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How ClimateCoating works and saves energy - overview of
the physical mechanisms

Saving a significant amount of energy in the building sector is one of the most important and
ambitious goals of our time. This primarily concerns the consumption of heating energy, but
increasingly also the issue of cooling energy, in this case ideally the complete avoidance of
the same. There are clear guidelines for new buildings, but the biggest challenge lies in existing
buildings.

The focus of energy-efficient refurbishment is traditionally on installing modern heating
systems, replacing windows and insulating facades. The term insulation is therefore often
used synonymously with the term thermal insulation. However, this equation falls short;
there are significantly more factors on the building envelope that influence the energy
balance.

What effects of the building envelope contribute to energy saving?

Only a dry wall can insulate well

A well-insulated building envelope is an important building block against heat conduction, it
slows down the loss of heating heat from the inside to the outside or the penetration of
solar heat from the outside to the inside. However, for the insulation effect to remain
optimal, the wall and existing insulation materials must be dry. Even a residual moisture
content of 4% in the outer wall can reduce the insulation value by up to 50%, as the
renowned building physicist J.S. Cammerer has proven. Just as a wet woolen sweater does
not keep you warm, a damp wall does not insulate well. A building envelope that is
permanently dry and still allows moisture to escape to the outside is therefore ideal in terms
of energy efficiency.

A reflective thermal barrier inhibits unwanted heat flows

Another important component in the pursuit of energy savings is the optimal use and
reflection of radiant heat. Alongside heat conduction, it is the second physical process that
comes into play when heat spreads between surfaces and space. Reflection and emission
can contribute to energy savings both indoors and outdoors and can be used for both winter
and summer thermal insulation.

Evaporative cooling as passive cooling

Evaporative cooling is a major influencing factor for summer cooling and thus the avoidance
of cooling energy. If a building has moisture available on the inside or outside of the
envelope that can evaporate, a cooling effect is created solely on the basis of the air flowing
around it without any energy requirement.
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What contribution does ClimateCoating make to this?

Due to their composition, ClimateCoating coatings, which are used as a paint application
inside, outside and on top of buildings, combine all the above-mentioned effective factors
that optimize energy consumption in addition to the insulating capacity of a building
envelope.

Walls are dehumidified and kept dry

ClimateCoating coatings consist of almost 50% tiny hollow glass ceramic spheres, the
technical term "microspheres" stands for this type of material. If you look at a dense
collection of spheres, there are enormous cavities between them, even if the spheres are
tiny. In a wet layer of paint, these cavities are filled with color. If the water evaporates
during drying, the spheres hold the structure like a scaffold. The amount of paint in the
spaces shrinks. This creates free cavities and capillaries between the spheres and paint
residue that sticks to the spheres. These very fine capillaries create a capillary effect,
allowing water to be absorbed as with other porous materials. In this way, the coating draws
moisture out of the coarser structures of the wall and dehumidifies them.

At higher humidity, e.g. in driving rain, some components of the coating begin to swell. This
closes the capillaries again and no more moisture can be absorbed. The coating therefore
has a variable moisture passage that conducts moisture out of the wall, but does not allow
moisture to penetrate from the outside to the inside. Plaster and wall remain largely dry
even in very wet conditions and hardly any energy is required for rain drying of the building
envelope - an often completely overlooked loss of heating energy that regularly occurs with
conventional fagade paint.

A thermal barrier from warm to cold helps all year round

The reflection of radiation works from surfaces to air. It is precisely this requirement that is
met in the paint coating due to the structure of the microspheres. This makes the surface of
the coating rough, i.e. its effective surface area is significantly larger than the measured wall
area. Microspheres therefore form a huge surface and have a cavity inside, i.e. air.

If you have a structure of touching cavities in a matrix, visible and also heat rays can be
scattered by these spheres. If we look at a single sphere on the surface, a small part looks
out. The radiation enters this "window", for example IR radiation. As IR radiation has a longer
wavelength than visible light, it can penetrate the extremely thin layers of paint around the
microspheres. The radiation passes through the sphere and hits the inside of the paint that
surrounds the hollow sphere and heats the paint there. As heat radiation radiates
everywhere, it also radiates back, out of the "window". However, a small amount also passes
through to a neighboring microsphere at the point of contact and does the same there. And
this happens again and again and again... This is how the radiation spreads in the flat coating
and from there back into the room.
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In science, this type of diffuse reflection is known as scattering and backscattering, a special
form of IR reflection that goes beyond the simple reflection model on the mirror. Reflection
is used on the one hand to keep heat in the room and on the other to keep solar heat out of
the building.

A high emissivity radiates a lot of heat

In order to understand radiation effects, we must realize that all objects or subjects emit
thermal radiation, even cold objects. This means that even in rooms that are classically
heated by convection heat, thermal radiation is generated on all objects. This is because
when a warm air stream heats a cold surface, this surface also emits thermal radiation.

If the surface of a ClimateCoating is heated by convection, it emits heat radiation, mainly
because other means of heat transport do not work well. Neither the conductivity is high
enough nor is the necessary mass available for heat conduction within the material towards
the wall. The heat cannot be released via convection either, as this is the way the heat
comes from, so release is not possible. Emission, on the other hand, is very possible, as it
only requires a large surface area, which is provided by the effective surface area of the
microspheres. The more surface area, the more heat radiation the paint layer can emit.

This is different with simple smooth coatings. There is little surface area, a lot of mass and
therefore higher conductivity. This means there is hardly any emission and this heat
transport path is not suitable here. In such a layer, it is easier to transfer the heat directly to
the wall. This is still the standard nowadays, which is why itis wrongly assumed that there is
no significant IR radiation with convection. But this is not the case with a ClimateCoating
coating.

The evaporation of absorbed moisture cools both inside and outside

The outer surface of the coating is hydrophilic, i.e. it attracts water. Due to the
microspheres, as already described, the effective surface area is significantly larger than the
measured wall area. A larger surface area also means more evaporation surface. The
moisture absorbed in the membrane evaporates on the surface, causing the capillaries to
open slowly and more moisture can be transported to the surface to evaporate. This results
in evaporative cooling on the coating in summer when humidity is high inside and outside.

How did ClimateCoating come about and how have the effects been proven?

The origins of climate coatings with ceramic additives date back to the 1980s in the USA. At
that time, there were already various manufacturers of such paints exclusively for summer
heat protection, inspired by the ceramic tiles used for heat protection on space shuttles. The
reason for the diverse research and development into heat protection was the high cost of
electricity for air conditioning. Winter heat protection, on the other hand, was not an issue
there due to the low price of oil.
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SICC Coatings GmbH has taken this technology from the USA and developed it further to
meet the requirements in Germany. As described above, the performance spectrum of the
coating has been expanded to include the aspects of winter heat protection and evaporative
cooling. Specialized coatings for various interior and exterior requirements have been
developed and the colour spectrum has been extended to over 100,000 shades.

SICC Coatings has been developing and distributing its climate control coatings since 2003
and has driven forward scientific research into the mechanisms of action from the very
beginning. The mode of action of the coating has been understood and proven in ever
greater detail by various scientists in theoretical studies and practical test set-ups.

Central works here were the mathematical model by J. Shnir from 2003 and the work of
Professor Dr. Peter Marx (indoor climate analyses to determine the effect of the interior
coating) and Prof. Dr. Manfred Sohn, who dealt with the energetic effects of facade coatings.
In a report published in 2008, the Fraunhofer Institute for Interfacial Engineering and
Biotechnology acknowledged all the research work carried out on ClimateCoating up to that
point and confirmed the models developed and the modes of action and variables
presented, even if some effects did not appear to have been fully clarified in terms of
content.
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