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FROM FIBRE TO SMART TEXTILES

TEST METHODS 
FOR THERMAL PROPERTIES

The Rct value defines the thermal resistance of a material. It is measured with 
the sweating guarded hotplate (SGHP). The higher the Rct value, the better the 
insulation properties. 
For example, to maintain the body temperature and prevent freezing, materials 
with higher Rct values are necessary at temperatures around 10°C than at tem-
peratures around 20°C.

Rct = m² * K/W
The Rct value can be converted 
to the clo value: 1 clo = Rct/0.155

Rct VALUE

Thermal insulation can be measured on a single material (Rct), but also on a 
finished garment (Rc) considering ventilation within the clothing and, using 
movable manikins, the effect of the movements by the wearer on the insulation 
can be taken into account.
The determination of the Rct value is less expensive because the testing is 
performed on unfabricated materials. For the Rc value, fabricated materials are 
required when using the manikins for measurements. Thus, the resulting values 
are more realistic.

Rc VALUE

PCMs can also store the warmth. However, they do not return it immediately, 
but at different times, when needed. 

Other systems like EKS use exothermic processes: Water/sweat collides with 
the molecules of the fibre. The collision sets energy free in form of warmth.

Physical/chemical reactions can’t be actively controlled by the wearer.  
Smart Textiles are one step ahead. The electrical resistance, e.g., in copper 
threads emits energy as heat. By switching the system on and off the tempe-
rature can be controlled. Some systems can be programmed on a wellbeing 
temperature, so that the system will switch on and off automatically to 
keep the desired temperature. Weight remains an issue when it comes to the 
battery, but technology is getting better: lighter and more durable. However, 
Smart Technology stays more expensive than the older conventional passive 
systems.

CRITICAL THOUGHTS

RULE OF THUMB FOR PADDINGS

Warmth
needed

Low warmth Medium warmth High warmth

Activity or 
purpose

High activity  
OR mild  

temperatures

Mild activity  
OR cold 

temperatures

Low activity  
OR very cold  
temperatures

Grams < 80 80 – 150 > 150

The clo value defines the thermal performance of materials and/or clothing. A 
clo value of 1 means an average adult can maintain thermal equilibrium in an 
environment at 21 °C. 
The thermal performance of the insulation increases with the clo 
value meaning the higher the clo value, the better the insulation.  
Fundamentally, it is possible to sum up the clo values of various layers to a total 
clo value of the clothing system. Below numbers are estimated clo values to be 
considered for the specific end use:

Clo VALUE

0 clo Naked body 3 clo Light polar equipment

0,6 clo Summer clothing 4 clo Heavy polar equipment

2 clo Ski outfit 8 clo Polar down duvet

The human body works best at temperatures around 36.5 – 
37.5°C. However, the ambient temperatures differ from what 
is optimal for the human body and warmth migrates to colder 
areas. Two strategies are available to design warm clothing:

PASSIVE ACTIVE
Warmth maintained by  

insulation (e.g. air is a great  
insulation medium)

Active heat generation  
(by chemical reaction or  
electrical conduction)

KEEP IN MIND 
A CONCLUSION

KEEPING AND GENERATING WARMTH
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I.I FIBRE CROSS SECTIONS  
An air cushion is a good layer of insulation to (better) retain warmth. When 
this cushion is found in the fibres (see example below), it is called a hollow 
fibre system. Hollow fibres can occur naturally or can be constructed using 
funnel shaped molds in the manufacture of man-made fibres, e.g., polyesters.
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Brushed (knit)
Brushing the knitted side (in a practical sense, at 
least the side facing the skin).

Fleece (knit) Brushing/combing both sides of the knitted fabric.

II. MECHANICAL CONSTRUCTIONS IN  
AND ON THE FABRIC

Greater warmth insulation can be achieved by brushing the fabric surface and/
or the bonding of several coated layers. This method results in technically  
engineered air cushions or reflective heat barriers. Selected examples:
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s Spacer (knit)
Knitted sandwich from two knitted outer layers and 
an airy, cross-braced inner filling.

Double-weave 
(woven)

Two or more woven layers woven into the  
fabric.
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Aluminum & 
titanium bondings

Body warmth in the form of IR (= infrared)  
radiation is reflected in the system to hold the 
warmth. For this purpose, the inner side of the  
laminate or the liner material is vaporized/ 
coated with metal compounds. For example,  
aluminum oxide has low thermal conductivity 
which means the heat is reflected back inside.  

ACTIVE TECHNOLOGIES 
– PRODUCE HEAT

III. CHEMICAL ADDITIVES E.G.,  
ACTIVATED CARBON PARTICLES   

Various carbon compounds, mostly diverse activated carbon particles from raw 
materials that contain carbon, can also increase the thermal performance of 
a textile:
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Minerals, volcanic ash/
rock, coffee charcoal 
(derived from coffee 
grounds), or cocona 
charcoal (derived from  
coconuts)

The tiny particles have a very porous outer and 
inner surface, which holds the insulating air.  
At the same time, because of the greater total 
surface area of the fibre, there is less evapo- 
rative cooling and faster drying. Other advan-
tages: Improved climate control and odorless. 
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Ceramic and  
graphite/graphene

They are likewise porous and enable improved 
warm air retention. However, they have no tiny 
particles, but instead a grid-shaped molecular 
bond that also makes them abrasion resistant. 
They can be applied as a print on the fabric. 
Other advantages: Engineered ceramic mate-
rials such as a silicate-ceramic are used as a 
thermal insulation because they have a low 
thermal conductivity. 

Hollow center Other hollow structures Overlapping scales wool

TwistedLight curve Strong curve

I.II TEXTURED YARNS

COLL APSED TUBE SQUARE WITH 
VOIDS

OVAL TO  
ROUND

I. PHASE CHANGE MATERIALS (PCM)   
If a large amount of body heat is generated, PCMs absorb it and return the 
excess warmth as required by the body when the ambient temperature drops. 
The secret is in the microscopically small encapsulated materials such as 
paraffin, which become liquid or solidify within a defined temperature range. 
Heat is stored or released during changes in the aggregate state of the paraf-
fin, which affects the skin‘s microclimate. A pleasant “side effect”: Sweating is 
significantly reduced thanks to active temperature control. PCMs are added to 
the synthetic fibres as micro particles during the spinning process and can be 
coated on the fabric. 

PASSIVE TECHNOLOGIES 
– STORE WARMTH

II. EXOTHERMIC REACTION IN WOOL  
AND (EKS) FIBRES   

If merino wool absorbs moisture, it results in an exothermic (chemical) re- 
action: The water molecules collide with the polar molecule groups of the 
wool. The result is a release of energy in the form of absorption heat. The 
merino wool fibres can simultaneously absorb moisture while the fibre surface 
repels water. The effect is that wool can warm even when wet – unlike cotton, 
which becomes soaked with water.
Since the human body perspires, even when not obviously sweating, these 
particularly sensitive EKS-fibres function without sweat. EKS-fibres are hydro-
philic, so they absorb enough moisture for the reaction and work according to 
the same principle: The collision of water molecules with the polar molecular 
groups of the yarn releases heat.

III. ELECTRONIC HEATING SYSTEMS: 
SMART TEXTILES   

Active heat generation is becoming increasingly smart. Extremely thin  
conductive metallic threads or microscopically small carbon nanotubes are 
integrated into the carrier fabric. The metallic threads may run entirely or  
partially through the weave or knitted fabric; or, completely or partially as a 
kind of overlay weave. 
The metal alloys used, do not oxidize and can be combined with natural  
fibres. The fabric is linked to an external power source (e.g., a 5V powerbank 
via USB-connection). The heat supply can be regulated by means of either an 
operating device or an app. 
Various temperature settings or a desired end temperature ensure that just the 
right warmth is achieved. The wearer selects the heat level or additional sen-
sors may assist to determine the actual state and adjust the thermal  
performance.

To increase the insulating effect, air cushions can be generated within the 
yarn. The product is then called a textured yarn. Textured fibres are not only 
used in knitted and woven fabrics, but also in paddings/non-wovens. Thanks 
to the natural structure of wool, it is already composed of 85% air.


