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Presentation Outline

• Machine maintenance overview

• Cooling equipment specific maintenance considerations

• Major equipment maintenance

• Chillers, pumps, heat exchangers

• Minor equipment – gauges, valves, etc.

• Minor tasks that provide multiplier effect savings



Fundamental Purpose of Equipment Maintenance

• The importance of maintenance is widely recognized but the exact 

financial justification can be unclear

• First purpose is to keep equipment functional

• Unmaintained equipment will fail, sometime catastrophically

• No one can tell exactly how / when / why for most devices



Fundamental Purpose of Equipment Maintenance

• The importance of maintenance is widely recognized but the exact 

financial justification can be unclear

• First purpose is to keep equipment functional

• Second purpose is to make equipment work better

• Maintained equipment will be more efficient, providing identifiable ROI

• Minor breakdowns and interruptions can occur on under-maintained 

equipment, effective maintenance can avoid these unplanned 

stoppages and the resulting production impacts and costs



Typical Plant Utilities Maintenance Tasks

• Typically planned on mechanical function assumptions, time of 

operation-based

• Routine maintenance

• Filter replacements

• Lubricant level checks & fills

• Belt inspections & replacements

• Chiller tube cleaning / plate HX cleaning

• Tower basin cleaning



Typical Plant Utilities Maintenance Tasks

• Typically planned on mechanical function assumptions, time of 

operation-based

• Routine maintenance

• Major Equipment maintenance

• Compressor air-end rebuilds, heat exchanger replacements

• Pump overhauls or replacements

• Chiller compressor overhauls, tube replacements

• Tower fill replacement, basin sealing or replacement



Cooling Efficiency-Enhancing Maintenance

• Cooling equipment has different conditions for evaluation of 

maintenance

• Life cycle energy use is several times greater than purchase cost

• Reliable operation is leveraged through process productivity



Cooling Efficiency-Enhancing Maintenance

• Cooling equipment has different conditions for evaluation of 
maintenance

• Life cycle energy use is several times greater than the purchase cost.

• Reliable operation is leveraged through process productivity

• Preserving rated efficiency creates payback for plant host

• Best Practices use performance-based triggers in addition to time-
based

• Requires adding efficiency monitoring task to activities

• Good candidate for automation-based monitoring and alerting



Cooling Efficiency Maintenance Triggers

• Direct monitor trigger examples

• Chiller approach temperatures – evaporator, condenser

• Pressure loss through filters, strainers



Cooling Efficiency Maintenance Triggers

• Direct monitor trigger examples

• High-level monitor trigger examples

• Indirect but more informative – supports savings calculations

• Chiller kW per ton tracking

• Pump power input

• Heat exchanger temperature approach at equal conditions



High-Level Trigger Considerations

• These require effective system controls, intelligent application

• Chiller kW per ton tracking

• Normalize for set point, condensing conditions)

• Pump power input for same conditions

• A-B rotations, known parallel conditions, etc.

• Heat exchanger temperature approach

• Conditional analysis depends on actual operating conditions vs. 

nominal design



Chiller kW per Ton Example & Implications
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High-Level Trigger Considerations

• These require effective system controls, intelligent use

• Chiller kW per ton tracking

• Pump power input for same conditions

• Heat exchanger temperature approach

• These and similarly context-sensitive indicators are a great potential 

application for AI in cooling systems



Chiller Efficiency Details

• Primary controlled variable is condition of the tubes

• Chiller internal (refrigerant side) thermal performance stays uniform

• Properly maintained compressors on centrifugal and screw chillers 

wear very modestly over time but do periodically require bearings 

and seals (non-mag bearing units)



Chiller Efficiency Details

• Primary controlled variable is condition of the tubes

• Chiller internal (refrigerant side) thermal performance stays uniform

• Properly maintained compressors on centrifugal and screw chillers 
wear very modestly over time but do periodically require bearings 
and seals (non-mag bearing units)

• Loading directly affects performance, slightly different impacts 
depending on flow & delta T variations

• Efficiency cost impacts calculated from kW per ton, average loads, 
annual hours, power cost



Water-Cooled Chiller Efficiency Impact of Tube Cleaning

• Target evaporator approach ≈ 1.0 – 1.5°F

• Target condenser approach ≈ 2.0 – 3.0°F 
(difference between clean system and dirty open 
loop to tower)

• Approximate efficiency effect ≈ 2% per °F

• Chiller with 3°F evap. appr. and 5°F cond. 
appr. is ≈8% less efficient than 1.25 / 2.5 
machine

[(3°-1.25°)+(5°-2.5°)] x 2% = 8.5%

• Annual cost penalty @ 10¢ per kWh, 8600 
hours per year, nominal 0.6 kW per ton = 

$0.10 X 8600 X 0.6 X 8% = $41.28 per ton

• Annual savings of $24,800 for 600 tons

• Tube cleaning cost of ~$12,000, 6 mos. PB



Chiller Tube Cleaning Example & Implications
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Pump Efficiency Details

• Usefulness of direct pump power readings depends on consistent 
conditions

• Fixed flow loops (suboptimal but common)

• Pressure-controlled applications better fundamentally and for tracking

• Compare power input over time, in comparable operations

• A-B rotations in consistent applications

• Parallel conditions, etc.

• Review inlet conditions for increasing power requirements or 
declining flows



Pump Inlet Fouling Example



Heat Exchanger Efficiency Details

• Heat exchanger temperature approach highly dependent on flows 

and actual temperature differences vs. design conditions

• Flow management efficiency strategies significantly affect approach

• Purposely controlling the temperature to reduce flow on one side 

changes the performance

• Track performance and observe trends / changes

• Conduct periodic controlled tests with defined flows, temperatures

• Compare results to recorded start-up and post-cleaning data



Minor Component Maintenance

• Minor system components like gauges and valves require 

maintenance

• Temperature sensors typically less prone to issues but can fail or be 

damages (resistance devices highly wiring sensitive)

• Tower system pressure gauges and transducers particularly 

susceptible to pipe plugging and hence false readings

• Direct savings from devices limited, their key value is in supporting 

power use component analysis (e.g., pumps, etc.)

• Leaking valves, however, can create real costs and be hard to find – 

fugitive flows, back-spinning pumps, other effects



Pressure Gauge Pipe Plugging Example



Minor Component Critically Support Troubleshooting

• Pressure gauges & sensors, temperature sensors provide important 

insight into specific system component conditions

• Individual pumps

• Heat exchangers

• Prompt, accurate indications assist troubleshooting under pressure

• Value of maintaining minor components trivial compared to benefits 

of restoring cooling function to process – what’s 1 hour worth?

• Very easy to overlook, ignore so must be added to maintenance 

planning system, required for completion



Presentation Outline

• Machine maintenance overview

• Cooling equipment specific maintenance considerations

• Major equipment maintenance

• Minor equipment – gauges, valves, etc.

• Minor tasks that provide multiplier effect savings



Best Practices References

• Vital Signs: Critical Instrumentation for Cooling System Health, Chiller & 

Cooling Best Practices magazine, September 2023

• Holistic Controls for Superior Cooling Systems Efficiency Pt. 1, Chiller & 

Cooling Best Practices magazine, Jan.-Feb. 2024

• Holistic Controls for Superior Cooling Systems Efficiency Pt. 2, Chiller & 

Cooling Best Practices magazine, June 2024
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• Air-cooled chillers use a fan motor to move air across 
the condenser coils to reject heat

• Two types of fan motors

• Fixed speed – fan is either on at full speed or off

• Variable speed – besides operating at full speed, fan 
can be commanded to run at a lower speed depending 
on the airflow needed at the time

36

TYPES OF FAN MOTORS FOR AIR-COOLED CHILLERS
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• Type of motor technology used for a fixed speed 
application

• AC Induction motor operating from line voltage

• Speed is determined by motor design (number of poles) and 
the frequency of the AC voltage (usually 60 Hz in the USA)

• Induction motor design is rather simple, and AC induction 
motors have been produced for over 120 years

• Motor has very good starting torque – starts immediately when 
voltage is applied

• Inrush current can be high when motors start

• AC induction motors just run – which is a good thing

• Typical failures are either winding failures or bearing failures

• Motor efficiency is relatively low

• The Department of Energy has regulated the efficiency of motors 
since the mid-1990s; however, air-over motors such as chiller fan 
motors have been exempt from efficiency regulation until next year 
– goes into effect June 2027

• AC induction motors do not have any inherently “smart” 
features – no feedback on whether the motor is even spinning 
or what speed it might be going

37

FIXED SPEED AC INDUCTION MOTOR
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• The Department of Energy tightened its motor efficiency standards and widened what they cover

38

WHAT CHANGES FOR CHILLER FAN MOTORS IN JUNE 2027?
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• Type of motor technology used for a variable speed application

• AC Induction motor operating from an inverter or variable frequency drive (VFD)

• Since motor speed is determined by the number of magnetic poles and the frequency of the AC voltage, a 
variable frequency drive very simply adjusts the frequency of the voltage signal to adjust the speed of the motor

• Because of the electronics in a VFD, some feedback on motor operation can be communicated

• Pairing motors with a VFD (or multiple VFDs) adds complication to the system as well as cost

• Motor cost also increases as it must be designed and manufactured with extra insulation to survive voltage 
spikes from the VFD

39

VARIABLE SPEED AC INDUCTION MOTOR
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• Type of motor technology used for a variable speed 
application

• Electronically Commutated (EC) motors

• EC motors are typically permanent magnet motors that 
use a built-in or integrated drive that acts as a VFD for 
the motor

• Inputs to an EC motor are three-phase power (like the 
AC induction motor) and some kind of speed control 
signal

• Speed can be commanded with a simple analog, PWM, 
or digital input – see the input options at right

• Higher level of communication: Modbus or some kind of 
serial communication protocol, with each motor 
addressed on one shared bus

• Because of the electronics in the integrated drive, an 
EC motor has the capability of providing feedback to the 
system controlling the EC fan motors

40

VARIABLE SPEED EC MOTOR
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• All three move air across the condenser coils – they differ in how speed is controlled, and in what the motor 
can tell you

41

COMPARING THE THREE FAN MOTOR TECHNOLOGIES
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REGAL REXNORD - POWER EFFICIENCY SOLUTIONS

SEGMENT Revenue ($)FAMILY BRANDS

Power Efficiency Solutions

For more information visit our website:

Chiller | Condenser Solutions Data Center Solutions SyMAX-PRO EC Motors



Best Practices EXPO Contest

Win a FREE $675 Full Conference 

Pass! 

Best Practices 2026 Expo & 

Conference 

Open to factory personnel, 

manufacturers’ reps, distributors, utility 

programs, mechanical contractors, and 

engineers 

Submit your poll answer to qualify. 

Winners notified Monday!

*By entering you are giving permission to 

announce your name if you are a winner

Which factor most directly affects chiller 

efficiency?

• Basin waterA
• Tube 

conditionB

• Ambient noiseC



Please submit any questions through the Question Window on 

your GoToWebinar interface, directing them to Compressed Air 

Best Practices Magazine. Our panelists will do their best to 

address your questions and will follow up with you on anything 

that goes unanswered during this session. 

Thank you for attending!

Q&A

How to Maintain Cooling System Efficiency Over Time

Sponsored by



The recording and slides of this webinar will be made 

available to attendees via email later today. 

PDH Certificates will be e-mailed to Attendees within 2 days.

Thank you for attending!
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