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• Introduction
• Fundamentals

– Convection, Conduction and 
Radiation

– Materials
– Electromagnetic spectrum

• Glazing
– Single
– Double & triple
– Low-e Double

• Surface Temperature and Comfort
• AGNORA Coated Product Range
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• Learning Objective 1: Fundamentals of thermal 
efficiency 

a. Convection, conduction and radiation
b. Materials
c. Electromagnetic spectrum

• Learning Objective 2: Glazing and efficiency in 
thermal insulation

a. Single glazing 
b. Double and triple glazing 
c. Coatings and gases

• Learning Objective 3: Understanding surface 
temperature and its effect on comfort

• Learning Objective 4: Solar Factor
a. Light and energetic factors 
b. How to decrease the solar factor 
c. Coating types and effectiveness
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Learning Objectives



Introduction



Heat

Introduction



20°C

0°C Required Power?

P = S (m²) x ∆T (°C) x Ug (W/m² °C)

Introduction



Roof : 20%

Walls : 25%

Ground : 20%

Windows account for 
about 35% !

The Thermal Loss of a Dwelling
Introduction



Convection, Conduction and Radiation



Convection, Conduction and Radiation



#

CONVECTION

Transfer of heat through a 
fluid (liquid or gas) caused by 
molecular motion

CONDUCTION

Transfer of heat or electric 
current from one substance to 
the other by direct contact

RADIATION

Energy that is radiated or 
transmitted in the form of rays 
or waves or particles

Convection, Conduction and Radiation



Convection, Conduction and Radiation



Indoor 
temperature : 

Tin

Outdoor 
temperature : 

Tout

Convection 
(and conduction)

Radiation

Ug-value =
Heat loss

Temperature difference
(W/m².K)

Radiation

Convection 
(and conduction)

Conduction

Convection, Conduction and Radiation



Materials



Material W/ (m °C) BTU/(ft h °F) 
Argon 0.012 0.01
Air 0.018 0.01
Acetal (insulator) 0.2 0.1
Glass 1 0.5
Stainless Steel 15 9
Aluminum 205 118

λ = Thermal conductivity of different materials

Presenter
Presentation Notes
X5CrNi18-10 is the SS alloy used in Nirotec spacers




Electromagnetic spectrum



Electromagnetic Radiation Spectrum
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Now, let’s apply those concepts to glazing



Conduction

Single Glazing 
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Monolithic Glass thickness

To get a U value of 1.4 𝑊𝑊
𝑚𝑚2 °𝐶𝐶

/ 0.25 𝐵𝐵𝐵𝐵𝐵𝐵
𝐻𝐻𝐻𝐻𝐻𝐻2 °𝐶𝐶

you need 700 mm of glass !

Winter U value for Clear float
Single Glazing 

Presenter
Presentation Notes
X5CrNi18-10 is the SS alloy used in Nirotec spacers




λglass = 1 W/(m K)

λair = 0,018 W/(m K)

U = 5.8 𝑊𝑊
𝑚𝑚2°𝐶𝐶

1.02 𝐵𝐵𝐵𝐵𝐵𝐵
𝐻𝐻𝐻𝐻𝐻𝐻2 °𝐶𝐶

U = 2.7 𝑊𝑊
𝑚𝑚2°𝐶𝐶

0.48 𝐵𝐵𝐵𝐵𝐵𝐵
𝐻𝐻𝐻𝐻𝐻𝐻2 °𝐶𝐶

Double Glazing 

Presenter
Presentation Notes
X5CrNi18-10 is the SS alloy used in Nirotec spacers




Float Float

Spacer

Primary Sealant

Secondary SealantDesiccant

Gas

Double Glazing 



1.8 𝑊𝑊
𝑚𝑚2°𝐶𝐶

0.32 𝐵𝐵𝐵𝐵𝐵𝐵
𝐻𝐻𝐻𝐻𝐻𝐻2 °𝐶𝐶

2.7 𝑊𝑊
𝑚𝑚2°𝐶𝐶

0.48 𝐵𝐵𝐵𝐵𝐵𝐵
𝐻𝐻𝐻𝐻𝐻𝐻2 °𝐶𝐶

Triple Glazing 

Presenter
Presentation Notes
6-12-6-12-6 clear no coating, no argon



Conduction Convection

Convection, Conduction and Radiation



Outside Inside

Long IR >2500 nm

UV, visible, 
short IR

ε −
Emissivity of the surface of a 
material is its effectiveness in 
emitting energy as thermal 
radiation. εGlass = 0.84

Double Glazing without Coating

Presenter
Presentation Notes
Emissivity ratio varies from 0 to 1. The surface of a black object emits thermal radiation at the rate of approximately 448 W/m² @ 25°C. 
Glass can then emit 0.84 X 448 = 376 W / m²



Outside Inside

Long IR >2500 nm

Glass is opaque to long 
IR.  The IR energy is 
absorbed and re-emitted 
at 84%.

UV, visible, 
short IR

εGlass = 0.84

Double Glazing without Coating

2.7 𝑊𝑊
𝑚𝑚2°𝐶𝐶

/   0.48 𝐵𝐵𝐵𝐵𝐵𝐵
𝐻𝐻𝐻𝐻𝐻𝐻2 °𝐶𝐶



Outside Inside

Long IR >2500 nm

Glass is opaque to long IR.
The IR energy is absorbed and 
re-emitted.
With Low-e coating only 15% 
can escape toward exterior.

UV, visible, 
short IR

εGlass = 0.84εlow-e EADV = 0.15

Double Glazing with Pyrolithic Coating

1.9 𝑊𝑊
𝑚𝑚2°𝐶𝐶

/   0.33 𝐵𝐵𝐵𝐵𝐵𝐵
𝐻𝐻𝐻𝐻𝐻𝐻2 °𝐶𝐶

Presenter
Presentation Notes
The low-e coating forces the reemission of the absorbed heat by glass towards the interior, it performs as a IR mirror which reflects the heat which tries to leave the building




Outside Inside

Long IR >2500 nm

Glass is opaque to long IR.
The IR energy is absorbed and 
re-emitted.
With HP Low-e coating 2% can 
escape toward exterior.

UV, visible, 
short IR

εGlass = 0.84εlow-e XNII = 0.02

1.7 𝑊𝑊
𝑚𝑚2°𝐶𝐶

/   0.30 𝐵𝐵𝐵𝐵𝐵𝐵
𝐻𝐻𝐻𝐻𝐻𝐻2 °𝐶𝐶

Double Glazing with HP Coating

Presenter
Presentation Notes
The low-e coating forces the reemission of the absorbed heat by glass towards the interior, it performs as a IR mirror which reflects the heat which tries to leave the building




Presenter
Presentation Notes
https://www.youtube.com/watch?v=6wA9pfGHxOM   from 02:32 to 04:21



Outside Inside

Long IR >2500 nm

UV, visible, 
short IR

εEADV = 0.15εHP low-e = 0.02

Double Glazing with HP + Pyrolithic Coating in Position #4

1.3 𝑊𝑊
𝑚𝑚2°𝐶𝐶

/   0.23 𝐵𝐵𝐵𝐵𝐵𝐵
𝐻𝐻𝐻𝐻𝐻𝐻2 °𝐶𝐶

Presenter
Presentation Notes
The low-e coating forces the reemission of the absorbed heat by glass towards the interior, it performs as a IR mirror which reflects the heat which tries to leave the building




Outside Inside

εEADV = 0.15εHP low-e = 0.02

• Improvement on U value
• In some area, will allow to pass energy 

code
• Ex: Aspen w/o Argon

• Difficult to clean

• Lower inside glass temperature
• More condensation risk

Double Glazing with HP + Pyrolithic Coating in Position #4

1.3 𝑊𝑊
𝑚𝑚2°𝐶𝐶

/   0.23 𝐵𝐵𝐵𝐵𝐵𝐵
𝐻𝐻𝐻𝐻𝐻𝐻2 °𝐶𝐶

Presenter
Presentation Notes
The low-e coating forces the reemission of the absorbed heat by glass towards the interior, it performs as a IR mirror which reflects the heat which tries to leave the building




Conduction Convection Radiation

Convection, Conduction and Radiation



Icing on the cake

Material W/ (m °C) BTU/(ft h °F) 

Argon 0.012 0.01

Air 0.018 0.01
Acetal (insulator) 0.2 0.1
Glass 1 0.5
Stainless Steel 15 9
Aluminum 205 118

λ = Thermal conductivity of different materials

Presenter
Presentation Notes
X5CrNi18-10 is the SS alloy used in Nirotec spacers




Argon

• Is less conductive

• Heavier 40 Vs 15
• Bigger molecules

• Less convection inside the cavity 



14 mm, 2.68 / 0.47

12 mm, 2.55 / 0.45

8 mm, 2.47 / 0.43

2.4

2.6

2.8

3.0

3.2

3.4

3.6

4 mm 6 mm 8 mm 10 mm 12 mm 14 mm 16 mm 18 mm 20 mm

Spacer width and gas.
The effect on Winter U.

Double Glazing 



Don’t be fooled…Europe does not have better U values 

• Europe 
• EN673
• Environmental 

conditions
• 0°C /  32°F

• North America 
• NFRC
• Environmental 

conditions
• 0°F   / -18°C

Double glazed unit
• 6mm /16mm Argon /6 mm Planitherm XN
• Values

• U EN673 1.1   /  0.19
• U NRFC 1.5   /  0.26



Composite material
• Plastic 
• Metal foil

Improves perimeter (frame) U value
• Very small effect on COG U value

Reduces internal condensation in residential 
environment

• Small windows
• High humidity

Cherry on the icing   - Warm Edge Spacer



Aluminum spacer Warm edge

Double Glazing with Warm Edge Spacer



• Assembly in double or triple
• Largest improvement

• Low-e coating inside cavity
• Large improvement

• Argon
• Small improvement

Warm edge spacer
• Helps in the frame insulation

Glass thickness
• Insignificant

Low-e coating surface #4
• Band Aid solution

Triple Glazing is the way to go!
• It is the law in all Scandinavian Countries

How to Improve Insulation ?



How to improve insulation?

5.80  / 1.02 1.90 - 1.70

0.33 - 0.30

2.90  /  0.51 1.60 - 1.40

0.28 - 0.25

Ar

0.8  / 0.14

Ar Ar



How it increase your comfort?

5,8 1.9-1.72,9 1.6-1.4

Ar

0.8

Ar Ar

Outside Inside

5,6°

12,8°

17,3°
18,5°

0°

20°

16,5°



Solar control



0

0.5

1.0

1.5

Intensity (W/m²)

Wavelength (nm)
0 280 380 780

Solar 
Energy

2500

UV    Light                                   Short infrared

25000

Converted energy - Long Infrared

Back to Solar Spectrum



3%

44%
53%

Total Solar Energy 

Ultraviolet Visible Infrared

Back to Solar Spectrum



Greenhouse Effect

Presenter
Presentation Notes
Stop at 00:32



Greenhouse Effect

1. 300 – 2500 nm radiation enters the car
2. Interior objects absorb this energy
3. Objects re-emit that energy in the 

15000-25000 nm range
4. Glass is opaque to long IR so this 

energy is absorbed and re-emitted at 
84% inside the car

5. Heat buildup



Light and Solar Energy Factors

Presenter
Presentation Notes
That is from the handbook. Need to create a series of slides that build-up the whole diagram: 
Visual light = 380 nm to 780 nm
1- Solar flux outside (100%) 
2- Rf (10%) 
3- VTc (90%)  
4- Rb
Add the numbers in parenthesis and the Visible Light Button

Energy = 280 nm to 2500 nm
5- Tsol 86%
6- Rsol 8%
6- ABS 6%
7- ABS out 3%
8- ABS in 3%
9- SHGC 86%
 - add numbers to that and Energy button
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• 1950 - 1990
• Tinted Glass

• Green
• Bronze
• Grey
• Lower the light transmission
• Lower the SHG

• 1970-2000
• Reflective

• Increase Outside Reflection
• Combine with Tinted
• Bright Colourful Buildings

• 1990-Now
• High Performance Coatings

• High Light Transmission
• Neutral colour
• Low outside reflection
• High selectivity

• VLT / SHG > 2
• Follow the Gillette evolution 

• Single/Double/Triple Silver
• Cardinal Launches 4 layers

History of Solar Control



• Global database of all glass 
products

• Updated regularly
• Handles all cases: 

electrochromic, quadruple, 
laminated assembly

• Sister program: Optics
• https://windows.lbl.gov/softwar

e/window

Free calculation tools – USA made at Berkeley Lab 

https://windows.lbl.gov/software/window


Sampler 
Berkeley Lab
Window Report



Sample
Saint-Gobain
Report



AGNORA Coated Product Range

• Planitherm XNII

• SKN076
• XTREME 70-33

• XTREME 60-28

• Mirror

• Clarity (Anti-Reflective)

• Bird 1st
• SN 68

• SNX 62/27

• IS20 (4th)

• Energy Advantage

• Mirropane
• Optiview

• Optiwhite

• LoĒ180
• LoĒ²272

• LoĒ³366

• Low-e High Light transmission  (80%)
• Solar Double silver (70%)
• Solar Triple Silver (70%)
• Solar Triple Silver (60%)



Thank you!
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