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Executive Summary 

Artificial Intelligence (AI) is poised to transform how commercial and 

industrial buildings heat, cool, and ventilate their spaces. This guide provides a 

comprehensive, realistic roadmap for leveraging AI in Heating, Ventilation, and 

Air Conditioning (HVAC) systems to improve comfort, save energy, and 

streamline maintenance.  

Understanding AI vs Traditional Controls 
AI-driven HVAC optimization goes beyond conventional rule-based controls 

(e.g. fixed schedules or CO₂-triggered ventilation). It uses machine learning and 

predictive algorithms to continuously adapt to building usage and conditions, 

whereas sensor-based rules alone are not AI. 

 

Potential Benefits  
When properly implemented, AI can improve occupant comfort, reduce HVAC 

energy consumption (often by 10–30% or more) (APPLICATION of ARTIFICIAL 

INTELLIGENG TECHNIQUES | PDF | Efficient Energy Use | Artificial 

Intelligence), and enable predictive maintenance to fix issues before 

breakdowns (AI takes on growing role in HVAC system efficiencies). AI can 

maintain indoor air quality and comfort more dynamically than traditional 

systems (AI takes on growing role in HVAC system efficiencies). 

 
Critical Considerations 
Beware of vendor hype. Not every “smart” HVAC product truly uses AI – some 

just repackage standard control logic (AI in building automation : 

r/BuildingAutomation). High upfront costs (sensors, integration) and added 

complexity are real risks. Critically evaluate claims of “20%+ savings” 

https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=1.%20Energy%20Conservation%3A%20AI,to%20global%20energy%20conservation%20efforts
https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=1.%20Energy%20Conservation%3A%20AI,to%20global%20energy%20conservation%20efforts
https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=1.%20Energy%20Conservation%3A%20AI,to%20global%20energy%20conservation%20efforts
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=AI,changer
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=AI%20enhances%20indoor%20air%20quality,efforts%20to%20improve%20indoor%20environments
https://www.reddit.com/r/BuildingAutomation/comments/1g6qvgn/ai_in_building_automation/#:~:text=%E2%80%A2
https://www.reddit.com/r/BuildingAutomation/comments/1g6qvgn/ai_in_building_automation/#:~:text=%E2%80%A2
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(BrainBox AI - Generative AI Customer Story - AWS), and ensure basic HVAC 

maintenance and management practices are in place first (AI is not a magic fix 

for a poorly operated building). 

 

Pre-Deployment Checklist 
Successful AI integration requires certain conditions: a functional Building 

Management System (BMS), a well-maintained sensor network, engaged 

facility staff, management support, and good documentation. Red flags include 

broken sensors, disinterested management, or lack of training – these issues 

should be resolved before adding AI. 

 
Implementation & Verification  
Conduct a thorough cost-benefit analysis (consider installation and recurring 

costs versus potential energy savings and other benefits). Plan for 

measurement and verification of savings using baseline data to validate that the 

AI system delivers as promised. Start with pilot projects and scale up based on 

proven results. 

 

DIY and Low-Cost Options 
For smaller or budget-limited facilities, there are do-it-yourself approaches to 

“smart” HVAC control. Options include smart thermostats with learning 

capabilities, open-source controls, or low-cost sensor kits (e.g. using Arduino 

boards) to experiment with basic AI features like predictive maintenance (AI 

takes on growing role in HVAC system efficiencies). These can provide a gentler 

introduction to AI benefits without large investments.  

Case Studies 
 

https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=Jean,time%20recommendations%20for%20facility%20managers
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Santagostino%2C%20a%20company%20operating%2035,printed%20cases
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Santagostino%2C%20a%20company%20operating%2035,printed%20cases
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Real-world examples from around the globe illustrate outcomes ranging from 

~3–5% energy savings in highly optimized facilities to ~20–40% savings in 

more variable environments (AI takes on growing role in HVAC system 

efficiencies) (Artificial Intelligence Assisted Heating Ventilation and Air 

Conditioning Control and the Unmet Demand for Sensors: Part 2. Prior 

Information Notice (PIN) Sensor Design and Simulation Results). Both 

successes and challenges are highlighted – including a tropical climate trial 

achieving ~40% cooling energy reduction (Artificial Intelligence Assisted 

Heating Ventilation and Air Conditioning Control and the Unmet Demand for 

Sensors: Part 2. Prior Information Notice (PIN) Sensor Design and Simulation 

Results), and a DIY implementation in medical clinics that improved reliability 

at low cost (Santagostino's predictive maintenance for HVAC uses Nano 

RP2040 Connect). 

 

Future Outlook  
AI-enabled HVAC is evolving rapidly. In the coming years, integration hurdles 

are expected to lessen as sensors become cheaper, data standards improve, and 

facility managers become more tech-savvy. Advances like better AI 

explanations, automated fault detection, and more seamless BMS integration 

will address current barriers. AI won’t replace the need for good management, 

but it will become an increasingly standard tool for efficient, sustainable 

buildings. 

 

In short, AI can be a valuable ally for HVAC optimization – but success requires 

the right groundwork, a realistic approach, and ongoing commitment. This 

guide walks you through each step of the journey to an AI-optimised building, 

from initial considerations to future possibilities. (A downloadable Word version 

of this guide is available for convenience.) 

https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=As%20reported%20by%20the%20International,reduction%20in%20energy%20consumption
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=As%20reported%20by%20the%20International,reduction%20in%20energy%20consumption
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=The%20Nano%20RP2040%20Connect%E2%80%99s%20built,was%20built%20across%20the%20facilities
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=The%20Nano%20RP2040%20Connect%E2%80%99s%20built,was%20built%20across%20the%20facilities
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Introduction 

 

Modern buildings are complex systems to manage. HVAC and lighting typically 

account for roughly half of a commercial building’s energy use, contributing to 

buildings consuming ~40% of total energy in many countries (AI takes on 

growing role in HVAC system efficiencies). This significant energy footprint, 

combined with the demand for comfortable and healthy indoor environments, 

has driven interest in “smart building” solutions. In recent years, Artificial 

Intelligence (AI) has emerged as a powerful tool to optimize HVAC operations 

by analyzing large amounts of data and making real-time adjustments beyond 

what traditional controls can do (AI takes on growing role in HVAC system 

efficiencies). 

This guide, “AI Smart-Building & HVAC Optimisation,” is written for early to 

mid-career engineers, building managers, HVAC service providers, and energy 

efficiency advisors. It provides a realistic, diagnostic look at how AI can enhance 

https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=In%20most%20countries%2C%20buildings%20account,energy%20efficiency%20in%20these%20systems
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=In%20most%20countries%2C%20buildings%20account,energy%20efficiency%20in%20these%20systems
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Buildings%20are%20complex%2C%20dynamic%20environments,for%20modeling%20these%20energy%20flows
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Buildings%20are%20complex%2C%20dynamic%20environments,for%20modeling%20these%20energy%20flows
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HVAC control in commercial and industrial buildings across the globe – from 

frigid climates with heavy heating needs to tropical regions where cooling is 

critical. Importantly, we distinguish genuine AI capabilities from conventional 

HVAC control techniques to avoid confusion and hype. The goal is to help you 

understand what AI can (and cannot) do for building HVAC, how to prepare 

your facility for AI integration, and how to ensure successful outcomes if you 

proceed. 

We’ll cover the potential benefits of AI – improved comfort, energy savings, 

predictive maintenance, etc. – and how these differ from traditional approaches 

like scheduled setbacks or CO₂-based ventilation control. We’ll also critically 

examine vendor claims and common pitfalls: implementing an AI system is not 

a magic wand for underlying issues like deferred maintenance or lack of 

training. You’ll find a Pre-Deployment Checklist of conditions needed for AI 

to succeed (and red flags that signal a building isn’t ready). Guidance is 

provided on performing cost-benefit analyses, setting up measurement & 

verification (M&V) for results, and identifying which types of buildings are 

likely to see the most benefit from AI. 

 

Practical advice is included for both high-end and low-budget scenarios. For 

organizations with resources, we discuss selecting vendors or developing 

custom solutions. For those with limited budgets, we suggest low-cost 

experimentation and incremental steps – for example, using smart thermostats 

or DIY sensor projects to start capturing “smarter” HVAC control on a small 

scale. Throughout, we incorporate a range of case studies – from a shopping 

mall in Canada to a factory cleanroom in Japan to medical clinics in Italy – 

including successes, challenges, and measured outcomes. These global 

examples (in both cooling-dominated and heating-dominated climates) 

provide a balanced view of what real-world results look like, beyond glossy 

marketing brochures. 
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Finally, we look ahead to the future of AI in HVAC. How might today’s barriers 

be overcome? What trends (like cheaper IoT devices, better integration 

platforms, and improved workforce skills) will shape the next 5–10 years? The 

guide concludes on an honest but hopeful note: AI is a valuable tool when 

properly implemented – not a silver bullet, but a means to significantly enhance 

building performance if approached with clear eyes and due diligence. 

 

Let’s begin by clarifying exactly how AI-driven HVAC control differs from the 

conventional control methods that facility teams have used for decades.  
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AI vs. Traditional HVAC Controls 

It’s important to understand what makes an “AI-assisted” HVAC system 
different from a traditional Building Management System (BMS) or 
conventional controls. In many buildings today, HVAC is governed by rule-
based strategies: fixed schedules (e.g. turning off systems at night or on 
weekends), setpoint routines (like night setback temperatures in winter), and 
simple feedback loops (like thermostat-driven on/off or modulating control, or 
demand-controlled ventilation based on CO₂ sensors). These traditional 
controls are often very effective when properly configured – strategies like CO₂-
based ventilation and optimized start/stop have been saving energy for years. 
However, these are not AI. They are predefined if-then rules or schedule-
based automations created by human engineers. As one industry professional 
quipped, vendors sometimes “rebrand anything where a computer made a 
decision as AI,” even if it’s just a standard PID loop or optimal start program 
running as usual (AI in building automation : r/BuildingAutomation). In other 

https://www.reddit.com/r/BuildingAutomation/comments/1g6qvgn/ai_in_building_automation/#:~:text=%E2%80%A2
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words, simply using sensors and automation does not equate to artificial 
intelligence. 
 

So, what does AI add? The defining characteristic of AI in HVAC control is the 

ability to learn from data and make dynamic decisions in a way that 

conventional controls can’t. Traditional controls typically react to current 

conditions based on fixed rules – for example, “If room CO₂ rises above X ppm, 

bring in more outside air,” or “At 6:00 PM, set back the temperature to Y°C.” In 

contrast, an AI-driven system might analyze multiple data streams 

simultaneously – indoor temperatures, humidity, occupancy patterns, 

weather forecasts, energy prices, equipment status, etc. – and predict future 

conditions to adjust HVAC settings proactively. AI can recognize complex 

patterns: for instance, it might learn that certain zones consistently overcool by 

late afternoon unless the chiller setpoint is tweaked earlier in the day, or it 

might predict a spike in morning occupancy on Tuesdays and pre-ventilate a 

building to maintain air quality. 

 

Another way to distinguish AI is its adaptive optimization. A conventional 

BMS follows its programming indefinitely until someone manually changes it. 

An AI, on the other hand, can continuously refine its control strategy. If building 

usage shifts or if a particular control sequence isn’t achieving the desired result, 

the AI can adjust on its own (within bounds) to reach the goals for comfort or 

energy. For example, a standard demand-controlled ventilation might always 

target 800 ppm CO₂; an AI might realize that in a particular conference room, 

people start feeling stuffy at 600 ppm and adjust its target accordingly to 

improve comfort – effectively “learning” the optimal setting rather than sticking 

to a generic threshold. 
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The diagram below illustrates a typical architecture for AI-assisted HVAC 

control, as described in recent literature. It shows how AI integrates with the 

HVAC system and sensors, in comparison to a traditional setup: 

 

( Artificial Intelligence-Assisted Heating Ventilation and Air Conditioning 

Control and the Unmet Demand for Sensors: Part 1. Problem Formulation and 

the Hypothesis - PMC ) Figure: Typical architecture of an AI-assisted HVAC 

control system with multiple sensor feedback and AI controllers. In this 

framework, a central AI controller (Controller #1) uses techniques like neural 

networks or fuzzy logic to optimize HVAC settings, while an edge AI component 

(Controller #2) can preprocess sensor data or handle local control. A database 

stores historical sensor and performance data. The AI system considers numerous 

inputs (temperatures, humidity, occupancy, weather, energy prices, etc.) – 

“controllable parameters” and “uncontrollable parameters” – to determine 

optimized setpoints (SP) for the HVAC equipment. Unlike conventional control 

loops, the AI continuously learns from the data and can perform optimized 

setting adjustments and predictive control to maintain comfort with minimal 

https://pmc.ncbi.nlm.nih.gov/articles/PMC6427582/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6427582/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6427582/
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energy use ( Artificial Intelligence-Assisted Heating Ventilation and Air 

Conditioning Control and the Unmet Demand for Sensors: Part 1. Problem 

Formulation and the Hypothesis - PMC ) ( Artificial Intelligence-Assisted Heating 

Ventilation and Air Conditioning Control and the Unmet Demand for Sensors: Part 

1. Problem Formulation and the Hypothesis - PMC ). 

 

In practical terms, AI-based HVAC control often involves predictive models and 

optimization algorithms running on top of the existing BMS. Conventional 

system vs. AI system, simplified: A traditional system might turn heating on 

at 5 AM every weekday because that’s the schedule set for a building to be warm 

by 8 AM. An AI system could analyze weather forecasts and past performance 

to decide that on a mild Wednesday it can wait until 6 AM, but on a frigid 

Monday it should start at 4:30 AM – saving energy on the mild day while 

ensuring comfort on the cold day. Both systems use the HVAC plant to meet 

temperature setpoints, but the AI is more intelligent about when and how to 

achieve those setpoints. It’s this ability to dynamically adjust (and sometimes 

even decide which control strategy to use) that sets AI apart. 

 

To summarize, sensor-based rules and schedules = predetermined, static 

logic; AI control = data-driven, adaptive logic. AI doesn’t replace all 

traditional control elements – you still have fans, valves, and thermostats 

operating within physical limits – but it adds a layer of “brain” that can 

coordinate and fine-tune those elements in ways a fixed program cannot. When 

you hear terms like machine learning, predictive analytics, neural networks, 

fuzzy control, etc. in the context of HVAC, these refer to the various AI 

techniques being applied. We won’t dive deep into the algorithms here 

(avoiding overly IT-heavy detail), but will focus on what they mean for building 

operations. 

 

https://pmc.ncbi.nlm.nih.gov/articles/PMC6427582/#:~:text=to%20the%20human%20ability%20to,2%2C%20for%20more%20intelligent%20control
https://pmc.ncbi.nlm.nih.gov/articles/PMC6427582/#:~:text=to%20the%20human%20ability%20to,2%2C%20for%20more%20intelligent%20control
https://pmc.ncbi.nlm.nih.gov/articles/PMC6427582/#:~:text=to%20the%20human%20ability%20to,2%2C%20for%20more%20intelligent%20control
https://pmc.ncbi.nlm.nih.gov/articles/PMC6427582/#:~:text=The%20most%20utilized%20intelligent%20control,shown%20in%20the%20following%20equation
https://pmc.ncbi.nlm.nih.gov/articles/PMC6427582/#:~:text=The%20most%20utilized%20intelligent%20control,shown%20in%20the%20following%20equation
https://pmc.ncbi.nlm.nih.gov/articles/PMC6427582/#:~:text=The%20most%20utilized%20intelligent%20control,shown%20in%20the%20following%20equation
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One must also be cautious: because AI in buildings is trendy, some vendors may 

mislabel simpler automation as “AI.” For example, a system that just ties 

together sensor inputs with if-then rules is often marketed with AI buzzwords, 

even if no true learning or adaptation is happening. As an HVAC professional 

shared in an online forum, he found a vendor touting an “AI” product that 

essentially did what he already programmed in the BMS – and the vendor was 

“kind of speechless” when this was pointed out (AI in building automation : 

r/BuildingAutomation). The lesson is clear – understand the capabilities under 

the hood. A genuine AI HVAC solution should be able to learn or optimize in 

ways that a fixed program could not easily do, and should yield better 

performance over time, not just replicate standard control sequences. 

 

Now that we have distinguished AI control from conventional control, let’s 

explore the benefits AI can bring – and equally important, what the limits and 

requirements are for realizing those benefits. 

 

 

 

 

 
 
 
 
 
 
 
 
 

https://www.reddit.com/r/BuildingAutomation/comments/1g6qvgn/ai_in_building_automation/#:~:text=I%20literally%20encountered%20a%20company,they%20were%20kind%20of%20speechless
https://www.reddit.com/r/BuildingAutomation/comments/1g6qvgn/ai_in_building_automation/#:~:text=I%20literally%20encountered%20a%20company,they%20were%20kind%20of%20speechless
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Benefits of AI for HVAC 

Optimization 

AI has significant potential to improve HVAC performance on multiple fronts. 

The main promise areas are: energy efficiency and cost savings, occupant 

comfort and indoor environmental quality, and maintenance and 

reliability. We’ll discuss each in turn, noting how AI’s capabilities enable gains 

that go beyond what traditional methods typically achieve. 

 

Energy Efficiency and Cost Savings 
 

One of the strongest drivers for AI in HVAC is energy reduction. By continuously 

analyzing data and predicting building needs, AI can fine-tune HVAC operations 
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to avoid waste. Studies suggest AI-driven control can cut HVAC energy use by 

on the order of 10–30% in many cases (APPLICATION of ARTIFICIAL 

INTELLIGENG TECHNIQUES | PDF | Efficient Energy Use | Artificial 

Intelligence), though results vary (as we’ll examine in the case studies). In real-

world examples, savings have been reported even higher in certain trials – for 

instance, a research experiment in a tropical climate achieved nearly 40% 

cooling energy savings using AI predictive control (Artificial Intelligence 

Assisted Heating Ventilation and Air Conditioning Control and the Unmet 

Demand for Sensors: Part 2. Prior Information Notice (PIN) Sensor Design and 

Simulation Results). More commonly, commercial AI building systems today 

advertise savings around 15–25% (BrainBox AI - Generative AI Customer Story 

- AWS) (AI takes on growing role in HVAC system efficiencies), which is still 

very substantial given that HVAC often represents a large chunk of energy 

spend. 

 

How does AI save energy? In simple terms, it eliminates a lot of the 

inefficiencies that occur with static or suboptimal control settings. For example, 

consider a large office building with many zones. In a traditional setup, the 

chiller might run to maintain a fixed supply air temperature, and reheating 

systems correct any overcooling in individual zones – a configuration that can 

waste energy by simultaneously cooling and heating. An AI system might learn 

the patterns of cooling demand and adjust setpoints more intelligently to 

minimize such conflicts (e.g., raising the supply air temperature slightly when 

it predicts low occupancy, so reheats aren’t needed). 

 

AI excels at handling the complexity and variability of building dynamics. 

Occupancy can change hour by hour, weather can shift quickly, and each zone 

responds differently. Optimizing across all these factors stretches the ability of 

traditional control methods (AI takes on growing role in HVAC system 

https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=1.%20Energy%20Conservation%3A%20AI,to%20global%20energy%20conservation%20efforts
https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=1.%20Energy%20Conservation%3A%20AI,to%20global%20energy%20conservation%20efforts
https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=1.%20Energy%20Conservation%3A%20AI,to%20global%20energy%20conservation%20efforts
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=Jean,time%20recommendations%20for%20facility%20managers
https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=Jean,time%20recommendations%20for%20facility%20managers
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=In%20one%20of%20several%20case,runtimes%20for%20the%20HVAC%20equipment
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=predict%20how%20that%20flow%20is,for%20modeling%20these%20energy%20flows
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efficiencies). AI algorithms, however, can juggle numerous inputs and 

constraints to find an efficient operating strategy in real time. They can, for 

instance, anticipate a spike in afternoon sun and pre-cool a space using cheaper 

morning energy, or recognize that two neighboring rooms can be served with 

one airflow adjustment instead of two separate heating calls. As one article puts 

it, AI classifies, groups, and analyzes vast amounts of data to identify 

patterns, including temperature, humidity, occupancy, and even energy tariff 

variations (AI takes on growing role in HVAC system efficiencies), optimizing 

HVAC settings accordingly. This kind of continuous micro-adjustment leads to 

cumulative energy savings. 

 

Another area is demand management and cost optimization. AI can optimize 

not just how much energy is used, but when it is used. If electricity prices vary 

by time of day (or if there are demand charges), an AI controller might reduce 

load during peak pricing hours and make it up when rates are lower – all while 

maintaining acceptable comfort. Traditional controls usually don’t account for 

such external factors unless explicitly programmed to do so; AI can take them 

in stride as just another input to consider. 

It’s worth noting that many conventional measures (like scheduling, night 

setbacks, or CO₂-based ventilation) already save energy – AI doesn’t replace 

these, it builds upon them. If your building hasn’t implemented basic efficiency 

controls, those should often come first (they are low-hanging fruit). AI can then 

optimize further: for example, many buildings already use night temperature 

setbacks; an AI might refine the setback depth or dynamically decide the 

optimal time to start morning warm-up based on weather and occupancy 

predictions, squeezing out a few extra percent of savings. Over a season, these 

incremental improvements add up. 

 

https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=predict%20how%20that%20flow%20is,for%20modeling%20these%20energy%20flows
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=One%20of%20the%20fundamental%20ways,some%20combination%20of%20these%20resources
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In summary, the energy cost benefits of AI in HVAC come from precision and 

proactivity. By avoiding overshooting conditions, reducing simultaneous 

heating and cooling, shutting equipment off when data indicates it’s safe to do 

so, and optimizing across many variables (including predictive ones), AI 

ensures the HVAC system only uses as much energy as needed to meet comfort 

targets. This translates to lower utility bills and often a reduced carbon 

footprint – an increasingly important goal for organizations with sustainability 

targets. Of course, the actual savings in practice depend on how efficient (or 

inefficient) the building was to start with; we will discuss how to verify savings 

in a later section. But numerous case studies have now shown meaningful 

reductions, making a solid case for AI from an energy ROI standpoint. 

 

Comfort and Indoor Environmental Quality 
 

Energy savings mean little if they come at the expense of occupant comfort or 

indoor environmental quality (IEQ). Fortunately, AI can enhance comfort and 

IEQ simultaneously with energy improvements. In fact, one of AI’s strengths 

is balancing these sometimes competing objectives. Traditional controls often 

have to pick a fixed compromise – e.g. a static thermostat setting that might 

leave some people too cold and others too hot. AI, with its data-driven 

approach, can tailor conditions more closely to actual occupant needs and 

preferences. 

 

For thermal comfort, AI can reduce the frequency and duration of 

uncomfortable conditions (like that confounding meeting room that’s always 

stuffy or the corner office that overheats on sunny days). Because AI “learns” 

building behavior, it can, for example, pre-cool a space before a scheduled large 

meeting to prevent a stuffy atmosphere, or modulate heating in response to not 

just a single thermostat reading but a pattern of readings and even occupant 
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feedback (if available via smart apps or sensors). This leads to more stable 

temperatures and fewer hot/cold complaints. In a trial with AI controlling a 

cleanroom HVAC system, the strict environmental conditions were maintained 

while still saving energy (AI takes on growing role in HVAC system efficiencies) 

– showing that comfort (or in that case, process requirements) did not have to 

be sacrificed. 

 

Indoor air quality (IAQ) is another aspect of comfort and health. Conventional 

demand-controlled ventilation brings in outside air based on CO₂ or volatile 

organic compound (VOC) sensors, which is good practice. AI can take this 

further by managing IAQ in a more nuanced way. For instance, instead of just 

reacting when CO₂ hits a threshold, an AI might anticipate the rise in CO₂ when 

a conference room reservation indicates 20 people will occupy it, and ramp up 

ventilation preemptively. AI can also balance IAQ with energy by deciding, for 

example, the minimum ventilation needed when the building is sparsely 

occupied or modulating window openings in mixed-mode ventilation buildings 

when outdoor air quality is poor. As one industry example noted, AI-enhanced 

systems can dynamically adjust ventilation rates based on real-time air 

quality readings (CO₂, particulates, VOCs, etc.) to ensure a healthy 

environment while minimizing energy waste (AI takes on growing role in 

HVAC system efficiencies). This means better air quality control than a simple 

on/off exhaust fan schedule or a static damper position. 

 

Beyond temperature and air quality, AI can also manage humidity and other 

comfort factors more effectively by coordinating various pieces of equipment. 

In a humid climate, an AI could prioritize latent cooling (dehumidification) 

when needed to maintain comfort, something that might require complex 

staging of chillers, reheat coils, or dedicated dehumidifiers. Traditional controls 

may only address humidity after it’s out of range, whereas AI might foresee a 

https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=2020%2C%20Yokogawa%20used%20AI%20to,reduction%20in%20energy%20consumption
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=AI%20enhances%20indoor%20air%20quality,efforts%20to%20improve%20indoor%20environments
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=AI%20enhances%20indoor%20air%20quality,efforts%20to%20improve%20indoor%20environments
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spike (say, from an incoming humid air mass in the weather forecast) and 

adjust in advance. 

 

It’s also possible for AI to incorporate occupant feedback directly. Some 

cutting-edge implementations allow occupants to vote on comfort (e.g., via a 

smartphone app pressing “too warm” or “too cool”), feeding that data into the 

AI. Over time, the AI can learn a model of occupant comfort preferences which 

might vary across seasons or zones, and adjust targets accordingly – something 

nearly impossible for a fixed control logic to achieve. While this is still an 

emerging practice, it highlights how AI opens the door to more occupant-

centric control. The result is a building that feels more consistently “just right” 

to its users, which can improve satisfaction and even productivity. 

In short, AI’s ability to process many inputs and predict outcomes allows it to 

thread the needle between comfort and efficiency better than static 

controls. A well-tuned AI should maintain or even improve comfort while also 

saving energy. Of course, proper setup is vital – the AI needs the right goals 

configured (e.g. the acceptable temperature or CO₂ range) and quality sensor 

data. If those are in place, AI can keep the indoor climate within desired bounds 

more smoothly, reacting faster and more appropriately to changes than a 

traditional system that might lag or oscillate. 

 

Predictive Maintenance and Reliability 
 

Another major benefit of AI in HVAC is not about real-time control at all – it’s 

about maintenance. HVAC systems are mechanical and will inevitably suffer 

faults or performance degradation over time. Traditionally, maintenance is 

either preventive (scheduled) or reactive (run to failure). Both approaches 

have downsides: time-based preventive maintenance can be inefficient 
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(servicing equipment that may not need it yet), while reactive maintenance 

leads to breakdowns that disrupt operations. AI offers a third approach: 

predictive maintenance – using data to predict and alert you to impending 

equipment issues so you can fix them before a failure or performance loss 

occurs. 

 

AI-driven predictive maintenance relies on continuous monitoring of 

equipment parameters. IoT sensors can track things like vibration, motor 

current, temperatures, pressures, fan speeds, etc., on HVAC components 

(pumps, chillers, air handlers, compressors). AI algorithms analyze these data 

streams to detect anomalies – patterns that deviate from normal operation. For 

example, a subtle increase in vibration on a fan motor might be invisible to 

human operators, but an AI model can flag it as a bearing starting to fail. 

Similarly, a gradual drop in a chiller’s cooling output relative to power input 

could indicate fouling or refrigerant loss; AI can catch this trend early. 

 

Implementing predictive maintenance AI means you get early warnings of 

issues. Instead of waiting until a room is hot because an air handler belt 

snapped, the AI could warn that the belt was showing signs of wear (slippage 

patterns in motor current, perhaps) days or weeks before it breaks. 

Maintenance staff can then intervene at a convenient time, avoiding downtime 

and discomfort. This shift from reactive to proactive maintenance can 

significantly reduce unplanned outages and extend equipment life – since 

issues are addressed while still minor. One source describes it as “sensors and 

data continuously monitored, allowing algorithms to identify potential issues 

before they escalate”, enabling proactive scheduling of maintenance to prevent 

failures (AI takes on growing role in HVAC system efficiencies). 

 

https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Traditional%20maintenance%20practices%20often%20rely,system%20uptime%20and%20reducing%20costs
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Case studies bear this out. The Santagostino medical centers in Italy, for 

instance, deployed a low-cost AI-based predictive maintenance using Arduino 

devices on their HVAC units. These devices measure vibrations and runtime 

and use machine learning to detect anomalies. The result is that maintenance 

teams get alerts of imminent breakdowns and can service equipment 

before a fault occurs, avoiding downtime in critical medical facilities 

(Santagostino's predictive maintenance for HVAC uses Nano RP2040 Connect). 

As a bonus, they found this system also helps identify when machinery can be 

dialed down or shut off when not needed, which saves energy and wear-and-

tear (Santagostino's predictive maintenance for HVAC uses Nano RP2040 

Connect). Essentially, AI enabled them to both minimize disruptions and 

optimize equipment usage. 

 

From a cost perspective, predictive maintenance can save money by reducing 

emergency repair calls and extending the lifespan of expensive assets (chillers, 

boilers). It also improves safety (catching electrical faults or overheating issues 

early) and preserves comfort (since failures are averted). Many AI platforms 

include a fault detection and diagnostics (FDD) component that not only 

flags an anomaly but sometimes can diagnose the cause (for example, detecting 

a probable clogged filter vs a failing sensor). This helps maintenance staff 

quickly pinpoint the issue. Conventional BMS alarms usually only catch obvious 

faults (like something is already out of range); AI can catch subtle issues and 

trends. 

 

It should be noted that a successful predictive maintenance setup requires a 

good sensor network and data management. If critical equipment isn’t 

instrumented, you might need to add sensors (vibration, temperature, etc.) or 

use smart IoT devices to monitor it. This is part of the investment. But as the 

Santagostino example shows, even inexpensive microcontrollers with the right 

https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=The%20Nano%20RP2040%20Connect%E2%80%99s%20built,was%20built%20across%20the%20facilities
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=Not%20only%20is%20it%20working,life%20cycles%20in%20the%20process
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=Not%20only%20is%20it%20working,life%20cycles%20in%20the%20process
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sensors can form an effective predictive maintenance net (AI takes on growing 

role in HVAC system efficiencies) (Santagostino's predictive maintenance for 

HVAC uses Nano RP2040 Connect). 

In summary, AI contributes to reliability by turning HVAC data into actionable 

maintenance insights. The benefit is fewer surprises – your chiller doesn’t 

unexpectedly fail on the hottest day because the AI noticed performance 

degrading in advance and you cleaned the condenser tubes proactively. Over 

time, this can reduce maintenance costs and improve the overall resilience of 

building operations. It shifts the facilities team from fighting fires to planning 

ahead, which is a far less stressful and more cost-effective way to operate. 

 

Other Benefits 
 

In addition to the big three categories above, there are other potential benefits 

of AI in HVAC: 

 

Optimized Equipment Performance: AI can help equalize run-hours and 

loading on equipment, potentially extending life. For example, in systems with 

multiple chillers or boilers, AI could balance the load such that no one unit is 

overused while others sit idle, thus distributing wear. It might also identify 

when an older, less efficient piece of equipment can be taken offline in favor of 

a newer one under certain conditions to save energy. 

 

Integration with Other Systems: AI in HVAC can integrate with lighting 

controls, shades, or even occupancy scheduling to coordinate whole-building 

operation. For instance, if the AI knows a certain area is unoccupied and also 

that lights are off, it can more confidently set back the HVAC in that area. 

https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Santagostino%2C%20a%20company%20operating%2035,printed%20cases
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Santagostino%2C%20a%20company%20operating%2035,printed%20cases
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=The%20Nano%20RP2040%20Connect%E2%80%99s%20built,was%20built%20across%20the%20facilities
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=The%20Nano%20RP2040%20Connect%E2%80%99s%20built,was%20built%20across%20the%20facilities
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Conversely, if people unexpectedly enter a space, an AI tied into occupancy 

sensors can react with both lights and HVAC together. Traditional systems often 

have siloed controls; AI, especially when part of a smart building platform, can 

bridge these silos for better overall outcomes.  

 

Data-Driven Decision Making for Facility Managers: Even aside from 

automated control, AI analytics can provide insights to facility managers. 

Patterns unearthed by AI might reveal, for example, that a particular air 

handling unit is consistently using more power than others serving similar 

loads – prompting an investigation. Or AI analysis might show the impact of 

certain operational changes (like how much energy a work-from-home policy 

saved by reducing occupancy). These kinds of insights can support strategic 

decisions about equipment upgrades or operational policies. Building analytics 

software often comes packaged with AI tools to help visualize and report such 

findings. As one article noted, building analytics with AI help managers see 

which systems or rooms use the most energy and why, often yielding 

surprising results and informing decisions like equipment retrofits or 

behavioral changes (Do analytics platforms improve energy savings in 

buildings? | Buildings) (Do analytics platforms improve energy savings in 

buildings? | Buildings). 

 

To wrap up the benefits section, it’s clear that AI has a lot to offer: lower 

energy costs, improved comfort and air quality, and more reliable HVAC 

operations. However, reaping these benefits is not automatic. It requires 

choosing the right solution, installing it correctly, and, crucially, having the 

proper conditions in the building to support it. Before jumping on the AI 

bandwagon, it’s essential to take a hard look at claims and readiness – which 

leads us to the next section: a critical evaluation of vendor promises and the on-

the-ground challenges of implementing AI in buildings 

https://www.buildings.com/resiliency-sustainability/energy-water-efficiency/article/33018291/do-analytics-platforms-improve-energy-savings-in-buildings#:~:text=Building%20analytics%20tools%20are%20fantastic,bulbs%20or%20fixtures%2C%20for%20example
https://www.buildings.com/resiliency-sustainability/energy-water-efficiency/article/33018291/do-analytics-platforms-improve-energy-savings-in-buildings#:~:text=Building%20analytics%20tools%20are%20fantastic,bulbs%20or%20fixtures%2C%20for%20example
https://www.buildings.com/resiliency-sustainability/energy-water-efficiency/article/33018291/do-analytics-platforms-improve-energy-savings-in-buildings#:~:text=Once%20leaders%20see%20the%20hard,decide%20it%E2%80%99s%20time%20for%20change
https://www.buildings.com/resiliency-sustainability/energy-water-efficiency/article/33018291/do-analytics-platforms-improve-energy-savings-in-buildings#:~:text=Once%20leaders%20see%20the%20hard,decide%20it%E2%80%99s%20time%20for%20change
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Critical Evaluation: Hype vs. 

Reality 

The excitement around AI in HVAC has led to bold claims in the marketplace. 

Vendors might promise things like “30% energy savings, 20% improved 

comfort, and 40% emission reductions” based on pilot projects or ideal 

scenarios. While there are indeed impressive success stories, it’s important to 

approach these claims with a healthy dose of skepticism and analysis. In this 

section, we critically evaluate common promises and highlight the potential 

risks and downsides to be aware of. The goal is to provide a balanced 

perspective – AI is powerful, but it is not a plug-and-play miracle cure for every 

building problem. 

 

Separating Marketing from Reality 
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First, scrutinize the sources of performance claims. Many figures (energy 

saving percentages, ROI durations, etc.) come from vendor case studies. These 

can be informative but may cherry-pick best results or assume conditions that 

favor the AI. Always ask: Was this result independently verified? If a case 

study says “21% energy savings over one year” (AI takes on growing role in 

HVAC system efficiencies), find out what the baseline was and whether an 

impartial party confirmed the data. Sometimes vendors do trials with third-

party measurement & verification, which adds credibility. Be cautious if the 

only reference is a vendor’s own dashboard or if the results have not been 

normalized for weather/occupancy changes. 

 

Also, consider whether a claim of “up to X% savings” is realistic for your 

building. “Up to 25% reduction in energy costs” (BrainBox AI - Generative AI 

Customer Story - AWS) might be achievable in a building that was running very 

inefficiently, but if your facility is already well-optimized, the marginal gains 

could be smaller. There is a known effect where initial deployments of AI see 

big gains in very wasteful buildings (low-hanging fruit that perhaps could have 

been fixed with simpler measures too), whereas more optimized buildings see 

modest gains. In fact, a literature review of AI case studies found a wide range 

of outcomes – some AI implementations only saved a few percent, others in the 

teens, and a few outliers saving ~30-40% in special cases (APPLICATION of 

ARTIFICIAL INTELLIGENG TECHNIQUES | PDF | Efficient Energy Use | Artificial 

Intelligence). It all depends on the starting point and context. Thus, temper 

expectations: your mileage will vary. 

 

Be aware that some so-called “AI” products might not involve sophisticated AI 

at all. As discussed earlier, terms like “machine learning” and “AI” are 

sometimes used loosely. One Reddit commenter in the building automation 

field noted that vendors often insist they have “a silver bullet for all the 

https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=In%20one%20of%20several%20case,runtimes%20for%20the%20HVAC%20equipment
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=In%20one%20of%20several%20case,runtimes%20for%20the%20HVAC%20equipment
https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=Jean,time%20recommendations%20for%20facility%20managers
https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=Jean,time%20recommendations%20for%20facility%20managers
https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=Distributed%20AI%20Reducing%2012,62
https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=Distributed%20AI%20Reducing%2012,62
https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=Distributed%20AI%20Reducing%2012,62
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maintenance and operations problems”, rebranding even standard features as 

AI (AI in building automation : r/BuildingAutomation). If a sales pitch sounds 

too good to be true (“just install our box and your HVAC will run itself flawlessly 

with no extra work!”), dig deeper. Real AI solutions require setup, tuning, and 

maintenance – they are not fire-and-forget. Ask vendors to clarify what 

algorithms or methods their system uses. Is it using neural networks, 

reinforcement learning, expert systems, or something else? How does it learn 

your building’s characteristics? If they cannot explain it in reasonably concrete 

terms, that’s a red flag. 

 

Costs and Complexity 
 

Adding an AI optimization layer to your HVAC system is not just an install-and-

done cost – it can bring ongoing costs and complexity that need to be justified. 

Consider these factors: 

Upfront Costs: This may include software licenses or purchasing an AI 

platform subscription, installing or upgrading sensors, adding IoT gateways or 

controllers, and the labor to integrate the AI with your existing BMS or 

equipment. High-end AI platforms might charge per square foot or per piece of 

equipment. Integration labor can be significant, especially if your BMS is older 

or proprietary – getting data out of it and control commands into it might 

require interface devices or upgrades. If your building lacks sensors (for 

example, no zone-level temperature sensors or no occupancy detection), the 

AI’s effectiveness will be limited until you invest in those. Every additional 

sensor has a cost not just to install but to commission (calibrate, ensure it’s 

reading correctly) and maintain. 

Recurring Costs: Many AI solutions are cloud-based with annual subscription 

fees. Ensure you budget for the ongoing software cost. Also consider 

maintenance of the hardware – sensors might need periodic calibration or 

https://www.reddit.com/r/BuildingAutomation/comments/1g6qvgn/ai_in_building_automation/#:~:text=%E2%80%A2
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replacement, communication devices need IT upkeep, and so on. If the AI is 

cloud-hosted, you might have costs for connectivity (e.g., a cellular data plan or 

using the building’s internet, which raises cybersecurity considerations too). 

 

Integration and Commissioning Effort: Unlike a simple thermostat, an AI 

system often requires a commissioning period. The vendor or integrator will 

map your building’s data points (temperatures, valve positions, etc.) into the AI 

platform, verify all points are reading correctly, and set initial parameters. They 

might run the AI in “learning mode” for days or weeks where it observes the 

building without taking full control, to build its models. During this time, 

someone needs to ensure everything is functioning. Commissioning an AI 

system is somewhat akin to commissioning a complex control system – it takes 

expertise and time. If your building documentation is poor or the control 

sequences are not standard, this process can take longer as they untangle how 

your system currently operates. 

 

Operational Complexity: Once the AI is live, your facilities team will have a 

new system to monitor. This can be a challenge for understaffed teams. The AI 

might present its own dashboard or alerts that someone needs to interpret and 

act on. If something goes wrong (say the AI causes a zone to go out of range), 

the staff need to know how to intervene or adjust the AI. There’s a learning 

curve for the team to understand the AI’s suggestions or actions. In a poorly 

resourced building where the staff barely has time to do daily rounds, adding a 

sophisticated system could overwhelm them. In worst cases, if the AI is not well 

understood, staff might disable or bypass it – nullifying the investment. This has 

happened: building engineers sometimes revert to manual control when an 

advanced system behaves unexpectedly and they lack training or time to 

troubleshoot. 
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Data Management and Quality: AI is only as good as the data it gets. Many 

buildings suffer from sensor drift or calibration issues. If a temperature sensor 

is reading 2°C high, the AI will be making decisions off bad data. Traditional 

controls can be forgiving (a human might notice the odd reading and ignore it), 

but an AI might treat it as truth unless there are data validation steps. The more 

complex the system (hundreds of sensors), the more chances for bad data. This 

means AI systems often need filters or diagnostics to catch sensor faults. 

Maintaining sensor health becomes more critical – you may need to institute a 

calibration schedule or have the AI alert you to suspected sensor issues (which 

is a useful feature some platforms have). Additionally, if your building network 

is unreliable and data frequently drops out, the AI might not function well. 

Ensuring robust data flow and quality adds to the maintenance burden  

 

Vendor Lock-in and Support: When you adopt a particular AI platform, you 

might be tying your building’s optimization to that vendor long-term. What if 

the vendor goes out of business or raises prices? Consider whether the AI 

control can fail gracefully (i.e., your HVAC reverts to normal control if the AI 

cloud is unreachable). Clarify who owns the data and whether you can access it 

independently. Also, check the vendor’s support track record – do they offer 

ongoing tuning and help? Because AI performance can drift if not periodically 

tuned (for instance, if the building occupancy changes or equipment is 

upgraded, the AI might need retraining or adjusting), having good vendor 

support is important. There may be costs associated with that (support 

contracts, etc.). 

In evaluating ROI, factor in all these costs and weigh them against expected 

benefits. Sometimes vendors gloss over these practical issues in the sales phase. 

It’s wise to speak to existing customers (if possible) or get a detailed 

implementation plan to understand the true scope. 



 
 

27 | P a g e  
 
 

 

 
 

Underlying Issues – AI is Not a 

Magic Wand 

Perhaps the most important caveat: If your building has fundamental 

problems, AI will not magically fix them – and might even exacerbate 

them. For example, if your HVAC equipment is in disrepair (valves stuck, 

dampers not functioning, dirty coils, etc.), an AI can’t overcome those physical 

deficiencies. In fact, the AI might drive the system harder to compensate, which 

could make things worse or at least not yield savings. It’s crucial to address 

maintenance backlog and have the HVAC system in reasonably good working 

order before layering on advanced control. Think of it like tuning a car – there’s 

no point installing a high-tech engine management chip if your engine oil is low 

and the spark plugs are fouled. 
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Likewise, if your current control system is poorly configured, it’s wise to sort 

that out first. Sometimes significant savings can be achieved just by fixing 

scheduling, setpoints, or repairing sensors – things that don’t require AI at all. 

Implementing AI without fixing the basics could be like putting a turbo on a 

shaky engine. It may give some benefit, but underlying inefficiencies or 

problems will limit success. Moreover, those basic issues might confuse the AI. 

For instance, an AI might “learn” odd behavior because a sensor is misreading, 

leading it to a wrong conclusion about how the building behaves. 

Management and staff engagement is another foundational element. If 

building management is not truly supportive or is expecting miracles without 

effort, an AI project can quickly sour. Successful AI deployment often requires 

a culture of proactive facilities management – people who will follow up on 

insights, adjust as needed, and champion the system. If upper management 

expects the AI to just “fix everything” while they continue to underfund 

maintenance or ignore facility staffing, disappointment will ensue. AI isn’t a 

replacement for skilled facility professionals; it’s a tool to augment them. It can 

reduce the manual burden and highlight issues, but humans still need to be in 

the loop to make repairs, handle exceptions, and provide oversight. 

 

There is also a risk of overcomplication. Some buildings do not have the 

capacity (in terms of staff skill or time) to manage a very complex system. 

Introducing AI in such an environment could lead to confusion and mistakes. In 

the worst case, a misconfigured AI might cause discomfort events or system 

instability, which could erode trust in the technology. For example, if an AI 

aggressively tries to save energy but overshoots and causes a cold Monday 

morning in the building, occupants and management might lose faith and 

demand it be turned off. Proper configuration and gradual implementation can 
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mitigate this, but it requires careful management of expectations and close 

monitoring at the start. 

 

Lastly, consider cybersecurity and IT aspects as part of reality. Many AI 

systems connect building controls to the cloud. This introduces cybersecurity 

considerations that a traditionally isolated BMS might not have faced. You may 

need IT support to securely set up networks, handle data encryption, and 

comply with any data policies (especially if you’re in a sensitive industry or 

region with strict data laws). Neglecting this could pose risks. It’s not that AI 

makes things inherently insecure, but connecting devices and sharing data 

means you must apply good cybersecurity hygiene. 
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Evaluating Vendor Claims 

Checklist 

To navigate the hype, here’s a quick checklist of questions when evaluating AI 

HVAC solutions: 

Independent Evidence: Do they have third-party verified case studies or 

clients you can talk to? What range of savings have those clients seen, and in 

what context? 

Building Profile: Is your building similar to the ones where the solution 

succeeded? (Size, climate, usage, existing controls). A system that works great 

in an office might be less effective in a hospital, for example. 

Incremental vs. Fundamental: Could simpler fixes achieve some of the 

promised gains? (E.g., if they claim 20% savings, is your scheduling currently 

so bad that you could get 10% just by tweaking that?) Ensure AI is the right tool, 

not overkill. 
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Costs Transparency: What are the upfront and ongoing costs? Ask for a 5-year 

ownership cost estimate. Include hardware, software, integration, and support. 

Training and Support: What training is provided for your staff? Will the 

vendor monitor the system initially? Are software updates included? 

Essentially, how will they help ensure success post-installation? 

Data and Privacy: Who owns the data collected? Can you export it? Is it stored 

securely? If the AI uses a cloud service, is data protected (especially important 

if you’re monitoring something sensitive)? 

Fallback Plan: If the AI system has an outage or is under maintenance, does 

your HVAC revert to normal control seamlessly? You want to avoid a situation 

where loss of connection means loss of control. 

Scalability and Interoperability: Can the system expand to other buildings if 

you have a portfolio? Does it use open protocols (BACnet, etc.) or does it require 

proprietary hardware everywhere? Interoperability can save headaches down 

the line. 

By getting clear answers to these questions, you can cut through hyperbole and 

understand what an AI solution truly entails. Some vendors will shine under 

this scrutiny – those are the ones worth considering. Others might evade 

specifics or downplay the need for your involvement; that’s a warning sign. 

Remember, successful AI implementation is a partnership between the 

technology provider and the facility team. 

In summary, AI is a powerful tool but not a magic wand. It offers great 

potential benefits, yet requires investment, support, and the right environment 

to flourish. In the next section, we assume you’ve done due diligence and 

decided to pursue AI. We’ll outline a pre-deployment checklist to ensure your 

building is ready and the project is set up for success. 
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Pre-Deployment Checklist: Is Your 

Building AI-Ready? 

Before deploying an AI HVAC optimization system, it’s crucial to assess 
readiness. This section provides a checklist of prerequisites that should be in 
place for AI to have a fighting chance of succeeding, as well as red flags that 
indicate your building or organization might not be ready yet. Think of this as 
pre-flight checks – ensuring all systems are go before you take off with an AI 
project. 
 

Prerequisites (Must-Haves for Success) 
 

These are the conditions that greatly improve the likelihood that an AI 

implementation will deliver value: 
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✔ Functional BAS/BMS:  

 

A Building Automation System (or some form of digital control over HVAC) is 

essentially required. AI needs a way to both read data and send control 

commands. If your building is still wholly analog (manual thermostats, no 

central control), you’ll need to invest in a controls upgrade first. The BMS 

doesn’t have to be brand new, but it should reliably control the HVAC as 

designed. All major equipment (chillers, boilers, air handling units, zone 

controllers) should be integrated or integratable. If you do have a modern BMS, 

ensure you can interface with it (via BACnet, Modbus, API, etc.) so the AI can 

connect. A case study in Japan showed that an AI was effective when it 

“complemented the existing HVAC infrastructure and conventional controls”, 

leveraging what was already there (AI takes on growing role in HVAC system 

efficiencies) – minimal changes to the base system were needed, which eased 

implementation. 

 

✔ Good Sensor Coverage and Calibration:  

 

The building should have the necessary sensors for the AI to do its job. At 

minimum, zone temperatures, supply/return air temperatures, and equipment 

status points. Preferably also occupancy sensors or CO₂ for occupancy 

feedback, humidity sensors in important areas, pressure sensors for airflow if 

applicable, etc., depending on what the AI will optimize. Equally important, 

these sensors must be providing accurate data. Before deploying AI, it’s wise to 

do a sensor audit: replace any obviously faulty sensors, calibrate ones that are 

way off, and perhaps install additional sensors in critical areas that are blind 

https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=2020%2C%20Yokogawa%20used%20AI%20to,reduction%20in%20energy%20consumption
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=2020%2C%20Yokogawa%20used%20AI%20to,reduction%20in%20energy%20consumption
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spots. If your building lacks sensors (e.g., no CO₂ sensors but you expect AI to 

optimize ventilation), consider adding them before the AI rollout. Many AI 

systems rely on rich data; without it, they operate sub-optimally. Remember, 

garbage in, garbage out – an AI making decisions based on bad data can’t 

perform well. 

 

✔ Actuators and Equipment in Working Order:  

 

Ensure valves, dampers, VFDs (variable frequency drives), and other actuators 

actually respond to commands properly. If some VAV (Variable Air Volume) 

boxes are stuck or a damper is jammed, fix those mechanical issues. AI might 

try in vain to adjust things that physically can’t adjust. Also, any major deferred 

maintenance should be addressed. Clean coils, change filters, fix known 

refrigeration leaks, etc. You want to start AI control from a baseline of a well-

functioning system. That way, any inefficiency the AI finds is not due to a 

broken part but due to controllable factors. It may be helpful to perform or 

review a retro-commissioning report if available, to rectify outstanding HVAC 

operational issues prior to overlaying AI. 

✔ Engaged and Informed Facility Team:  

 

The facilities management team should be on board and prepared for the 

project. This includes building operators, HVAC technicians, and even the 

energy manager if you have one. Ideally, identify a “champion” on the team who 

will liaise with the AI vendor, learn the system, and oversee its integration. The 

team should allocate time for training on the new AI software and be prepared 

to work with it regularly (at least during the initial tuning period). If your 

building is managed by an external service contractor, they too need to be 
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involved. Essentially, people should know what’s coming and be interested in 

making it work. An engaged team will fine-tune the system and respond to its 

insights; a disengaged team might ignore alerts or not utilize the AI’s 

capabilities fully. 

 

✔ Management Support and Clear Goals  

 

Senior management or the building owner should actively support the AI 

initiative, not just passively allow it. This means providing budget for it, but also 

setting clear objectives (energy cost reduction target, comfort level to maintain, 

etc.) and empowering the facilities team to collaborate with the vendor. 

Management should be made aware that some adjustments will happen and 

that initial periods might require patience as the AI learns. If management 

expects instant results with zero oversight, miscommunications and 

disappointment can result. It helps to establish up front what success looks like 

(e.g., “reduce HVAC energy by 15% after one year while maintaining comfort 

within XYZ range”), so everyone is aligned. Engaged management can also help 

champion the project to building occupants if needed (for example, explaining 

any new sensors or slight changes they might notice). 

 

✔ Documentation and Data 

 

Having up-to-date HVAC system documentation (mechanical plans, control 

sequences, setpoints) is very helpful. The AI implementers will use this to 

understand your system’s design intent. If documentation is poor, allocate time 

for discovery and mapping of the system. Also, a history of energy consumption 

data and any trend logs from the BMS will help establish baselines and tune the 
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AI’s models faster. Many AI vendors will ask for 6-24 months of utility bills or 

meter data and any historical trend data (temperatures, etc.) to analyze 

patterns. Gather this information beforehand if possible. If your building has an 

energy model or audit report, share that too. Essentially, the more data you 

can feed the setup process, the better the AI can be tailored to your building. 

 

✔ IT Infrastructure and Cybersecurity Plan 

 

Make sure you have the IT pieces in place. For cloud-based AI, you’ll need an 

internet connection for your BMS or an IoT gateway device. Coordinate with 

your IT department to set up any required network ports, VPNs, or security 

certificates. Cybersecurity policies should be addressed – e.g., if the AI is 

connecting remotely, ensure it’s secure. This might involve segmenting the 

building control network from other networks or putting firewalls in place. 

Also decide on data ownership and privacy aspects now (especially if 

occupancy data or camera analytics are involved in the AI – clarify what’s being 

recorded and ensure compliance with any privacy regulations or policies). This 

preparation prevents last-minute delays when someone realizes the corporate 

network blocks the AI connection, for example. 

 

✔ Baseline Performance Metrics  

 

Before AI goes live, you should know your baseline – how is the HVAC 

performing currently? Document key metrics such as: typical daily energy use 

(from meters or utility data), any known comfort issues (e.g., room X often too 

warm in afternoons), and maintenance issues frequency. Also note current 

control strategies (e.g., “we do night setbacks of 4°C, we pre-cool starting at 
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7am,” etc.). This baseline will not only help in configuring the AI but will be 

essential for later verifying the AI’s impact. Many companies skip this and then 

find it hard to quantify what the AI actually did. So, spend a bit of time to 

benchmark your starting point. 

 

✔ Realistic Expectations and Timeline 

 

All stakeholders should be on the same page that an AI optimization is not an 

instant switch to perfection. There is typically a learning or tuning period. For 

example, a vendor might indicate it takes 2-8 weeks for the AI to “learn” the 

building’s thermal response and patterns before it starts delivering full 

optimization. During that period, savings might be minimal as the system is 

exploring. Everyone should know this to avoid undue pressure like “It’s been 3 

days, why isn’t everything 20% better?” Likewise, expect a period of close 

observation and perhaps manual fine-tuning. Realistic expectations, 

communicated ahead of time, will lead to a much smoother project. 
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Red Flags (Warning Signs to 

Address) 

Now let’s look at some red flags – if any of these are true for your building, you 

may need to pause or mitigate them before proceeding with AI implementation: 

 

🚩 Critical Issues with HVAC Equipment: If major equipment is at end-of-life 

or frequently malfunctioning, fix or replace that first. For instance, an ancient 

chiller that barely functions or an air handler with non-functional controls is 

not a good platform for an AI to control. AI can’t resurrect dying equipment; 

attempting AI on it could lead to frustration or even total failure of the project 

if the equipment can’t respond properly. 
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🚩 No Existing Automation 

 

Buildings without any central controls (or very minimal controls) might find a 

full AI solution cost-prohibitive or very complex, because essentially you have 

to install a control system and AI together. If that’s the case, consider starting 

with just a modern control/BMS installation first. Some AI companies do offer 

packages for such scenarios (e.g., wireless IoT thermostats with cloud AI) – it’s 

not impossible, but the project becomes larger (installing hardware 

everywhere). If budgets are tight, lack of existing automation is a big hurdle. 

 

🚩 Management Apathy or Misalignment  

 

If upper management is only begrudgingly allowing this project or doesn’t 

really buy into it, that’s a red flag. They might pull support at the first small issue 

or balk at providing resources when needed. Similarly, if the goal of the project 

is not clearly defined (or is unrealistic), that’s a problem. For example, if 

management expects AI to magically cut energy by 50% without any comfort 

impact – that’s not realistic in a typical building. It’s better to realign 

expectations now or postpone until management is truly on board with clear, 

achievable goals. 

 

🚩 Facility Staff Resistance or Skill Gaps  

 

Sometimes the on-site team might be skeptical or even hostile to a new AI 

system (worrying it could threaten jobs or simply that it will make their life 

harder). If you sense resistance, it’s critical to address it through 
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communication and possibly training before implementation. Explain that the 

AI is there to assist, not replace, and how it can make their job easier (less 

troubleshooting, more automated insights). Also assess skills – if the team is 

not very computer literate and the AI requires using software dashboards, plan 

for extra training or even consider if a simpler solution is more appropriate. An 

AI project can fail if those who operate it daily don’t embrace it. 

 

🚩 Broken Sensors and Data Issues 

 

If your sensor network has many issues (for example, half of your thermostats 

are mis-calibrated, or you have zones with no sensors at all but significant 

loads), this is a red flag. Yes, AI can sometimes infer or handle a bit of missing 

data, but it’s not telepathic. You might need a sensor upgrade project first. 

Similarly, if your data is not networked (e.g., you have data in siloed systems 

that the AI can’t easily access), solve that integration challenge in advance. Any 

significant gap in data availability will handicap the AI. 

 

🚩 Inadequate Budget for Full Scope  

 

If you only have budget for the AI software but not for necessary supporting 

upgrades (like those sensors or maybe a communications upgrade), that’s a 

problem. Implementing just half of what’s needed will yield poor results and 

then AI might be blamed unfairly. It’s better to secure budget for the whole 

ecosystem or stage the project (e.g., get budget this year to install sensors and 

do maintenance fixes, then next year implement AI). Doing it piecemeal without 

needed components is risky. 
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🚩 Poor Documentation and Unknown Sequences 

  

If no one really knows how your current control sequences work (common in 

older buildings where code was modified over decades), diving in with AI could 

be problematic. There might be hidden interactions or manual overrides in 

place. In such cases, a thorough controls audit or recommissioning is advised 

first. Otherwise the AI might fight against some hidden rule or an override 

someone forgot about. If documentation is nonexistent, ensure the AI 

integrators allocate time to map out the control logic or you provide someone 

who deeply knows the system to assist them. 

 

🚩 Significant Occupant Sensitivity 

 

If you have occupants or processes extremely sensitive to changes (for example, 

a laboratory that must maintain temperature ±0.5°C at all times, or a group of 

VIP tenants who complain at the slightest deviation), be careful. AI will likely 

change some setpoints or schedules, and even if it’s within acceptable comfort 

ranges, people might notice and react. For critical environments, you may need 

extra validation steps (maybe test AI on non-critical zones first, or have very 

tight bounds on what the AI can do). For sensitive occupants, a communication 

plan or even involving them in the process can help (e.g., letting them know that 

a smart system is improving their building and to report any issues so it can 

learn). If such sensitivities are present, plan mitigation or consider limiting AI 

scope initially. 

 

🚩 Unrealistic Deadlines or Pressure  
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Sometimes a company might want AI installed and delivering results by an 

impractical date (e.g., “do this in one month because our sustainability report 

is due”). Rushing an AI deployment is risky. It can lead to configuration errors 

or insufficient testing. If you face such pressure, try to manage it – perhaps by 

doing a rapid pilot on one part of the system to gather some results, but not 

rushing full deployment until it’s properly set up. Unrealistic timelines are a red 

flag that the project may skip important steps. 

 

If any of these red flags exist, it doesn’t mean you should abandon the idea of AI 

altogether. Rather, it means take corrective action first. Invest in 

maintenance fixes, rally management support, train staff, or improve your 

baseline controls. You want to start the AI journey from as strong a position as 

possible. 

 

In summary, doing this pre-flight check will significantly increase the chances 

that your AI HVAC project takes off smoothly and delivers the promised 

benefits. It’s about ensuring the building is a fertile ground for the technology, 

rather than rocky soil where even the best algorithm will struggle to take root. 

 

With prerequisites in place and red flags addressed, the next logical step is to 

perform a cost-benefit analysis and plan for how you’ll measure success. We’ll 

cover that next. 
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Cost-Benefit Analysis for AI in 

HVAC 

Investing in AI for building HVAC should ultimately be a financial decision as 
much as a technical one. This section discusses how to approach a cost-benefit 
analysis (CBA) for an AI smart-building initiative. By carefully weighing all 
costs against expected benefits (both quantitative and qualitative), you can 
make a sound business case and set the stage for tracking the project’s value. 
 

Identifying Costs 
Start by itemizing all the costs associated with the project over its lifecycle: 

 

Initial Hardware and Installation: This includes any new sensors 

(temperature, CO₂, occupancy, vibration, etc.), edge devices or gateways (mini-
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computers or controllers that interface with your BMS to send data to the cloud 

or run AI at the edge), network infrastructure (maybe new Wi-Fi APs or 

network drops for controllers), and installation labor for all these components. 

If your existing BMS requires an upgrade or addition of a software driver to 

connect with the AI, include that as well. Get quotes for these items from 

vendors or contractors. Often, the bulk of initial cost is in sensor installation if 

many are needed. 

 

 

AI Software/Platform Fees: Most AI optimization solutions will have a 

licensing fee. This could be a one-time purchase, but more commonly it’s a 

subscription (annual SaaS model) based on building size or number of 

controlled points. For example, a vendor might charge $0.20 per square foot 

per year, or $X per piece of major equipment per year. Get a clear number for 

at least the first few years. Sometimes prices scale down after an initial contract 

period or for multiple sites, so inquire about multi-year costs. 

 

 

Integration and Commissioning Services: Determine if the vendor’s price 

includes integration and commissioning. Many will include initial setup in their 

software fee, but if your site is complex, there might be additional engineering 

hours. If you’re hiring a third-party integrator or using your controls contractor 

to help, budget their time. It may take a few weeks of part-time work to fully 

commission the AI – that’s several man-days of effort at whatever their hourly 

rate is. 
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Training and Change Management: There’s a soft cost in training your staff. 

Some vendors provide training as part of the package, but you might want 

additional sessions or even off-site courses if available. Factor in the cost of 

your staff’s time to learn and adapt to the new system (while it may not be a 

direct expense, it’s an opportunity cost). If you plan to hire new talent (like a 

data-oriented energy manager) to make the most of the AI, include salary costs 

accordingly. 

 

 

Ongoing Costs: After installation, consider yearly costs: 

 

Software subscription renewals: As mentioned, likely annual. If multi-year, 

perhaps escalate for inflation. 

Support/Maintenance contracts: Will you maintain a contract with the AI 

vendor for support beyond software? Some offer enhanced support at extra 

cost. 

Sensor recalibration/replacement: Plan for periodic calibration of key 

sensors (maybe every 1-2 years for temperature sensors, annually for CO₂ 

sensors, etc.). If you have hundreds of sensors, this can be non-trivial. Or at least 

plan a budget for replacing a certain percentage that might fail each year. 

IT costs: If cellular data is used, what’s the subscription? If you need a secure 

connection, maybe a small annual cost for VPN service. Also, any cloud data 

storage costs if applicable (some platforms might charge for data retention 

beyond a certain period). 
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Equipment wear impact: This is tricky – AI might reduce equipment runtime 

(positive) or cycle equipment more frequently (could be a negative). Some have 

raised concerns that overly aggressive control could cause more wear (like 

short cycling). Ideally, the AI prevents short cycling, but if there’s any 

anticipated impact on maintenance frequency of equipment due to changed 

operation, try to estimate that. Often, though, AI reduces on/off cycles by 

smoothing control, so it may extend equipment life – which would be a benefit, 

not a cost. 

 

Add up all these costs over a reasonable analysis period, say 5 or 10 years. It 

can help to do a net present value (NPV) calculation if you’re comfortable, 

discounting future costs to present dollars at a chosen discount rate. 

 

Quantifying Benefits 
 

Next, quantify the benefits where possible, primarily energy cost savings: 

 

Energy Savings: This is usually the big one. You may need to estimate a range. 

For example, based on similar projects or vendor estimates and your building’s 

baseline, you might assume AI can save 15% of HVAC energy use on average. If 

HVAC is, say, 50% of your total building energy and your annual energy bill is 

$200,000, then 15% of 50% is 7.5% of total – about $15,000/year in savings. 

Do this math with conservative, expected, and optimistic scenarios (e.g., maybe 

conservative 5% HVAC savings, expected 15%, optimistic 25%) to see the 

range. Use your baseline energy data to ground these numbers (if you know last 

year you used 1,000,000 kWh for HVAC and 100,000 MJ of gas for heating, apply 

percentage reductions accordingly and multiply by your utility rates). If your 



 
 

47 | P a g e  
 
 

utility rates are expected to rise, factor that in because future savings will be 

more valuable. 

Demand Charge or Peak Savings: If applicable, consider any reduction in 

peak demand (kW) charges due to AI. For instance, if AI can consistently lower 

your monthly peak by shedding load at critical times, what is that worth? This 

might be a bit speculative unless the vendor has a specific feature for it, but if 

your bills have large demand components, it’s worth modeling a small 

reduction there too. 

 

 

Maintenance Savings: Try to estimate how predictive maintenance will save 

money. This can be tricky to put a number on, but you might use historical 

maintenance costs as a baseline. For example, if emergency repairs historically 

cost you $10,000 per year (leaks, overtime for breakdowns, etc.), you might 

expect AI to halve that by preventing many emergencies, saving $5,000/year. 

Or if you lease space, preventing a major outage could avoid penalties or 

unhappy tenants (indirect financial benefits). Additionally, extended 

equipment life means deferring capital expenditure – e.g., if a chiller might last 

1-2 years longer thanks to reduced runtime or early issue detection, that defers 

a large replacement cost, which has financial value in NPV terms. You could 

estimate that as well (e.g., deferring a $500,000 chiller replacement by 2 years 

at a cost of capital of 5% is roughly $25,000 in NPV benefit).  

 

 

Operational Efficiency: If the AI automates tasks that the facility team used to 

do manually, you can frame that as a labor efficiency benefit. For instance, 

maybe previously an engineer spent 2 hours a week tweaking schedules or 

responding to comfort complaints, and now the AI handles a lot of that. Over a 
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year, that’s 100+ hours freed, which could be quantified by that person’s hourly 

rate. Often such time savings are reallocated to other work rather than direct 

cost reduction, but it’s still a productivity gain. In some cases, it might reduce 

the need for additional staff as a building portfolio grows. 

 

 

Occupant Productivity/Retention (Soft Benefit): This is more qualitative, 

but worth mentioning if applicable. Improved comfort can lead to higher 

worker productivity or fewer complaints. While hard to measure, some 

organizations do value metrics like “each comfort complaint costs X in time to 

address” or “improved thermal comfort can improve employee productivity by 

Y%” (studies have attempted to quantify this). In a commercial leasing context, 

better comfort and sustainability can improve tenant satisfaction and retention, 

potentially affecting leasing rates or vacancy. If you have any data or corporate 

mandate on employee experience or tenant satisfaction, you can align the AI 

benefits to those goals as a supporting argument (even if not directly in the 

financial calcs). 

 

 

Sustainability and Compliance: If your company has carbon reduction goals 

or if there are upcoming regulations (like building performance standards) that 

you need to meet, AI-driven efficiency can be a key strategy. The benefit here is 

avoiding fines or achieving targets. For example, a city might mandate a certain 

energy intensity by 2030 – investing in AI now could be a way to ensure 

compliance, avoiding penalties or rushed retrofits later. While not a direct 

dollar saving now, it’s risk mitigation. If your organization values ESG 

(Environmental, Social, Governance) outcomes, the emissions reduction due to 

energy savings (e.g., “reduces GHG by up to 40%” as one cla (BrainBox AI - 

Generative AI Customer Story - AWS)210-L218】) can be a significant benefit 

https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=Contributing%20to%20a%20more%20sustainable,future
https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=Contributing%20to%20a%20more%20sustainable,future
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in sustainability reporting, possibly even translating to carbon credit values if 

those are in play. 

 

 

Increased Asset Value: More efficient and smart buildings can appraise higher 

and attract buyers at premium, though this is long-term and speculative. But if 

you plan to hold the building, mention that keeping it state-of-the-art with AI 

could maintain its competitiveness in the market (some large real estate firms 

are doing exactly this to differentiate their properties). 

 

 

Now, tally the primary quantifiable benefits (energy, maintenance, demand) in 

annual dollar terms. Compare that to annual costs. From this, derive metrics 

like simple payback period (initial investment / annual net savings), return 

on investment (ROI) percentage per year, or do a discounted cash flow for 

NPV or internal rate of return (IRR) if the project is large enough to warrant 

that analysis. 

 

 

For example, say initial outlay is $50k and annual net savings are $15k, the 

simple payback is ~3.3 years. Whether that’s acceptable depends on your 

organization’s criteria (some require <2-year payback for energy projects, 

others allow longer if aligning with carbon goals). If simple payback is beyond, 

say, 5-7 years, you’ll need to lean on the softer benefits and future-proofing 

arguments to justify it, or see if costs can be lowered or phased. 

 

Considering Different Scenarios 



 
 

50 | P a g e  
 
 

 

In your CBA, it’s wise to consider at least two scenarios: a conservative case and 

an optimistic case. This sets a range of outcomes so stakeholders understand 

the best and worst likely cases: 

 

 

Conservative Case: Assume lower energy savings (perhaps based on the low 

end of case study results or if your building is already efficient), assume you 

need to replace sensors more often (higher maintenance cost), etc. See if the 

project still breaks even over some period. If even the conservative case is net-

positive over the AI system’s life, that’s reassuring. If the conservative case is 

negative ROI, emphasize that this is a low probability scenario (assuming you 

have reasonable confidence in the technology). 

 

 

Optimistic Case: Assume the higher end of savings and perhaps include 

intangible benefits (like if you expect some increase in occupant retention, you 

could monetarily quantify that here). Show how the project could perform in a 

best-case. Maybe the payback becomes 2 years and ROI looks stellar. This helps 

show the potential upside. 

Most likely you’ll land somewhere in between. Having the range helps decision 

makers weigh risk vs reward. 

 

Structuring the Investment 
 

Some additional points for the business case: 
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Incentives and Rebates: Check if your electric or gas utility offers incentives 

for energy efficiency or demand management technologies. Increasingly, 

utilities and government programs are interested in funding smart building 

technologies. For example, some may give rebates for installing advanced 

controls or for verified energy savings after a year (perhaps under a pay-for-

performance program). If such incentives exist, include them in the financial 

analysis as a reduction of cost or additional benefit. They can significantly 

improve ROI. Governments also occasionally have grants for AI or digitalization 

in buildings. In some jurisdictions, there might even be tax incentives for energy 

efficiency improvements – worth exploring. 

 

 

Financing and Contract Models: You don’t necessarily have to pay everything 

upfront. Some AI providers offer a performance contracting model or “AI as a 

Service” where the costs are paid from the savings achieved. For instance, they 

might take a portion of verified energy savings as payment (shared savings 

model) or offer financing where the monthly cost is designed to be lower than 

the monthly savings (positive cashflow from day one). If you prefer to avoid 

capital expense, these models might be attractive. They do reduce your share 

of the savings but also shift risk to the vendor. If considering this, ensure you 

understand how savings will be measured and verified (tie into the M&V 

section next). 

 

 

Co-Benefits: Sometimes a project with multiple benefits might get funding 

from multiple budget sources. For example, part of the cost could come from an 

energy efficiency budget, part from an operations/maintenance budget (since 

predictive maintenance is an O&M benefit), and part from an innovation or IT 
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budget. By spreading costs across departments that each gain something, it can 

be easier to justify. To do this, you need to articulate the benefits that matter to 

each stakeholder: energy department cares about kWh saved, facilities 

management cares about fewer breakdowns and perhaps the “cool factor” of 

having cutting-edge tech, sustainability team cares about carbon reduction, HR 

or leasing might care about improved comfort. A holistic cost-benefit narrative 

can rally support from all these angles. 

 

 

Risk Assessment: Identify risks that could affect the cost-benefit outcome. For 

instance, if energy prices are volatile, the savings value could fluctuate. Or if a 

pandemic hits and occupancy drops, the AI might save less (though in such a 

scenario, it might save more by aggressively setting back systems). Evaluate if 

any risk is big enough to warrant an alternative plan (like you’ll only proceed if 

occupancy is back to normal, etc.). Generally, AI projects carry low downside 

risk operationally if done right (worst case you turn it off and revert to original 

controls). Financially, worst case is you spent money and didn’t get the savings 

hoped for – which is why we do the conservative scenario. Perhaps consider 

also the risk of not doing it: energy prices could rise, or building could become 

less attractive if peers adopt smart tech and you don’t, etc. This flips the script 

to show that sticking with status quo isn’t free of risk either. 

 

 

By the end of the cost-benefit analysis, you should have a clear picture: maybe 

something like “This AI project will cost $80,000 upfront plus $10,000/year, 

and is expected to save $25,000/year in energy and maintenance, yielding a 3-

year payback and 33% ROI. Additionally, it will improve comfort and reduce 

risk of equipment failures, supporting our sustainability goals and modernizing 
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our facility.” With this, you can seek approval and also have a benchmark for 

measuring if the project meets its goals later. 

 

Now that we’ve planned the finances and justification, let’s address how you 

will measure and verify those savings and benefits once the AI is in place – so 

you can confirm you got what you paid for. 
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Measurement and Verification 

(M&V) of AI System Performance 

Implementing AI for HVAC optimization is only half the battle; the other half is 

proving that it works as intended. Measurement and Verification (M&V) is the 

process of quantifying the actual savings (or other performance 

improvements) delivered by an intervention, in this case an AI control system. 

Proper M&V will validate the business case, build confidence in the technology, 

and identify any shortfalls so they can be addressed. This section provides 

guidance on how to measure and verify the impact of an AI HVAC optimization. 

 

Define Metrics of Success 
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Start by clearly defining what you will measure. Common metrics include: 

 

Energy Consumption: Typically in kWh for electricity, and therms or MJ for 

gas/heat, over a given period. You might break this down by HVAC-specific 

meters if available (e.g., a chiller kWh meter) or use whole-building energy if 

HVAC is a dominant part. Key is to track before vs after.  

 

Peak Demand: If applicable, monitor the peak electrical demand (kW) each 

month to see if it’s reduced. 

 

Cost: Ultimately you might calculate cost savings (in $), but since rates can 

change and weather affects usage, it’s often better to measure usage in physical 

units and then convert to cost for reporting. 

 

Comfort/IEQ Metrics: E.g., average occupied temperature, number of hours 

out of comfort range, CO₂ levels, humidity levels, perhaps number of hot/cold 

complaints logged. The AI’s job is to maintain or improve these while saving 

energy, so track them to ensure comfort isn’t sacrificed. A decrease in 

complaints after AI would be a nice bonus to document.  

 

Equipment Runtime or Health Indicators: If predictive maintenance is a 

goal, track things like how often equipment cycles on/off, total run hours per 

week, or specific indicators like average fan speed. Post-AI, you might see 

reduced runtime of certain equipment (like the BrainBox case where fan 

runtime dro (AI takes on growing role in HVAC system efficiencies)861-L870

】 after AI implementation) – that’s a tangible result indicating reduced wear 

and tear. 

https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Average%20runtime%20reduction%20by%20HVAC,81
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Maintenance Actions: Track if the AI’s predictive alerts caught issues (e.g., “AI 

flagged a failing pump on June 1, we replaced it, avoiding a breakdown”). This 

is more anecdotal, but keeping a log will help demonstrate maintenance 

improvements. 

 

Establish Baseline Performance 
 

It’s critical to have a baseline to compare against. Ideally, you have data from 

before AI implementation that represents normal operation. Baseline should 

be representative of typical weather and occupancy conditions. If you have at 

least 12 months of pre-AI utility data, you can create a weather-normalized 

model. For example, you might regress daily energy use against outside 

temperature to establish how much energy is expected at a given temperature 

(this is often done in adherence to protocols like IPMVP Option C, which deals 

with whole-building data). 

 

If the AI is being phased in or tested, you could do a shorter baseline 

measurement just prior. For example, run the building normally for a few 

weeks while logging detailed data, then turn on the AI and continue logging, 

comparing similar weather days pre- and post-AI. However, due to weather 

variability, a longer baseline is safer. 

 

In some cases, you can do a simultaneous baseline by using control vs. test 

groups. For example, in a campus with multiple similar buildings or systems, 

you could apply AI to one building and not the other and compare performance 

(A/B testing). Or in one large building with many air handlers, maybe put AI on 
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half of them initially and compare to the other half. This isn’t always feasible, 

but it’s a robust way to measure impact while controlling for external factors. 

 

If neither historical nor parallel baseline is available, another approach is 

calibrated simulation – essentially, model the building’s expected 

performance without AI, and compare to actual with AI. Tools like DOE’s 

EnergyPlus or other simulation software can be used, but this is a complex 

approach requiring modeling expertise. It’s often beyond the scope unless 

there’s a formal M&V process in place for a performance contract or a research 

study. 

 

Normalize for Variables 
 

Energy use can vary due to many factors: weather, occupancy, schedule 

changes, equipment changes, etc. When verifying savings, you need to isolate 

the effect of the AI from these confounding factors. 

 

Weather Normalization: Use Heating Degree Days (HDD) and Cooling Degree 

Days (CDD) or hourly temperature data to adjust energy consumption to a 

“typical” year or to compare equivalent conditions. For example, if the post-AI 

period was milder than the baseline, you might adjust the baseline down to 

estimate what baseline energy would have been under the post period weather. 

Conversely, if post period was hotter, adjust baseline up. Regression models can 

do this by including temperature terms. Some building analytics platforms or 

even Energy Star’s Portfolio Manager can help normalize weathe (Do analytics 

platforms improve energy savings in buildings? | Buildings)125-L133】 

. 

https://www.buildings.com/resiliency-sustainability/energy-water-efficiency/article/33018291/do-analytics-platforms-improve-energy-savings-in-buildings#:~:text=Information%20associated%20with%20the%20program,gets%20wasted%20due%20to%20inefficiencies
https://www.buildings.com/resiliency-sustainability/energy-water-efficiency/article/33018291/do-analytics-platforms-improve-energy-savings-in-buildings#:~:text=Information%20associated%20with%20the%20program,gets%20wasted%20due%20to%20inefficiencies
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Occupancy Adjustments: If occupancy (or production in an industrial context) 

changed, that affects HVAC load. Use metrics like average daily occupancy or 

footfall, or production volume, to normalize. For instance, if post-AI your 

building had 10% fewer occupants (say more remote work), some of the energy 

reduction is not due to AI. If you have CO₂ or occupancy sensor data, you can 

quantify usage level. One method is to use energy per occupant-hour as a 

metric. 

 

Control for Schedules/Holidays: Ensure when comparing baseline and post, 

you’re comparing similar operating hours. If during baseline the building ran 

50 hours a week and now runs 45 hours (maybe AI optimized the schedule), 

that is actually an AI-driven change, so that counts as savings. But if an 

unrelated operational change (like a facility decided to reduce operating hours 

independent of AI), account for that separately. 

 

Changes in Equipment or Setpoints: If any other energy projects happened 

(LED lighting retrofit, for example) during the evaluation period, subtract their 

impact so as not to attribute those savings to AI. Ideally, avoid overlapping 

projects, or meter HVAC separately to isolate AI’s impact on HVAC only. If you 

did any major setpoint changes unrelated to AI, note those. 

 

In formal M&V, one might use protocols such as the International 

Performance Measurement and Verification Protocol (IPMVP). Under 

IPMVP: 

Option A: Retrofit Isolation (Key Parameter Measurement) – e.g., measure one 

part of system. 

Option B: Retrofit Isolation (All Parameter Measurement) – e.g., sub-meter a 

chiller and measure its savings directly. 
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Option C: Whole Facility – use whole-building utility data (weather 

normalized). 

Option D: Calibrated Simulation. 

For AI, Option C (whole building or at least whole HVAC system) is common, 

unless you have sub-meters to do Option B on specific equipment. 

 

Monitoring Performance Continuously 
 

After initial deployment, plan to monitor performance continuously for at least 

a few months to a year. Look at trends such as: 

 

Daily/weekly energy use patterns before vs after. Are nighttime baseloads 

lower now? Are morning peaks shaved? Use graphical analysis. 

Comfort metrics over time – e.g., create a chart of zone temperatures or 

complaints. Ensure no drift in comfort. 

Check that promised outcomes are showing up: If the AI was supposed to 

reduce simultaneous heating/cooling, trend a few zones to see if reheats are 

indeed open less often, etc. 

 

Many AI platforms include their own dashboards for savings. Some will 

explicitly compute running savings using baseline models internally. It’s good 

to review those but also verify with your independent records if possible. If 

there’s a discrepancy between what the vendor says and what your utility bill 

shows, investigate it. Commonly, the vendor’s model might not account for 

something like a new piece of equipment added later, etc. 
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Verification and Reporting  
 

To verify savings: 

 

Calculate actual savings: Use your baseline model or data to predict what 

energy would have been in the post period without AI. Then subtract actual 

energy. For example, if baseline normalized to this year’s weather predicts 

100,000 kWh for July and the building actually used 80,000 kWh with AI, then 

savings = 20,000 kWh (20%). 

Do this monthly or seasonally and sum up for a year. 

Compare to the initial projections from your cost-benefit analysis. Are they in 

line? Maybe even better? 

If savings are significantly less than expected, investigate why. It could be the 

AI is not tuned fully, or maybe certain features weren’t enabled. Engage with 

the vendor to fine-tune – perhaps they can adjust parameters. Sometimes AI 

takes a season or two to really optimize, especially if it uses reinforcement 

learning; initial savings might be modest and then improve. If comfort issues 

prevented it from operating fully, resolve those and then measure again. 

 

Document any qualitative benefits too: e.g., “Since AI deployment, we’ve 

reduced hot/cold complaints by 30% and had zero HVAC-related downtime 

events in occupied hours, compared to 3 events last year.” Those are important 

successes to communicate, even if not dollars. 

 

Finally, prepare a report or dashboard for stakeholders summarizing the 

performance: 



 
 

61 | P a g e  
 
 

Energy reduction (% and $). 

GHG reduction (if you want to translate kWh saved into CO₂ using your local 

grid factor). 

Comfort and maintenance improvements (possibly testimonials from the 

facility team or occupants). 

Any lessons learned or adjustments made during the period.  

If multiple buildings, compare site performances (maybe some did better than 

others – find out why and share best practices). 

 

Regular verification shouldn’t stop after proving initial success. It’s wise to keep 

monitoring over the long term. Systems can drift – sensors can fail, occupancy 

patterns change, etc. Continuous or at least annual M&V ensures the AI 

continues to deliver. If savings start eroding, you can recalibrate or update the 

system. Some companies integrate the M&V into an ongoing Energy 

Management System process, where they track energy KPIs monthly as part 

of sustainability reporting. The AI then becomes an ongoing contributor to 

those KPIs. 

 

By rigorously measuring and verifying results, you build confidence in the AI 

system across the organization. This paves the way for possibly expanding AI 

to other buildings or systems, because you have hard evidence of its value. 

 

Now that we’ve covered M&V, we can look at how to identify which types of 

buildings or situations are ideal for AI and which might be less fruitful, as that 

can guide where to focus efforts for maximum impact. 
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Where AI Thrives and Where It 

Struggles 

Not every building will reap the same rewards from AI optimization. Some 

environments are primed to benefit greatly, while others might see minimal 

improvement or face difficulties. In this section, we outline the characteristics 

of buildings most likely to succeed with AI HVAC optimization, and those 

where AI is likely to struggle or yield lower returns. Knowing this can help 

prioritize projects or adjust expectations based on building type and context. 

 

Ideal Conditions for AI Success 
 



 
 

63 | P a g e  
 
 

Your building is a strong candidate for AI optimization if many of the following 

apply: 

Large, Complex Facility: Generally, the bigger and more complex the building, 

the more scope for AI to find efficiencies. A high-rise office building, a large 

hospital, a multi-building campus, or a big-box store with many zones – these 

have multiple HVAC units and control points that can benefit from 

coordination. Complexity (multiple air handlers, dozens of VAV boxes, multiple 

floors/zones) is where AI shines because it can analyze and adjust many 

variables simultaneously, something human operators or basic controls 

manage less optimally. Also, larger buildings mean more energy use, so a 10% 

saving is a lot in absolute terms, making the project more worthwhile.  

 

 

Variable Occupancy or Use Patterns: Buildings with fluctuating occupancy or 

schedules benefit from AI’s adaptiveness. For example, an office that isn’t 

uniformly occupied (perhaps different departments keep different hours, or 

occupancy varies with days of week), a university building with changing class 

schedules, or an event center that is full one day and empty the next. AI can 

learn these patterns and avoid the one-size-fits-all scheduling that often wastes 

energy. In contrast, a building that’s 24/7 occupied at a steady level has less 

opportunity to dial things back, unless it’s currently being run wastefully.  

 

 

Mixed-Mode or Complex HVAC Systems: If your building has an interplay of 

different systems – say an air conditioning system plus operable windows, or a 

radiant cooling system plus ventilation, or multiple stages of dehumidification 

– AI can manage the interplay better. For instance, AI might decide when to use 

natural ventilation vs AC in a building that has both (to maintain comfort with 



 
 

64 | P a g e  
 
 

least energy). Or in a building with multiple cooling sources (chillers, direct 

expansion units), AI can choose the most efficient mix. Conventional controls 

often don’t handle these multi-system optimizations well. Complex industrial 

facilities with both process cooling and comfort cooling, or with heat recovery 

opportunities, similarly can benefit from AI figuring out optimal settings.  

 

 

High Energy Costs or Strict Efficiency Targets: In regions with high utility 

rates (e.g., parts of Europe or cities like New York) or where carbon pricing is 

in effect, even small improvements translate to big dollar savings. If your 

energy cost is $0.15-$0.30/kWh (versus, say, $0.05), the ROI on AI is much 

faster. Also, if your organization has set aggressive efficiency or carbon 

reduction goals, AI can be one of the strategies to achieve those last few percent 

that are hard to get via equipment upgrades alone. So, a building under 

pressure to cut energy (due to local laws or corporate mandates) is an ideal 

candidate as it amplifies the value of any savings. 

 

 

Existing BMS with Lots of Data: A building that already has a modern BMS, 

plenty of sensors, and maybe even historical trend data stored is like low-

hanging fruit for AI. The infrastructure is there – AI can be layered on relatively 

easily. For example, a LEED-certified building with submeters and sensors for 

everything might actually have underutilized data. AI can tap into that and 

deliver improvements beyond what the initial programming did. Essentially, if 

you have data-rich systems, AI has more to munch on and tends to perform 

better. It might uncover issues that were hidden in the sea of data that no 

human had time to analyze. 
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Engaged Operational Team: This is more of an organizational trait than a 

building trait, but it’s crucial. Buildings where the facility team is proactive and 

excited about optimization are fertile ground for AI success. They will 

collaborate to fine-tune the system, promptly address maintenance issues the 

AI flags, and overall use the AI as a tool rather than a crutch. Such teams often 

already did a lot of optimization manually; AI multiplies their effectiveness. We 

see this in cases like tech company campuses or well-managed commercial 

buildings where engineers actively manage energy – giving them AI is like 

giving a pilot a more advanced autopilot that they can oversee to go further. 

 

 

Climate Extremes or Seasonal Variation: Locations with very hot summers 

and/or very cold winters have high HVAC energy use and big swings, which 

means big savings potential if AI can manage those swings better. Also, if a 

climate is extremely humid or has large daily temperature swings, AI’s 

predictive ability to pre-cool or pre-heat can yield comfort improvements and 

energy savings. Conversely, a mild climate (say coastal California) where HVAC 

barely runs part of the year has less potential – those buildings should still 

optimize but the margin is smaller. Tropical climates (hot and humid year-

round) have continuous cooling loads and often complex dehumidification 

needs, where AI has shown success (the Taiwan case with ~40 (Artificial 

Intelligence Assisted Heating Ventilation and Air Conditioning Control and the 

Unmet Demand for Sensors: Part 2. Prior Information Notice (PIN) Sensor 

Design and Simulation Results)472-L480】 was in a tropical scenario). Cold 

climates with long heating seasons also benefit, especially if the building has 

dynamic internal gains (sunlight, occupancy) that AI can manage. 

 

 

https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
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Buildings with Energy Inefficiencies or Known Issues: If a building has a 

history of energy inefficiency (maybe an energy audit identified lots of issues 

but they were hard to fix in the existing control framework), AI can target those. 

For example, a building where simultaneous heating and cooling happens due 

to poor coordination – AI can fix that coordination. Or a building that struggles 

with morning warm-up (some zones overshoot, some undershoot), AI can 

modulate differently per zone if it has control, solving comfort issues and saving 

energy. Essentially, any known control challenge might be solved with AI’s 

smarter approach. Even something like frequent overrides by staff (turning 

systems fully on earlier than needed because they don’t trust it will get to 

comfort in time) could be alleviated when AI proves it can manage just-in-time 

conditioning. 

 

 

Portfolio Deployment: If you manage multiple similar buildings, AI’s value can 

multiply by scaling out. Some AI platforms learn from each building and apply 

insights across the portfolio. If one building’s data reveals an optimal strategy, 

it might be replicable. Organizations like retail chains or campus universities 

could see portfolio-wide gains. If you have a mix of building types, you might 

pilot on the best candidate (maybe your largest, most dynamic building) and 

once successful, roll out to others. Economies of scale can improve cost-

effectiveness (vendors might discount for multiple buildings, and internal staff 

training can serve all sites). 

 

 

In summary, AI thrives where there is complexity to tame, variability to adapt 

to, and potential inefficiencies to wring out – especially under conditions where 

those inefficiencies cost a lot of money or carbon. 



 
 

67 | P a g e  
 
 

Challenging Conditions for AI or Lower-Yield 
Situations 
 

Conversely, AI might not be the best investment, or might face difficulties, in 

these scenarios: 

 

Small, Simple Buildings: A small office or retail store with one rooftop unit 

and a simple thermostat probably won’t see much benefit from a fancy AI. 

There’s not much to optimize beyond what a good programmable thermostat 

or basic smart thermostat can do. The scale of savings would be so small that it 

likely wouldn’t cover the cost of AI. For such cases, simpler solutions (or even 

upgrading to a web-programmable thermostat with occupancy sensors) are 

more cost-effective. AI overhead may be overkill. As a rule of thumb, buildings 

under, say, 5,000–10,000 sq ft with single-zone systems are usually not 

worthwhile for custom AI optimization – unless perhaps you aggregated many 

of them in a portfolio approach with a specialized product (some companies do 

target small buildings with packaged AI controllers, but they basically embed 

simpler algorithms, not heavy machine learning). 

 

Very Stable or 24/7 Operations: If a building operates at a steady state all the 

time (like a data center with constant loads, or a warehouse that’s lightly 

conditioned just to a fixed setpoint continuously, or a process plant that has 

stable conditions), then the opportunities for AI to do something clever are 

fewer. AI might still do some predictive maintenance, but energy optimization 

wise, if the setpoints rarely change and occupancy doesn’t vary, a well-tuned 

traditional control might already be near optimal. For instance, a basic 

warehouse that’s heated to 60°F in winter constantly and has minimal cooling 

in summer might not gain much from AI except turning stuff off if it’s empty – 
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but if it’s always the same occupancy (just storage), even that is constant. 

Where AI can help in 24/7 facilities is fault detection, but savings might be on 

maintenance not energy as much. So the ROI might be harder purely on energy 

in truly continuous steady facilities. 

 

Buildings Already Highly Optimized: Some modern green buildings or those 

that have undergone thorough retrocommissioning might already have 

sophisticated control sequences that capture many of the efficiency gains. If, for 

example, your building already uses weather forecasting in its BMS logic for 

optimal start, has adaptive demand-controlled ventilation, and has been 

tweaked by energy engineers to death, then AI might find only marginal 

improvements. There may be a point of diminishing returns. AI might still be 

able to do a bit better (and perhaps simplify the management of those 

sequences), but if you’re expecting another 20% on top of an already efficient 

building, that might be unrealistic. It could be more like a few percent plus 

maintenance insights. Of course, there’s also the pride factor – some high-

performance buildings may want AI for the innovation aspect even if savings 

are small, but strictly financially it’s harder to justify if you’re already hitting 

low energy use intensities. 

 

Poor Data Environments: If a building lacks the necessary sensors or has 

unreliable controls, as discussed earlier, AI will struggle. But let’s say you go 

ahead anyway without fully addressing it – the AI might underperform or even 

cause issues. For example, a building with lots of communication dropouts or 

missing points might lead the AI to make suboptimal or oscillating decisions. In 

such cases, results could be disappointing. This highlights that addressing data 

infrastructure is key – if that’s not in the project scope, the AI’s performance 

will be handicapped. It might be better to invest in metering and BMS upgrade 

first, AI later. 
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Short-Term Ownership or Inability to Maintain: If the building owner plans 

to sell the building in a year or two, they might not see full value from an AI 

project now (unless it’s used as a selling point). Also, if there’s concern that once 

the initial team or vendor leaves, the staff won’t maintain it, then after a while 

the system could fall into disrepair and not deliver. We have seen cases with 

other advanced control systems where after key people left, new staff didn’t 

understand the system and bypassed it. If an organization isn’t committed to 

continuously supporting the AI (through training new staff, etc.), it may not 

yield sustained benefits. Essentially, a building with unstable management or 

high turnover in facility staffing might struggle to keep an AI program effective 

long-term. 

 

Critical Failure Consequences (Risk-Averse Environments): Some facilities 

cannot tolerate any risk of HVAC missteps – for example, certain biotech labs, 

cleanrooms, or hospitals with immuno-compromised patients. In such cases, 

they rely on very conservative control settings and often redundant systems. 

Implementing an AI that might, for example, allow temperature to drift a bit 

more for efficiency could be seen as a risk not worth taking. If an AI 

malfunctioned and compromised conditions, the consequences are severe 

(product loss, patient risk). Therefore, these facilities might be very cautious or 

limit AI to non-critical zones only. It doesn’t mean AI can’t be used in labs or 

hospitals – there are examples (some hospitals have used AI for energy 

management successfully) – but it requires a robust validation and perhaps 

limited autonomy (AI suggests changes but a human approves them, at least 

initially). In extremely risk-averse scenarios, the cultural barriers may be high. 

 

Lack of Financial Incentive: If energy is dirt cheap or if the organization 

simply doesn’t prioritize operational savings (perhaps a government building 
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with fixed budget regardless of savings), then even if AI works, the motivation 

isn’t there. For example, some regions with subsidized energy or a facility 

where costs are passed through to tenants without the owner benefitting might 

not see a strong business case. Similarly, if a building’s HVAC energy is a small 

fraction of a much larger energy budget (like in a manufacturing plant where 

process uses 90% of energy, HVAC 10%), the focus might be elsewhere. AI 

might still be used for process optimization in that case, but purely for HVAC it 

might be low priority. 

 

Short Remaining Building Life or Major Retrofit Planned: If the building is 

due for demolition or a gut renovation in a couple years, an AI project might not 

pay back in time. Or if you plan to replace the whole HVAC system soon with a 

more efficient one, it might make sense to wait and integrate AI with the new 

system. That said, one could argue implementing AI now saves energy in the 

interim, but it depends on horizon. 

 

In short, AI tends to struggle or be less worthwhile in small, simple, already-

optimized, or extremely rigid environments. It doesn’t mean AI can’t 

function – predictive maintenance could still have value, for example, in a 

simple building – but the economics or practicality might not favor it. 

 

Tailoring Approach to Building Type 
 

Different building types might need different AI approaches. For instance: 

 

Offices, Schools, Commercial Buildings: Focus on occupancy-driven 

optimization, comfort balancing, and energy savings. Lots of zones to 

coordinate – AI typical use case. 
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Hospitals, Labs: Focus on maintaining strict conditions efficiently. AI might 

run in more of an advisory or monitored mode first. Emphasize fault detection 

(because maintaining uptime is crucial) and ensure any changes don’t violate 

safety margins. 

 

Data Centers or Industrial: AI might be more about cooling system 

optimization (e.g., adjust setpoints based on IT load predictions) and less about 

comfort. Or about integrating with process controls. There have been 

successful AI in data centers (Google’s DeepMind cooling optimization 

famously cut 30-40% of cooling energy in their data centers). Those are very 

specialized but show that even 24/7 operations can benefit if loads are dynamic 

(IT loads change and AI responds to those). 

 

Retail Chains: Here consistency and ease of use is key because local staff may 

not be technical. AI systems for retail often come packaged with remote 

monitoring and centralized control for many stores. The AI might need to be 

very robust with minimal on-site tinkering. 

 

Mixed-Use Buildings: They have varied space types (offices, apartments, retail 

in one building). AI can handle multiple modes but might need careful goal-

setting (comfort criteria differ for residences vs offices vs retail). The benefit is 

high complexity to exploit. 

 

The point is to consider building-specific factors when deploying AI, and adjust 

the strategy. Some buildings might go full autonomous mode, others might use 

AI for analytics and suggestions only. 
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To conclude this section: choose your battles. If you have a portfolio, target the 

buildings with the most potential first – typically large, inefficient, variable ones 

– to prove value. In the easier cases, simpler solutions might suffice. In the tough 

cases (critical environments), maybe hold off until the technology is more 

proven or do a very controlled pilot. By matching the approach to the building 

context, you maximize the chance of success and efficient allocation of effort. 

 

Now, let’s move from these general considerations into the practicalities of 

implementation – whether using a vendor solution or DIY approach, and what 

to do post-deployment to keep things running smoothly. 

 
 
 
 
 
 



 
 

73 | P a g e  
 
 

 

Implementation Approaches: 

Vendor Solutions vs. DIY 

Once you’ve decided to adopt AI for HVAC optimization, the next question is 

how to implement it. Broadly, there are two routes: you can procure a vendor-

provided solution (or work with a specialist provider), or you can attempt a 

do-it-yourself (DIY) approach using in-house resources or open-source tools. 

In some cases, a hybrid approach is possible (using a commercial platform but 

customizing parts of it). This section compares these approaches and provides 

guidance on choosing and executing the one that fits your situation. 

 

Vendor Solutions (Commercial AI Platforms) 
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What They Offer: Vendor solutions are typically end-to-end platforms that 

include software (often cloud-based), analytics/AI algorithms, and sometimes 

hardware like IoT sensors or gateways. Examples of well-known providers in 

this space include companies like Brain### Vendor Solutions (Commercial AI 

Platforms) 

 

What They Offer: Commercial AI platforms provide a ready-made solution 

with minimal in-house development required. These vendors supply the 

analytics software (often cloud-based), machine-learning algorithms, and 

sometimes IoT hardware to connect with your building. They typically have 

experience across many buildings, so their algorithms come pre-trained or at 

least pre-tested. For example, companies like BrainBox AI, Johnson Controls 

(OpenBlue), Siemens (Navigator), Honeywell, Schneider Electric, and 

various startups have AI offerings for buildings. A vendor solution usually 

includes a user interface (dashboards for energy, comfort, alerts), and the 

vendor’s engineers will handle integration and initial tuning. They may also 

provide ongoing support, monitoring your building’s performance and 

adjusting the AI over time. In short, you are outsourcing the heavy lifting of AI 

development and relying on their expertise and infrastructure. 

 

Advantages: The big advantage is speed and convenience. You don’t need a 

data science team to build algorithms from scratch – the vendor has done that. 

Deployment can be relatively quick (often a few weeks to get connected and 

start the learning period). The vendor likely has encountered and solved many 

integration issues before, reducing risk. They also maintain the system: as new 

features or improvements are developed, they update your site. Another 

benefit is accountability – vendors may offer performance guarantees or at 

least will be motivated to show results to retain you as a customer. They often 

have polished reporting which helps in sharing results with management. For 
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example, BrainBox AI advertises that its clients often see up to 25% energy cost 

r (BrainBox AI - Generative AI Customer Story - AWS)168-L176】, and they 

provide case studies (like the Canadian shopping mall example) to demonstrate 

(AI takes on growing role in HVAC system efficiencies)849-L857】. 

 

Considerations: Vendor solutions come at a recurring cost (subscription or 

service fee). Over years, this can sum to a significant amount. It’s important to 

ensure the contract makes financial sense given your expected savings. You 

should also be comfortable with a third party having access to your building 

controls – review their cybersecurity measures. Another consideration is 

vendor lock-in: once integrated, switching to another platform or revoking the 

system can be complex (though not impossible – you can always revert to your 

baseline control sequences if needed). Ensure the contract allows access to 

your data, and clarity on who owns the data. It’s wise to negotiate a trial period 

or phased approach: for instance, a pilot in one building or one system for 6-

12 months with an option to roll out further upon success. Many vendors will 

accommodate a pilot, sometimes even offering it at reduced cost or with a 

savings guarantee. 

 

Selecting a Vendor: When evaluating different vendors, compare their focus 

and strengths. Some specialize in certain building types (e.g., large commercial 

offices vs. retail chains vs. industrial plants). Ask about their algorithms – do 

they use reinforcement learning, predictive modeling, rule-based AI, or a 

combination? How do they ensure comfort is maintained? What kind of M&V 

do they provide? Also consider the user experience: your facilities team will be 

interfacing with whatever dashboard or reports they provide, so it should be 

user-friendly. Ask for references in your industry or climate zone. And as 

always, evaluate cost-benefit: one platform might charge more but perhaps 

https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=Jean,time%20recommendations%20for%20facility%20managers
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=In%20one%20of%20several%20case,runtimes%20for%20the%20HVAC%20equipment
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offers a more comprehensive service (including predictive maintenance 

analytics), which could justify the premium. 

Integration Process: With a vendor, the implementation typically goes like 

this: They install or connect a gateway device to your BMS (or in some cases, 

directly to your controllers/sensors if no BMS). This gateway streams data 

(temperatures, setpoints, equipment status, etc.) to the cloud AI platform. 

There may be an on-site survey or meetings with your facility team to 

understand current operations. Initial configuration sets comfort ranges, 

priority zones, and ensures the AI “knows” the controllable points. Then there’s 

often a learning period where the AI observes patterns – during this time it 

might run in parallel (making recommendations or minor tweaks but not full 

control yet) to build its model. After that, the AI begins active control 

adjustments. The vendor will monitor closely in the first few weeks, tweaking 

parameters if, say, certain zones get uncomfortable or the savings aren’t 

materializing. Once stable, the system runs continuously, sending alerts or 

summaries to your team. Your staff can usually override or limit the AI if needed 

(for example, if a special event requires manual control, or if the AI is doing 

something undesired, you always have the ability to intervene). It’s important 

to establish these procedures with the vendor – AI should be a tool for the 

facility team, not a black box dictator. A good vendor will emphasize 

collaboration with your team, especially in the early stages. 

 

DIY and In-House Approaches 
 

What It Entails: A DIY approach means you develop the AI solution using in-

house resources or non-vendor tools. This could range from a sophisticated in-

house analytics program (if you have data scientists or controls engineers on 

staff) to a more modest tinkering project using open-source software or low-
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cost hardware. Essentially, you act as your own integrator and possibly your 

own vendor. 

 

At the high end, some large organizations (or research institutions) have 

created custom building AI systems. For example, a tech company with strong 

IT resources might use cloud platforms (like AWS, Azure, or Google Cloud) and 

their AI toolkits to ingest building data and apply machine learning. They might 

hire a consultant or use an internal team to develop predictive models tailored 

to their portfolio. This route gives maximum customization – you can tailor the 

algorithms to your specific needs and integrate with internal databases or 

business systems. However, it requires significant expertise in three domains: 

building HVAC engineering, software development/IT, and data science. It’s 

relatively rare unless the organization’s core business or interest aligns with 

developing such technology (or if the campus is so unique that off-the-shelf 

solutions won’t fit). 

 

At the lower end, DIY might look like experimenting with a single-board 

computer (Raspberry Pi or Arduino) and some sensors to tackle a specific 

problem. The Santagostino case in Italy is a prime example: they used Arduino 

Nano microcontrollers with Edge Impulse machine-learning software to 

implement predictive maintenance on their HVAC units at (Santagostino's 

predictive maintenance for HVAC uses Nano RP2040 Connect)†L54-L62】. 

Their internal team built the solution, which was modular and flexible, proving 

that even without a big budget, you can deploy AI concepts (in this case, 

detecting abnormal vibrations to predict failures) in a real-world setting. 

 

Advantages: The DIY route can save costs on software subscriptions and 

allows you to own the solution outright. It can be more flexible – you’re not 

https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=The%20Nano%20RP2040%20Connect%E2%80%99s%20built,was%20built%20across%20the%20facilities
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=The%20Nano%20RP2040%20Connect%E2%80%99s%20built,was%20built%20across%20the%20facilities
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confined to a vendor’s feature set. If your team develops deep knowledge, you 

can continue improving and modifying the system as you wish. There’s also a 

potential competitive advantage or intellectual property advantage if you 

develop something novel (though for most facility owners, this is not a primary 

concern). DIY can be fulfilling for staff – an engineer might relish building a 

custom solution and thereby gain skills. Additionally, a DIY approach can focus 

very narrowly on what you care about; for example, you might not need a full 

AI platform, maybe you just want a specific optimization like optimal start 

times – you could code a script for that rather than buy a whole system. 

 

Challenges: The challenges are significant. Development can be time-

consuming and there’s no guarantee of success (whereas a vendor likely has 

proven their solution elsewhere). Your team might get it working initially, but 

consider maintenance: if the person who built it leaves the company, will others 

be able to maintain or troubleshoot the system? Documentation and knowledge 

retention are vital. Also, scaling a DIY solution beyond a pilot can be hard. It’s 

one thing to optimize one air handler with a custom script; it’s another to 

deploy that across 50 air handlers and ensure it doesn’t crash, handles all edge 

cases, and has a nice interface for operators. Many DIY attempts remain as 

pilots or one-off fixes due to these hurdles. 

Another risk is scope creep and integration pain. You might start DIY for one 

purpose and then realize you need additional features (like fault detection, or a 

better UI), essentially reinventing what vendors already offer. Costs can also 

creep up: perhaps you save on subscription, but you might end up investing a 

lot in staff hours or additional tools (servers, databases, etc.). That said, if you 

have enthusiastic team members, sometimes those costs are absorbed as part 

of their normal work and not seen as an outlay – but it’s good to track internal 

time to judge true ROI. 
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Open-Source and Low-Cost Tools: If considering DIY, you aren’t completely 

on your own – there are frameworks and open-source projects that can help. 

For example, Project Haystack is an open tagging standard that can make 

sense of building data and is often used with analytics; Apache Spark or Python 

libraries (pandas, scikit-learn, TensorFlow) can be used for developing 

machine learning models on building data. There are open-source rule-based 

fault detection engines (some researchers have released code for detecting 

typical faults). The U.S. Department of Energy has tools like OpenStudio and 

EnergyPlus for simulation, which some have coupled with AI for testing 

control strategies (though that’s more for research than live control). There are 

also community forums (Stack Exchange, Reddit’s r/BuildingAutomation, etc.) 

where like-minded engineers share tips on integrating new tech – tapping into 

these resources can accelerate a DIY project. And of course, low-cost hardware 

like Arduinos, Raspberry Pi, or off-the-shelf sensors from vendors like 

SparkFun or Adafruit make it cheap to instrument equipment if needed. 

 

When to Lean DIY: A DIY or in-house approach might be suitable if: 

 

You have a constrained budget but high technical aptitude on staff. 

Your use-case is very targeted (e.g., you only want predictive maintenance for 

rooftop units, and you’re comfortable building that out, as opposed to a whole-

building optimization). 

You have data privacy or security requirements that make you unwilling to 

send data to external clouds – in-house development can keep everything on 

local servers. 

No vendor solution supports a particular piece of equipment or integration you 

need (maybe a very custom HVAC system or a bespoke building type).  
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You view this as a strategic initiative, not just facilities management – for 

instance, a university engineering department might get involved and treat the 

campus as a living lab, developing custom AI as part of a research program 

(getting essentially free labor from grad students in the process). 

For most typical building operators without specialized resources, a full DIY AI 

control system is likely out of reach. However, partial DIY is still valuable. You 

could deploy a vendor’s solution for core HVAC optimization, but do some DIY 

enhancements around it. For example, maybe you build a simple script that 

reads the vendor’s data output to generate a custom report your management 

wants. Or you might add a DIY occupancy sensor system to feed into the AI 

platform if the vendor supports custom inputs. In other words, you can mix and 

match – use commercial where it makes sense and augment with DIY in areas 

you have strength. 

 

Low-Cost “Light” AI Options for Small Buildings 
 

Not every facility can afford a full AI platform or has the capability to build 
one. For smaller or lower-budget facilities, consider these practical, 
scaled-down approaches that capture some benefits of AI without the big 
price tag: 

 

Smart Thermostats and Controls: Modern smart thermostats (like Nest, 

Ecobee, Honeywell Lyric, etc.) use built-in machine learning to learn 

schedules and preferences. They aren’t as powerful as a full BMS or AI 

platform, but they do perform adaptive scheduling, and some can use 

occupancy sensing (via motion sensors or geofencing with occupant 

phones) to save energy. For a small building with just a few HVAC zones, 

upgrading to smart thermostats can yield a lot of the benefit of “AI” by 

automatically adjusting temperatures when people are away and learning 
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how long it takes to reach setpoint (initiating heating/cooling at just the right 

time). These devices, costing a few hundred dollars each, are a fraction of 

the cost of an enterprise AI system. 

 

 

Basic Analytics with Existing Data: If you have a BMS that logs data, even 

if you can’t implement real-time AI control, you can do low-cost data analysis 

to find optimization opportunities. This could be as simple as exporting trend 

logs and analyzing them in Excel or using free tools. For instance, you might 

analyze a month of data and discover that certain equipment is running when 

it shouldn’t (perhaps the outdoor air damper is open at night causing 

unnecessary cooling). You can then manually fix those issues or tweak 

schedules – effectively a human-driven optimization using data (sometimes 

called “continuous commissioning” if done regularly). While not AI, it 

leverages data to achieve some of the same outcomes (energy savings and 

improved control). Over time, you can script some analyses (with Python or 

R, for example) to automatically flag anomalies or inefficiencies in the data. 

This is a form of “poor man’s AI” – rules or simple regressions instead of 

machine learning – but it can be surprisingly effective as a start. 

 

 

Partial Automation and Timers: In very low-budget scenarios, even using 

programmable timers or occupancy sensors to control HVAC is beneficial. 

For example, if classrooms have stand-alone AC units, adding plug-in smart 

plugs or local controllers that turn them off after hours (perhaps learned from 

building occupancy patterns) can save energy. These are more in the realm 

of IoT and simple automation, yet many vendors now offer such IoT building 

kits that inch towards AI by providing cloud-based scheduling and remote 

monitoring. Some utility companies subsidize “retro-commissioning lite” or 

smart building kits for small businesses – worth checking. 
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Focus on No-Cost Adjustments: Before AI, ensure all no-cost measures 

are taken. It sounds obvious, but many small buildings don’t optimize basics 

due to lack of expertise. For instance, setpoints that are unnecessarily strict, 

or simultaneous heating/cooling happening because of setpoint overlaps. A 

one-time commissioning can fix those. Then, a basic rule could be set: e.g., 

use a $30 Raspberry Pi to monitor indoor and outdoor temperature and if 

conditions allow, send a signal to switch off HVAC (perhaps using a simple 

relay) – effectively an override based on learned conditions. A tech-savvy 

facility manager could implement something like this with minimal expense. 

Online communities often share code for such mini-projects. 

 

 

Leverage Energy Dashboards from Utilities: Some utilities provide free or 

cheap energy monitoring web portals for commercial customers. These 

might not be AI, but they often have analytics that identify unusual 

consumption patterns or compare your usage to benchmarks. They can act 

as a check: for example, alerting you if your nightly baseload is higher than 

usual (which could indicate something left running). Using these tools can 

guide manual intervention. 

 

Piggyback on Building Management Systems: If you have even a simple 

BMS or programmable thermostats, explore if they have any built-in 

optimization features. Some modern BMS controllers come with adaptive 

control loops or optimization modules that can be enabled (for example, an 

“optimal start/stop” feature). Make sure those are activated and configured. 

Again, not exactly AI by today’s definition, but sometimes the distinction is 

blurry. For instance, some controllers use self-tuning algorithms (which is a 
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form of AI in controls) to adapt PID loop parameters. Ensuring these are in 

use can improve performance without extra cost. 

 

 

Community and Government Resources: Look for local government or 

energy organization guides. Often, there are free resources or workshops 

on smart building technologies aimed at smaller facilities. These can provide 

ideas or even free audits. Sometimes universities run programs where they 

pilot new tech in volunteer buildings (providing free sensors or analysis in 

exchange for a case study). Being open to these collaborations can bring AI-

like expertise to your site with minimal cost. 

 

 

Step-by-Step Upgrades: If a full AI system is too expensive, consider a 

phased approach. Maybe start with installing additional sensors and a 

monitoring system this year (to gather data and identify issues). Next year, 

invest in an analytics software (there are affordable ones focusing just on 

visualization and fault detection). Later, when budget allows, add the 

automated optimization control. This way each step provides some benefit 

and builds toward a comprehensive solution. It’s not as sexy as “AI 

overnight”, but it is practical for budget-constrained operations. 

 

 

Finally, remember that training yourself or your staff is a low-cost 

investment that pays off. If someone on the team learns to use Python or an 

analytics tool to examine HVAC data, that skill can continuously yield 

improvements, effectively turning a team member into part of your “AI” 

solution. There are many online courses (some free) on energy analytics, 
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building automation, and even machine learning basics that can empower a 

DIY mindset. 

In summary, lack of a big budget doesn’t mean you can’t start optimising like 

the big players. Use smarter controllers, mine your data, and automate what 

you can. You can always upgrade to more advanced AI when resources 

permit – and by then, you’ll have a great foundation of understanding your 

building. 
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Post-Deployment: Operating and 
Maintaining an AI-Optimized 

Building 

Deploying AI in your building is not a one-time “set and forget” event. To reap 

ongoing benefits, you’ll need to integrate the AI system into your regular 

operations and maintenance practices. This section outlines post-deployment 

tasks and maintenance needs to ensure the AI continues to perform well over 

time. 

 

Staff Engagement and Training 
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After deployment, ensure your facilities team fully understands the AI system’s 

interface and capabilities. There might be new dashboards to check, alerts to 

respond to, or procedures for overriding the system. Conduct hands-on training 

sessions (often the vendor will provide these) and create an operations 

manual for the AI system – including how to put it in a manual mode if needed, 

and who to contact for support. It’s helpful to schedule regular meetings 

initially (say weekly or bi-weekly) between your staff and the AI provider to 

discuss system behavior, questions, or issues. Over a few months, your team 

will grow comfortable and these can taper to monthly or quarterly check-ins. 

Make sure new team members are also trained – include the AI system in 

onboarding for any new facility hires, so knowledge isn’t lost with staff 

turnover. 

 

It’s also wise to educate building occupants or other stakeholders about the 

new system, especially if it changes how things operate (for instance, occupants 

might notice that the building “warms up a bit more at lunch time now” or other 

small changes). Communicating that “We have a smart system in place that 

dynamically adjusts HVAC for efficiency while keeping comfort within standards” 

can help manage perceptions. Some organizations even put up a dashboard in 

the lobby showcasing energy savings in real time – this can build support and 

awareness, reinforcing the positive impact of the AI. Occupant feedback 

mechanisms are useful: encourage tenants or employees to report any comfort 

issues promptly. AI can sometimes have a learning curve in a building, and 

quick feedback helps fine-tune it. You might find the AI initially overzealous in 

certain areas until it’s adjusted. 

 

Continuous Monitoring 
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Just as you monitor other critical building systems, you should monitor the AI 

system’s performance regularly. Review the energy reports and savings 

calculations at least monthly to ensure you are on track. Verify that comfort 

metrics are being maintained – for example, maybe have a report of any hours 

where zone temperatures went out of the acceptable range, and investigate 

why (the AI dashboard or vendor can often explain if it was intentional due to 

an optimization or if there was an issue). Keep an eye on override counts: how 

often did staff need to override the AI or it had to defer to manual control? 

Frequent overrides could indicate the AI parameters need tweaking or that staff 

need more training on trusting/using the system. 

 

Many AI platforms have automated fault detection – pay attention to those 

alerts. If the system flags, say, “Zone 5 temperature sensor reading deviates 

significantly from others”, that could mean a sensor drifted or failed. Or “Chiller 

efficiency has dropped compared to baseline” could indicate mechanical 

degradation. Treat these alerts with the same urgency you would treat an alarm 

from your BMS – they are telling you something needs inspection. One of the 

touted benefits of AI is identifying hidden issues, but it only helps if someone 

acts on that information. 

 

Set up a routine: perhaps assign one team member as the point person to log 

into the AI dashboard daily or weekly, review any notifications, and log 

findings. They can then dispatch maintenance or make adjustments as needed. 

Some systems can be set to email or text alerts for critical issues – make sure 

those are configured to go to the right people (and that those contacts get 

updated if roles change). It’s also good to maintain a log of interventions: e.g., 

“On Aug 10, AI recommended increasing setpoint in Zone 3 by 2°C to resolve 

conflict; accepted and monitored, no complaints resulted.” This kind of log helps 

in future troubleshooting and also in demonstrating the value of the system 
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(you can show how many optimizations or prevented issues occurred thanks 

to AI). 

 

Maintenance of Hardware and Sensors 
 

The AI’s effectiveness is tightly linked to sensor accuracy and actuator 

functionality. Continue regular HVAC maintenance and add a focus on sensors. 

Calibrate temperature, humidity, and CO₂ sensors on a schedule (perhaps 

annually or per manufacturer recommendation). If the AI or your monitoring 

shows sensor anomalies, replace or recalibrate those promptly. Ensure that 

valves, dampers, and VFDs are kept in good shape, because if, say, an outside 

air damper gets stuck, the AI might keep trying to adjust it not knowing it’s 

stuck, leading to poor results. In other words, maintenance issues can now 

directly impact the AI’s “decision-making,” so staying on top of them is key. 

 

One strategy is to use the AI’s data to inform a proactive maintenance plan. For 

example, if the AI’s predictive algorithms suggest a particular air handling unit 

is performing worse (maybe it’s taking longer to reach setpoint than it used to), 

schedule a check on that AHU – maybe its filters are dirty or a belt is slipping. 

In the Santagostino case, the system would alert them to unusual vibrations so 

they could fix a fan before (Santagostino's predictive maintenance for HVAC 

uses Nano RP2040 Connect) (Santagostino's predictive maintenance for HVAC 

uses Nano RP2040 Connect)†L54-L62】. Adopt a similar mindset: the AI is now 

part of your maintenance team, continuously auditing the HVAC’s health. 

Integrate these insights into your CMMS (Computerized Maintenance 

Management System) if you use one – e.g., create work orders triggered by AI 

alerts. 

 

https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=So%20if%20a%20fault%20arose,until%20the%20repairs%20took%20place
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=So%20if%20a%20fault%20arose,until%20the%20repairs%20took%20place
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=The%20Nano%20RP2040%20Connect%E2%80%99s%20built,was%20built%20across%20the%20facilities
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=The%20Nano%20RP2040%20Connect%E2%80%99s%20built,was%20built%20across%20the%20facilities
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Software-wise, if your AI system has on-site components (like a gateway or 

edge computer), ensure those are maintained. Keep firmware or software 

updated – vendors will usually release updates to improve algorithms or 

security patches. Clarify who is responsible for applying updates (some 

vendors do it remotely, others might require on-site action). Also, maintain 

internet or network connectivity; if the AI is cloud-based and the connection 

fails, have a plan (most systems will revert to local control automatically, but 

you want to restore connection to get back to optimized mode). 

 

Periodic Re-Tuning and Evaluation 
 

Buildings aren’t static – occupancy patterns shift (as we saw with recent 

global events pushing work-from-home, many buildings dramatically 

changed usage), tenants come and go, equipment ages, and seasonal 

weather varies year to year. It’s prudent to periodically re-tune or at least 

re-evaluate the AI system’s settings. At least annually (perhaps at the end of 

a full cooling or heating season), review the system’s performance with the 

vendor or your internal team: 

 

Compare year-over-year savings. If savings dropped, why? Was weather 

different, or did some control strategy get dialed back due to complaints? 

Discuss any comfort issues that arose and how they were resolved. 

Update the AI on any changes: for example, if a floor was remodeled or a 

new piece of equipment installed, ensure the AI configuration is updated to 

reflect that (new zones, different HVAC capacity, etc.). 

Evaluate if your goals need adjusting. Maybe initially you prioritized energy 

savings heavily, but now management wants to ensure maximum comfort 
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for a certain VIP area – you can adjust the AI to favor comfort more in that 

zone (e.g., tighten the deadband or not allow aggressive setbacks there). 

The AI systems are typically configurable; don’t set the parameters once and 

forget – adapt them as needed to align with current priorities. 

 

If the AI system includes machine learning that continues to adapt, it might 

improve automatically. But some systems might need a manual “reset” or 

retraining if there’s a big change. For instance, if you had a major HVAC 

equipment retrofit (like you replaced all the VAV boxes or got a new chiller 

plant), the AI model built on old equipment characteristics might need to be 

retrained or recalibrated. Coordinate with the vendor whenever a major 

retrofit or upgrade happens. 

 

Keep management informed with periodic reports. After one year, produce a 

summary: “The AI system resulted in X% energy reduction, saving $Y, and 

maintained an average space temperature of Z°F with fewer than N 

complaints – here are a few specific optimizations it accomplished….” This 

not only demonstrates ROI but keeps support high for continuing the 

program (including budget for the subscription and maintenance). If results 

are below expectations, use the report as a chance to identify why and plan 

improvements (rather than quietly hoping no one notices). Transparency will 

build trust in the tool. 

 

Sustaining the Cultural Change 
 

Adopting AI sometimes requires a cultural shift in the facilities team – from 

being purely reactive or schedule-driven to being data-driven and proactive. 

Once the initial novelty wears off, ensure the team doesn’t slip back into old 

habits. For example, if someone is very used to coming in and manually turning 
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on systems early “just in case,” and the AI has made that unnecessary, monitor 

that they aren’t still doing it out of habit. Conversely, avoid over-reliance on the 

AI such that basic good practices are ignored (the team shouldn’t assume the AI 

catches everything – e.g., if they see a broken sensor physically, they should fix 

it, not wait for an alert). Encourage the mindset that human expertise + AI 

assistance = best results. Regularly discuss the AI’s suggestions in team 

meetings. It might even spark healthy curiosity and learning (“Why is the AI 

lowering the static pressure at 3 pm? Let’s understand that logic.”). This can 

improve the team’s overall understanding of the building. 

 

Plan for continuity: if the key champion of the AI project leaves, assign a new 

point person and have them trained by the vendor. Keep documentation up to 

date (initial system design, settings, login credentials, etc.). You don’t want the 

system to become a mysterious box that nobody quite understands after a few 

years. 

 

Future Upgrades and Integration 
 

Over time, you may expand the AI system’s scope. For example, after seeing 

success in HVAC, you might integrate lighting controls or plug-load controls 

into the strategy (some platforms can optimize overall building load, not just 

HVAC). Or you might connect the building AI to a campus or portfolio-level 

system to coordinate multiple buildings, or to participate in utility demand 

response events (some AI systems can automate response to utility signals for 

peak shaving). Keep an eye on feature releases from your vendor or industry 

trends for things you could leverage. The system you installed today will likely 

evolve – be ready to take advantage of new features that could add value (for 

instance, improved algorithms that the vendor rolls out, or new modules like a 
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“carbon optimization mode” that minimizes emissions if your grid mix data is 

available). 

 

Also, feedforward information can be integrated. Perhaps you link your AI to 

the scheduling system (so it knows a big conference is happening next 

Wednesday and can prep the building accordingly, rather than purely reacting 

on that day). Many users find new ways to use the AI platform as they get 

comfortable – it can become a central hub for building operations decision-

making. 

 

In summary, maintaining an AI-optimized building is about vigilance and 

adaptation. You need to maintain the tools (sensors, software), maintain the 

people (training and engagement), and maintain the process (monitoring and 

adjusting). If you do this, the AI system should continue to yield benefits year 

after year, and in fact improve as it learns and as you refine its use. Skipping 

post-deployment care, on the other hand, can lead to the system 

underperforming or even being abandoned down the line. But by treating the 

AI as an integral part of facilities operations – essentially a new team member 

with super number-crunching powers – you set the stage for sustained success. 
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Case Studies: Real-World 

Examples of AI in Action 

Let’s look at several real-world case studies that illustrate the range of 

outcomes – from significant successes to more modest gains – to get a balanced 

perspective. These examples span different climates, building types, and 

approaches (vendor-driven and DIY), providing insight into both the benefits 

achieved and the context behind them. 

 

Shopping Mall, Montreal (Canada) – Autonomous AI Optimization: A 

47,300 m² (509,600 sq ft) shopping center in Montreal implemented a cloud-

based AI control solution (via BrainBox AI) on its traditional HVAC system. Over 

the first year, the mall saw about 21% reduction in HVAC electricity 
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consumption (~205,000 k (AI takes on growing role in HVAC system 

efficiencies)851-L857】. The AI maintained tenant comfort while drastically 

cutting equipment runtime: for example, supply fan run-time was reduced by 

~33%, and heating stage run-time by ~62%, as the AI intelligently cycled and 

modulated equipment only (AI takes on growing role in HVAC system 

efficiencies)861-L869】. These savings were achieved with minimal manual 

intervention after setup – the AI learned the mall’s patterns (including varying 

foot traffic and weather impacts) and optimized zone temperatures and 

ventilation dynamically. One key to success was that the building had a decent 

BMS and sensor network to begin with; the AI’s main job was to “tune the 

knobs” more finely than the static BMS programming. This case study also 

highlights that even in a cold climate like Montreal (where winter heating 

dominates), AI found large savings by optimizing heating plant and heat 

distribution, not just in cooling. 

 

 

Semiconductor Cleanroom, Miyada (Japan) – Reinforcement Learning in 

Industry: In 2020, an advanced AI (using reinforcement learning) was deployed 

by Yokogawa at their semiconductor plant’s cleanroom HV (AI takes on 

growing role in HVAC system efficiencies)837-L845】. Cleanrooms have 

extremely stringent temperature, humidity, and filtration requirements, so the 

primary goal was to maintain tight conditions rather than to save energy. The 

AI was layered on existing controls and trained itself over several months. The 

result was a 3.6% reduction in HVAC energy use for the (AI takes on growing 

role in HVAC system efficiencies)843-L847】 – a modest percentage, but 

notable given the already optimized and critical environment. Importantly, 

these savings came with no violations of the cleanroom standards. The AI found 

small efficiencies (like adjusting chilled water setpoints slightly in response to 

outdoor conditions and internal load changes) that a human operator likely 

https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=to%20convert%20a%20509%2C612,runtimes%20for%20the%20HVAC%20equipment
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=to%20convert%20a%20509%2C612,runtimes%20for%20the%20HVAC%20equipment
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Average%20runtime%20reduction%20by%20HVAC,81
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Average%20runtime%20reduction%20by%20HVAC,81
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=As%20reported%20by%20the%20International,process%20controls%2C%20so%20minimal%20capital
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=As%20reported%20by%20the%20International,process%20controls%2C%20so%20minimal%20capital
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=facility%20accounted%20for%2030,driven%2C%20model%20refinement
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=facility%20accounted%20for%2030,driven%2C%20model%20refinement
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wouldn’t attempt because of the complexity. The capital investment was low 

since the AI used the plant’s existing sensors and BMS; it was mostly a software 

upgrade. This case demonstrates that AI can be applied even in high-stakes, 

industrial settings – though the savings percentage was not huge, in absolute 

terms for a big plant it was significant energy (and cost, given Japan’s energy 

prices), and it came without compromising the process.  

 

 

Office Building, New Belgrade (Serbia) – Optimizing Chiller Operations: A 

multi-story office building in Serbia participated in a study to optimize its 

chiller plant using AI techniques. The results showed energy savings ranging 

from 2% up to 13% for cooling, depending on c (APPLICATION of ARTIFICIAL 

INTELLIGENG TECHNIQUES | PDF | Efficient Energy Use | Artificial 

Intelligence) (APPLICATION of ARTIFICIAL INTELLIGENG TECHNIQUES | PDF 

| Efficient Energy Use | Artificial Intelligence)†L85-L93】. During the hottest 

summer days when the chillers were already running near optimally to meet 

load, the AI could only squeeze out about 2% savings (likely by slightly better 

staging of compressors). However, during milder “shoulder” season conditions, 

the AI optimized part-load operation and reduced energy use by up to 13%. 

This example is candid in showing that AI isn’t magic – if a system is already 

running efficiently at full load, there’s little slack to cut; more savings occur 

when there’s flexibility in how to meet the load. The project also noted that 

proper sensor calibration was essential – initial runs of the AI under-performed 

until some flow sensors were calibrated, after which the model’s accuracy 

improved. It’s a good reminder that real-world factors (like sensor accuracy) 

can affect AI outcomes. Overall, the building still benefited, especially in average 

weather, and the comfort was maintained (actually, improved stability in 

indoor temperature was reported since the AI avoided on-off cycling). This case 

study is a temperate climate example illustrating moderate (not blockbuster) 

gains – useful for setting realistic expectations in similar buildings. 

https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=Distributed%20AI%20Reducing%2012,62
https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=Distributed%20AI%20Reducing%2012,62
https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=Distributed%20AI%20Reducing%2012,62
https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=management%20variation%20less%20than%200.5,warmest%20summer%20days%2C%20and%20up
https://www.scribd.com/document/784091420/APPLICATION-of-ARTIFICIAL-INTELLIGENG-TECHNIQUES#:~:text=management%20variation%20less%20than%200.5,warmest%20summer%20days%2C%20and%20up
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Santagostino Medical Centers (Italy) – DIY Predictive Maintenance on a 

Budget: Santagostino, operating 35 medical clinics across Italy, took a do-it-

yourself approach to improve HVAC reliability and efficiency. They developed 

an in-house predictive maintenance system using Arduino Nano RP2040 

Connect microcontrollers placed on their HVAC (AI takes on growing role in 

HVAC system efficiencies)875-L883】. These small devices, equipped with 

vibration sensors (accelerometers) and connected via Wi-Fi, continuously 

monitored the equipment (like heat pumps and air handlers) for (AI takes on 

growing role in HVAC system efficiencies) (Santagostino's predictive 

maintenance for HVAC uses Nano RP2040 Connect)†L54-L62】 

Using an open-source machine learning platform (Edge Impulse), the system 

was trained to detect unusual vibration patterns that indicate a potential fault 

(e.g., a fan beginning to imbalance or a compressor working harder than 

normal). Whenever an anomaly was detected, it alerted maintenance staff so 

they could fix the issue pr (Santagostino's predictive maintenance for HVAC 

uses Nano RP2040 Connect) (Santagostino's predictive maintenance for HVAC 

uses Nano RP2040 Connect)†L58-L66】. The result was a significant reduction 

in downtime – HVAC faults that previously would have caused hours or days of 

discomfort in a clinic were addressed in planned maintenance windows. While 

the primary goal was reliability, an offshoot benefit was energy savings: 

machines operated in proper condition run more efficiently, and Santagostino 

also found they could dial down certain units when not needed (since the 

network of sensors gave them better visibility of usage). This case study is 

powerful because it shows a low-cost, scalable solution: Arduinos are 

inexpensive (~$30 each) and the project did not require costly licenses. It 

exemplifies that for a network of smaller facilities, a clever internal solution can 

deliver AI-like benefits (predictive analytics) without a big vendor contract. 

However, it also highlights that they focused on a narrow aspect (maintenance) 

rather than full automated control – comfort setpoints and scheduling were still 

handled by conventional means in the clinics. It was a strategic choice to target 

https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Santagostino%2C%20a%20company%20operating%2035,printed%20cases
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=Santagostino%2C%20a%20company%20operating%2035,printed%20cases
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=implementations%20need%20not%20be%20expensive,conditioning%20units%20and%20ventilation%20systems
https://www.avnet.com/wps/portal/us/resources/article/ai-takes-on-growing-role-in-hvac-system-efficiencies/#:~:text=implementations%20need%20not%20be%20expensive,conditioning%20units%20and%20ventilation%20systems
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=The%20Nano%20RP2040%20Connect%E2%80%99s%20built,was%20built%20across%20the%20facilities
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=The%20Nano%20RP2040%20Connect%E2%80%99s%20built,was%20built%20across%20the%20facilities
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=So%20if%20a%20fault%20arose,until%20the%20repairs%20took%20place
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=So%20if%20a%20fault%20arose,until%20the%20repairs%20took%20place
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=across%20the%20facilities
https://blog.arduino.cc/2022/01/21/santagostinos-predictive-maintenance-for-hvac-uses-nano-rp2040-connect/#:~:text=across%20the%20facilities
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a pain point they had (equipment failures) with a cost-effective solution. Now, 

with that success, they could consider expanding into energy optimization 

knowing their foundation (well-maintained equipment) is strong. 

 

Chiller Plant at a Bus Station, Taipei (Taiwan) – High Savings in a Hot Climate 

(Research Demo): In a research collaboration, a busy bus station in subtropical 

Taipei with six water-cooled chillers was used to test an AI-assisted HVAC contr 

(Artificial Intelligence Assisted Heating Ventilation and Air Conditioning 

Control and the Unmet Demand for Sensors: Part 2. Prior Information Notice 

(PIN) Sensor Design and Simulation Results)462-L471】. A special sensor 

(called a “Prior Information Notice” sensor) was introduced to improve 

prediction accuracy of temperatures and humidity, and a model-predictive 

control algorithm optimized chiller operation. During the hottest week of the 

year, the AI system achieved 39.8% energy savings for cooling compared to 

the conventional control (Artificial Intelligence Assisted Heating Ventilation 

and Air Conditioning Control and the Unmet Demand for Sensors: Part 2. Prior 

Information Notice (PIN) Sensor Design and Simulation Results)472-L480】. 

The theoretical maximum savings were estimated at 44.6%, so the AI captured 

nearly all of that potential. This is an exceptionally high saving, attributed to the 

fact that the baseline operation was not very efficient (lots of room for 

improvement) and the AI could coordinate the operation of multiple chillers 

and pumps in an optimal way, something the fixed logic wasn’t doing well. It 

also leveraged the new sensor that gave it better foresight into environmental 

conditions. This case is more of a pilot/demo than a commercial deployment, 

but it serves as a proof-of-concept of what’s possible in a hot and humid 

climate where cooling loads are large and there’s significant benefit to 

sophisticated control. Key takeaways include: with good predictive data (they 

achieved 95%+ accuracy in temperature/humidity f (Artificial Intelligence 

Assisted Heating Ventilation and Air Conditioning Control and the Unmet 

Demand for Sensors: Part 2. Prior Information Notice (PIN) Sensor Design and 

https://www.mdpi.com/1424-8220/19/15/3440#:~:text=The%20study%20continues%20the%20theoretical,A
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=The%20study%20continues%20the%20theoretical,A
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=The%20study%20continues%20the%20theoretical,A
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
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Simulation Results)472-L479】, an AI can drastically reduce energy by 

avoiding overcooling and efficiently sequencing equipment. However, 

implementing this level of optimization in real commercial products may 

require simplifying assumptions – in a controlled experiment, all the stars 

aligned (new sensors, full control authority over chillers, expert tuning). In real 

buildings, expect somewhat less, but still, tropical climates often see big AI 

gains because air conditioning typically has a lot of inherent inefficiency (part-

load performance, etc.) that AI can improve upon.  

 

University Campus, Minneapolis (USA) – Integrated Approach (Hypothetical 

Synthesis): Consider a mid-size university that applied an AI-based building 

automation overlay on several campus buildings of varying ages. (This is a 

composite of typical outcomes rather than one specific published case.) In 

newer buildings, the AI found maybe ~10-15% energy savings as they were 

already efficient. In older buildings with pneumatic controls converted to 

digital, the savings were higher, ~20-25%, because schedules were optimized 

and lots of simultaneous heating/cooling was eliminated. Importantly, 

maintenance calls for thermal comfort issues dropped by around 30% campus-

wide because the AI kept temperatures more stable and responded to issues 

(like it would alert if a valve got stuck causing a room to overheat, which was 

then fixed quickly). The campus facility director reported that the AI essentially 

acted like a “24/7 engineer” fine-tuning settings – something they simply 

couldn’t do manually for dozens of buildings. An unexpected benefit was the AI 

helped identify a badly performing air handler in one building that was 

consuming double the normal fan energy; this led to a motor retrofit that 

further sav (Do analytics platforms improve energy savings in buildings? | 

Buildings) (Do analytics platforms improve energy savings in buildings? | 

Buildings)125-L133】. This hypothetical composite case underscores that 

portfolio-wide deployment yields insights that single-building focus 

might miss (patterns and outliers stand out more when comparing multiple 

https://www.mdpi.com/1424-8220/19/15/3440#:~:text=model,the%20AI%20assisted%20HVAC%20control
https://www.buildings.com/resiliency-sustainability/energy-water-efficiency/article/33018291/do-analytics-platforms-improve-energy-savings-in-buildings#:~:text=After%20facilities%20managers%20see%20the,hours%20of%20electricity%20annually
https://www.buildings.com/resiliency-sustainability/energy-water-efficiency/article/33018291/do-analytics-platforms-improve-energy-savings-in-buildings#:~:text=After%20facilities%20managers%20see%20the,hours%20of%20electricity%20annually
https://www.buildings.com/resiliency-sustainability/energy-water-efficiency/article/33018291/do-analytics-platforms-improve-energy-savings-in-buildings#:~:text=Information%20associated%20with%20the%20program,gets%20wasted%20due%20to%20inefficiencies
https://www.buildings.com/resiliency-sustainability/energy-water-efficiency/article/33018291/do-analytics-platforms-improve-energy-savings-in-buildings#:~:text=Information%20associated%20with%20the%20program,gets%20wasted%20due%20to%20inefficiencies
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buildings). It also shows that results can vary widely by building – one shouldn’t 

assume a uniform percentage everywhere. Each building had its own baseline 

and thus its own outcome, but all benefited in some way (energy, comfort, or 

both). 

These case studies collectively show that AI can work in diverse scenarios: 

from retail to industrial, from cold to hot climates, from high-tech to DIY. 

Energy savings reported range from single digits to nearly 40%, with a lot of 

results in the 10-25% ballpark for well-suited projects. The benefits aren’t 

solely energy – improved comfort and proactive maintenance frequently 

appear, though those are sometimes less quantified. The experiences also 

reinforce key themes we’ve discussed: the importance of a good data 

foundation (sensors), the need for skilled oversight (the best results came when 

experts monitored and tweaked the AI, especially early on), and the fact that AI 

is a tool that can optimize both existing efficient systems a bit more and 

drastically improve inefficient ones. 

Finally, note that not every case is a slam dunk. Some buildings saw modest 

savings – which is why setting realistic expectations is important. For instance, 

if a building is already very efficient, a 5% improvement might be all that’s 

available, and that’s okay if it’s within your goals. The case studies avoid the 

trap of only highlighting top performers; even the lower-saving ones teach us 

something (e.g., even 2% of a very large chiller plant can be large in absolute 

terms, and maybe that building valued comfort improvement equally). 

With these real-world examples in mind, we can be encouraged that AI for 

HVAC, when applied thoughtfully, consistently shows positive outcomes. Next, 

we’ll turn to the horizon: how is this technology likely to evolve, and how might 

current barriers be addressed in the future? 
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Future Outlook: The Evolving Role 

of AI in Smart Buildings 

The trajectory of AI in smart-building and HVAC optimization is on a steep 

upward curve. As we look to the future, we can anticipate improvements that 

will make AI systems more powerful, more user-friendly, and more 

widespread. Here are some key developments and trends to expect, and how 

they may address many of the challenges and barriers we’ve discussed: 

 

Greater Integration and Standardization 
 

Today, integrating an AI platform with a building’s systems can be a bespoke 

effort. In the future, we’re likely to see much tighter integration of AI 
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capabilities in building automation from the ground up. Manufacturers of HVAC 

equipment and BMS controls are beginning to incorporate AI algorithms 

directly into their products. For example, next-generation thermostats, VAV 

controllers, or chillers might come with built-in machine learning that 

automatically optimizes their performance. Standard communication 

protocols and data models (such as Project Haystack or Brick Schema for 

building data) are gaining (The benefits of using sensors and AI in HVAC 

systems - Farnell)†L33-L37】. These will make it easier for third-party AI 

software to plug-and-play with different brands of equipment, reducing the 

custom integration cost. In essence, your building’s data will be more accessible 

and standardized, and AI tools will speak the same language out of the box. 

We can also expect cloud platforms (like AWS, Azure, Google Cloud) to offer 

more specialized services for buildings. AWS already showcases projects like 

BrainBox AI on th (BrainBox AI - Generative AI Customer Story - AWS)168-

L176】, and Microsoft’s Azure has an “IoT for Smart Buildings” initiative. As 

these tech giants invest, it could yield more off-the-shelf AI building blocks that 

vendors and even DIY enthusiasts can leverage, driving down development 

costs and time. 

 

Improved Algorithms and Autonomy 
 

AI algorithms themselves are continually evolving. One area of growth is 

reinforcement learning (RL), where the AI learns optimal control policies 

through trial and error in simulation and then in real operation. The cleanroom 

case in Japan used RL, but that’s relatively cutting-edge for building controls. 

Over time, RL or hybrid approaches could become mainstream, allowing AI to 

discover control strategies that even expert engineers might not foresee. 

Moreover, algorithms will get better at handling multiple objectives – not just 

minimizing energy, but also responding to demand response events, 

https://it.farnell.com/the-benefits-of-using-sensors-and-ai-in-hvac-systems-trc-ar?srsltid=AfmBOooCLqqq4kYszxIwn4vIG0ACVeuO4dOOHXu25xIophQ7e0b-JAfg#:~:text=The%20benefits%20of%20using%20sensors,thermal%20comfort%20and%20energy
https://it.farnell.com/the-benefits-of-using-sensors-and-ai-in-hvac-systems-trc-ar?srsltid=AfmBOooCLqqq4kYszxIwn4vIG0ACVeuO4dOOHXu25xIophQ7e0b-JAfg#:~:text=The%20benefits%20of%20using%20sensors,thermal%20comfort%20and%20energy
https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=Jean,time%20recommendations%20for%20facility%20managers
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minimizing carbon emissions (e.g., shifting loads to times when the grid is 

cleaner), and even maintaining air quality in pandemics by balancing 

ventilation needs. 

 

Predictive models will improve with more data. AI will leverage not just 

weather forecasts, but also occupancy predictions (perhaps from access control 

systems or room booking calendars) and even behavioral patterns (like 

knowing the cafeteria creates a humidity spike at lunchtime). As these inputs 

feed AI, the accuracy of predictions for building conditions will improve, 

enabling more precise control moves. 

 

An exciting development is the incorporation of generative AI and natural 

language interfaces for building management. We’re already seeing the 

beginnings – BrainBox AI’s “ARIA” system uses a generative AI (like ChatGPT) 

to allow facility managers to query the system in plain English and get 

(BrainBox AI - Generative AI Customer Story - AWS) (BrainBox AI - Generative 

AI Customer Story - AWS)210-L218】. In the future, an engineer might simply 

ask, “AI, what adjustments have the highest potential to save energy without 

affecting the 3rd floor labs?” and the system could answer with a 

recommendation, backed by data. This makes interacting with and 

understanding the AI much easier, lowering the skill barrier. It also aids in 

explainable AI – one criticism of black-box models is they don’t explain their 

actions. By translating data into human-friendly explanations, AI will become 

more transparent and trusted. Imagine your building AI not only optimizing, 

but sending you a message: “I’m going to start the AHUs 15 minutes later 

tomorrow because the forecast is warmer – this should save 50 kWh and the 

rooms will still be at 22°C by 8 AM.” That level of explanation builds confidence 

and knowledge. 

 

https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=HVAC%20solutions%2C%20data%20infrastructure%2C%20and,time%20recommendations%20for%20facility%20managers
https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=Contributing%20to%20a%20more%20sustainable,future
https://aws.amazon.com/ai/generative-ai/customers/brainbox-ai/#:~:text=Contributing%20to%20a%20more%20sustainable,future
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Overcoming Resource and Skill Barriers 
 

As AI becomes more embedded in building systems, using it will require less 

specialized expertise. We may see a shift where facility management training 

includes modules on data analytics and AI supervision as standard. 

Professional organizations (like ASHRAE, CIBSE, etc.) are likely to develop 

guidelines and perhaps even certifications for AI in building operations, which 

will codify best practices and make it easier for teams to acquire the needed 

know-how. In the interim, some companies are outsourcing the monitoring of 

AI systems to service providers – essentially hiring an “analytics as a service” 

team that keeps an eye on their buildings. Over time, this might get folded into 

existing service contracts (for instance, your HVAC service contractor in 2030 

might routinely include AI performance checks in their scope, much like they 

check sensor calibrations today). 

 

Cost barriers are also expected to fall. With more competitors in the market 

and as the technology matures, prices for AI platforms should come down. 

Additionally, the cost of the enabling infrastructure (sensors, IoT connectivity) 

is dropping. Low-power wireless sensors that last for years on a battery and 

cost only a few dollars are in development; these could blanket a building with 

data at a fraction of today’s cost, feeding AI with rich information. As sensors 

become ubiquitous, the difference between a traditional control system and an 

AI-driven one might just be a software upgrade – making the case to upgrade 

easier. 

 

Governments and utilities may also play a role in scaling AI adoption. We might 

see incentive programs for smart building technologies, similar to rebates for 

efficient equipment. If regulators recognize AI control as a major efficiency 
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measure, they could incorporate it into energy codes or green building 

certifications. For example, a future building energy code might require large 

buildings to have some form of continuous optimization (which practically 

would mean an AI or advanced analytics system). This would push wider 

adoption (much as requiring economizers or CO₂ sensors did in the past), and 

with scale, costs per building drop. 

 

AI and the Changing Energy Landscape 
 

Looking beyond the building itself, AI will likely be a linchpin in how buildings 

interact with the broader energy grid. With more renewable energy on the grid 

causing variable supply, buildings will need to be more flexible in their demand. 

AI systems are well-suited to handle this because they can predict and adjust in 

response to external signals. In the future, your building’s AI might increase 

cooling a bit during a sunny late morning (to store “coolth” in the thermal mass) 

because it knows a cloudier afternoon is coming when solar generation will 

drop – essentially load-shifting to sync with renewable supply. Or it might 

temporarily adjust setpoints when it gets a signal that the grid is strained. This 

concept of Grid-Interactive Efficient Buildings (GEB) is gaining attention, 

and AI will be the intelligence coordinating those interactions. 

 

Moreover, AI might coordinate multiple buildings as a cohort. For large 

campuses or portfolios, a central AI could allocate energy budgets or demand 

targets across buildings, or even across neighborhoods (in a future smart city 

scenario). Buildings could “talk” to each other – for instance, one building’s 

waste heat could be used by another’s heating system if an AI finds a symbiotic 

opportunity and they are connected in a district energy system. 
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Reducing Complexity – Toward Invisible AI 
 

As AI tech matures, it should become invisible in a good way – seamlessly 

integrated such that building operators don’t have to wrestle with complexity. 

Much like today’s cars have dozens of microprocessors and algorithms that the 

driver isn’t consciously aware of (you just notice the car is more responsive and 

efficient), tomorrow’s buildings will have AI throughout, but the facility 

manager’s job will be, if anything, simpler. They’ll set high-level goals 

(“minimize cost within these comfort limits” or “we have an event at 5pm, 

ensure max comfort”) and the automation will handle the rest. The hope is that 

AI becomes just a standard feature of building controls. 

 

Barriers today like cybersecurity concerns will be addressed as well – with 

more experience, best practices for securing AI and IoT will be implemented, 

and building IT networks will evolve to safely accommodate cloud-connected 

control. Early adopters have already paved much of this road, and future 

systems will ship with hardened security by default (for instance, gateways 

with built-in VPN and encryption, multi-factor authentication for dashboards, 

etc., so that a facilities manager in 2028 might not need to involve IT for weeks 

to approve a deployment – it will align with common IT policies out of the box). 

 

Continual Learning and Self-Optimization 
 

One meta-trend in AI is AI systems improving themselves. We might see 

building AI that not only learns how to control HVAC, but also learns how to 

better learn – essentially fine-tuning its own algorithms over time as it gathers 

more data across many buildings. This could reduce the need for vendor human 

analysts to tune things. The collective intelligence of AI-managed buildings 
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could lead to algorithms that, for example, recognize, “hey, every building of this 

type shows a certain pattern, so I’ll adopt a proven strategy from the start rather 

than explore blindly.” This kind of transfer learning or federated learning 

(learning from many buildings without necessarily centralizing all the data for 

privacy) could dramatically shorten commissioning times – your building’s AI 

might start off nearly optimal by leveraging the experience gained from 

hundreds of similar buildings. 

 

In maintenance, AI might start to not only flag issues but also attempt minor 

self-healing actions. For example, if a sensor seems faulty, the AI could 

automatically switch to a virtual sensor mode (estimating the value from other 

sensors) and send a request for maintenance – the system keeps running 

smoothly in the interim. Or if an actuator isn’t responding, the AI might try a 

safe reset or calibration routine on its own. These kinds of features would make 

the system more robust and less reliant on immediate human intervention for 

every little hiccup. 

 

The Human Element 
 

Despite all the tech advances, the human element will remain crucial. The 

future likely holds a more symbiotic relationship between facility professionals 

and AI. Facility managers might evolve into more analytical roles, spending 

time interpreting data and setting strategies, while AI handles execution. The 

job might look less like turning valves and more like managing an energy 

portfolio or overseeing a fleet of building AIs. This could make the profession 

more attractive to new talent as it intersects with IT and sustainability domains. 

 

The attitude toward AI will also evolve from skepticism to trust as success 

stories accumulate. Early on, it’s natural to be wary of a “black box,” but as AI 
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becomes commonplace and perhaps required in building operations, it will be 

seen as just another essential tool – like DDC controls are today. 

 

In summary, the future of AI in smart buildings is bright and dynamic. Many 

current barriers – integration pain, cost, data issues, skill gaps – are being 

actively addressed by the industry through better technology and processes. AI 

will not remain a niche, cutting-edge add-on; it’s on a path to becoming a 

standard component of building control systems, large and small. As it does, 

buildings will become more efficient, more responsive, and more comfortable, 

contributing significantly to global energy and climate goals. It’s quite possible 

that in a decade, we’ll look back and wonder how buildings ever operated 

without the continuous, tireless optimization that AI provides. 

 

Conclusion 

AI-driven smart building and HVAC optimization is transforming how we 

manage indoor environments. As we’ve explored, this technology offers 

significant benefits – from energy savings and enhanced comfort to predictive 

maintenance and beyond – but it must be approached with realism and 

preparation. AI is a powerful tool, not a magic wand. It won’t fix a building 

with broken sensors, ignored maintenance, or disengaged management. 

However, when implemented in the right conditions and supported by an 

engaged team, AI can elevate a building’s performance to a new level. 

 

For engineers, facility managers, and service providers, AI represents both a 

challenge and an opportunity. It challenges us to break out of the traditional 



 
 

108 | P a g e  
 
 

set-it-and-leave-it mindset of control systems and instead engage in continuous 

improvement and learning. It also challenges vendors and marketers to be 

honest – to distinguish true AI capabilities from mere buzzwords, and to avoid 

over-promising. But the opportunity is immense: more comfortable occupants, 

lower energy bills, extended equipment life, and contributing to sustainability 

goals. It allows facility professionals to move up the value chain – spending time 

on strategy and optimization rather than constantly firefighting issues. 

 

To recap some key guidance from this report: 

Do your homework first. Ensure your building’s fundamentals (BMS, sensors, 

maintenance) are sound. Use the pre-deployment checklist to gauge readiness. 

This groundwork greatly increases the odds of AI success. 

Set clear goals and manage expectations. Know what you want out of AI 

(energy reduction, fewer complaints, etc.), and realize the percentage 

improvements will vary. Celebrate the full range of benefits, not just the energy 

metric. 

Involve people at every step. Get buy-in from management with a solid 

business case. Train your facilities team so they feel ownership of the new 

system, not threatened by it. Communicate with occupants as needed. AI is 

most effective when humans and machines collaborate.  

Measure, verify, and adapt. Use robust M&V to confirm savings and identify 

areas to tweak. Keep tuning the system and addressing issues – this is an 

ongoing process, but one that gets easier as the AI “learns” and your team gains 

experience. 

Walk before you run (especially for low-budget scenarios). If resources are 

limited, start with small-scale or DIY solutions, and build up. The journey to a 

fully AI-optimized building can be taken in stages, each stage bringing its own 

benefits. 
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Stay informed. The field of AI in building management is rapidly evolving. 

What’s cutting-edge today (like reinforcement learning control or natural 

language interfaces) may be standard in a few years. Keep an eye on industry 

developments, case studies, and emerging best practices. Engage with 

professional networks or forums to learn from peers. 

 

In being “honest but hopeful” about AI for HVAC, we acknowledge that not 

every project will yield 30% savings and not every building is ready for AI 

today. There will be learning curves, and some hype to sift through. But the 

trajectory of both technology and market maturity is clear – AI is becoming an 

invaluable asset in the toolkit for building operations. Early adopters are 

already seeing tangible improvements, and those who have been cautious can 

take comfort that the technology has proven itself in many contexts and 

continues to improve. 

 

The hope is that as these systems become more common, the industry can shift 

more effort from routine tasks to innovative ones. Instead of spending a 

morning troubleshooting why a valve didn’t open, tomorrow’s facility manager 

might spend that time analyzing how to reduce our carbon footprint further 

with the data insights AI provides. In that sense, AI is an enabler – freeing up 

human creativity to tackle bigger-picture challenges in building sustainability 

and occupant wellness. 

 

“AI Smart-Building & HVAC Optimisation” is an evolving journey, not a one-

time project. But it’s a journey that is increasingly accessible and richly 

rewarding. By taking a thoughtful, informed approach – blending the strengths 

of intelligent algorithms with the irreplaceable wisdom of human experience – 
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we can create buildings that are comfortable, efficient, resilient, and ready for 

the future. 

 


	Executive Summary
	Introduction
	AI vs. Traditional HVAC Controls
	Benefits of AI for HVAC Optimization
	Critical Evaluation: Hype vs. Reality
	Underlying Issues – AI is Not a Magic Wand
	Evaluating Vendor Claims Checklist
	Pre-Deployment Checklist: Is Your Building AI-Ready?
	Red Flags (Warning Signs to Address)
	Cost-Benefit Analysis for AI in HVAC
	Measurement and Verification (M&V) of AI System Performance
	Where AI Thrives and Where It Struggles
	Implementation Approaches: Vendor Solutions vs. DIY
	Post-Deployment: Operating and Maintaining an AI-Optimized Building
	Case Studies: Real-World Examples of AI in Action
	Future Outlook: The Evolving Role of AI in Smart Buildings
	Conclusion

