea to keep the VFDs clean – periodically blow out or vacuum any

accumulated dust from vents and heatsinks, as excessive dust can cause overheating. Ensure any

cooling fans on the drive (many have small internal cooling fans) are working; these might need

replacement after several years of continuous use. Keeping a spare VFD or two on hand for critical

applications is cheap insurance – if  a drive fails,  you can swap it out quickly to keep the system

running (most modern drives have removable connectors or memory to transfer settings easily).

Also consider installing surge protection on the drives’ incoming power feeders. VFD electronics can

be sensitive to voltage spikes or lightning surges on the power line, so a TVSS (surge suppressor) in

the switchgear or panel feeding the drives can protect that investment. Finally, include the VFDs in

your  regular  preventive  maintenance  schedule  –  check  tightening  of  power  and  control  wiring

annually (thermal cycling can loosen connections), look for any signs of overheating or component

wear, and verify that parameter settings have not been tampered with. With minimal care, VFDs are

very reliable, with many running 10–15+ years in service. 

By  following these best  practices,  facilities  can ensure a  smooth integration of  VFDs into  their  HVAC

systems and maximize the benefits while avoiding common pitfalls. Properly applied, VFDs will serve as a

workhorse technology that provides efficient and stable control for years to come.

Manufacturer Examples and Notable Features

The HVAC VFD market is  served by many manufacturers,  each offering drives with features tailored to

building systems. Below we highlight a few major players and their HVAC drive offerings, along with key

features:

ABB

ABB is a global leader in drives, and their ACH series drives (such as the ACH550 and newer ACH580) are

widely used in HVAC applications. These drives are available in a broad power range (from roughly 1 HP up

to 700 HP or more) and come in various enclosure types suitable for mechanical rooms or rooftop units

(including UL Type 12 and even UL Type 4X in some models for outdoor use). ABB HVAC drives include

embedded BACnet communications for easy integration with BAS, as well as support for other protocols
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via optional modules. They are known for a very user-friendly control panel with a primary settings menu

that simplifies commissioning for common HVAC setups. ABB drives come with a number of HVAC-specific

features, for example an override mode for smoke control (meeting UL smoke control standards), a “Safe

Torque Off” input for integration with safety systems, and efficient  bypass options (ABB offers packaged

bypass units and E-Clipse bypass modules for their drives). 

A notable emphasis from ABB is on ease of use and reliability – they offer options like a Bluetooth wireless

keypad so technicians can program or monitor the drive from outside an arc-flash boundary (increasing

safety).  ABB  drives  have  robust  protective  features  and  worldwide  support  networks.  In  terms  of

performance, ABB often cites the affinity law benefits in their literature; an ABB application note highlights

that a  fan at half speed uses about one-eighth the power of full  speed, underlining the tremendous

energy savings potential . The ACH580 drive, for instance, is marketed with an “efficiency curve” showing

how it  optimizes motor voltage to further reduce losses at  partial  load.  Overall,  ABB’s HVAC drives are

considered  a  top-tier  choice,  frequently  specified  in  large  projects  for  their  proven  reliability  and

comprehensive feature set.

Yaskawa

Yaskawa Electric (from Japan) is another top VFD manufacturer with a strong presence in the HVAC sector.

Their  flagship  HVAC  product  line  is  the  Z1000  family of  drives,  which  is  designed  specifically  for

commercial HVAC applications like fans and pumps up to about 500 HP. The Z1000 drives feature an easy-

to-read LCD keypad interface that  includes  Hand-Off-Auto (HOA) controls for  local  operation,  plus  an

internal real-time clock for scheduling functions . They come standard with built-in communications –

notably  embedded  BACnet  (BTL-certified) and  Modbus,  making  integration  straightforward.  Yaskawa

drives are known for rock-solid reliability  and long lifespans (the company often touts their  low failure

rates). 

Some  standout features of  the  Yaskawa Z1000 include a  built-in  5% line reactor for  input  harmonic

mitigation and an on-board EMI/RFI noise filter that meets IEC 61800-3 standards for EMC  – this means

in most cases you don’t need to add external chokes or filters; the drive is ready to meet power quality

requirements out of the box. The Z1000 also offers an “Intelligent Bypass” package that can automatically

bypass the drive with a contactor if the drive is overridden or in fault, ensuring the motor can run at full

speed to maintain operations . This is useful for critical fans that must keep running no matter what.

Additionally, Yaskawa incorporates a high carrier frequency (up to 5 kHz) with dynamic noise control to

reduce motor noise – effectively, the drive can adjust its PWM to avoid creating an audible whine in the

motor, which can be beneficial in sound-sensitive installations. Yaskawa’s attention to detail (like conformal

coating on circuit boards and extensive burn-in testing) has made their drives very trusted in the industry.

It’s not uncommon to find 20-year-old Yaskawa drives still running reliably in the field.

Eaton

Eaton’s offering for HVAC has been the H-Max series VFD (recently succeeded by the PowerXL DH1 series).

The H-Max was specifically created for HVAC fan and pump applications and came packed with features

aimed at  ease of  use and efficiency.  One notable feature was Eaton’s  patented  Active Energy Control

algorithm, which automatically optimized the volts-to-hertz ratio delivered to the motor to improve part-

load efficiency – Eaton claimed this could squeeze out up to an additional 5–10% energy savings compared

to typical drives by keeping the motor operating at its most efficient point . The H-Max also boasted an
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impressive ambient temperature tolerance (operation up to 50 °C without derating) and came standard

with conformal coated boards for durability in less-than-ideal environments . Standard features on all

units included a fire mode (override) input, extensive onboard I/O (analog and digital inputs/outputs for

sensors  and  commands),  and  both  BACnet  MS/TP  and  BACnet  IP built-in  –  having  BACnet/IP  was

somewhat ahead of the curve when introduced, allowing direct connection to Ethernet BAS networks.

From a usability standpoint, Eaton provided a Quick Start Wizard that allowed technicians to configure the

drive for common HVAC scenarios (like constant pressure pump, or cooling tower fan) in a step-by-step

manner on the keypad. The keypad on the H-Max could also copy parameters from one drive to another,

which was handy for setting up multiple similar units quickly. Eaton offered the drives as part of packaged

solutions too – options like IntelliPass (integrated bypass) and IntelliDisconnect made it easy to order a

pre-wired drive with bypass and input disconnect in an enclosure, saving contractors time. Safety was also

considered: the H-Max had an input for Safe Torque Off to tie into E-Stop circuits. While the H-Max series is

being phased out in favor of the new DH1, the legacy of features it established (energy-saving algorithm,

user-friendly  interface,  robust  design)  continues.  Eaton drives  are  typically  praised  for  being  installer-

friendly with clear manuals and strong support.

Danfoss

Danfoss (from Denmark) was a pioneer in variable speed drive technology and remains a dominant player,

especially in HVAC and refrigeration. Their VLT HVAC Drive (FC 102) is a popular choice in building systems

worldwide. Danfoss drives are known for being highly reliable in demanding environments and for their

very comprehensive feature set tailored to HVAC. For example, the VLT HVAC drives have an  Automatic

Energy  Optimization  (AEO) function  that  can  provide  an  extra  5–15%  energy  savings  by  dynamically

adjusting voltage to  the motor  when possible .  They also include a  fire mode (Drive  Fire  Override),

advanced sleep modes for pumps (will stop a pump and auto-restart on pressure drop to save energy), and

flow compensation features (the drive can reduce pressure setpoint as flow drops, which saves energy in

distribution systems). 

Danfoss drives support a wide range of communication protocols: BACnet, Modbus, Johnson N2, Siemens

P1, and LonWorks (via option card) – making them easy to integrate in any BAS . They are one of the few

to  have  AHRI  Certification for  their  drives’  efficiency,  meaning  an  independent  lab  verified  their

performance (Danfoss often highlights that as a mark of quality). Physically, the VLT drives are very robust:

they come in enclosures up to IP55/NEMA 12 and even IP66 for  some models,  suitable for  rooftop or

mechanical room floor mount without needing extra cabinets . They feature high short-circuit withstand

ratings and all the necessary filters built-in. Danfoss also places emphasis on ease of maintenance – their

drives have a modular design where power modules can be replaced, and a smart logic controller that can

perform basic PLC functions, potentially eliminating small external controllers. 

Anecdotally, many engineers choose Danfoss VLT drives for large campus or hospital projects due to their

reputation for reliability and strong local  support.  Danfoss publishes numerous case studies showing

quick payback from VFD projects; for instance, using VLT drives in an airport or mall HVAC system to reduce

energy consumption by ~25% with payback under 2 years, etc. In summary, Danfoss HVAC drives bring

together efficiency, robust hardware, and a depth of features (some would say at the cost of being quite

complex to fully deploy, but the basics are straightforward). They remain a top choice for high-end HVAC

applications.
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Schneider Electric

Schneider  Electric,  which  owns  brands  like  Square  D,  offers  the  Altivar™ series of  drives  for  HVAC.  A

notable model is the Altivar 212 (ATV212), which is designed for building HVAC fans and pumps from about

0.75  kW  up  to  75  kW.  The  ATV212  is  marketed  as  a  cost-effective,  efficient  drive  with  “best-in-class”

efficiency and AHRI certification . One of its key features is what Schneider calls Reduced Harmonic

Technology – essentially an internal DC choke and RFI filter to minimize harmonics and EMI. It also comes

with  integrated network communications:  Modbus and BACnet are built-in, and it can speak Johnson

Controls N2 and Siemens APOGEE P1 protocols natively as well . LonWorks is available via an add-on

card. This breadth of protocol support means the Altivar drives can drop into virtually any control system

without fuss.

The  Altivar  drives  have  a  slim  form  factor  and  are  available  with  options  like  NEMA  1  or  NEMA  12

enclosures, and even IP54 floor-standing configurations for larger units. Schneider puts a focus on energy

monitoring features – the drives can display energy usage and even cost on the keypad, and integrate

with Schneider’s energy management software to report HVAC energy savings. They also have sleep/wake

functions for pump control (to stop the motor when flow is not needed and auto-restart on pressure drop)

and a “firemode” that overrides faults for emergency operation (commonly used in smoke control systems,

much like other HVAC drives).  An interesting unique feature on some Schneider drives is  the ability  to

control multiple motors (like multiple small exhaust fans in parallel) as long as certain conditions are met –

this can simplify some multi-fan systems (though it’s used in limited scenarios and requires all motors to

run together without individual control).

Schneider  (being  a  building  automation  company  as  well)  often  pairs  their  Altivar  drives  with  their

EcoStruxure building management  platform,  giving building operators  a  unified interface to  see drive

status, perform predictive maintenance (some Altivar models can alarm when they detect motor issues or

bearing wear based on torque signatures), etc. Overall, Schneider’s HVAC drives are recognized for their

integration into complete building solutions and are often selected when a project already uses a lot of

Schneider electrical gear and controls. They provide the core benefits (energy savings, soft start, etc.) with

the backing of a big controls company.

Hitachi

Hitachi Industrial Equipment sells a variety of VFDs that can be applied in HVAC systems, though they may

not have a specific dedicated “HVAC-only” drive model in all regions. Hitachi’s standard drives like the WJ200

series (for smaller motors up to 20 HP) and the SJ-P1 series (for larger motors up to 500 HP) are often used

for fans and pumps. These drives are known for their  compact size and strong performance in terms of

motor control (Hitachi was an early adopter of advanced sensorless vector control, allowing high starting

torque  and  precise  speed  regulation).  While  not  marketed  under  a  separate  HVAC  line,  Hitachi  drives

include features like autotuning, various acceleration profiles, and they support add-on  communication

modules for BACnet, Modbus, etc., to tie into building systems. For example, a WJ200 drive can be fitted

with a Modbus/BACnet interface if needed, or it can be controlled via analog signals from a thermostat or

BAS. 

In practice, Hitachi VFDs have been used in many retrofit projects for chilled water pumps and cooling

tower fans. Their SJ-P1 series (a high-performance drive) has options for built-in PLC functions and easy PID

setup, which can handle HVAC control  loops internally.  Hitachi  emphasizes  energy efficiency and eco-
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friendliness in  their  product  literature  –  essentially  noting  that  any  of  their  VFDs  will  help  cut  power

consumption  of  pumps/fans  through  precise  speed  control.  Users  have  commented  that  Hitachi’s

documentation is quite comprehensive and helpful for setting up drives , which can be advantageous

for newcomers learning to program a VFD. 

While Hitachi may not have the same brand recognition in HVAC as some others, their drives’ quality and

support are globally recognized. They often come in at a competitive price point as well. For smaller HVAC

systems or OEM packaged equipment (like unitary rooftop units or large split systems), Hitachi’s Lenze-AC

Tech division (which they acquired) produced the popular microdrives that found their way into many fan

coil units and package units. In summary, Hitachi drives deliver the core benefits needed and can be a solid

choice, especially when a good price-to-performance ratio is desired for a fan or pump VFD.

Lenze (AC Tech)

Lenze, and its AC Tech brand in the U.S., has a history of providing compact, easy-to-use drives, including

some aimed at the HVAC market. The  Lenze-AC Tech MCH Series drives were specifically developed for

HVAC applications such as fans, pumps, and cooling towers. They were often marketed under names like

“SMVector with HVAC options” or simply as MCH (standing for Motion Control HVAC). A defining feature of

these drives is their application-specific keypad and interface: the MCH series has a keypad that includes

the familiar Hand/Off/Auto keys to mimic traditional fan starter controls . This makes it straightforward

for maintenance staff to operate. The drive’s display and parameters are in plain English (no cryptic codes),

and it provides built-in PID control, timers, and an energy meter (kWh) for convenience .

Lenze’s MCH drives came in various packages: as standalone chassis drives or in NEMA 1 enclosures with

additional options. They offered factory-built option packages like an integral disconnect switch, input

fuses, and input line reactor all mounted with the drive in a single enclosure  – this “contractor ready”

packaging was a selling point, making installation faster and ensuring all necessary protective components

were included. Another available package was the  MCH with Bypass,  which included a full  3-contactor

bypass in a NEMA 1 enclosure, allowing the motor to be run across the line for redundancy . These

standardized designs saved engineering time and had generous space and top/bottom conduit knockouts

for easy wiring .

Lenze  drives  are  known  for  competitive  pricing  and  robust  performance in  small-to-medium  HVAC

systems. Many OEM manufacturers of unitary HVAC equipment integrated Lenze (or AC Tech) VFDs because

of their simplicity and reliability. They also support the common HVAC communication protocols through

optional plugin modules – for instance, the MCH series could be ordered with Modbus RTU on board and

optional BACnet, Metasys N2, or LonWorks modules . This flexibility allowed them to slot into different

control environments. 

Overall, Lenze’s offering might not have all the bells and whistles of some bigger brands, but it covers the

essentials very well. Ease of programming, HOA local control, and ready-to-go HVAC functions (like sleep

mode, fire mode, etc.) make them a solid choice for small to mid-size buildings or packaged equipment.

They illustrate that one does not always need a very expensive drive to get the job done effectively.
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Other Manufacturers

In addition to the above, there are many other reputable manufacturers of VFDs used in HVAC.  Siemens

produces the SINAMICS series drives and has specialized HVAC models (previously the Micromaster HVAC

and now the G120 with HVAC software) often used in large facilities. Mitsubishi Electric offers their FR-F800

series drives with HVAC energy optimization features and BACnet connectivity.  WEG (from Brazil) provides

cost-competitive HVAC drives with robust construction, and companies like Delta Electronics, Fuji Electric,

and Toshiba also have entries in this market. Many of these drives share similar capabilities – for example,

nearly all  have some form of built-in PID, network communications,  and energy-saving algorithms. The

choice often comes down to support and integration: users might pick a drive that matches the brand of

their other electrical gear or one that their local distributor supports strongly.

The good news is that the HVAC VFD market is mature, and most top-tier drives will perform reliably and

efficiently  if  properly  applied.  When selecting,  one  should  consider  factors  like  the  availability  of  local

support/service, the  ease of getting replacement parts, the compatibility with existing control systems

(e.g. does your BAS speak the drive’s protocol), and any unique features needed for the project (such as a

very high IP rating for outdoors, or an extra-quiet drive if acoustic noise from the drive itself is a concern).

Many vendors offer energy analysis tools or calculators to estimate savings for a given motor and load

profile – these can be helpful in making the business case and comparing expected performance.

Finally,  working with an experienced system integrator or drives specialist  (like  Precision Electric,  Inc.,

which  has  expertise  in  integrating  various  VFD  brands)  can  help  in  choosing  the  optimal  drive  and

configuring it correctly for the application. With the wide array of quality drives available, a bit of expert

guidance ensures that the selected VFD seamlessly fits the HVAC system’s needs and delivers the full range

of benefits we’ve discussed.

Conclusion

Variable  frequency  drives  have  revolutionized  HVAC  systems  by  providing  dynamic,  demand-driven

control of motors. In an industry where energy efficiency, comfort,  and reliability are paramount, VFDs

check all the boxes: they  slash energy consumption through the simple physics of slowing down, they

enable  tighter  control  of  environmental  conditions,  and  they  protect  and  prolong  the  life  of  valuable

equipment by soft-starting and optimizing performance. Modern HVAC VFDs come with rich feature sets

that  make  integration  easier  than  ever  –  from  networking  capabilities  for  smart  building  control,  to

application-specific modes like fire overrides and multi-pump coordination.  Adopting VFDs in both new

designs and retrofits aligns with engineering best practices and is increasingly encouraged (or required)

by energy codes and standards, which recognize the efficiency gains of variable speed control. 

The impact of VFDs isn’t just theoretical – as illustrated by real examples, facilities have achieved 30–60%

HVAC energy reductions and significant cost savings by deploying VFDs on fans and pumps. These savings

often translate to a compelling ROI, with payback periods frequently in the range of a couple of years or

less for retrofit projects. Beyond the financial benefits, VFDs contribute to more  stable and comfortable

indoor environments (no more wild temperature swings or loud system cycling) and improve equipment

uptime by reducing mechanical strain. In short, a VFD is much more than a speed controller; it’s a critical

tool for modernizing HVAC systems to be smarter, greener, and more adaptable.
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As you consider  implementing VFDs,  remember the key  points:  choose quality  drives  and install  them

correctly  with  attention  to  cooling,  harmonics,  and  control  integration.  Program  them  to  leverage  all

available features (like scheduling, PID control, and alarms) to get the most value. Train your facilities team

so they are comfortable with the new technology. With these steps, you will unlock the full potential of your

HVAC infrastructure. The result is a win-win: lower operating costs, improved sustainability, and a more

comfortable indoor environment for all occupants. In today’s energy-conscious world, VFDs in HVAC are

not just an option – they are rapidly becoming the standard for efficient and high-performance building

systems.
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