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T
here are many reasons for the height-

ened interest in radiant cooling systems, 

one being the increasing popularity in 

heat pump applications and energy 

efficient buildings. While we are most defi-

nitely not limited to heat pump(s) as a primary 

source, they do lend themselves well to both 

heating and cooling.

Radiant cooling works best in high perfor-

mance buildings where sensible cooling loads 

are less than 10 Btuh/sf and where latent 

loads are controllable. Most often, radiant cool-

ing is used as a first stage of cooling, and if 

necessary with a second stage air system for 

peak load requirements. In very mild climates, 

radiant cooling could satisfy the building loads without a sec-

ond stage. Building and ventilation loads must be properly 

evaluated before designing the system.

Radiant cooling surface temperatures should be about 

three to four degrees Fahrenheit above the dew point and 

absolute humidity controlled to prevent condensation 

on the radiant panel. Some modern controls for radiant  

cooling and heating systems have the ability to not only 

calculate dew point temperature and use it for integral sur-

face temperature operation, but also to measure humidity 

levels in each zone. With this added ability, a control sys-

tem can engage HRVs or de-humidifiers to control humidity 

ratios in the building and therefore mitigate condensation 

concerns.

When designing a radiant cooling and heating system 

(also known as a reversible floor or reversible system), the 

loop layout and flow rates must follow the requirements of 

the cooling portion, rather than heating. Typical T (tem-

perature difference between supply and return) for comfort 

cooling is around five to nine degrees Fahrenheit and T 

for heating is between 10 and 15F.

The long wave cooling capacity for floor surfaces is 

approximately 14 Btuh/sq.ft., with additional capacities up 

to seven Btuh/sq. ft. for short wave radiation from solar 

gains and some high intensity lights.

Radiant heating is at its best when located in floors, 

especially in terms of human comfort. Radiant cooling 

in floors is ideal in areas with high solar gain, such as in 

south facing atriums, however for space and occupant con-

ditioning, ceilings have less interference from items such 

as furniture, and have greater absorption capacity due to 

deeper surface temperature allowances and additional per-

formance from convective transfer. Radiant cooling sur-

face temperatures are a function of the sensible load and  

generally operate between 63F and 67F under properly  

controlled humidity conditions. While this article focuses 

on radiant floor cooling, the same principles can be applied 

to radiant cooled ceilings.

A hybrid system of radiant plus air is an ideal system that 

can optimize efficiency while maintaining the most comfort-
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FIGURE 1*  Basic Application With Outdoor Temperature Switch Over From 

Heating To Cooling

“Thermal energy transfer via pumps 
and hydronics can be obtained using 
70 to 80 per cent less electrical energy 

than with fans and forced air.”
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able indoor climate. These systems also 

allow for smaller and lower electrical load 

equipment to be used.

The inclusion of radiant cooling in com-

mercial designs has been shown to improve 

energy costs by an average of 17 per cent 

in humid climates and up to 40 per cent 

in dry climates. Thermal energy transfer 

via pumps and hydronics can be obtained 

using 70 to 80 per cent less electrical 

energy than with fans and forced air.

The following mechanical drawings of 

radiant heating and cooling systems begin at the storage 

tanks. The tanks could be charged with heat pumps, boil-

ers and chillers or any other source. Control systems used 

shall be capable of limiting surface temperatures for both 

heating and cooling mode and controlling humidity levels 

in each zone.

In the application shown in Figure 1, a single buffer tank 

is maintained at either a fixed setpoint 

or outdoor reset temperature suitable for 

the (fan coil) air system that should only 

engage as a second stage if the radiant 

cannot satisfy any heating or cooling loads 

by itself.

During heating mode, the mixing valve 

will modulate the water temperature provided 

to the radiant system based on outdoor tem-

perature and fine-tune it based on indoor 

condition. This allows it to meet the require-

ment of the hardest to heat zone at any time. 

In each zone, a thermostat will control the 

air and radiant temperature with the aid of a 

slab sensor that can be used for floor warm-

ing (as a minimum temperature setpoint) and surface cover-

ing protection (as a maximum temperature setpoint), such as 

hardwood floors. This system will utilize radiant as primary 

source for comfort control while within slab temperature 

limits and will only use its air backup when necessary.

During cooling mode, the mixing valve will modulate the 

water temperature based on an outdoor temperature and 

fine-tune it based on indoor conditions so it can meet the 

requirement of the hardest to cool zone at any time. In 

each zone, a thermostat will control the air and radiant  

temperature with aid of a slab sensor that can be used 

to set a coldest surface temperature limit for comfort  

control (as a maximum temperature setpoint) and surface 

condensation protection (as a minimum temperature set-

point). This system will utilize radiant as the primary source 

for comfort temperature control while within slab tempera-

ture limits and use its air backup when necessary. Each 

zone thermostat, in this example, has humidity sensing 

capability and is able to engage HRVs or dehumidifiers to 

control humidity levels in the building.

This is the most cost-effective approach for a building to 

be heated and cooled with radiant, but it is limited due to 

its single source, as it requires the system to be switched 

from heating to cooling based on something simple like 

outdoor temperature. This eliminates the ability for simul-

taneous heating and cooling of the building. 

Supply and return temperature sensors at each radiant 

manifold are used for monitoring purposes. 

In the case of simultaneous radiant cooling and heating, 

the general principles of the first example still apply. However, 

as shown in Figure 2, there are now two storage tanks: 

one for heating and one for cooling. Diverting valves, often 

FIGURE 2*  Simultaneous Radiant Cooling And Heating

FIGURE 3*  Building Radiant Heating And Cooling Simultaneous With 

Independent Mixing Per Manifold Group

continued on page 28
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Controls continued from page 27

installed in the mechanical room, can switch parts of the 

system from heating to cooling mode, while utilizing the 

common piping. 

This heat/cool application is possible using a control 

system that can deal with heating loads (conductive and 

convective heat losses or loss of radiant gains) and cooling 

loads (radiant heat gains). This setup also allows for radiant 

heating and air cooling in the same zone (warm floors while 

the air is being cooled), that can be tied into a separate out-

door temperature switch-over for the radiant versus air.

Two mixing valves (one for heating and one for cooling) 

are modulated to control the supply water temperature for 

the radiant cooling and heating sys-

tem. Thermostats in each zone still 

control surface temperatures, load 

staging and humidity levels. This is 

a more complex system and many 

of the higher-end radiant cooling and 

heating applications for residential 

and commercial buildings are now 

going this way.

Adding an independent mixing valve 

to each manifold group in simultaneous 

heating and cooling applications (see 

Figure 3) involves the same principle 

the previous example, but the addition 

of the mixing valve allows for radiant 

heating in one part of the building and 

radiant cooling in another. This adds 

more flexibility to a job where a greater 

challenge may exist due to larger addi-

tional gains or losses of a building. The 

more points are controlled, the more 

flexibility you gain from the heating and 

cooling system.

These are just three design options 

and there are certainly other approaches, 

but the endless opportunities are just 

another reason why hydronic systems 

are so gratifying to work with.  

Mike Miller is a business 

development manager, 

controls, with experience 

in the manufacturing, dis-

tribution and contract-

ing sectors of the industry. He can be 

reached at mike.miller@uponor.com.

*Note: All drawings are concept  

drawings only. Isolation and balancing 

valves, as well as other safety  

equipment, were not included for  

clarity reasons.


