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ABSTRACT

Aerogel based solutions offer opportunities which combine aesthetics and cultural heritage
criteria, often times in a unique way. In the field of energy efficient buildings, the search for
improved envelope solutions has established Switzerland at the forefront of this type of
applied research. Examples with granulate, aerogel sheets and aerogel render from 2002, 2008
and 2011 are presented [1, 2, 3]. For the development of the aerogel render [4], the speaker
and his team received the Swiss environmental award for innovation in 2014. These are only a
few selected examples of aerogel-based superinsulating solutions with many new ones being
developed all over Europe. Experts and market analysts predict that aerogel materials will
have a significant impact on the future built environment offering slim solutions, assuming
that the high cost of production can be lowered to allow main markets penetration.

Vacuum Insulation Panels (VIPs) are a second class of high performance thermal insulation
products with earlier market entry than aerogels, thus allowing us to look back on a full
decade of experience with their applications and aging behaviour [5, 6, 7]. It was found that
the aging behaviour of VIPs installed in 2004 is linear under the challenging conditions
existing in flat roof terrace installations. This confirms that the prediction model [8] is
applicable. Sufficient data exists to confirm that VVIPs in Europe are of sufficient quality to be
used in the building envelope..

In the context of a new project - the IEA EBC Annex 65 - the long term questions of aerogel
and VIPs will be discussed on a top level. Having a team at Empa that synthesises a whole
variety of aerogel is clearly helpful [10].
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INTRODUCTION

High performance thermal insulation as covered in this paper deals with aerogel and vacuum
insulation panels. What aerogels are and how they are produced is the topic of two other
contributions presented at CISBAT (oral presentations of Ana Stojanovic and of Lukas
Huber).

Three pioneering projects with aerogel are revisited in this work in the context of a case study
on applications motivated by the recently started IEA EBC project Annex 65 “Long Term
Performance of Super-Insulating Materials in Building Components and Systems” [10].
Worldwide these three applications are the first of their kind and show the role of the Swiss
market in building retrofit which is amongst the few trend-setting players which promote new
solutions to reach energy efficiency under the stringent conditions of aesthetic and/or cultural
heritage constraints.
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AEROGEL GRANUALTE TRANSLUCENT APPLICATION

Perhaps surpisingly, the very first building for which aerogel was used in large quantities in
the building envelope was a new construction. In 2003 the use of aerogel in a wide part of the
building envelope started with the school building “Buchwiesen” in Zurich (Fig. 1). In this
pioneering application aerogel was filled into cavities in fibre-reinforced facade elements.
This was possible, as in that year, big enough quantities of aerogel got available at Cabot’s
pilot plant in Frankfurt. Previously, the concept was shown at the ZAE Bayern Building
constructed in 1999 with demonstration and testing areas. For the construction as used at the
“Buchwiesen” building the testing of thermal Performance and Solar gains were performed at
Empa considering the constructive thermal bridging effects (U-values 0.48 W/m? K and G-
values 0.25+ 0.03).

——

Figure 1: Translucent facade seen from the inner side in 2004 and the outer weathered
facade photographed a decade later in October 2014. The inset visualises the granules which
fill up the cavity and insulate.

Nowadays, similar facade solutions are offered by many companies worldwide with aerogel
between polycarbonate or glass panes where the view on the aerogel granules is part of the
sold aesthetical solution. (The Swiss pioneer product Scobatherm, by the way, is now offered
by Supramat Swiss GmbH, where still the same key person, Mr. Steger, is involved.). With
these applications, the original vision of Aerogel used in the building envelope (e.g. [11])
made a prominent market entry.

SHEET SHAPED AEROGELS

While the building mentioned above was the first large scale application of aerogel granulate,
aerogel sheets / blankets did not make their first appearance in the building sector but in the
oil and gas industry and in applications such as spacecraft and military in the USA. Related to
the pipe insulation in the oil and gas industry general technical pipe insulation emerged as a
promising business sector for aerogels. As early as 2004, first samples of these products were
received at Empa which helped bringing pioneering industry partners together.

In Switzerland, a first application was pipe insulation in a joint heating system for several
older, existing buildings. With this high-performance insulation already validated in oil and
gas applications, the same marketing and communication channels were adopted for building
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systems. As a result contemporary insulations standards could be met with ease, which would
not have been possible otherwise due to extreme space constraints.

A second application for aerogel sheets are existing buildings of particular cultural and
aesthetical value with insufficient thermal insulation. Here, conventional insulation materials
are often not a convincing or possible solution because of the necessary thickness or the
potential for moisture problems. An old mill, shown in Fig. 2, was retrofitted with double-
layered aerogel sheets in 2008, constituting the worldwide going-to-market for building
envelopes. The improvement of the thermal envelope thus allows the usage of heat pumps or
other low carbon-emission heat sources, which otherwise would be too energy inefficient in
these kinds of buildings. For the IEA EBC project Annex 65 [10] dealing with the long time
performance of superinsulation material, the mentioned building (Fig. 2) was reviewed by
Valentina Zanotto, Amstein+Walthert AG. It still performs well after 7 years. On that
building two layers of 1cm thick sheets were used as outside insulation in order to achieve
high enough temperatures on the inside, in particular around the wooden ceiling beams, in
order to prevent damage of the building structure or mould on the walls.

—_—

Figure 2: Aerogel sheets of 1 cm thicknesses like the old mill in Oberhallau near
Schaffhausen, CH

With the year 2012 thicker aerogel solutions became available on the Swiss market in the
form of aerogel render and plates. Both forms constitute the solutions used nowadays on
Swiss facades while the sheet type in its high temperature variation is used in technical
insulations. Also ducts for controlled air circulation are under the reference objects [12]. A list
of the reference buildings where aerogel panels are used on the facade is [13]. 50% of these
building are Swiss examples which can be found in more details at [14].

AEROGEL INSULATION RENDER

The third pioneer building with the aerogel high performance insulating aerogel render
(“Dammputz”) was completed in 2012. While granulate is a form of a material which can be
poured directly into a cavity, sheets and plates have roughly constant thickness. The
advantage of a granulate-based plaster is to equalize surface roughness at mm to cm scale
which is typical for historical facades in one step allowing for an original curved or wavy
topography which is so typical for classical historical facades.
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Figure 3: Aerogel granules (left) as used in the aerogel plaster (centre images), and the 2012
retrofitted old mill at Sissach near Basel, CH (left)

Following the first buildings in 2012, about 70 buildings were retrofitted in that way in the
subsequent two years, with now 19 reference objects online at one of the producing
companies’ website [15].

Looking at a second class of high performance thermal insulation, a decade of experience
with aging behaviour of Vacuum Insulation Panels (VIPs) has been gained [5, 6, 7]. It was
found that the aging behaviour of VIPs installed in 2004 is linear under the demanding
conditions of a flat roof terrace installation. This confirms that the prediction model [8] is
applicable. Consistent with an earlier presentation dating back to CISBAT2003, sufficient
data exists to confirm that there are VIPs in Europe offered by leading companies of
sufficient quality to be used in the building envelope.
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Figure 4: Vacuum Insulation Panels (VIPs) showed a thermal conductivity of 6.8 mW/(m K)
after 8.8 years, constituting the best known performance in a real application. Building
insulation is regarded as critical in [16] with more severe uncertainties than most other VIP
applications: Photos from the installation in 2004 (left), a graph with the 2008 prediction plot
[9] which is calculated for the measured temperature histogram at 80%rh moisture load
(centre) and internal pressure increase curve showing the linear in both pressure and
moisture increase (right) [5].

Among the different parts of the building envelope the application to build a terrace is ranked
as the most severe one regarding water vapour permeation [16], and luckily, it is the best
documented application worldwide [5,9] regarding the aging of VIPs.

In the context of a new project - the IEA EBC Annex 65 - the long term questions of aerogel
and VIPs will be discussed on a top level. Having a team at Empa that synthesises a whole
variety of aerogel is clearly helpful [10 and CISBAT contributions of Ana Stojanovic and of
Lukas Huber].
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