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Abstract 
  
Because of in intensive use of energy and high prices in numerous international locations, it's far often debated if air-
conditioning will provide higher manipulate of the indoor temperature or now not, and then improve comfort and 
productivity. But there also exist many examples of discomfort in air-conditioned buildings because of draught and 
noise. Alternatively, cooling may be done by water-primarily based radiant cooling systems, where pipes are 
embedded within the constructing structure, or in the middle of the concrete slabs in multi-tale homes. For nicely-
designed buildings those forms of system are able to presenting a relaxed indoor weather in one of a kind climatic 
zones. A brought advantage may be reduced constructing top because of the removal of suspended ceilings. 
Ultimately, slab cooling systems use water at a temperature near room temperature. The present paper will discuss 

the possibilities and barriers of radiant slab cooling systems and examples of homes having this sort of systems are 
presented. 
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1. Introduction 
 

1 The building sector is estimated to be responsible for 
more than one third of global energy consumption, 
making it the biggest single contributor to total energy 
consumption (Iwaro, J., Mwasha, A., 2010), The south-
east Mediterranean countries including Egypt are 
expected to witness a population growth of 40 million 
and a related 24 million new housing units by 2030 
(Rafik Missaoui, et al, 2012). The increased population, 
housing stock and better living standards will increase 
energy demand. Since more households are using 
electrical appliances such as refrigerators, washing 
machines, and air conditioners, last of which the main 
cause of the rapid electricity demand increase 
(Florentine Visser, et al, 2013).           
     Between 2000 and 2009 primary energy 
consumption has increased by nearly 50%, final 
electricity consumption has nearly doubled.                     
A business-as-usual approach will, accordingly, lead to 
another doubling of final electricity demand until 2020.  
So, Policy makers, scientists, and engineers have paid 
increasing attention on how to address energy 
efficiency issues due to concerns about global warming 
and energy independency (APS, 2008).  
    Consequently, several organizations have established 
ambitious goals for the efficiency level of future 
buildings. The American Institute of Architects issued 
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The 2030 Challenge asking the global architecture and 
building community to adopt a series of greenhouse 
gas reduction targets for new and renovated buildings. 
Heating, ventilation and air conditioning (HVAC) 
systems are becoming increasingly important for 
achieving those goals as they consume more than 40% 
of energy use in buildings and have significant impact 
on indoor air quality, thermal comfort and, 
consequently,                  the occupant’s quality of life 
(EIA, 2012).  
 

2. A Brief History of Radiant Cooling 

 

Inhabitants of the Northern Hemisphere during           
the Neolithic period heated their subterranean shelters 
by drafting smoke from fires through stone-covered 
trenches excavated into the floor. The warmed stones 
would radiate heat from the floor into the living spaces, 
creating relatively comfortable indoor environments in 
very harsh climates.  
     Water-based radiant heating systems have been 
used extensively in Europe for the past century.             
In these systems, warm water is circulated through             
a series of piping loops embedded in the concrete floor 
slab. By controlling the water temperature,                   
the temperature of the slab can be controlled to 
provide superior comfort. Also, because the heat 
transfer capacity of water is much greater than that of 
air, a radiant slab can transfer energy much more 
efficiently than a forced-air system. For years, the most 
common systems were installed using embedded 
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copper tubing. At the time, copper was considered 
reasonably inexpensive and relatively easy to work 
with. It was plagued, however, with problems such as 
kinks during installation, corrosion, pitting and 
material build-up, which reduced the effectiveness of 
the system over time and limited its useful life.  
     In 1968, a German engineer named Thomas Engel 
developed a method to crosslink the oxygen molecules 
of polyethylene to create crosslinked polyethylene or 
PEX. The following year, A Swedish Company (Wirsbo), 
refined the manufacturing process for PEX-a using      
the Engel method, and made PEX-a tubing 
commercially available. Wirsbo tubing revolutionized 
the hydronic industry by providing a flexible and 
durable high-quality alternative to copper (Uponor, 
2013). 
 
3. Hydronic radiant systems 
 
Interest and growth in radiant systems have increased 
in recent years because they have been shown to be 
energy efficient in comparison to all-air distribution 
systems and able to maintain good thermal comfort 
conditions (Feng, et al, 2014). Radiant systems have 
many features that can reduce energy consumption.   
The first reduction is attributed to transporting heat by 
circulating water as compared to circulating air 
(Raftery et al, 2011). Second, for hydronic transport to 
be successful, the coupling between the transport 
medium and the space must be maximized.  
     To maximize this coupling, radiant systems often use 
the most extensive surfaces in the building - the floor 
and the ceiling. With the use of large surfaces for heat 
exchange the temperature of the cooling/heating water 
can be only a few degrees different from the room air 
temperature. This small temperature difference allows 
the use of either a heat pump with very high coefficient 
of performance (COP) values (Gayeski, 2010), or              
a system that allows the use of alternative low-energy 
cooling/heating sources, for example, solar, 
evaporative processes, or ground heat exchange 
(Babiak et al, 2007).  
 
4. Radiant System types 

 

There is no consistent way to categorize radiant 
systems. According to the REHVA guidebook (Babiak et 
al, 2007), there are three primary types of water-based 
radiant systems:  

 

4.1 Radiant ceiling panel, RCP  
 
Suspended metal ceiling panels with copper tubing 
attached to the top surface.  
 
4.2 Embedded surface system, ESS  
 
Prefabricated or installed-in-place systems consisting 
of embedded tubing in thinner layers (e.g., topping 
slab, gypsum board, or plaster) that are insulated from 
the building structure.  

4.3 Thermally activate building system (TABS) 
 
Plastic tubing embedded in the structural slabs, often 
referred to as a thermally activate building. The last 
type (TABS) can be also grouped into the ESS as              
a special type, according to ISO 11855 (2012a). 
 

Table 1: Schematic of the three types of radiant 
surface ceiling systems  

 
System types 

& Example 

 

Schematics 
 

Radiant 
ceiling panel, 

RCP 

 

 

 

Embedded 
surface 

system, ESS 

 
 
 
 
 
 
 
 
 

 
 

 

 

Thermally 
activate 
building 

system, TABS 

 

 
 
 

 

 
5. Radiant Cooling Benefits 

 
Radiant cooling systems are gaining exposure and 
popularity for a variety of reasons: 
 
5.1 Energy Efficiency 

 

A radiant cooling system can help dramatically reduce 
the energy consumption of a building through lower 
transport energy usage, more efficient operating 
modes, higher room set points, and lower transmission 
losses.  
 
I) Lower Transport Energy Usage 
 
Because the heat-transfer capacity of water is much 
higher than that of air, a radiant system that uses            
a circulator to move water (in lieu of a fan to move air) 
can achieve the same heat transfer using significantly 
less energy. 
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II) More Efficient Operating Modes 
 
In addition to decreasing energy intake by making use 
of pump strength in lieu of fan power, a radiant cooling 
machine can also lower standard electricity use by 
allowing the chiller to operate at greater most 
appropriate modes.  
      Common chilled water temperatures for a radiant 
cooling device are between 55°F (12.7°C) and 63°F 
(17.2°C). Higher return water temperatures might also 
allow the chiller to perform within an extra green 
range. Those better running temperatures additionally 
permit more flexibility in chilled water supply. Ability 
opportunity assets for chilled water may additionally 
encompass fluid coolers, geothermal warmth pumps or 
lake/bay water. 

 

III) Higher Room Set points 
 
Because of the way the human body reacts to its 
surrounding environment, comparable levels of 
comfort can be achieved with a radiant cooling system 
at higher room temperatures (e.g., 78°F/25.6°C) than 
with a forced-air system at lower room temperatures. 
Therefore, a radiant cooling system, coupled with           
a smaller forced-air system (for ventilation, latent 
loads and supplemental sensible loads) can reduce         
a building’s total energy use by operating at higher set 
points (Uponor, 2013). 

 

IV) Lower Transmission Losses 
 
With a conventional forced-air system, transmission 
losses can occur due to inadequate or poor insulation, 
and duct leakage. Distribution systems typically 
experience lower transmission losses. As a result of 
these factors, the total energy consumption of                 
a building can be significantly reduced. Recent studies 
have shown total energy conservation for typical office 
buildings using radiant cooling on the order of 17 to 
53% below ASHRAE Standard 90.1-2010. 

 
5.2 Superior Comfort 
 
(ASHRAE Standard, 55-2010), Thermal Environmental 
Conditions for Human Comfort lists six factors that 
affect thermal human comfort: air temperature, radiant 
temperature, humidity, air velocity, clothing and 
metabolism. Forced-air systems.  
      Attempt to maintain comfort by controlling air 
temperature and indoor relative humidity, ignoring   
the impact that radiant temperature has on human 
comfort. In typical settings, during low activity with 
light clothing and moderate air velocities, the human 
body transfers more of its sensible heat through 
radiation.  
     Controlling floor temperatures and reducing surface 
temperature differentials results in reduced 
stratification and radiant asymmetry. Therefore, 
thermal mass system that relies on radiation heat 

transfer can create a more comfortable environment 
compared to a system relying exclusively on convective 
heat transfer.  
 
5.3 Greater Architectural Flexibility 

 

With a radiant cooling system embedded in the floor 
slab, the visible components, such as air handlers, 
ductwork, grilles, diffusers, etc. can be much smaller, 
allowing greater flexibility in the aesthetic 
architectural design. The space requirements for the 
mechanical system (e.g., mechanical room, roof space, 
ceiling space for ductwork) can be compacted, 
potentially reducing building floor-to-floor heights. 
Additionally, because    a radiant slab can much more 
effectively deal with direct solar loads, temperatures in 
areas with high fenestration (e.g., lobbies, atria, etc.) 
can be more easily controlled with less noise and draft. 

 

5.4 Reduced Operating and Maintenance Costs 

 

The embedded tubing within the concrete slab requires 
no maintenance. The radiant cooling system, including 
the chilled water source and distribution, requires no 
more maintenance than typical fluid-based systems. 
The smaller forced-air system - made possible by the 
radiant cooling system - translates to lower operating 
and capital costs (e.g., reduced fan horsepower, smaller 
filtration, smaller dehumidification equipment, etc.). 
 
5.5 More Effective Control of Ventilation 

 

In many heating, ventilation and air conditioning 

(HVAC) systems today, the air handling systems are 

sized to deliver airflow based on the total cooling and 

ventilation requirements of the spaces and occupants 

they are serving. These airflow rates are rarely            

the same, and controls are often ineffective in 

delivering the proper amount of airflow to satisfy both 

requirements simultaneously. For example, in some 

cases rooftop units are used to cycle on and off based 

on cooling demand, ignoring the continuous demand 

for ventilation air. In a radiant cooling system, these 

two functions are decoupled. Decoupling these 

functions allows more exact ventilation control, 

ensuring that the occupants always receive the proper 

amount of outside air. 
 

6. The Radiant system design process and its 

challenges  
 

The design process of a radiant system project is 

similar to the cases of air systems, including 

environmental load analysis, system design and sizing, 

and whole building evaluation for annual energy and 

thermal comfort performance. Figure 1 presents this 

general process in the context of whole building design 

(Feng, 2014). 
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Fig.1: Design process for radiant system in the context 

of whole building design 
 
Load calculation is usually conducted at two stages:    
the initial feasibility study stage and the detailed 
design stage. The purpose of the feasibility study is to 
conduct initial load calculations to assess whether     
the building load can be handled by the radiant system 
(Doebber et al, 2010). In fact, this action needs to be 
integrated into the whole building design because 
when radiant systems combined with other energy 
reduction measures, can handle both heating and 
cooling loads quite well for the most extreme climates. 
The key point is to emphasize the reduction of loads as 
a precursor to the adoption of radiant systems (and/or 
related or similar low-energy cooling systems). 
 

Table 2: Major differences between air and radiant 
systems that may affect the design process and 

approaches 
 

 
 

Air system 
 

 

 Convection only. 
 Thermally well-

mixed (for Overhead 
system).  

 Control air 
temperature.  

 Unlimited capacity  
 Fast responsive. 

 

 
 

 
 

Radial system 
 
 

 

 Convection + 
radiation (> 50%).  

 Non-uniform indoor 
surface temperatures. 

 Control operative 
temperature.  

 Limited capacity.  
 Slow responsive to 

control signals (for 
ESS and TABS).  
 

 
 

 
 (Feng, 2014) Said that the next step involves designing 
a radiant system that can satisfy the cooling/heating 

load. It involves the determination of the following 
parameters: system types, configurations (tube 
diameter, spacing, floor finish, insulation, total tube 
length), and design operating conditions (design 
surface temperature, flow rate, supply temperature, 
and pressure drop). Estimation of the system capacity 
is a critical task.     The last part is to conduct whole 
building simulation for annual energy and comfort 
assessment. The three parts are not necessarily in a 
sequential order. 
     Even though the design processes are similar,         
the design analysis methods for radiant systems could 
be quite different from air systems due to some 
fundamental differences between the two systems (see 
Table 2). 
 
7. Design Procedure 

 

Once the construction method is established,                
the following system parameters can be determined 
(Based on possible surface temperature to avoid 
condensation): 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig.2: Design procedure for radiant cooling system  

 
7.1 Estimate cooling capacity:  
 

Witch depended on Determine the followings: 
 
I) Active Area 
 
The active area is defined as the actual area where 
tubing can be installed. When calculating system 
capacity, it is important to consider the active area, not 
the gross area. For example, 
• If 10% of a cooled floor is covered by cabinets,    
Equipment or furniture, or is void of tubing, then only 
90% of the floor should be considered for the total       
cooling capacity. 

Based on number of loops,  

Determine number of manifolds 

Arrangements of loops 

Based on tubing required,  

Estimate the number of loops  

For each zone, Calculate total tubing 
length required 

Estimate cooling capacity 
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• Surface area available for heat transfer (cooling) 
• Cooling capacity must be calculated with active area; 
not with the ceiling area (particularly for radiant 
panels)  
 
 
 
 
 
 
 
 
 

 
Fig.3: For slab cooling, active area 80-95% 

 
II) Mean Radiant Temperature (MRT)   
 
(ASHRAE Standard 55, 2010) defines Mean Radiant 
Temperature as the theoretical uniform surface 
temperature of an enclosure in which an occupant 
would exchange the same amount of radiant heat as in 
the actual non-uniform enclosure. Unlike in an air-only 
system, the MRT in a radiant conditioned space 
recognizes the intimate relationship occupants have 
with the surroundings via radiant heat transfer. 
 
III) Operative Temperature 
 
The operative temperature is numerically the average 

of the air temperature () and mean radiant 

temperature (), weighted by their respective heat 
transfer coefficients. Most requirements for comfort 
are based on the operative temperature in a space.  
 

     
(     ) (     )

     
  

 

Where 
 

 = air temperature in reference point, °F (°C)  

 = mean radiant temperature in reference point, °F (°C)  

h = convective heat transfer coefficient for the human body,  

        Btu/h • ft² •°F (W/m² K)  

h = radiant heat transfer coefficient for the human body,       

         Btu/h • ft² •°F (W/m² K) 
 

In most practical cases where the relative air velocity is 
small at <40 fpm (0.2 m/s) or where the difference 
between mean radiant and air temperature is small at 
<7°F (4°C), the operative temperature can be 
calculated with sufficient approximation as the average 
of air and mean radiant temperature. (ANSI/ASHRAE 
Standard 55, 2010). 

 
 

  
                   

 
  

 
Mean Radiant Temperature (MRT) can be calculated as 
the area-weighted average surface temperature of all 
surfaces by applicate on a small room as flowing; 

Table 3: Room components, Area (ft2
), and all Surfaces 

Temperature 
 

Component Area (ft2) Surface Temperature 

Walls 480 76ºF (24.4ºC) 

Windows 60 80ºF (26.7ºC) 

Ceiling 225 78ºF (25.6ºC) 

Floor 225 68ºF (20ºC) (controlled) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig.4: Radiant cooling room example with the area-
weighted average surface temperature of all surfaces 

 
Mean Radiant Temperature Calculation:  
 

Calculate MRT given the following room conditions:  
Air Temperature = 78°F (25.6ºC) 
 

[  (   )   (  )   (   )   (   )]

[              ]
           

 
Operative Temperature Calculation:  

 
(75.4 + 78) / 2 = 76.7°F (24.8°C)    
 
Therefore, when using a radiant cooling system,          

the temperature perceived by the human body will 

actually be lower than the air temperature. 

Accordingly, the same level of comfort can be achieved 

with higher air temperatures. In the example above, 

with a cooled slab, the operative temperature of 76.7°F 

(24.8°C) is achieved even though the air temperature is 

78°F (25.6°C). Typical design room set points with 

radiant heating and cooling system are 68°F (20°C) for 

heating and 78°F (25.6°C) for cooling; reducing            

the demands placed on the air-side system. 

IV) Cooling capacity 
 
Cooling capacity of chilled slab:  
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Fig.5: Chilled slab with chilled surface Convention and 
radiation 

Q = h rad+conv x Δ T x Active area 
 

h rad+conv = Combined Heat transfer coefficient 
 

Δ T = Operative temperature – ceiling surface 
temperature 

 

Operative temperature = 25Oc 
 

Table 4: Average heat transfer coefficient, surface 

temperatures and Capacity per unit chilled surface area 

 
Colling 

surface 
Combined 

Heat transfer 
coefficient   
h rad+conv 
(W/m2.k) 

Allowable 

surface 

temperatures 

(OC) 

Capacity per 

unit chilled 

surface area 

(W/m2)  

Slab 8-11 18 56-77 

 
7.2 For each zone, calculate total tubing length required 
(Estimating tubing length required per zone): 
 
The quality of the floor surface temperature is based 
on its thermal uniformity, which is directly affected by 
the tubing layout, spacing and depth. There is also          
a direct correlation between tubing spacing and supply 
water temperature such that the closer the tube 
spacing, the lower the difference between room 

temperature and average water temperature (tavg). 
Keeping fluid temperatures as close as possible to the 
operative temperature delivers greater thermal 
stability and more control over the system dynamics.  
 
i) Length of the tubing from supply to return ports in    
a   zone is called tubing length.  
 
ii) Typical tubing diameter ranges from 12.5 to 20 mm 
(0.5 to 0.75 inch) 
 
iii) Tube spacing is the distance between two tubes 
(center to center), typically it ranges from 150 to 450 
mm (6-18 inch) 
 
iv) Tube length per sq. ft. depends on tube spacing, it 
ranges from 2.2 to 6.6 m/m2 (0.67 to 2 ft/ ft2) 
 
v) Total tube length = Available surface area x tube 
length per sq.m. 

 
 
 
 
 

 
 
 
 

 
 
 
 
Fig.6: Black rectangle refer to the tube spacing which is             

the distance between two tubes-center to center 
 
I) Example for finding tube length: 
 
Zone area = 500 m2, Available area = 400 m2 (80%),  
Tube spacing = 150 mm, 
Tube length = 6.6 m/m2, 
Total tube length = 2625 m. 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig.7: Chilled water replace hot water in space to 
decrees temperature 

 
7.3 Based on tubing required, estimate the number of 
loops:  
 
I) Average Loop Lengths: 
 
The maximum tubing length is normally between 250 

and 450 feet per loop to limit pressure drop. This 

length includes the active length serving the space and 

the distance between the manifold and the space being 

served. The combined total length of tubing (sum of all 

loops) needed for a space is a function of the area (in 

square feet) and the on-center spacing.  

 
To approximate the active length, simply multiply      
the active area by the following multiplier: 
 

6 inches on center Area served x 2.0 
7 inches on center Area served x 1.7  
8 inches on center Area served x 1.5  
9 inches on center Area served x 1.33 
i) Effects of long single piping layout: 
• Higher temperature drop along the piping leads to 

uneven surface temperature, 
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• High flow rates through pipes leads to higher   
pressure drop 

 
Solution: 

 
• Dividing the total tube length into multiple loops as 

suited for zone requirements 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.8: Colder region and hotter region in space 
 
ii) Example for finding number of loops:   
 
Tubing Calculation 1:  
Estimate the length of tubing and number of loops 
needed, given the following parameters. 
  
Room Area: 
2,000 ft2 active area 
6 inches on-center spacing 
  
Average Active Loop Length:  
300 ft.  
Assume an average leader length of 10 ft. per loop. 
  
Active Length Required:  
Area x 2.0 ft / area = Length of tubing required  
2,000 ft2 x 2.0 ft / sƒ = 4,000 feet of active tubing  
 
Loop Calculation:  
Number of loops = Total active length / average loop 
length  
Number of loops = 4,000 ft./300 ft. = 13.333 or  
14 loops  
Assuming 14 loops, the active length per loop would 
be:  
4,000 ft. / 14 loops = 286 ft. / loop  
Total length per loop = active length + leader length  
Total length per loop = 286 ft. + 10 ft. = 296 ft. / loop  

 
vi) Therefore:  
 
Total length: 296 / loop x 14 loops = 4,144 ft.  
Total number of loops: 14 
 
II) Determining number of loops per zone: 
 
•  No of loops = total tube length / single loop length 
• No of loops depends on zone size, individual loop 

lengths and tube diameter 

E.g. 16 mm tube diameter & 107 m tube length, No. of 
loops ~ 25 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.9: 3 Loop manifold in space 
 
7.4 Arrangements of loops 
 
There are several options for arranging the tubing in 
the slab such as (Serpentine layout, Counter-flow 
layout, Reverse return layout and Radiant Rollout 
Mat).The method used will depend on a number of 
factors, including the size and shape of the room, 
obstructions, and the heat gain in the space. 
 
I) Serpentine layout 

 

Serpentine Layout One strategy is to locate the coldest 
supply water as close as possible to the highest heat 
gains. Because internal heat gains are often difficult to 
predict and are subject to change over the life of          
the building, this strategy is normally executed by 
locating the colder supply water close to the perimeter 
of the building, where envelope loads are more 
concentrated. 
 
 
 
 
 
 
 
 
 
 

Fig.10: Single-wall serpentine tubing layout 
 
 
 
 
 
 
 
 
 

 

Fig.11: Double-wall serpentine tubing layout 
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Fig.12: Triple-wall serpentine tubing layout 
 
II) Counter-flow Layout:  
 
For large areas or spaces with no exterior exposure,                  
a counter-flow pattern is usually used to maintain even 
temperatures across the entire surface area. In many 
cases, a combination of patterns will be used to make 
the most efficient use of tubing to cover the required 
space. Layout dictated by exterior exposure is also not 
as critical for cooling applications, where the Delta T is 
only 5 to 10°F.   
 
 
 

 
 
 

 
 
 
 

Fig.13: Counter flow Tubing Layout 
 
III) Counter Reverse Return Layout:  
 
An alternative method for laying out tubing is              
the Reverse Return method. In this arrangement, larger 
diameter supply and return headers are used with 
loops of equal length connected in parallel. This 
arrangement results in equal pressure drops 
throughout the system and can allow larger spaces to 
be covered with a fewer (or potentially no) manifolds. 
The larger diameter headers act as the distribution 
manifolds. 
 
 
 
 
 
 
 
 
 
 

Fig.14: Reverse return method layout 
 

IV) Radiant Rollout Mat 
 
For large, open areas, Radiant Rollout Mat solution can 
dramatically reduce installation time and labor costs. 
The mat consists of a custom designed, prefabricated, 

pre pressurized network of 1 ⁄2 or 5 ⁄8 tubing (barrier 
tubing or non-barrier tubing) connected with fittings, 
which are safe for burial in the slab. The mat comes in 
5-foot or 10-foot wide sections with lengths 
customized between 40 and 225 feet. 
 
 
 
 
 
 
 
 
 

Fig.15: Using radiant rollout mat in site 
 
7.5 Based on number of loops, determine number of 
manifolds 
 
I) Multiple zones –Single manifold  
 
Chilled water distributed from manifold to different 
circuit / loops.  
     Sizing and Locating Manifolds Supply and return 
water connections are made to distribution manifolds, 
which connect to the floor tubing. By convention,        
the supply manifold is normally installed below and in 
front of the return manifold. Space permitting,            
the manifolds are typically installed in a reverse return 
arrangement, with supply water connecting on one 
side of the assembly and the return water connecting 
on the opposite side. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 
 
 

 

Fig.16: Up (Chilled water distributed from manifold to 
different circuit / loops) Down left (Four-loop EP 

Manifold Assembly) Right (Engineered Polymer–EP 
Manifold) 

  Manifold  
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II) Manifold Calculation 
 
i) Calculate the number of EP Manifolds needed to 
serve the following area  
 
Area: 
50,000 ft2 active area  
Tube spacing at 6 o.c.  
5°F Δt  
625,000 Btu/h sensible capacity  
EP Manifolds  
 

Average Loop Lengths: 
450 feet (including 10 ft. leaders) = 440 ft. active length 
  
Tubing length required: 
50,000 ft2 x 2.0 ft / SF = 100,000 ft. of tubing 
100,000 ft / 440 ft. = 227.3 = 228 loops  
 

Using the maximum 12 loops per EP Manifold:  
228 loops / (12 loops/manifold) = 19 manifolds 
 

Flow Rate Check: 
625,000 Btu/h / 19 manifolds = 32,895 Btu/h per 
manifold  
32,895 Btu/h = 500 x gpm x 5°F Δt  
 

Flow rate = 13.2 gpm per manifold:  
The EP Manifold can accommodate 15.4 gpm, so this 
design is within the acceptable range. 
 
7.6 Use of controls to avoid condensation 
 
 
 
 
 
 
 
 
 
 

 

Fig.17: Manifold controls to avoid condensation 
 

7.7 Installation procedure:  
 
i) Insulation installation,  
ii) Laying pipe layouts, 
iii) Pressure testing, 
iv) Connecting radiant cooling pipes to chiller, and 
v) Commissioning the system. 
 
8. Case Studies 

 

8.1 City Center™ Crystals Las Vegas, Nev. LEED Gold 
  
• 98,199 feet of 5 ⁄8 tubing.  
• 6 inches on-center tube spacing for exterior zones.  
• 9 inches on-center tube spacing for interior zones.  
• Cooling only for interior zones.  

• Heating and cooling for exterior zones 
• 25 total zones on three level.  
• LEED Gold. 
  
The City Center™ in Las Vegas is currently the largest 
privately funded construction project in the United 
States. Crystals, the retail and entertainment district at 
City Center, is the world’s largest retail district to 
receive LEED Gold Core & Shell certification. The 
building features 700,000 square feet over three levels 
filled with high-end retail stores, gourmet restaurants, 
art galleries and nightclubs. The Radiant floor cooling 
system installed on all three levels of Crystals is 
designed to use less energy for air conditioning and 
also improve occupant comfort. The radiant heating 
and cooling system in the exterior zones of Crystals is 
designed to provide subtle heat in the cooler months 
and a cooling system in the warmer months.   
 
 
 
 
 
 
 
 
 
 

 
 

Fig.18: City Center™ Crystals Las Vegas project 
 
8.2 Manitoba Hydro Place Winnipeg, Manitoba LEED 

Platinum  

 

• 64,634 square meters. 

• Predicted energy use: 330MJ/m².  

• Predicted annual carbon footprint: 5.4 kg CO²/m². 

• Awarded AIA’s 2010 COTE Top Ten Green Project.  

• LEED Platinum. 

 

Manitoba Hydro Place, the fourth largest government-

owned electric and natural gas utility in Canada, is 

located in one of the most challenging cities for 

extreme weather. Temperatures typically reach well 

below 0°F (-18°C) during the winter months. Yet the 

entire 18-floor building is being effectively and 

efficiently heated by renewable sources - the sun and 

geothermal wells, supplemented by hydroelectric 

power - all distributed throughout the facility by 

several different application methods, including              

a radiant heating and cooling system.  

     The building use 65% less energy compared to 

similar buildings in the area. The annual energy use of 

the building around 330MJ/m², which is a 65% 

reduction from the base case. Additionally, the annual 

carbon footprint is 5.4 kg CO²/m². 
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Fig.18: Manitoba Hydro Place project 
 
8.3 David Brower Center Berkeley, Calif. LEED Platinum 
 
• Square feet: 45,000.  
• Energy Efficiency: 54% better than standard U.S.  
• Energy Star office building rating. 
• Using Radiant Heating and Cooling System. 
• 6 to 9 on-center tubing spacing.  
• Maximum tubing length per loop: 350'. 
• LEED® Platinum certification.  
 
The Project provided a low-energy mechanical system 
using radiant heating and cooling within the building’s 
concrete structural slabs. The radiant cooling 
application provided several advantages including its 
ability to deal with high direct solar gains, reduced 
drafts and noise and superior human comfort. And in 
addition, a radiant cooling system, in conjunction with 
a dedicated outside air system (DOAS) can save as 
much as 53% over the baseline HVAC system. 
     The building’s in-slab radiant heating and cooling 
system can be ‘turned down’ at night by precooling 
during periods of warmer weather to store cooling for 
the next day. The ground floor of the building is served 
by a high efficiency water source heat pump system. 
Overall, the building uses over 60% less energy than 
the average U.S. building of similar use, without taking 
credit for the energy produced by the photovoltaic 
system.  

 

 
 

 

 

 

 

 

 

 

 

 
 

 

Fig.19: David Brower Center Berkeley project 

8.4 Maurice J. Gallagher Jr. Hall Davis, Calif. LEED 
Platinum 
 
• Owner: University of California at Davis.  
• Using Radiant Heating and Cooling. 
• LEED® Platinum Building.  
 
When UC Davis sought to double the space for its 
business school and build an environmentally 
sustainable home for its Masters of Business 
Administration program, it turned the search into           
a competition about who could integrate green 
concepts for maximum gain and minimum cost.  
 
 

 

 

 

 

 

 

 

 

 

 
 

Fig.20: Maurice J. Gallagher Jr. Hall Davis project 
      
The hydronic radiant heating and cooling system are 
used in the project, and water flows through a tubing 
inside the building’s floors and ceilings. As the water 
moves back and forth between the building and 
ground, constantly exchanging heat, it regulates         
the building’s indoor climate. If there’s a need for more 
heating or cooling, an electric-powered chiller helps 
support the system.  
     It is also recommends another technique to further 
minimize the cooling load. Which is to pre-cool the slab 
and ceilings at night as much as we can without using 
mechanical compressors. This uses less energy to cool 
the thermal mass and will eliminate four to five hours 
of chiller run time during the heat of the day when it 
costs the most. 
 
8.5 Hunter Museum of American Art Chattanooga, Tenn 
 

• 5,000 square-foot museum lobby  
• 6,000 feet of 1⁄2 tubing  
• 18 loops, average length 330 feet  
• 3 manifolds  
• 11 heating and cooling zones 
 

The project required especially stringent temperature 
constraints, it recommended radiant cooling in 
addition to radiant heating to maintain optimum 
comfort levels. Radiant would also meet the museum’s 
need for an open-air design with no unsightly 
ductwork that would hinder the modern décor. 
      Condensation was addressed when designing          
the cooling portion of the system by maintaining             
the floor at five degrees above the outside air dew 
point, it prevents condensation on the floor while 
providing radiant cooling and immediate absorption of 
heat due to direct sunlight.  
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Another challenge the Hunter Museum posed was how 
to control the dramatic temperature changes that can 
occur when a large influx of patrons enter and exit the 
lobby. Radiant was the most economical way to 
maintain a comfortable, consistent environment.  
     The museum has an extensive outreach program 
and lots of schoolchildren enter the building. Your 
occupancy load can go from zero to 200 in a matter of 
20 minutes. But radiant gives a nice, stable mass while 
providing comfort at floor level where visitors are 
located. 
 
 
 
 
 
 
 

 
 

Fig.21: Hunter Museum of American Art  
 
8.6 Bandimere Speedway Arvada, Colo. 
 
• Quarter-mile racetrack in Morrison, Colo.  
• Using Radiant Cooling System  
• System offers 30-degree difference in track surface 

temp.  
• Cooler track offers drivers greater control, faster 

times  
• 15,000 feet of ¾ tubing 
• 30 loops  
• 6 on-center spacing 
 
To mark the 50th anniversary of their racetrack,                 
the Bandimere family sought engineering and 
professional installation help to create the nation’s first 
substantial radiant track cooling system.  
     The track cooling system acts like a radiant heat 
system in reverse. Rather than supplying heat, it sends 
chilled water into an immense network of embedded 
tubing to draw heat out of the high-mass concrete slab, 
wicking away heat faster than the sun supplies it. 
      Just three inches below the track’s surface lies 
15,000 feet of ¾ tubing for serious cooling of              the 
surface above. The cooling system circulates 110 
gallons per minute, removing just over one million 
BTUs of heat per hour. The initial design calculations 
determined track temperatures could be lowered by 20 
degrees. 
 
 
 
 
 
 
 

 
 

 
Fig.22: Bandimere Speedway 

Conclusions 
 

1) Between 2000 and 2009 primary energy 
consumption has increased by nearly 50%, final 
electricity consumption has nearly doubled.            
A business-as-usual approach will, accordingly, 
lead to another doubling of final electricity 
demand until 2020. 

2) The American Institute of Architects issued        The 
2030 Challenge asking the global architecture and       
building community to adopt   a series of 
greenhouse gas reduction targets for new and 
renovated buildings.  

3) Heating, ventilation and air conditioning (HVAC) 
systems are becoming increasingly important for 
achieving those goals as they consume more than 
40% of energy use in buildings and have 
significant impact on indoor air quality, thermal 
comfort and the occupant’s quality of life. 

4) Interest and increase in radiant structures have 
increased in latest years due to the fact they had 
been proven to be energy efficient in assessment to 
all-air distribution structures and able to preserve 
accurate thermal comfort conditions. 

5) The design of a radiant-cooled slab for large retail 
buildings can be optimized for occupant comfort, 
energy conservation, peak load shifting, and 
constructability using commercially available 

analysis tools and systems. 
6) The system was able to keep the room 

temperatures within a comfortable range, in both 
summer (cooling) and winter (heating), and in 

both climatic zones. 
7) Due to the use of water temperatures close to 

room temperatures water based surface heating 
and cooling systems will increase the possibility to 
use renewable energy sources like ground source 
heat pumps, ground heat exchangers, geothermal 
energy, solar energy, evaporative cooling etc.      
The level of water temperatures used also increase 

the efficiency of boilers, chillers and heat pumps. 
8) The design of a radiant-cooled slab for large retail 

buildings can be optimized for occupant comfort, 
energy conservation, peak load shifting, and 
constructability using commercially available 
analysis tools and systems . 

9) Radiant systems have many features that can 
reduce energy consumption. The first reduction is 
attributed to transporting heat by circulating 
water as compared to circulating air. Second, for 
hydronic transport to be successful, the coupling 
between the transport medium and the space must 
be maximized. 

10) A radiant cooling system can help dramatically 
reduce the energy consumption of a building 
through lower transport energy usage. 

11) Because the heat-transfer capacity of water is 
much higher than that of air, a radiant system that 
uses a circulator to move water can achieve         
the same heat transfer using significantly less 
energy. 
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12) In addition to decreasing energy intake by making 
use of pump strength in lieu of fan power, a radiant 
cooling machine can also lower standard 
electricity use by allowing the chiller to operate at 
greater most appropriate modes. 

13) With a radiant cooling system embedded in           
the floor slab, the visible components, such as air 
handlers, ductwork, grilles, diffusers, etc. can be 
much smaller, allowing greater flexibility in           
the aesthetic architectural design. 

14) The embedded tubing within the concrete slab 
requires no maintenance. The radiant cooling 
system, including the chilled water source and 
distribution, requires no more maintenance than 
typical fluid-based systems. 

15) Once the construction method is established,                
Estimate cooling capacity, then Calculate total 
tubing length required for each zone. Based on 
tubing required, Estimate the number of loops and 
Arrangements it, then determine number of 
manifolds. Finally, Use of controls to avoid 
condensation. 
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