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Insulation and Facade Systems —
Internal Insulation

Abstract

In this learning unitinternal insulation is presented with its advantages and disadvantages.
Practical tips for selecting appropriate insulation materials, forinstallation and the physics
of buildings are given. Planning criteria and feasible insulation standards are described. An
important section deals with quality assurance regarding airtightness and minimizing
thermal bridging.

Objectives

On completing this module students are able to ...
e name areas of application of internal insulation
e compare differentinternal insulation systems
e pointout problem areasin internal insulation
e apply quality criteria to insulation systems

e evaluateindividual wall insulation systems regarding their advantages and
disadvantages
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Introduction

Internal insulation is advisable if thermal insulation cannot be applied to the outside of a
wall during building renovation, for example in the case of listed buildings. However,
external insulation of walls is preferablein terms of the physics of buildings; this is because
thermal bridging can be minimized more easily and more energy-efficient structures can be
produced with external insulation.

2. Areasof application forinternal insulation

The main areas of applicationfor internal insulation involve the preservation of listed
buildings and historic ensembles, as well as of other buildings whose facades must be
preserved because they define the cityscape. The most suitable solution should be
negotiated between the building owner, the planner, the physics-of-buildings specialist and
the authority responsible for preserving listed buildings.

Planning must take into account that, in the context of the physics of buildings, residential
buildings must always meet the users’ needs, while providing a good indoor climate and
hygienicindoor air quality.

Internal insulation can be implemented in a technically sound manner in most types of
building and external wall structures — as exemplified by numerous highly energy-efficient
projects which have beenimplemented in recent years.

Two short videos show internal insulation in practice:

https://www.youtube.com/watch?v=0H- https://www.youtube.com/watch?v=703
MojFjK5E gCsNCFSY

Background on the disadvantages of internal insulation

The main disadvantages of internal insulation are connected with the difficult situation in
terms of the physics of buildings. Reliable solutions must be achieved that rule out
moisture problems resulting in mould developing. In addition care must be taken that the
moisture content of wood does not increase, particularly in structures with timber
components.

The attainable U values are usually less good than with external insulation systems. The
energy-saving potential is further limited by thermal bridging that usually occurs at
intersecting construction elements. A preliminary slight cost advantage can turn into its
opposite if expensive work needs to be done on the connections of intersecting construction
elements (walls and especially timber beam ceilings). This is particularly true if structures
have to be opened up and details haveto be implemented at relatively great expense, for
example in intersecting timber beam ceilings.

Another point: living space is diminished if theinsulation is applied on the inside. The usable
or rentable space shrinks, impairing economic efficiency further.
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3. Planning criteria and achievable results with internal insulation

Planning internal insulation requires a detailed analysis of the situationin question. If
implementation is faulty, damage due to the physics of buildings is more likely than if the
insulation system is on the outside of the thermal envelope.

For example, the following aspects must be taken into account:

Hygiene and comfort in the living space: the aim is to achieve a higher hygienic
standard in theliving space by raising the surface temperature on the inside of
the external wall. On the one hand thisimproves thermal comfort and avoids
condensation and mould developing on the surface. On the other hand itis
necessary to prevent damage from moisture, which can be caused by diffusion,
convection, driving rain or thermal bridges.

Quantification of heat losses and moisture situation: the energy balance sheet
must include the losses at thermal bridges. It is advisable to minimize the thermal
bridgesin detail and quantify the residual losses. The moisture situation should
also be quantified, so as to avoid damage from moisture after the internal
insulation is installed.

Implementation of construction work: the details and transitions must be
implemented very precisely. Particular care is needed as regards convection and,
in consequence, airtightness.

Insulation thickness for achieving high-grade U values: excellent energy
efficiency can be achieved with internal insulation. Various insulation standards
for typical structures are shown as examples in Table 1. The calculation was based
on an insulation thermal conductivity A of 0.040 W/mK. Numerous approved
insulation materials for internal insulation have A values between 0.04 and 0.05
W/mK. But there are also a number of areas of application for ultra-efficient
insulation materials such as aerogel insulation (A = 0.26 W/mK) or vacuum
insulation (A = 0.08 W/mK). If specially energy-efficient solutions are
implemented, special attention should be paid to details as regards airtightness
and protection against driving rain.

Resistance to driving rain: wall structures with internal insulation should in
principle be made proof against driving rain, in order to avoid moisture getting
into the wall from outside.

Airtightness: a particularly highrisk of damage arises at leaky spots, e.g., along
construction elements which penetrate the internal insulation towards the cold
area. In the case of such leaky spots humid indoor air can flow outwards and
precipitate moisture (condensate) as it cools down. This condensate can cause
severe damage, which is why airtightness is of special importance with internal
insulation.

Indoor air humidity: buildings with internal insulation should have the lowest
possible indoor air humidity, especially inthe cold winter months, so as to
minimize the risk of damage caused by diffusion or convection. The simplest
solution isto install a fan-based ventilation system, preferably with waste heat
recovery.
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e Room heating:in internally insulated rooms, heat should basically be transferred
over the entire external wall area. Skirting-board radiators or panel heating
systems are possible here. The most sensitive areas in terms of the physics of
buildings, the intersecting parts of the ceilings, can for example be slightly
warmed by directing the heat distribution system accordingly, thus preventing
damage from moisture.

Existing U=<o.35 U=<o0.28 U=<o.23 U=<o.20
structure  |W/m’K W/m’K W/m?*K W/m?*K
W/m’K cm cm cm cm
late 19" century, |1.40 8.5 11.5 14.5 17
45cm,
A=0.96 W/mK
built 1930, 1.59 9 11.5 14.5 17
37-5¢m,
A =0.96 W/mK
built 1950, 1.38 8.5 11.5 14.5 17
3ocm,
A =0.62 W/mK
4 |built 1960, 1.20 8 11 14 16.5
3ocm,
A =0.50 W/mK
built 1970, 0.93 7 10.5 13 15.5
3ocm,
A=0.36 W/mK
6 |built 1980, 0.60 5 7.5 10.5 13
36.5cm,
A =0.26 W/mK
double-shell, air 1.38 8.5 11.5 14.5 17
space
8 |double-shell, 0.74 6 8.5 12 14.5
4 cm cavity
insulation
g |double-shell, 0.57 4.5 7 10 12.5
6 cm cavity
insulation

Table 1: Thickness of insulationwith A = 0.040 W/mK for internal insulation thatisneeded to reach
different U values, depending onthe existing structure of selected typical building constructions.
Especially with structures 6 to 9, excellent U values can be achieved. However, thismakes sense only
if thermal bridging isminimized as well, for example by using flanking insulationforintersecting
elements. Double-shell wallshave an advantagein terms of thermal bridging because the airspace in
betweencan beinsulated.
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3.1 Examples and U value calculations

One example of installed vacuum insulation ontheinside of the external wall and the
basement ceiling is shown in the following diagram.

Internal insulation of external wall

7 1 Plasterboard cladding
ground o 2 Vacuum insulation panel
| 2y 3 Interior plaster / existing
e 4 Masonry
External 5 Exterior plaster, proof against driving rain
wall
(1)3' Insulation of basement ceiling
77 6 Screed
g 7 Vacuum insulation panel
7 8 Reinforced-concrete ceiling
bage- | - 3 7
ment Extzmal
; wall

Figure 1: internal insulationfor building renovation
using vacuum insulation panels with a thermal conductivity A of 0.008 W/mK (source: Schulze Darup)

Example box

Internal insulation can also be combined with wall heating systems, as shown in Figure 2 and
Figure 3. Figure 4 and Figure 5 show internal insulation with sprayed cellulose and with
aerogel insulation, respectively.

Figure 2 (left): dry construction wall heating element made of clay on a supporting structure with
softwood fibreinsulation panel (source: WEM Wandheizung GmbH)

Figure 3 (right): wall heating pipesonan internal insulation made of bast fibre (source: Oesker 2007;
Fehler! Hyperlink-Referenz ungiiltig.)
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Figure 4 (left):internal insulation system applied by spraying on cellulose; particularly useful for very
uneven surfaces (source: Isocell GmbH)

Figure 5 (right): applying highly efficient aerogel internal insulation with a thermal conductivity A of
0.16 W/mK (source: Schulze Darup)

3.2 Uvaluesininternal insulation

In calculating the U value ofinternal insulation, special attention should be paid, aside from
the area, to thermal bridging at intersecting construction elements. The first calculation
(Figure 6) for a typical existing wall with 12 cm of cellulose internal insulation results in a

U value of 0.260 W/m?K.

Layers (frominsideto outside) d A

1 Plasterboard 1.50 0.210

2 Vapour barrier 0.10 0.400

3 Celluloseinsulation 12.00 0.040

4 Adhesive/plaster 1.50 0.700

5 Masonry 30.00 0.560

6 Exterior plaster 2.00 0.520

Corr.1.00 Thickness [cm]  47.10 U value 0.260

Figure 6: U value calculationoftheinternal insulationof a typical existing wall with 12 cm of cellulose
insulation: the area shows a U value of 0.260 W/m’K; in additionthe thermal bridgesat intersecting
walls and ceilingshave to be takeninto account.

If insulation materials with better thermal conductivity are used, an excellent U value can be
achieved even if insulation is implemented so as to save space. Calculating the U value ofan
aerogelinternal insulation (Figure 7) with a thermal conductivity A of 0.26 W/mK, we geta U
value below 0.2 W/m?K with insulation 7 cm thick. However, especially with such high-
quality insulation, the structure must be analysed regarding the physics of the building in
question.
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Layers (frominsideto outside) d A

1 Interior plaster 1.00 0.700

2 Aerogel insulation 7.00 0.016

3 Adhesive/plaster 1.50 0.700

4 Masonry 30.00 0.560

5 Exterior plaster 2.00 0.520

Corr.1.00 Thickness [cm]  41.50 U value 0.194

Figure 7: Uvalue calculationforan aerogelinternal insulationwith a thermal conductivity Aofo.16
W/mK: even with insulationonly 70 mm thick a U value below 0.2 W/m’K can be achieved.

Investigating the physics of the building in question is even more necessary in the case of
higher-grade internal insulation with vacuum panels. With this approach it is technically
possible to achieve very high-quality internal insulation, up to passive house standard.
However, this does not apply to all existing structures.

In any case a detailed analysis of the physics of the buildingin question is required; in
addition the effects of intersecting structural elements should be considered. Timber
structures with intersecting beams that extend into the cold area, and structures that donot
provide secure protection against driving rain, are especially difficult.

Layers (frominsideto outside) d A

1 Plasterboard 1.50 0.210

2 Insulation/ Protection 1.00 0.035

3 Vacuum insulation 5.50 0.008

4 Adhesive/plaster 1.50 0.700

5 Masonry 30.00 0.560

6 Exterior plaster 2.00 0.520

Corr.1.00 Thickness [cm]  41.50 U value 0.125

Figure 8:itis technically possible to realize internal insulation of very high quality inthe form of
vacuum insulation, up to passive house standard. Apart from the physicsofthe building in question,
one must take the effects of intersecting structural elements into account.
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4. Quality criteria for producing an insulation system

4.1 Quality assurance at the planning stage

Energy-optimized buildings should be planned by a planning teamin which all relevant
trades are represented.

In selecting the insulation system, for example, this involves taking users’ wishes into
account togetherwith structural requirements, and implementing them in terms of high-
quality architecture. Along with this, numerous technical and legal aspects, such as
soundproofing and fire protection, and of course energy-related requirements, play a part.

Nowadays a building s fit for the future only if high-grade heat protection is provided. This
involves not only a U value of at most 0.15 W/m’K, but also requirements concerning
airtightness and minimizing thermal bridging, which have to be taken into account as early
asthe planning phase. The simpler the design of the building and the less complicated the
interfaces, the more cost-effective erecting the building can be.

The target should be simple systems which are easy for skilled workers to implement
and which need only a minimum of maintenance during use.

4.2 Quality assurance during construction

If planning and scheduling have been done with the above-mentioned aspects in mind and
have been described clearly in the tenderdocuments, the contractors’ job is to carry out the
work with as few defects as possible.

For this it is important to clarify and reach agreement on the details, and particularly the
interfaces between the various trades, within the construction team at an early stage. If
the contractors’ tasks are clarified in detail in advance, this will avoid some
misunderstandings during the construction phase.

However, all contractors are obliged to inform every single tradesperson about their tasks
on site and to train them in innovative techniques as appropriate. Advantage should be
taken of training courses offered by energy agencies, trade associations or producers, too.

Finally, site management by the architect must ensure not only that thetasks are
coordinated continuously, but also that they are performed without defects. Regular visits
to the site are essential here, as are the interim and final acceptance procedures.

4.3 Airtightness

The passive-house standard for buildings requires an ACH,, value of at most 0.6 1/h, to
be demonstrated in a blower-door test.

The airtight layer must be taken into account right from the start of planning, and must be
implemented with precision in detailed planning.

In non-frame external walls the airtight layer is formed by the interior plasterin all the
configurations described. In non-frame construction an air seal is usually achieved by means
of the interior plaster or by levelling on the inside of the external masonry.
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Figure g: Measuring for leaks where a beam penetratesthe roof (source: Schulze Darup)

4.4 Minimizing thermal bridging

Thermal weak spots, as compared to the average heat transfer coefficient of an external
construction element, are called thermal bridges. These spots must be analysed in terms
of heat losses. The differential value is the coefficient of thermal bridging loss (W) in
W/mK.

Structure geometry involves a risk of thermal bridging at projections or corners, for
example. However, if the insulation is drawn around the cornerat almost the mean
insulation thickness, this resultsin a “negative” thermal bridge.

This means a small plus when the heat losses through the external construction elements
are calculated.

Interior corners always involve additional thermal bridging due to geometry.

To minimize the thermal bridging at windows/surrounds in all types of configuration, the
insulation must be drawn over the window frame as far as possible.

Depending on the type of structure, the following additional considerations apply:

¢ Ininternalinsulation, load-bearing ceilings and intersecting interior walls
penetrate the insulation layer of the external wall. These spots involve high
thermal bridge loss coefficients, which not only compromise the energy balance
sheet, but can also cause problematic cold areas on the inner surface where
moisture can condense. Thisis why it is urgently recommended to assess
individual thermal bridges in such structures. Thermal bridging caused by
intersecting elements can be reduced if an insulation wedge or aninsulation
panel3ocmdeepisinstalled in the area of intersection. This lengthens the path
of heat flow, and thermal bridging is reduced.

e More detailed information on how to deal with thermal bridges can befound in
the learning unit ,Energy-efficient Buildings — Passive House” on
http://www.e-genius.at/en.
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