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Building with Ducts in Conditioned Spaces 
Conditioned Basements 

Application: Single-story homes or the first level of multi-story 
homes. 

Description: Since the dawn of central heating, furnaces have been located in basements. They offer direct 
access to the home’s entire first floor and provide ample space for mechanical equipment and ducts. If the 
basement is sealed and insulated just the same as the rest of the home, it is inside the thermal boundary. 
Conditioned basements must have these elements: 

1. Wall insulation covered by a fire-rated surface
2. Concrete slab floor
3. Underslab insulation
4. Rim joist fully insulated and air sealed
5. Duct insulation is not required

Below Grade Wall with Rigid Insulation 

Below Grade Wall with Wood Framing and Fiberglass 
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Basements don’t require any special ventilation beyond that required for living spaces under the applicable code 
or energy efficiency program. They generally don’t require a dedicated source of supply air from the forced air 
system, since the furnace cabinet offers sufficient incidental heat.  

Basements offer one special challenge not experienced by above-grade walls. They have no ability to dry 
outward, because the soil is always relatively warm and humid. For this reason, below-grade walls must always 
be built to allow water vapor to move into the conditioned space. Knowing the below-grade concrete wall will 
always be a source of moisture has two important implications for materials. Wood framing must never come 
into direct contact with the concrete and the wall’s interior vapor retarder should always be relatively “open” to 
vapor transmission. This is often called the ability to “dry to the inside.” Good choices for vapor retarder 
materials are vapor retarder paint or the asphalted kraft paper backing on insulation. Plastic vapor retarders 
should never be installed in below grade walls.  

The rim joist of a conditioned basement must be insulated to the same R-value as the above-grade wall and fully 
air sealed. It’s strongly recommended that fibrous insulation not be used in below grade walls. Instead, install 
rigid insulation that will not hold water.  

These features apply to all basements inside the thermal boundary, including full basements, partial basements, 
daylight basements and “short” basements. A short basement is a conditioned space that may be only 3 to 5 
feet tall. The short basement approach offers several advantages beyond a place to house HVAC equipment and 
ducts. Noise from mechanical equipment is minimized. It allows easy access for plumbing and technology 
maintenance and upgrades. The short basement offers warmer floor temperatures. Controlled ventilation to the 
outside may not be required, unless radon conditions at the site or building codes dictate. The walls of short 
basements must always be insulated with rigid insulation instead of standard fibrous insulation. Short 
basements should also have insulation below the floor slab.  
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Advantages: 

Underfloor duct runs are very conventional, 
requiring no changes by the HVAC 
contractor. 

Works with any above grade wall height. 

Lower potential for trade conflicts of 
scheduling problems.  

Disadvantages: 

Requires the use of rigid insulation  
materials for walls and ground insulation. 

Insulation and sealing of the rim joist 
requires extra care and materials.  

Key challenges: 
 Extra detailing of insulation 

and air sealing of the 
foundation wall.

Cost considerations: 
$ Rigid insulation is more 

expensive than batt 
materials that would be used 
to insulate the framed floor.

Keys to Success: 
 Insulatng the below grade 

wall
 Insulating and air sealing the 

rim joist. 

All team members should participate in a pre-design meeting with the project team to identify and solve 
potential issues. Additional guidelines for each team member are outlined below: 

Designer: 
• Create a heated space from the bottom of the lowest

framing member, including beams, to the top of the 
floor slab that ranges from full ceiling height to no
less than three feet.

• Identify a central location for the air handler, supply
plenum and trunk in the basement. Identify the 
location of the return duct. Be aware of noise issues 
when locating the furnace.

• Detail rigid insulation under the floor slab.
• Detail wall insulation to prevent wetting and allow

drying to the inside.

General Contractor: 
• Require the designer and all trades to attend a pre-

design meeting to discuss the ducts inside approach 
and everyone’s responsibilities.

• Ensure proper insulation and air sealing of the 
foundation wall all the way up to the subfloor.

• Ensure proper installation of rat slab.
• Ensure accessibility to all furnace components for

maintenance and repair, such as filters, access panels,
controls, etc.

• Ensure there is adequate space around the furnace or
air handler to meet the minimum clearance 
requirements in the code.

HVAC Contractor: 
• Size the heating equipment and design the ductwork 

taking into account the smaller heat load and shorter
duct runs.

• Select quiet furnace equipment.
• Always install sealed combustion equipment with 

proper combustion air supply ducting to the outside.
• Avoid locating ducts joints near obstacles that will

interfere with fastening and sealing ducts.
• Seal all ducts with mastic paste.

Insulator: 
• Carefully insulate the below-grade wall with rigid 

insulation and air seal the rim joist.

Plumber: 
• Insulate PEX pipe near ducts.
• Be sure that a condensate drain is installed at the 

furnace location.

Project Team Member Guidelines 




