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AI in HVAC Systems for Biomedical Facilities: Optimizing Design, 
Operations, and Maintenance  - Introduction 

I n biomedical research facilities, reliable and effective HVAC (heating, facility needs by analyzing historical data alongside real-time 
ventilation, and air conditioning) systems are indispensable for inputs.1,4 
maintaining controlled environments critical for human and animal 2. AI for Energy Source Adaptability: Future AI systems will integrate 

research, laboratories, and specialized clinical spaces. These systems various energy sources—such as solar or geothermal—into HVAC 
regulate temperature, humidity, air quality, and airflow to protect sensitive operations to further reduce the cost of facility operation.2,4 
equipment, ensure the safety of researchers and participants, and maintain 3. Enhanced HVAC Design Tools: AI-powered design platforms will 
the integrity of experiments. However, as efficiency and reliability demands allow engineers to simulate system performance before 
rise alongside stricter regulatory requirements, traditional HVAC systems implementation, ensuring optimal configurations tailored to specific 
often struggle to meet the complex needs of biomedical environments. The uses like animal facilities or cleanrooms.4,5 
constraints of existing conditions also push the limits of design and 4. Real-Time Adaptation: AI will offer real-time control over airflow, 
equipment. Artificial intelligence (AI) is emerging as a transformative temperature, humidity, and pressurization based on live data to 
solution, offering innovative ways to enhance system performance, optimize ensure stability and control of critical environmental parameters 
energy usage, and ensure operational reliability. This three-part series required by scientific equipment, animal colonies, and regulatory 
explores AI’s expanding role in HVAC systems for biomedical facilities: part compliance.1,3 
one is an overview of AI’s potential to revolutionize HVAC systems in  
biomedical research settings, while part two will examine AI’s impact on Conclusion 
system design optimization and qualification, and part three will highlight AI’s AI is reshaping HVAC systems in biomedical facilities by improving energy 
role in enhancing system performance through predictive maintenance and efficiency, regulatory compliance, and operational reliability. These 
real-time management. advancements promise significant benefits for researchers by enabling 
 environments optimized for cutting-edge biomedical research while reducing 
Benefits of AI in HVAC Optimization costs and environmental impact. In the next article of this series, we will 
AI integration into HVAC systems offers numerous advantages tailored to the explore how AI is already impacting the design process for HVAC systems in 
unique demands of biomedical research facilities: biomedical settings—focusing on system qualification and performance 

1. Energy Efficiency: AI-driven systems analyze real-time data—such as review.  
room occupancy, temperature fluctuations, and research activity  
levels—to dynamically optimize HVAC performance. This reduces References 
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4. Regulatory Compliance and Sustainability: AI ensures compliance 5. Anyi Chen, “Optimizing HVAC Operations in Hospitals with AI and IoT: An Economic 
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efficiency budgets even as systems age.2,5 2352-5428 (2025):377-383, doi: 10.2991/978-94-6463-652-9_39.  

Future Trends in AI for Biomedical HVAC Systems 
Emerging trends highlight how AI will continue to evolve as a tool to optimize 
HVAC systems for biomedical environments: 

1. Machine Learning Integration: Advanced machine learning 
algorithms will enhance AI’s ability to adapt dynamically to changing 

‘Design Requirements Manual (DRM) News to Use’ is a monthly ORF publication featuring salient technical information that should be applied to the design of NIH 
biomedical research laboratories and animal facilities. NIH Project Officers, A/E’s and other consultants to the NIH, who develop intramural, extramural and American 
Recovery and Reinvestment Act (ARRA) projects will benefit from ‘News to Use’.    Please address questions or comments to: megan.teague@nih.gov   
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