
Thermal Conductivity (λ or k-Value) 

Thermal conductivity (denoted by λ or sometimes k) measures how easily heat 

passes through a material. It is expressed in watts per meter-kelvin (W/m·K). A 

material with low thermal conductivity will slow the transfer of heat, making it a 

good insulator. Conversely, materials with high thermal conductivity allow heat to 

pass through more easily, making them poor insulators. 

 Low λ-value = Good Insulator (less heat transfer) 

 High λ-value = Poor Insulator (more heat transfer) 

Examples of Thermal Conductivity (λ-Values) for Common Materials: 

 Air: 0.024 W/m·K (Excellent insulator) 

 Glass Wool (Fiberglass): 0.03 W/m·K 

 Expanded Polystyrene (EPS): 0.035 W/m·K 

 Concrete: 1.7 W/m·K (Poor insulator) 

 Steel: 50 W/m·K (Very poor insulator) 

 Copper: 390 W/m·K (Extremely poor insulator) 

 

U-Value (Thermal Transmittance) 

The U-value, or thermal transmittance, is a measurement of how effective a 

material or a complete building element (like a wall, roof, or window) is at 

preventing heat loss. Unlike thermal conductivity, the U-value considers the entire 

structure (material layers, air gaps, finishes, etc.), and it measures the rate of 

heat transfer through a building element. 

 U-value is expressed in watts per square meter-kelvin (W/m²·K). 

 The lower the U-value, the better the insulating properties. 

Low U-value means the building element is an excellent insulator, while a high U-

value means it is a poor insulator. 

 

How U-Value is Calculated 

The U-value is calculated based on the thermal resistance (R-value) of the 

materials that make up the element. Each layer of material in a wall, for example, 

has its own thermal resistance based on its thickness and thermal conductivity. The 

U-value is essentially the inverse of the total thermal resistance. 



U-Value Formula: 

U=1RtotalU = \frac{1}{R_{total}}U=Rtotal1 

Where: 

 U = U-value (W/m²·K) 

 Rₜotal = Sum of the R-values (thermal resistance) of each material layer in 

the structure. 

 

Example 1: U-Value for a Basic Wall 

Imagine you have a basic wall made up of two layers: 

 Brick layer (λ = 0.7 W/m·K, thickness = 0.2 m) 

 Insulation layer (λ = 0.04 W/m·K, thickness = 0.1 m) 

Step-by-Step Calculation: 

1. Calculate the R-value for each layer: 

Rbrick=thicknessλ=0.20.7=0.29 m2⋅K/WR_{brick} = \frac{thickness}{λ} = 

\frac{0.2}{0.7} = 0.29 \, m²·K/WRbrick=λthickness=0.70.2=0.29m2⋅K/W 

Rinsulation=thicknessλ=0.10.04=2.5 m2⋅K/WR_{insulation} = 

\frac{thickness}{λ} = \frac{0.1}{0.04} = 2.5 \, m²·K/WRinsulation=λthickness

=0.040.1=2.5m2⋅K/W 

2. Calculate the total R-value (Rₜotal): 

Rtotal=Rbrick+Rinsulation=0.29+2.5=2.79 m2⋅K/WR_{total} = R_{brick} + 

R_{insulation} = 0.29 + 2.5 = 2.79 \, m²·K/WRtotal=Rbrick+Rinsulation

=0.29+2.5=2.79m2⋅K/W 

3. Calculate the U-value: 

U=1Rtotal=12.79≈0.36 W/m2⋅KU = \frac{1}{R_{total}} = \frac{1}{2.79} \approx 

0.36 \, W/m²·KU=Rtotal1=2.791≈0.36W/m2⋅K 

This U-value of 0.36 W/m²·K indicates that this wall provides relatively good 

insulation. The lower the U-value, the more effective the wall is at preventing heat 

transfer. 

 



Example 2: Comparing U-Values for Windows 

Let’s look at different types of windows: 

1. Single-glazed window: U-value around 5.0 W/m²·K (Very poor insulation) 

2. Double-glazed window: U-value around 2.8 W/m²·K (Moderate insulation) 

3. Triple-glazed window with low-E coating: U-value around 1.0 W/m²·K 

(Very good insulation) 

You can see from these examples that lower U-values represent much better 

thermal performance. A triple-glazed window, for instance, will significantly 

reduce heat loss compared to a single-glazed window. 

 

How U-Values Relate to Energy Efficiency 

Buildings with low U-values (better insulation) require less energy to maintain 

comfortable temperatures, reducing heating and cooling costs and lowering 

carbon emissions. In many countries, building codes specify maximum allowable U-

values for walls, roofs, and windows to improve energy efficiency and 

sustainability. 

 

Target U-Values for Different Building Elements 

 Walls: Typically, a U-value of 0.2 to 0.3 W/m²·K is considered good for 

modern, well-insulated walls. 

 Roofs: A U-value of 0.15 to 0.2 W/m²·K is typical for insulated roofs. 

 Windows: High-performance windows should have a U-value of 1.0 to 1.5 

W/m²·K or lower for energy-efficient homes. 

 

Summary 

 Thermal Conductivity (λ or k-value) refers to how much heat a material 

can conduct. Lower values mean better insulation. 

 U-value measures how well a building element (like a wall, window, or 

roof) prevents heat from escaping. Lower U-values are better for insulation. 

 Achieving a low U-value involves choosing materials with low thermal 

conductivity, using sufficient material thickness, and combining layers in a 

way that reduces heat transfer. 



The U-value is key to understanding the overall energy efficiency of your building’s 

insulation system. Lower U-values lead to lower energy bills, increased comfort, 

and better environmental performance. 

 


