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Radiant Heating

Radiant heating systems involve supplying heat directly to the floor or to panels in the
wall or ceiling of a house. The systems depend largely on radiant heat transfer: the
delivery of heat directly from the hot surface to the people and objects in the room via the
radiation of heat, which is also called infrared radiation. Radiant heating is the effect you
feel when you can feel the warmth of a hot stovetop element from across the room. When
radiant heating is located in the floor, it is often called radiant floor heating or simply
floor heating.

Radiant heating has a number of advantages: it is more efficient than baseboard heating
and usually more efficient than forced-air heating because no energy is lost through ducts.
The lack of moving air can also be advantageous to people with severe allergies. Hydronic
(liquid-based) systems use little electricity, a benefit for homes off the power grid or in
areas with high electricity prices. The hydronic systems can also be heated with a wide
variety of energy sources, including standard gas- or oil-fired boilers, wood-fired boilers,
solar water heaters, or some combination of these heat sources.

Despite their name, radiant floor heating systems also depend heavily on convection, the
natural circulation of heat within a room, caused by heat rising from the floor. Radiant
floor heating systems are significantly different than the radiant panels used in walls and
ceilings. For this reason, the following sections discuss radiant floor heat and radiant
panels separately.

Radiant Floor Heat

There are three types of radiant floor heat: radiant air floors (air is the heat-carrying
medium); electric radiant floors; and hot water (hydronic) radiant floors. All three types
can be further subdivided by the type of installation: those that make use of the large
thermal mass of a concrete slab floor or lightweight concrete over a wooden subfloor
(these are called "wet installations"); and those in which the installer "sandwiches" the
radiant floor tubing between two layers of plywood or attaches the tubing under the
finished floor or subfloor ("dry installations").

Types of Radiant Floor Heat

Air-Heated Radiant Floors

Because air cannot hold large amounts of heat, radiant air floors are not cost-effective in
residential applications, and are seldom installed. Although they can be combined with
solar air heating systems, those systems suffer from the obvious drawback of only being
available in the daytime, when heating loads are generally lower. Because of the
inefficiency of trying to heat a home with a conventional furnace by pumping air through
the floors, the benefits of using solar heat during the day are outweighed by the
disadvantages of using the conventional system at night. Although some early solar air
heating systems used rocks as a heat-storage medium, this approach is not recommended.
For further information, see the section on solar air heating systems.

Electric Radiant Floors

Electric radiant floors typically consist of electric cables built into the floor. Systems that
feature mats of electrically conductive plastic are also available, and are mounted onto the
subfloor below a floor covering such as tile.

Because of the relatively high cost of electricity, electric radiant floors are usually only
cost-effective if they include a significant thermal mass, such as a thick concrete floor, and
your electric utility company offers time-of-use rates. Time-of-use rates allow you to
"charge" the concrete floor with heat during off-peak hours (approximately 9 p.m. to 6
a.m.). If the floor's thermal mass is large enough, the heat stored in it will keep the house
comfortable for eight to ten hours, without any further electrical input (particularly when
daytime temperatures are significantly warmer than nighttime temperatures). This saves a
considerable number of energy dollars compared to heating at peak electric rates during
the day.
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Electric radiant floors may also make sense for additions onto homes for which it would be
impractical to extend the heating system into the addition. However, homeowners should
examine other options, such as mini-split heat pumps, which operate more efficiently and
have the advantage of also providing cooling.

Hydronic Radiant Floors

Hydronic (liquid) systems are the most popular and cost-effective radiant heating systems
for heating-dominated climates. Hydronic radiant floor systems pump heated water from a
boiler through tubing laid in a pattern underneath the floor. In some systems, the
temperature in each room is controlled by regulating the flow of hot water through each
tubing loop. This is done by a system of zoning valves or pumps and thermostats. The
cost of installing a hydronic radiant floor varies by location and also depends on the size
of the home, the type of installation, the floor covering, remoteness of the site, and the
cost of labor.

Types of Floor Installations
Whether cables or tubing, the methods of installing electric and hydronic radiant systems
in floors is about the same.

So-called "wet" installations embed the cables or tubing within a solid floor and are the
oldest form of modern radiant floor systems. The tubing or cable can be embedded in a
thick concrete foundation slab (commonly used in "slab" ranch houses that don't have
basements) or in a thin layer of concrete, gypsum, or other material installed on top of a
subfloor. If concrete is used and the new floor is not on solid earth, additional floor
support may be necessary because of the added weight. You should consult a professional
engineer to determine the floor's carrying capacity.

Thick concrete slab systems have high heat capacity and are ideal for storing heat from
solar energy systems, which have a fluctuating heat output. The downside of the thick
slabs is their slow thermal response time, which makes strategies such as night or daytime
setbacks difficult if not impossible. Most experts recommend maintaining a constant
temperature in homes with these heating systems.

Due to recent innovations in floor technology, so-called "dry" floors, in which the cables
or tubing run in an air space beneath the floor, have been gaining in popularity, mainly
because a dry floor is faster and less expensive to build. But because dry floors involve
heating an air space, the radiant heating system needs to operate at a higher temperature.

Some dry installations involve suspending the tubing or cables underneath the subfloor
between the joists. This method usually requires drilling through the floor joists in order
to install the tubing. Reflective insulation must also be installed under the tubes to direct
the heat upward. Tubing or cables may also be installed from above the floor, between
two layers of subfloor. In these instances, liquid tubing is often fitted into aluminum
diffusers that spread the water's heat across the floor in order to heat the floor more
evenly. The tubing and heat diffusers are secured between furring strips (sleepers), which
carry the weight of the new subfloor and finished floor surface.

At least one company has improved on this idea by making a plywood subfloor material
manufactured with tubing grooves and aluminum heat diffuser plates built into them. The
manufacturer claims that this product makes a radiant floor system (for new construction)
considerably less expensive to install and faster to react to room temperature changes.
Such products also allow for the use of half as much tubing or cabling since the heat
transfer of the floor is greatly improved over more traditional dry or wet floors.

Floor Coverings

Ceramic tile is the most common and effective floor covering for radiant floor heating, as
it conducts heat well from the floor and adds thermal storage because of its high heat
capacity. Common floor coverings like vinyl and linoleum sheet goods, carpeting, or wood
can also be used, but any covering that helps to insulate the floor from the room will
decrease the efficiency of the system.

If you want carpeting, use a thin carpet with dense padding and install as little carpeting
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as possible. If some rooms, but not all, will have a floor covering, then those rooms
should have a separate tubing loop to make the system heat these spaces more efficiently.
This is because the water flowing under the covered floor will need to be hotter to
compensate for the floor covering. Wood flooring should be laminated wood flooring
instead of solid wood. This reduces the possibility of the wood shrinking and cracking
from the drying effects of the heat.

Radiant Panels

Wall- and ceiling-mounted radiant panels are usually made of aluminum and can be
heated with either electricity or with tubing that carries hot water, although the latter
creates concerns about leakage in wall- or ceiling-mounted systems. The majority of
commercially available radiant panels for homes are electrically heated.

Like any type of electric heat, radiant panels can be expensive to operate, but they can
provide supplemental heating in some rooms or can provide heat to a home addition when
extending the conventional heating system is impractical.

Unlike other types of radiant heating systems, radiant panels have very low heat capacity
and have the quickest response time of any heating technology. Because the panels can be
individually controlled for each room, the quick response feature can potentially result in
cost and energy savings compared to other systems when rooms are infrequently
occupied: when entering a room, the occupant can increase the temperature setting and
reach a comfortable level within minutes. But as with any system, the thermostat must be
maintained at a minimum temperature that will prevent pipes from freezing.

Radiant heating panels operate on a line-of-sight basis: you'll be most comfortable if
you're close to the panel. Some people find the ceiling-mounted systems uncomfortable,
since the panels heat the top of their heads and shoulders more effectively than the rest of
their body.

Reading List

e Hall, J. (14 October 2002). "Mini-Duct Systems Complement Radiant Heat." Air
Conditioning, Heating, & Refrigeration News p. 10.

e Baskin, E. (31 March 2003; Revised 30 September 2003). "Residential Radiant
Cooling and Heating Assessment." (PDF 3.4 MB). Oak Ridge National Laboratory.

e Siegenthaler, J. (1995). Modern Hydronic Heating. Delmar Publishers.

e Holohan, H. (1995). How Come?: Hydronic Heating Questions We've Been Asking
For More Than 100 Years (With Straight Answers). Dan Holohan Associates, Inc.

e Holohan, D. (1998). Hydronic Radiant Heating: A Practical Guide for the Nonengineer
Installer. 214 pp.

e Final Report for Field Evaluation of PATH Technologies: Habitat For Humanity Home.
(August 2003). Schenectady, New York: National Association of Home Builders.

e Siegenthaler, J. (2003). Modern Hydronic Heating for Residential and Light
Commercial Buildings, 2E. Delmar Publishers. 512 pp.

e Holohan, D. (1995). Pumping Away (And Other Really Cool Piping Options for
Hydronic Systems). Dan Holohan Associates, Inc.

e Truini, J. (February 1995). "Adding Radiant-Floor Heating," Home Mechanix
(91:792); pp. 56-61.

e "Another Setback for Radiant Floor Advocates?" (8 December 2002). Energy Design
Update (22:12); p. 8.

8/12/2009 11:56 AM



Energy Savers: Radiant Heating http://www .energysavers.gov/your _home/space heating cooling/index.c...

4 of 5

Nisson, N. (May 1997). "Can Radiant Floor Cooling Succeed Despite Design
Limitation?" Energy Design Update (17:5); pp. 5-8.

"Canadian Study Details the Impact of Carpets on Radiant Floor Heating."
(November 1998). Energy Design Update (18:11); pp. 12-13.

Kaercher, Jr., B. (June/July 1992). "Electric-Radiant Floors." Fine Homebuilding (No.
75); pp. 68-72.

"Foil-Faced Bubble Pack Under Slabs." (September 2003). Energy Design Update
(23:9); pp. 8-12.

e "Heat at Your Feet." (November 1993). Home Mechanix (89:780).
e Siegenthaler, J. (August 1993). "Hydronic Radiant Heat for Wood-Framed Floors."

The Journal of Light Construction (11:11); pp. 34-37.

Groff, R. (January 1994). "Mixing Forced-Air and Boiler Heat." Fine Home Building
(No. 85); pp. 86-87.

"No Setpoint Savings Found for In-Floor Radiant." ( May 2001). Energy Design
Update (21:5).

Wilson, A. (January 2002). "Radiant-Floor Heating: When It Does—And
Doesn't—Make Sense." Environmental Building News (11:1); pp. 1, 9-14.
"Radiant-Floor Study Sparks Controversy." (February 2003). Journal of Light
Construction (21:5); pp. 21, 26.

Wardell, C. (September/October 1995). "Radiant Floor Systems." Custom Builder
(10:6); pp. 26-30.

Siegenthaler, J. (August 1992). "Radiant Slab Techniques." The Journal of Light
Construction (10:11); pp. 21-24.

Siegenthaler, J. (July 1995). "Radiant Slab on a Tight Budget," The Journal of Light
Construction (13:10); pp. 47-50.

Boucher, J. (April 2000). "Radiant Subfloor Panels." Journal of Light Construction
(18:7); pp. 75-81.

"Wet or Dry System? Here's How They Compare." (25 September 1995). Air
Conditioning, Heating & Refrigeration News (196:4); p. 22.

"Wood Floors and Radiant Heating." (January 2002). Solplan Review (No. 102); pp.
3-5.

"Installation Guide for Radiant Underfloor Heating." Hydronic Institute, available
from the Canadian Hydronics Council.

Smith, S. (1 April 2004). "Electric: The Other Radiant Heat." Plumbing and
Mechanical.

D'Agnese, J. (October 2006) "Radiant Floor Heating." This Old House.

e Klein, M.; McKneight, J.; Reser, R.; Shantz, D. (October/November 1995). "Gimme

Shelter: Solar Hydronic Space Heating." Home Power (No. 49); pp. 43-47.
Johnson, W. (September/October 1984). "Hybrid Solar System Supplies Radiant
Heat." Solar Engineering and Construction (3:5); pp. 27-29.

Hyatt, R. (October/November 2000). "Hydronic Heating on Renewable Energy."
Home Power (No. 79); pp. 36-42.

Friedlander, M. (April 1986). "Premium Heating with Radiant Slabs." Solar Age
(11:4); pp. 66-71.

Wilson, A. (January 1986). "Solar Energy and Radiant Floors." New England Builder
(4:4); p. 15.

e Spaulding, S. "Solar Shines Again." Radiant Living. pp. 45-48 &50.
e "Hydronic Radiant Heating and Cooling." (March 2004). Lawrence Berkeley National

Laboratory.

"Electric Radiant Heat: Making the Right Choice." (December 1996). Energy Source
Builder (#48). Posted on Oikos Green Building Source.

"Radiant Floors Demand Careful Planning." (June 1996). Energy Source Builder
(#45). Posted on Oikos Green Building Source.

"Underfloor Installation Offers a Retrofit Solution." (June 1996). Energy Source
Builder. (#45). Posted on Oikos Green Building Source.

"Radiant Floors Create More Comfort, Use Less Energy." (February 1996). Energy
Source Builder (#43). Posted on Oikos Green Building Source.

"Research Supports Benefits of Radiant Ceiling Panels." (February 1995). Energy
Source Builder (#37). Posted on Oikos Green Building Source.

8/12/2009 11:56 AM


https://



