
George R. Carey, Jr.
VP, Fluid Industrial Associates

gcarey@fiainc.com 
@Ask_GCarey

Boiler Facts

The Role of AI 
in the Future of HVAC 

 16										                             ICM/September/October 2025

The heating, ventilating and 
air conditioning (HVAC) in-
dustry is undergoing a tech-

nological transformation unlike any 
in its history. For decades, progress 
in the field was driven primarily by 
improvements in mechanical design, 
materials and energy efficiency stan-
dards. Now, a new force is emerging 
that has the potential to reshape 
every stage of HVAC operation: ar-
tificial intelligence (AI). Far from 
being a passing trend, AI is becom-
ing a powerful driver of innovation, 
enhancing performance, reducing 
costs and enabling a new level of re-
sponsiveness to environmental and 
customer needs.

One of the most significant appli-
cations of AI in HVAC is predictive 
maintenance. Traditionally, equip-
ment has been serviced either when 
it breaks down or fixed at intervals 
based on time in service.	

Both approaches have inherent in-
efficiencies: Waiting for a breakdown 
can lead to costly downtime, while 
scheduled maintenance sometimes 
replaces components that are still 
in good condition. AI changes this 
model entirely by enabling systems 
to anticipate failures before they oc-
cur. Through the use of sensors that 
track temperature, vibration, pres-
sure and energy consumption, AI al-

gorithms can detect subtle changes 
in performance that signal a poten-
tial problem. A rooftop’s compressor, 
for example, might start drawing 
slightly more electrical current than 
usual—an early warning that would 
be almost impossible to notice with-
out advanced data analysis. AI can 
identify this pattern, alert service 
personnel and schedule a repair be-
fore the failure happens, saving both 
time and money.

Energy optimization is another 
area where AI will have a profound 
impact. HVAC systems are respon-
sible for a substantial share of a 
building’s energy use, and energy 
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costs are often one of the largest 
operating expenses for both com-
mercial and residential properties. 
AI systems can continually analyze 
a range of factors, including occu-
pancy patterns, weather forecasts, 
utility rate schedules and historical 
performance data to adjust settings 
in real time for maximum efficiency. 
A large office building could, for in-
stance, pre-cool certain areas during 
off-peak electricity hours or reduce 
airflow in unoccupied spaces, lead-
ing to significant cost savings with-
out sacrificing comfort. AI does more 
than automate these processes—it 
fine tunes them for optimal results. 

Indoor air quality, or IAQ, 
has gained attention in recent 
years, particularly in the wake of 
the COVID-19 pandemic. Healthy 
indoor environments are now rec-
ognized as essential for occupant 
well-being and productivity. AI, 
when paired with a network of air 
quality sensors, can monitor carbon 
dioxide levels, humidity and volatile 
organic compounds. The system can 
then respond instantly to changes, 
increasing ventilation when pollut-
ant levels rise, adjusting humidity to 
deter mold growth and recommend-
ing filter replacements precisely 
when they are needed—not too ear-
ly, which wastes resources and not 
too late, which risks health issues. 
The result is a healthier indoor envi-
ronment that adapts in real time to 
changing conditions.

Fault detection and diagnos-
tics is another area where AI’s in-
fluence is becoming clear. Instead 
of relying entirely on the technician 
to interpret system readings, AI 
can automatically detect anomalies 
and even suggest specific corrective 
actions. In a variable refrigerant 
flow system, for example, AI might 
recognize a slight refrigerant un-
dercharge before it begins to signifi-
cantly impact efficiency. In a multi-
zone system, AI can pinpoint exactly 
which damper is malfunctioning, 
savings hours of manual inspection 

time. This leads to faster repairs, 
less disruption and more reliable 
system performance.

AI is also finding a place in the de-
sign and commissioning phases 
of HVAC systems. Designing an ef-
ficient system has always required 
balancing calculations, equipment 
sizing and load estimation. AI can 
enhance these steps by incorpo-
rating vast amounts of historical 
building performance data, climate 
patterns and three-dimensional 
architectural models to generate 
more accurate load predictions than 
traditional methods alone. During 
commissioning, AI tools can monitor 
performance in real time, automat-
ically adjusting control parameters 
to ensure that the system begins 
operating at peak efficiency, rather 
than going through months of grad-
ual fine-tuning.

The integration of AI into build-
ing management systems (BMS) 
represents another leap forward. 
While BMS platforms already pro-
vide centralized control for HVAC, 
AI takes this further by enabling the 
system to interact with other build-
ing functions such as lighting, access 
control and security. For example, if 
a security system detects that a floor 
is unoccupied after hours, AI could 
immediately reduce HVAC output in 
that area, conserving energy. Sim-
ilarly, AI could coordinate HVAC 
settings with automated window 
shading systems to minimize heat 
gain from sunlight during Summer 
months.

Sustainability is becoming an 
increasingly important driver for AI 
adoption in HVAC. Environmental 
regulations are tightening, partic-
ularly around energy efficiency, re-
frigerant management and carbon 
emissions. AI can help building own-
ers meet these requirements by con-
tinuously monitoring performance, 
generating compliance reports and 
recommending operational changes 
that reduce the environmental im-
pact. In the future, AI could also en-

able grid-interactive HVAC systems 
that automatically adjust output to 
support the stability of the power 
grid during peak demand periods.

The benefits of AI go beyond sys-
tem performance into the customer 
experience itself. AI-powered virtu-
al assistants can answer common 
troubleshooting questions, provide 
personalized energy-saving recom-
mendations and allow users to con-
trol temperature settings through 
voice commands. For residential 
HVAC companies, AI can streamline 
service by sending maintenance re-
minders and offering upgrade sug-
gestions tailored to the homeowner’s 
usage patterns.

Despite the promise, there are 
challenges to widespread AI adop-
tion in HVAC. Data quality is criti-
cal—an AI system is only as good as 
the information it receives. Cyber-
security is another concern, as con-
nected HVAC systems could become 
targets for digital attacks. The work-
force will also need new skills, with 
technicians trained to interpret AI 
outputs and manage smart systems. 
Additionally, the upfront invest-
ment required for AI integration can 
be a hurdle, particularly for smaller 
HVAC contractors.

However, the direction of the in-
dustry is clear. Artificial intelligence 
will play a central role in the next 
generation of HVAC systems, en-
abling them to be more intelligent, 
efficient and responsive than before. 
By providing insights that help op-
erators make smarter decisions, AI 
will not replace human expertise but 
will rather enhance it, creating a 
beneficial partnership between tech-
nology and skilled professionals. For 
companies to remain competitive in 
this evolving market, adopting AI is 
not just an advantage—it is quickly 
becoming a necessity.

If you have any questions or com-
ments, e-mail me at gcarey@fiainc.
com, call me at (800) 423-7187 or fol-
low me on Twitter at @Ask_Gcarey.  
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