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Executive Summary 
As modern commercial environments increasingly demand flexibility and energy efficiency, 
underfloor HVAC systems combined with raised flooring have emerged as a compelling alternative 
to traditional Variable Air Volume (VAV) systems. This paper explores the operational dynamics, 
benefits, and challenges associated with high-pressure, high-velocity underfloor air distribution 
(UFAD) systems in commercial buildings, especially those already employing VAV systems. 

Underfloor HVAC systems utilize a plenum beneath a raised floor to distribute conditioned air, 
allowing for enhanced airflow control and improved energy efficiency. This innovative approach 
offers numerous advantages, including greater flexibility in office layouts, improved air quality 
through displacement ventilation, and reduced operational costs over time. However, transitioning 
to UFAD systems also presents challenges such as higher initial installation costs, design 
complexities in retrofitting existing systems, and potential operational considerations like thermal 
stratification and dust accumulation. 

A detailed cost-benefit analysis reveals that while VAV systems typically incur lower initial costs, 
underfloor HVAC systems excel in long-term savings and adaptability. Ultimately, the choice 
between these systems should align with a building's specific needs and future goals, particularly 
in environments that prioritize flexibility and sustainability. 

Introduction 
In modern commercial spaces, flexibility, energy efficiency, and optimal environmental control are 
increasingly vital to the design and operational goals. Raised-floor designs with underfloor HVAC 
systems offer a solution to meet these needs, particularly in spaces where dynamic configurations 
and technology-intensive setups are common. This paper examines the pros and cons of 
implementing high-pressure, high-velocity underfloor air distribution (UFAD) systems in 
commercial buildings that already utilize traditional Variable Air Volume (VAV) systems. 

Overview of Underfloor HVAC Systems 
In today’s rapidly evolving commercial environments, businesses are increasingly demanding 
flexible, efficient, and comfortable spaces that can adapt to changing needs. One innovative 
solution that addresses these requirements is the use of underfloor HVAC systems combined with 
raised flooring. These systems, which distribute conditioned air through the space beneath the 
floor, offer enhanced airflow control, improved energy efficiency, and the ability to easily modify 
layouts without costly renovations (Pérez-Lombard et al., 2008). As more companies seek dynamic 
workspace designs, particularly in industries with high heat loads or frequent reconfigurations, 
underfloor HVAC systems are emerging as a smart alternative to traditional VAV systems. 

• Definition: An underfloor HVAC system delivers conditioned air through the plenum space 
beneath a raised floor, distributing air via diffusers located in the floor tiles. 
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• Dynamic Spaces: These spaces often require flexible layouts, and raised flooring offers a 
unique opportunity to integrate adaptable air distribution systems, allowing easier 
reconfiguration of zones and workspaces. 

Underfloor HVAC systems present a unique opportunity for commercial buildings to embrace 
modern design flexibility while enhancing energy efficiency and occupant comfort. Although the 
initial costs of transitioning from existing VAV systems to underfloor air distribution can be higher, 
the long-term benefits—ranging from lower operational expenses to increased tenant satisfaction—
make it a worthy investment, especially for dynamic spaces (Bennett, 2020). 

How Underfloor HVAC Systems Work 
Underfloor HVAC systems utilize the space beneath a raised floor, called a plenum, to distribute 
conditioned air throughout a building. This method provides a more efficient and flexible way to 
deliver heating, ventilation, and air conditioning (HVAC) compared to traditional overhead systems 
(Niu et al., 2012). 

1. Raised Floor and Plenum Space: The foundation of underfloor HVAC systems is the raised 
flooring structure, typically elevated 12 to 24 inches above the building's subfloor. This 
creates a plenum or an open space underneath the floor panels, which serves as a ductless 
air distribution zone. 

Using 4- to 6-inch Raised Floors: While the ideal height for underfloor HVAC systems is 12 to 24 
inches, it is possible to implement these systems in spaces with lower raised floors, such as those 
elevated by 4 to 6 inches. In this case, the available plenum space is smaller, which means the 
design must account for more precise airflow management (Zhang et al., 2016). 

2. Air Distribution: Conditioned air is supplied to the plenum and distributed throughout the 
space. It is delivered to the occupied areas of a room through adjustable diffusers installed 
in the floor tiles. These diffusers can be easily relocated as the workspace layout changes, 
allowing for flexible air delivery (Bennett, 2020). 

3. Displacement Ventilation: One of the key principles behind underfloor HVAC systems is 
displacement ventilation. Cool air is delivered at low velocity and close to the occupants, 
ensuring that it rises naturally as it warms up (Zhang et al., 2016). 

4. Temperature Control and Zoning: Unlike traditional systems, underfloor HVAC systems 
can offer precise control over different zones, allowing occupants to control the air quality 
and comfort in their immediate surroundings. 

5. Return Air Handling: Once the air has circulated through the space, it rises toward the 
ceiling, where it is captured by return air ducts. 

6. Heating and Cooling: In heating mode, the system delivers warm air through the floor 
diffusers, which rises naturally to heat the occupied area. 
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7. System Control and Monitoring: Modern underfloor HVAC systems are integrated with 
building management systems (BMS), allowing for real-time monitoring and control of 
airflow, temperature, and energy consumption. 

In summary, underfloor HVAC systems offer a sophisticated and adaptable approach to climate 
control that can significantly enhance comfort and efficiency within commercial spaces. Proper 
design adjustments ensure that these systems remain effective and efficient. 

Benefits of Underfloor HVAC Systems 
Underfloor HVAC systems have emerged as a cutting-edge solution for modern commercial 
buildings, especially in dynamic spaces that require flexibility and efficient climate control. By 
distributing air through the plenum space beneath a raised floor, these systems offer a host of 
benefits over traditional overhead systems, including better energy efficiency, improved air quality, 
and enhanced occupant comfort (Bennett, 2020). 

1. Flexibility and Scalability: Raised floors allow air diffusers to be relocated with minimal 
disruption, accommodating changes in workspace configurations without requiring 
ductwork alterations. 

2. Improved Air Quality and Comfort: Underfloor systems distribute air at the occupant level, 
improving air quality by reducing the mixing of air and contaminants compared to overhead 
systems. 

3. Energy Efficiency: Since cool air naturally rises, underfloor systems can condition the 
space more efficiently than traditional overhead systems, reducing energy use (Niu et al., 
2012). 

4. Maintenance and Long-Term Benefits: Raised floors provide easy access to mechanical, 
electrical, and communication systems, simplifying repairs or upgrades. 

5. Space Optimization: Removing the need for extensive ductwork in the ceiling plenum frees 
up overhead space for lighting, wiring, or aesthetic enhancements. 

The advantages of underfloor HVAC systems make them an ideal choice for businesses seeking to 
create dynamic and adaptable spaces. 

Challenges and Considerations 
While underfloor HVAC systems offer numerous advantages, they also come with unique 
challenges, particularly when retrofitting existing buildings (Zhang et al., 2016). 

1. Initial Installation Costs: Introducing a raised-floor system requires significant upfront 
investment, including structural adjustments to the existing space. 

2. Complexity of Design in Retrofits: Height constraints in existing buildings may reduce 
vertical space and potentially make rooms feel cramped. 
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3. Operational Considerations: While the underfloor system takes advantage of the natural 
rise of warm air, it can sometimes lead to uneven cooling, creating a thermal gradient. 

4. Long-Term Space Use and Value: Buildings outfitted with flexible, efficient HVAC systems 
may command higher rental or resale values. 

VAV vs. Underfloor HVAC: A Cost-Benefit Analysis 
When considering a transition from traditional VAV systems to underfloor HVAC in commercial 
spaces, a detailed cost-benefit analysis is crucial. Both systems have their strengths: VAV systems 
offer lower initial installation costs, while underfloor HVAC systems excel in flexibility, energy 
efficiency, and long-term savings. Understanding the trade-offs between the two is essential to 
making an informed decision that aligns with the goals of the space, whether it be immediate cost 
savings or maximizing lifecycle efficiency. 

Feature VAV System Underfloor HVAC System 

Initial Cost Lower Higher 

Energy 
Efficiency 

Moderate Higher, with more savings on cooling and fan 
energy 

Flexibility Limited, reconfiguration is 
costly 

High, easy to reconfigure 

Comfort Less personalized More personalized, with occupant control 

Lifecycle Cost Higher (in some cases, 
especially in dynamic spaces) 

Potentially lower, especially in dynamic 
environments 

Maintenance Regular maintenance of ducts 
and VAV boxes 

Easier access under raised floors but 
requires more frequent cleaning of the 
plenum 

 

In weighing the pros and cons of VAV and underfloor HVAC systems, it’s clear that the decision 
hinges on both short-term costs and long-term benefits. VAV systems may offer immediate cost 
advantages, but underfloor HVAC systems can provide greater adaptability, lower operating 
expenses, and enhanced comfort for dynamic spaces. Careful analysis of these factors ensures 
that the chosen system not only meets current needs but also positions the space for future growth 
and efficiency. 

Conclusion 
For commercial spaces transitioning to a more dynamic design, underfloor HVAC systems present 
a compelling solution, especially in environments where flexibility, energy efficiency, and comfort 
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are paramount. However, the decision to implement a raised floor system with underfloor HVAC 
must carefully weigh initial installation costs against long-term benefits, including lower 
operational expenses, ease of maintenance, and the potential to increase property value. 
Retrofitting a building that already utilizes VAV systems will require thorough analysis to ensure that 
the system’s lifecycle cost savings outweigh the initial investment, particularly in spaces with high 
demands for flexible configurations or technology infrastructure. 
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