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Human use and consumption of energy has long been an 

issue, especially in the context of sustainable design and 

construction. Today, it is an issue that our country and the 

world is becoming increasingly aware due to its current 

non-renewable nature and harmful environmental impacts. 

Energy consumption becomes more of a problem 

when temperatures rise.

Radiation from the sun beats 
down upon and is absorbed by 
the metal roofs and facades of 
warehouses, increasing the 

cooling load of HVAC systems to 
maintain indoor temperatures. HVAC 
energy use has major impacts on the 
environment. It not only contributes to 
greenhouse gas emissions, but also to 
the depletion of natural resources. This 
issue is perpetuated by energy 
ineffi  ciency. HVAC non-effi  ciency means 
higher rates of power consumption, 
which translate to higher energy bills 
and operating costs.

Thermal Comfort for 
Humans

In order to make sense out of these 
contradictory statements, let us examine 
when we human beings are thermally 
comfortable. Most humans at rest or 
doing light work produce about 
150 watts of heat as a result of the 
biological processes in our body. We are 
comfortable, if we can get rid of this heat 
eff ortlessly. There are three ways by 

which our body loses this heat. They are 
Radiation; Convection and  Perspiration. 
Radiation is the same process by which 
the sun heats us from millions of 
kilometers away. The average 
temperature at which the room surfaces 
give out or absorb heat by radiation is 
called the Mean Radiant Temperature or 
MRT in short. If the MRT is less than the 
human skin temperature, then the 
surfaces absorb heat radiated by our 
body. If it is higher, then the structure 
actually heats up the body, so that we 
have to get rid of that heat also, in 
addition to the 150  watts of metabolic 
heat. Convection happens when air that 
is cooler than the body temperature, 
fl ows over our skin and cools it. If the 
room surfaces are cool, then they cool 
the circulating air by contact and it then 
fl ows over our body. So both radiation 
and convection processes work together. 
Consequently, if the MRT is high, then 
both radiation and convection processes 
add heat to the body instead of removing 
it. Then our body has only one alternative 
left i.e. Perspiration. We start perspiring 
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with the hope that the air moving over our body will absorb it 
and cool us by evaporation. So, it follows that both the room 
MRT and the circulating air have to be cooler than our skin in 
order to make us feel comfortable. Cooler the better. The air 
must also be relatively dry for absorbing the perspiration.

Emissivity
All materials give off  or emit 

energy by thermal radiation as a 
result of their temperature. The 
amount of energy radiated 
depends on the surface 
temperature and a property 
called the emissivity also called 
as emittance. The higher the 
emissivity, the greater the 
emitted radiation at that 
wavelength. Radiant barrier 
materials must have low 
emissivity usually 0.1 or less at 
the wavelengths at which they 
are expected to function.

Radiant Barrier Material: Aluminum Foil
Radiant barriers and refl ective insulation employ a refl ective 

material, generally aluminum, that refl ects radiant heat rather 
than absorbing it. There are many types of radiant barrier 
materials like single sided foil, foil faced roof sheathing 
materials, double sided foil with reinforcement between the 
foil layers, multilayer foil system. Radiant barrier chips type are 
also available. 

Aluminum foil is a commonly used radiant barrier, we can 
apply it below the metal roof in the warehouse. Radiant barrier 
sheet make for a much more effi  cient application and deliver 
high performance. 

Factors Affecting on 
Thermal Radiant 
Barrier

Factors aff ecting the type 
and amount of insulation to 
use in a warehouse include, 
climate, ease of installation, 
durability, moisture, 

decomposition, replacement at end of life, cost eff ectiveness, 
fl ammability & environmental impact and sustainability.

Material Cost
Cost for thermal radiant barrier depend on several factors, 

including the following, whether purchase includes installation, 
amount purchased, manufacturing method and type of 
reinforcement, presence of other insulation materials.

How to Install
The insulation material is light weight in nature. The best 

way to install a radiant barrier in an existing metal roof is simply 
lay the foil material to the underside of the metal roof top. The 
process of insulation is quite simple, hence we can install 
insulation sheet in both conditions. 

 • During warehouse in under construction 
 • Complete ready warehouse.

Balaji Kungiri, Mechanical Engineer 
from Rajiv Gandhi Institute of 

Technology, Mumbai University, working 
at Panasia Engineers Pvt Ltd, Mumbai.  

Roof Sheathing
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How it Works
The low emissivity of a radiant barrier reduces the thermal 

heat fl ow from the heat source. A low emissive radiant barrier 
takes advantage of the low thermal conductivity of the air 
space, thus reducing the amount of radiant heat energy that 
gets absorbed by metal roof insulation. The insulation surface 
temperature is lower, and the heat fl ow through the insulation 
is reduced. However, not all heat energy that gets into your 
metal roof is from radiation. Some of the heat energy is from 
convection, which occurs when surrounding air comes into 
contact with the underside of the hot roof.  Aluminum foil, the 
operative material in metal roof radiant barriers, has two 
physical properties. First, it refl ects thermal radiation very 
well. Second, it emits very little heat. In other words, aluminum 
is a good heat refl ector and a bad heat radiator. If you paint 
the light bulb black, when it is turned on, there is no light 
emission. A radiant barrier has a similar eff ect on infrared 
heat. Aluminum foil across the metal roof airspace refl ects 
heat radiated by the roof. Even if the radiant barrier material 
has only one aluminum foil side and that side faces down, it 
still stops downward heat transfer because the foil's low 
emissivity will not allow it to radiate the roof's heat to the 
insulation below it.

Radiant Barrier Saving
Actual savings from radiant barrier depends on the amount 

of heat from roof contribute to the warehouse. In general we 
can say that the more energy effi  cient warehouse is, the larger 
the percentage of energy can be saved from the radiant barrier. 
In hot climates, benefi ts of metal roof radiant barriers include 
both cost savings and increased comfort level.

How Radiant Barrier is Useful for Metal Roof 
Insulation!

Without a radiant barrier, your roof radiates solar generated 
heat to the insulation below it. The insulation absorbs the heat 
and gradually transfers it to the material it touches, principally 
the ceiling. A roof radiant barrier stops almost all of this 
downward heat transfer so that we can stay comfortable 
without air conditioning during mild weather. We can expand 
these radiant barriers material for insulation use of more in our 
metal roof warehouses for comfort. 

Aluminium Foil Insulation better than Others
Aluminum foil is a new environmentally-friendly heat 

insulation material, which is soft, light weight and easy to 
install. This material not only has good insulation, heat refl ection 
& anti radiation functions but also has good moisture barrier.

Case Studies
ATE Enterprises Pvt Ltd, Ahmedabad

In ATE factory roof, they used aluminum sheet as the basic 
raw material. We can compare roof bottom temperature by 
following calculation.
Analysis

Radiant heat transfer per unit area with Aluminum sheet 
(Emissivity = 0.55)

  Q rad 1 = Emissivity (alum sheet) x Stefan boltzmann 
constant x (T14 – T24)

= 0.55 x (5.67 x10-8) x (( 60+273)4 – (23+273)4)
= 144 Watts/ Sq mtr
Radiant heat transfer per unit area with Aluminum sheet, 

under deck insulation with aluminum foil (Emissivity = 0.04)
Q rad 2 = Emissivity (alum foil) x Stefan boltzmann 

constant x (T14 – T24)
= 0.04 x (5.67 x10-8) x ((43+273)4 – (23+273)4)
= 5.2 Watts/ Sq mtr
Eff ective mean radiant temperature when heat transfer 

is 5.2 Watts/ Sq mtr (Case no.2)
Q rad 2 = Emissivity (alum foil) x Stefan boltzmann 

constant x (T1 new 4 – T24)
5.2 = 0.55 x (5.67 x10-8) x (( T1 new)4 – (23+273)4)
T1 new = 24OC.

Customer Name: ATE Enterprises Pvt Ltd, Ahmedabad
Zone Mean Radiant Temperature Without Insulation

Customer Name: ATE Enterprises Pvt Ltd, Ahmedabad
Zone Mean Radiant Temperature With Insulation
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IPCA Laboratories Pvt Ltd, Athal
In Ipca Athal warehouse roof, they have used high quality, 

high grade, pre-coated Galvalume material as the basic raw 
material. The thermal radiant barrier aluminum foil insulation 
laid inside the metal roof. We can compare  metal roof bottom 
temperature by following calculation.

Analysis 
Radiant heat transfer per unit area with Galvalume Sheet 

(Emissivity = 0.28)
Q rad 1 = Emissivity (galvalume sheet) x Stefan boltzmann 

constant x (T14 – T24)
= 0.28 x (5.67 x10-8) x ((60+273)4 – (23+273)4)
= 73 Watts/ Sq.mtrs
Radiant heat transfer per unit area with Galvalume sheet, 

under deck insulation with aluminum foil (Emissivity =0.04)
Q rad 2 = Emissivity (alum foil) x Stefan boltzmann 

constant x (T14 – T24)
= 0.04 x (5.67 x10-8) x ((43+273)4– (23+273)4)
= 5.2 Watts/ Sq.mtrs
Eff ective mean radiant temperature when heat transfer is 

5.2 Watts/ Sq.mters (Case no.2)
Q rad 2 = Emissivity (alum foil) x Stefan boltzmann 

constant x (T1 new 4 – T24)
5.2 = 0.28 x (5.67 x10-8) x ((T1 new)4 – (23+273)4)
T1 new = 26OC.

As shown above aluminum foil inside the roof reduces 
radiant heat gain and maintains the eff ective mean radiant 
temperature below body temperature so there will be no heat 
gain from roof. 

In IPCA Laboratories Ltd, Athal Air conditioning: Roof Load 
reducing in terms of Btu/hr 

Btu/hr in Warehouse metal roof without insulation (for area 
11500 Sq. ft)

= 11500 (Area in Sq. ft) X 52 (Temp. Diff . In OF) x 0.67 (U value 
of metal roof )

= 400660 Btu/hr ≈ 33.0TR
Btu/hr in Warehouse metal roof with insulation 

(11500 Sq ft)
= 11500 (Area in Sq ft) X 52 (Temp. Diff . In OF) x 0.10 (U value 

of metal roof with aluminum foil insulation)
= 59800 Btu/hr ≈ 5TR
Actual saving = 28 x 1.3 x 0.6 x 0.7 x 365 x 24
= 133923
= 133923/11500    (11,500 Sq. ft.)
= 11.64 Kwhr/Sq.ft./year.
Capacity of Dx System in Ipca athal warehouse without 

insulation:
= 90 TR with 40,000CFM 
(To maintain Dry Bulb Temperature Not More Than 25OC in 

warehouse) 
Capacity of Dx System in Ipca athal warehouse with 

aluminum foil insulation:
= 60 TR with 22,000CFM
(To maintain Dry Bulb Temperature Not More Than 25OC in 

warehouse)
As per aluminum foil insulation, it also reduce the CFM 

required in warehouse according to reduction in sensible load.

Conclusion
The purpose of specifying and applying radiant barriers or 

refl ective insulation is energy conservation, which plays a 
crucial role in sustainable design.  �

Customer Name: IPCA Laboratories Pvt Ltd, Athal
Zone Mean Radiant Temperature Without Insulation

Customer Name: IPCA Laboratories Pvt Ltd, Athal
Zone Mean Radiant Temperature With Insulation
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