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Definition

insulation noun

1 : material used in insulating
2 a : the state of being insulated
   b : the action of insulating

in·​su·​la·​tion

Source: merriam-webster dictionary

Definition of insulation
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Terminology

Standard Density versus High Density1

C-Value3

R-Value4

K-Value2

U-Value5
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For Example: 15DV

How does one define Standard Density or High Density

What does the letters DV mean

15 kg/m3 Density15D

V Virgin-Grade

This depends on one’s interpretation, or what the insulation manufacturer classifies their density as.

15DV  or 15 kg/m3 Standard Density

20DV  or 20 kg/m3 High Density

30DV  or 30 kg/m3 Extra High Density

Example: Expanded Polystyrene

Standard Density versus High Density
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K-Value: Thermal Conductivity

What is the K-Value in insulation?

• The K factor of insulation represents the material's thermal conductivity or ability to conduct heat. 
• Usually, insulation materials have a K Factor of less than one. 
• The lower the K factor, the better the insulation.

K-value is simply shorthand for thermal conductivity. (not to be confused with Kelvin)

The ASTM Standard C168, defines the term as follows:

Thermal conductivity, n: the time rate of steady state heat flow through a unit area of a homogeneous 
material induced by a unit temperature gradient in a direction perpendicular to that unit area.
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K-Value: Thermal Conductivity
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Lower ‘k’ Value/Factor = Better Insulation
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C-Value: Thermal Conductance

The C-Value is simply shorthand for thermal conductance. 

The C-Value depends on the thickness of the material; K-Value generally does not depend on thickness 

The ASTM Standard C168, defines the term as follows:

Conductance, thermal, n: the time rate of steady state heat flow through a unit area of a material or 
construction induced by a unit temperature difference between the body surfaces.

What is the C-Value of the insulation
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C-Value: Thermal Conductance
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What is the R-Value of the insulation

Typically, this term is used to describe the labeled performance rating of insulation 

Its official designation is thermal resistance.

The ASTM Standard C168, defines the term as follows

Resistance, thermal, n: the quantity determined by the temperature difference, at steady state, between two 
defined surfaces of a material or construction that induces a unit heat flow through a unit area.

R-Value: Thermal Resistance

High ‘R’ Value/Factor = Better Insulation

Flows
Through

Rate of Heat

Heat

Material

Resistance
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U-Value: Overall Coefficient of Heat Transfer

The is U-Value, known officially as thermal transmittance. 

This is more of an engineering term used to designate the thermal performance of a system  of materials as 
opposed to a homogeneous material. 

The ASTM Standard C168, defines the term as follows

Transmittance, thermal, n: the heat transmission in unit time through unit area of a material construction 
and the boundary air films, induced by unit temperature difference between the environments on each side.

What is the U-Value of the insulation
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U-Value: Overall Coefficient of Heat Transfer
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Principle of Heat Transfer
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Insulation Material Types

Expanded Polystyrene (EPS)1

Rigid and Foam Injection Polyurethane (PUR) / Polyisocyanurate (PIR)3

Mineral Wool4

Extruded Polystyrene (XPS)2

Hybrid Insulation5
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Insulation Materials: Expanded Polystyrene (EPS)

Definition of Expanded Polystyrene (EPS)

Expanded Polystyrene (EPS) is a lightweight cellular plastic material consisting of small hollow spherical 
balls. It is this closed cellular construction that gives EPS its remarkable characteristics.

EPS is produced in a wide range of densities providing a varying range of physical properties. 

These are matched to the various applications where the material is used to optimise its performance 
and strength.
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Insulation Material: Expanded Polystyrene (EPS) Densities and K-Values
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Insulation Materials: Rigid and Foam Injected Polyurethane (PUR) / Rigid Polyisocyanurate (PIR)

Definition of Rigid and Foam Injected Polyurethane (PUR) / Rigid Polyisocyanurate (PIR)

Polyurethane is substantially made of two raw materials: 
• isocyanate and 
• polyol, 
This is derived from crude oil. After mixing those two process-ready liquid components of the system with  
various auxiliary materials, (namely catalysts, foaming agents, and stabilizers), a chemical reaction starts.

Polyurethanes are in the class of compounds called 'reaction polymers' and are produced by mixing two or more 
isocyanates' groups in the presence of a catalyst. 

The properties of polyurethane can be influenced by the types of isocyanates and the polyols used to make 
them. These can range from tough or rigid versions, through to long, flexible segments; with different 
characteristics being controlled by the polyol using cross-links - the term given to a bond that links one polymer 
chain to another - with long chains and intermediate cross-linking making a polymer useful for foam



Energy efficiency in insulated structures
Insulation Material: Rigid Polyurethane (PUR) / Rigid Polyisocyanurate (PIR) Densities and K-Values
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Insulation Material: Foam injected Polyurethane (PUR) / Foam injected Polyisocyanurate (PIR) Densities and K-Values
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Technical Talk - ENERGY EFFICIENCY IN INSULATED COLD STORE STRUCTURES
Insulation Materials: Mineral Wool

Definition of Mineral Wool

Mineral wool is any fibrous material formed by spinning or drawing molten mineral or rock materials such as 
slag and ceramics. 

Applications of mineral wool include thermal insulation, filtration, soundproofing, and hydroponic growth 
medium.
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Insulation Material: Mineral Wool Densities and K-Values
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Insulation Material: Hybrid Insulation

Definition of Hybrid Insulation

Hybrid insulation systems –These combine two types of insulation to maximize the value of each material. 

It is a cost-effective way to achieve lower insulation K-Value and a higher R-value
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Insulation Material: Hybrid Insulation Densities and K-Values 
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Cost Index of Insulation Density

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

EPS - 15 kg/m3 EPS - 20 kg/m3 EPS - 24 kg/m3 Hybrid 50 kg/m3 PUR - 32 kg/m3 PUR - 40 kg/m3

Cost Index

50mm 75mm 100mm 150mm 200mm



Energy efficiency in insulated structures
Insulation Materials: Comparison of K-Values
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Insulation Materials: Comparison of R-Values
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Insulation Materials: Comparison of U-Values
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Insulation Materials: Table of U and R Values
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Insulation Materials: Heat Flow
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Calculated Heat Flow

Product Expanded Polystyrene (EPS)

Grade 15D

Density 15 kg/m3

K-Value 0.038 W/mK

Panel Thickness (mm) 50 60 75 80 100 125 150 175 200 220

U-Value (Watts/°C) 0.76 0.63 0.51 0.48 0.38 0.30 0.25 0.22 0.19 0.17

Temperature Difference

10 7.60 6.33 5.07 4.75 3.80 3.04 2.53 2.17 1.90 1.73

15 11.40 9.50 7.60 7.13 5.70 4.56 3.80 3.26 2.85 2.59

20 15.20 12.67 10.13 9.50 7.60 6.08 5.07 4.34 3.80 3.45

25 19.00 15.83 12.67 11.88 9.50 7.60 6.33 5.43 4.75 4.32

30 22.80 19.00 15.20 14.25 11.40 9.12 7.60 6.51 5.70 5.18

35 26.60 22.17 17.73 16.63 13.30 10.64 8.87 7.60 6.65 6.05

40 30.40 25.33 20.27 19.00 15.20 12.16 10.13 8.69 7.60 6.91

45 34.20 28.50 22.80 21.38 17.10 13.68 11.40 9.77 8.55 7.77

50 38.00 31.67 25.33 23.75 19.00 15.20 12.67 10.86 9.50 8.64

55 41.80 34.83 27.87 26.13 20.90 16.72 13.93 11.94 10.45 9.50

60 45.60 38.00 30.40 28.50 22.80 18.24 15.20 13.03 11.40 10.36

65 49.40 41.17 32.93 30.88 24.70 19.76 16.47 14.11 12.35 11.23

70 53.20 44.33 35.47 33.25 26.60 21.28 17.73 15.20 13.30 12.09

75 57.00 47.50 38.00 35.63 28.50 22.80 19.00 16.29 14.25 12.95

80 60.80 50.67 40.53 38.00 30.40 24.32 20.27 17.37 15.20 13.82

85 64.60 53.83 43.07 40.38 32.30 25.84 21.53 18.46 16.15 14.68

90 68.40 57.00 45.60 42.75 34.20 27.36 22.80 19.54 17.10 15.55

95 72.20 60.17 48.13 45.13 36.10 28.88 24.07 20.63 18.05 16.41

100 76.00 63.33 50.67 47.50 38.00 30.40 25.33 21.71 19.00 17.27
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Hourly Temperature

Energy Consumption
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Hourly Temperature

Electricity Costs
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Example

Site: Johannesburg

Extreme Annual Temperature

Max DB: 31°C

Room Temperature: +2°C
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Hourly Temperature

Site: Johannesburg

Extreme Annual Temperature

Max DB: 31°C
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Hourly Temperature
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Energy Consumption
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Conclusion

Room Temperature1

Insulation Type3

Thickness of Insulation4

Ambient Temperature2

Factor to take into account



Q&A

Energy efficiency in insulated structures



Thank You

Energy efficiency in insulated structures
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