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Vacuum Insulation Panel: friend or foe?
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ABSTRACT: Vacuum Insulation Panels (VIPs) are thermal insulators consisting of an evacuated
core material enveloped by a high barrier film or casing required to maintain the vacuum for a long
period of time. In the evacuated state, the thermal conductivity of the core material ideally is a factor
5 to 10 lower than for insulators under atmospheric conditions. As a consequence, vacuum insulation
panels combine high thermal performance with limited material thickness. This space-saving
potential is among the most interesting features for large-scale application of vacuum insulation
panels in architectural applications. Not only this space-saving potential, but also high thermal
performance, low effective weight and possibly in some situations image proclamation, design
potential and cost-effectiveness may be considered as advantages or added values of vacuum
insulation panels over conventional thermal insulators. Application of these panels in building
constructions, however, is not without risks regarding barrier envelope damage, service lifetime and
thermal bridging. This paper therefore attempts to identify and elucidate the advantages and
criticalities for application of vacuum insulation in buildings, so that architects and building engineers
applying VIPs will know what aspects need to be considered more conscientiously.
Keywords: energy reduction, space-saving, thermal insulation, vacuum insulation panels

1. INTRODUCTION
Although vacuum insulation panels (VIPs) have
widely been used in refrigerators and transport
containers for a long time, they have only recently
been discovered by the building sector. Concerns for
a sustainable future necessitate the reduction of
greenhouse-gas emissions and thus primary energy
generation by means of fossil fuels. Beside the
search for alternative energy sources, a reduction of
energy consumption of buildings is an important
element in developing a sustainable energy provision.
As a consequence, more efficient thermal insulation
materials, like vacuum insulation, have been identified
for application in building constructions.
Three types of vacuum insulation can be
distinguished: film-based VIPs, sheet-based VIPs and
vacuum insulating glass (VIG) [1]. The first two types
consist of a microporous core material, for
architectural applications mostly fumed silica, which is
after evacuation tightly sealed into a high barrier
envelope. For film-based VIPs, this envelope is a very
thin (in the order of micrometers) multilayered
metallized polymer film or an aluminium-polymer
laminate (Fig. 1), while for sheet-based VIPs, it
typically is a relatively thick (in the order of
millimeters) stainless steel sheet including edge
profiles. Vacuum Insulation Glass, however, is slightly
different since it does not consist of a core material
but only of a glass barrier envelope and an edge
profile (Fig. 2). Since the fields of application for VIG
differ from the application range of VIPs, they will not
be considered in detail in this paper.
Due to the ‘absence’ of gas inside the voids of a
VIP core material and due to added opacifiers, gas

conduction on the one hand and thermal radiation on
the other hand are significantly reduced or even
eliminated. As a result, the total thermal conductivity
of a vacuum insulation panel is reduced to
-1 -1
approximately 0.004 W·m ·K on average directly
after production. If we compare this value to the
thermal conductivity of mineral fibre insulation, which
-1 -1
is 0.037 W·m ·K , or of polyurethane foam, which is
-1 -1
0.024 W·m ·K , we observe a significant reduction of
this thermal conductivity. A vacuum insulation panel
1
of only 20 mm can therefore ideally replace a
mineral fibre board or polyurethane board of about
185 mm and 120 mm respectively.
Although VIPs are high-tech and thermally wellperforming thermal insulators suitable for architectural
application, actual application will either take place
only if a client or a (sub)contractor is prepared to
willingly take the risk resulting from a new and
practically untested product or system, or if this new
product or system has a distinguished added value
over alternative conventional products or systems.
The first application strategy will normally only be
present during the initial phases of introduction of a
new product on the building market, in which phase a
client or a contractor either hopes to gain (empirical)
knowledge on the performance and expertise in the
implementation of a new product or system in a
specific application, or hopes to create or maintain a
certain desired image, in both cases resulting in an
advantage over potential competitors. Because of the
high material cost of VIP and its special required
treatment during the construction process [2], it is
1

Ideal in this respect means not considering thermal
bridging as a result of the panel edges or barrier envelope.
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Figure 1: Typical 20 mm thick film-based Vacuum
Insulation Panel with a fumed silica core and a metallized
barrier envelope having a centre-of-panel U-value of
-2
-1
approximately 0.2 W·m ·K .

Figure 2: Typical Vacuum Insulating Glass panel having a
thickness of only 6.2 mm and a centre-of-panel U-value of
-2
-1
approximately 1.1 W·m ·K .

necessary that these panels have an added value
over conventional insulators, if VIPs are considered to
become a prevailing (generally applicable) product or
system among a broad assortment of thermal
insulators.
Different types of added values of VIPs over
conventional thermal insulating materials or systems
can be distinguished, which can be subdivided into
intrinsic added values (1. limited thickness; 2. high
thermal resistance; 3. low effective weight) and
extrinsic added values (4. image proclamation; 5.
design potential; 6. cost effectiveness). At this point it
is important to realize that intrinsic added values,
which relate to physical or technological advantages,
are a direct result of material properties and are thus
practically valid for all applications. Extrinsic added
values, however, relate to psychological and societal
advantages and thus also depend on the context in
which VIPs are applied. They are thus not always an
advantage.
Since VIPs, at least the film-based panels, are
very fragile and prone to (thermal conductivity) aging
[3, 4, 5], application in buildings needs to be planned
carefully. As major critical factors may be considered:
7. thermal bridge effects; 8. the hygrothermal microenvironment; 9. mechanical damage.

(excluding boundary resistances) is desired or
specified by building codes for the opaque elements
in a façade, a mineral wool insulation board of 9.3 cm
is required. This same thermal resistance, however,
can also be achieved with a VIP of only 1 to 2 cm,
based on equivalent thermal conductivity values. As a
consequence, a space-saving potential of 7.3 to 8.3
cm in each direction, at least horizontally, arises.
Figure 3 shows the one-dimensional spacesaving potential of a VIP, δd [m], relative to a mineral
fibre board. As can be seen, the space-saving
potential increases for increasing required thermal
resistance. Especially, if in the (near) future thermal
performance criteria for buildings increase, this
space-saving potential due to limited insulation
thickness may become an important incentive for
application of VIP in architectural constructions, for a
doubling in required thermal resistance conduces to a
doubling of space-saving potential in one direction or
a quadrupling of space-saving potential in two
directions.
For rectangular building plans, the area space2
saving potential, δA [m ], can be estimated as

2. INTRINSIC ADDED VALUES
2.1 limited thickness
Since typical VIPs initially have an equivalent
thermal conductivity, i.e. a thermal conductivity in
which thermal bridge effects are accounted for,
approximately 5 to 10 times as low as the thermal
conductivity of conventional insulators, like mineral
wool or polymer foams, the thickness required for a
certain thermal resistance is for a VIP this same
factor smaller than for a conventional alternative [6,7].
If, for instance, a thermal resistance of 2.5 m2·K·W-1

δA ≈ δd ⋅ n ⋅ [2 ⋅ (w 1 + δd ) + 2 ⋅ (l 1 + δd )]

(1).

In this equation, w1 [m] and l1 [m] are the width and
the length of the building plan measured between the
facades and n is the number of stories. If we now take
a typical office building with internal floor plan
dimensions of 14.4x36 m2, with six stories and a
2
-1
required thermal resistance of 5.0 m ·K·W for the
opaque elements in the facades, the total area spacesaving potential of VIPs relative to mineral fibre
insulation would be between 85 and 103 m2.
Because of these dimensional advantages, a VIP
is not only of interest for newly built architectural
constructions, but can also be helpful in facilitating the
possibilities of re-use and retrofitting of existing
buildings.
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Figure 3: 1D space saving potential of VIP relative to
mineral wool. The grey area indicates the range for this
saving potential. Due to boundary resistances the graph
does not go through the origin, but crosses the x-axis at 0.17
2
-1
m ·K·W . The required thermal resistance thus includes
-1
-1
boundary resistances. (0.002 W·m ·K < λvip;eq < 0.008 W·m
-1
-1
-1
1
·K ; λminwool = 0.037 W·m ·K ).

Figure 4: Comparison of the thermal resistance of
different thermal insulators, boundary resistances not
included. The grey area indicates the range in the thermal
resistance of VIP, depending on the effective thermal
-1
-1
-1
-1
conductivity. (0.002 W·m ·K < λvip;eq < 0.008 W·m ·K ;
-1
-1
-1
-1
λmineralwool = 0.037 W·m ·K ; λPU = 0.022 W·m ·K ).

2.2 High thermal resistance
The added value of high thermal performance is
closely related to the previously discussed limited
insulation layer thickness, since the thermal
resistance equals the material layer thickness divided
by its (equivalent) thermal conductivity. While limited
material thickness is especially interesting from an
architectural or a retrofitting point of view, high
thermal performance of building envelopes during
their service life on the other hand contributes to a
reduction in primary energy consumption, as a
consequence reducing CO2-emissions and facilitating
the implementation of renewable and sustainable
energy sources.
This high thermal performance is a consequence
of the low centre-of-panel thermal conductivity of the
core material inside the VIP due to a suppression of
heat conduction through the gaseous phase in the
core material pores and a reduction of radiative heat
transfer. If, for example, the acquired thermal
resistance of a 2 cm VIP, which ranges between 2.5
2
-1
2
-1
m ·K·W and 10.0 m ·K·W depending on the
internal pore gas pressure, the pore water content,
the temperature, the type of core material and the
type of barrier laminate, is compared with the thermal
resistance of 2 cm mineral wool, which approximately
equals 0.5 m2·K·W-1, the difference is clearly
discernible (Fig 4). These high thermal performances
are on the one hand important for a general energyreduction of buildings, but on the other hand also for
special applications like refrigerated storage rooms, in
which a stable temperature far below ambient is
continuously required.

mineral wool insulation panel with thermal
conductivity of 0.037 W·m-1·K-1 and density of 35
-3
-2
kg·m would equal 3.2 kg·m , while the mass of a
VIP with effective thermal conductivity of 0.005 W·m1 -1
·K and density of 180 kg·m-3 would be 2.2 kg·m-2,
which is approximately 31% less. This reduced weight
can contribute significantly to a reduction of
transportation energy and cost. For buildings,
however, the weight of insulation materials is
negligible compared to other building materials. But
for other applications, like transport containers,
appliances and airplanes, it may be of importance.
Different insulation materials can easily be
compared to one another on their combined thermal
and weight-related performance by introducing a
specific thermal conductivity, defined as

2.3 Low effective weight
Despite the high material density of fumed silica,
which is the most widely applied and for architectural
applications most suited core material (160 - 200
kg·m-3 [3]), the mass of a silica-based VIP in a
specific application, however, is typically slightly lower
than the mass of a thermally equivalently performing
conventional alternative. For a required thermal
resistance of 2.5 m2·K·W-1, for example, the mass of a

specific thermal conductivity = λ ⋅ ρ

(2),

in which λ [W·m-1·K-1] is the (equivalent) thermal
conductivity and ρ [kg·m-3] is the material density.
Table 1 and 2 show this specific thermal
conductivity for some thermal insulators often applied
in building construction and for several VIPs
respectively. As can be seen, a typical metallized film
covered VIP with an initial specific thermal
conductivity of approximately 0.6 kg·W·m-4·K-1
performs slightly better than polymeric foams and
sheep wool with respect to density related specific
thermal conductivity and can thus be classified
among the light-weight thermal insulators. Due to
thermal bridge effects, metal-foil covered VIPs,
however, have a small disadvantage regarding weight
and are therefore only interesting for applications in
which very long service lives of for example more
than 50 years are required or for applications in which
very large panel dimensions are allowed [5]. For the
VIPs, the values in these tables are based upon
thermal conductivity values that apply to new panels.
Due to thermal conductivity aging, the thermal
conductivity increases over time, as a result of which
the specific thermal conductivity increases alike.
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Table 1:
typical values of the specific thermal conductivity
for several thermal insulators. Calculations are based upon
literature values [7, 8].

___________________________________________
λ ρ (kg·W·m-4·K-1)
Material
___________________________________________
Cellulose
2.9
EPS-foam
1.2
Flaxen wool
1.1
Cork
4.2
Mineral fibre
1.4
PU-foam
1.2
Foam glass
5.9
Sheep wool
1.0
XPS-foam
1.2
___________________________________________
Table 2: typical values of the specific thermal conductivity of
different vacuum insulation panels. Values are calculated for
2
panel sizes of 1 x 1 x 0.02 m , include thermal edge effects
and core material density increase after evacuation.

___________________________________________
-4 -1
Material envelope
core λ ρ (kg·W·m ·K )
___________________________________________
Foil-VIP

6 μm alu.

a

glass fibre
0.3-1.3
a
XPS
0.5-1.5
fumed silica 1.0-2.1a
50 μm steel glass fibre
0.3-1.2a
XPS
0.5-1.5a
fumed silica 0.9-2.0a
Film-VIP 97 μm filmb glass fibre
0.2-1.0a
XPS
0.3-1.2a
a
fumed silica 0.6-1.6
Sheet-VIP 2.5/0.8 mm glass fibre
33.8-35.2c
steel
___________________________________________
a

Variations in specific thermal conductivity arise due to
increase of internal pore gas pressure during the service life
of a VIP and/or variation in core material density.
b
This film is a three layer metallized polymer film.
c
Direct comparison of the specific thermal conductivity of
sheet-based VIP with film-based VIP and conventional
thermal insulators is not always possible, since sheet-based
VIP can be directly applied as building component, while
film-based VIP and conventional thermal insulators in most
applications need a protective layer, which increases the
weight of the material or component.

3. EXTRINSIC ADDED VALUES
3.1 Image proclamation
Since VIPs have the appearance of a futuristic
and high-tech building component on the one hand
and can contribute to a reduction in energy demand
on the other hand, they can play a role, although
modest, in the establishment or the maintaining of a
certain desired image for the client or (sub)contractor
of an constructional project. These images can be
classified as high-tech, innovative or environmentally
concerned. If the client of an architectural
construction for example is a commercial company, a
real-estate developer or a large institutional investor,

this desired image may lead to a marketing
advantage over competitive companies, since
innovation or environmental concern are nowadays
societally accepted marketing instruments. For a
(sub)contractor, however, the marketing advantage is
not solely a commercial advantage he can acquire
from implementing VIP in a building project. From his
planning and installation experience he increases his
knowledge on the possibilities of, the conditions for,
the problems with and the process of VIP application
in constructional projects, establishing him as the
most suited partner when building with VIP. The
advantages arising from the image of a VIP will,
however, only have effect in the early phases after
the introduction of VIP to the building market. Since
for some countries this market introduction has
already taken place several years ago, this advantage
may not always be effective.
3.2 Design potential
For architects and building designers, design
potential is interesting. In certain respects, the design
freedom of VIPs, however, is restricted due to
production methods. Because of a pressure of about
1 bar acting on the core material after evacuation, for
example, the core thickness reduces, the amount of
which is still difficult to predict adequately. As a
consequence, production tolerances of +2 to -5 mm in
length or width and +1 to –1 mm in thickness for film2
based VIPs result [9]. These tolerances need
certainly be accounted for in the design process and
may put restrictions on certain desired solutions.
Another production difficulty arises from directional
forces acting on the VIP, if non-flat products are
developed. These directional forces need to be
accommodated in the shape of the panel or need to
be balanced by external (or internal) constraints.
Despite these difficulties 3 , different manufacturers
have shown the possibility of developing complex
dimensionally stable single and double-curved
shapes, in some cases even with holes inside the
system [10], resulting in design freedom for architects
and building engineers.
3.3 Cost-effectiveness
Whether a VIP has the added value of costeffectiveness depends either on the rent per square
meter floor area 4 of the building in which a VIP is
applied, or upon the energy-saving potential in a
certain application. The first criterion applies to the
case in which the building skin thermal requirements
are used as a minimum performance level or if the
thermal resistance is a fixed value, resulting in layer
2

Production tolerances for sheet-based VIPs are smaller (±
1 mm), since the panel dimensions are not determined by
the core material (shrinkage due to evacuation).
3
Manini et al. [10] mention three additional challenges to
overcome in designing complex shaped VIPs: difficulty of
keeping sealing parameters under control for complex
sealing areas; difficulty of integrating the panel sealing
process into the complete VIP manufacturing cycle; difficulty
of scaling prototype manufacturing process to large volumes
without increasing cost beyond acceptable.
4
Or alternatively, the investment cost per square meter of a
parcel of land.
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Table 3: indicative values of the specific thermal insulation
costs of different thermal insulation materials. Values include
thermal edge effects and are taken from Eicher [11].

___________________________________________
Material
KR;spec (€·W·m-4·K-1)
___________________________________________
-3
5.3
Cellulose (70 kg·m )
EPS-foam (20-30 kg·m-3)
5.0-7.6a
-3
12.8
Cork (120 kg·m )
Mineral fibre (32-100 kg·m-3)
2.9-7.9a
PU-foam
6.7-7.3
-3
13.8
Foam glass (130 kg·m )
XPS-foam (33 kg·m-3)
11.9
film-based VIP (silica core)
21.5-34.3
___________________________________________
a

Variations in specific thermal insulation cost arise due to
differences in material densities.

thicknesses that differ for each alternative insulator.
This first criterion therefore strongly relates to the
intrinsic added value of limited thickness. If now for
example the square meter prize of VIPs lies between
80,- to 145,- €·m-2 including transportation, installation
and VAT [5], which equals for a floor space height of
-1
3.6 m 288,- to 522,- €·m façade length and if the
costs of a conventional insulator is between 15,- €·m-2
-2
for mineral wool and 26,- €·m for polystyrene (based
upon Table 3), or 54,- to 94,- €·m-1 façade length, the
difference in cost between vacuum insulation and
conventional thermal insulation varies between 194,-1
and 468,- €·m façade length. The minimum required
-2
-1
annual rent, Ct [€⋅m ⋅year ] can now be estimated for
a rectangular building plan based upon net present
value calculations as (npv ≥ 0)
n

Ct

∑ (1 + i )
t =1

t

≥

ΔK A ⋅ h storey

δd

(3),

in which i is the interest rate [-], t is the time [years],
ΔKA is the difference in cost of thermal insulation per
square meter [€·m-2] (difference between VIP and
conventional) and hstorey is the façade height per
storey [m]. Based upon this equation and for the
typical office building introduced in section 2.1, an
interest rate of 5% and a building lifetime of 25 years,
the annual rent per floor area of the building needs to
be higher than about 100,- to 200,- €·m-2 to make VIP
cost-effective relative to conventional thermal
insulators. This shows that VIPs may even be costeffective in office buildings already.
The second criterion for cost-effectiveness applies
to the situation in which the thickness of the insulation
layer is kept constant for different materials, thus
conducing to differences in energy transfer through
the building skin. Different thermal insulators can be
compared to one another based upon their specific
thermal insulation cost, KR;spec [€·W·m-4·K-1], defined
as

K R ;spec = K A / R eq = K V ⋅ λeq

(4),

with KV the cost of thermal insulation per cubic meter
-3
[€·m ] and Req the equivalent thermal resistance [11].

Eicher and Erb [11] give some typical values for
this specific thermal insulation cost. Some of these
values are presented in Table 3. As can be seen,
VIPs are still among the most expensive thermal
insulators. It is however expected that production cost
will decrease if VIPs are produced on a larger scale.

4. CRITICALITIES
4.1 Thermal bridge effects
Since VIPs are high performance insulators,
thermal bridge effects may strongly affect the overall
hygric and thermal performance of façades. Several
levels of thermal bridging are distinguished: thermal
bridging due to VIP barrier envelopes, due to
component edge constructions and due to VIP or
panel mounting systems.
Despite its very low initial centre-of-panel thermal
conductivity varying between 0.003 and 0.005 W·m1 -1
·K , the overall thermal performance of a VIP may
considerably be increased owing to its barrier
envelope, depending on envelope thickness and
thermal conductivity, panel dimensions, core material
thermal conductivity and seam dimensions [5, 12].
3
For a VIP of 1x1x0.02 m with a centre-of-panel
thermal conductivity of 0.004 W·m-1·K-1, the
equivalent thermal conductivity is approximately
-1 -1
-1 -1
0.0065 W·m ·K and 0.0042 W·m ·K for 6 μm thick
aluminium based barrier envelope and a 97 μm thick
metallized polymer barrier film [5].
Since VIPs are very sensitive to damage,
protection by incorporating them in a prefabricated
building component may reduce this risk significantly.
On the other hand, however, component edge
constructions increase the total heat flows through the
building façade. These additional heat flows may
5
considerably.
reduce the component U-value
Moreover, systems with which VIPs or building
components are connected to a supporting structure
may also reduce the overall façade U-value.
Due to the low centre-of-panel thermal
conductivity of a VIP, differences in local U-values
between areas with VIPs and thermal bridges are
very big, resulting on the one hand in a higher
average façade U-value and on the other hand in an
increased risk of surface and interstitial condensation.
4.2 Hygrothermal micro-environment: service life
The thermal performance of a VIP is not a static
property; it is subjected to so-called thermal
conductivity aging. As a result of a gas and watervapour pressure difference over the barrier envelope
water vapour and atmospheric gases will permeate
through this envelope into the core, the rate of which
primarily depends on envelope properties and the
surrounding hygrothermal environment. Since the
thermal conductivity of a porous material depends on
pore gas pressure and water content, an increase of
these parameters results in an increase of thermal
conductivity. Investigations into this aging effect have
5

The U-value is a measure for the amount of heat being
transferred through a material or construction per unit area
and unit temperature difference.
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shown that an increase of centre-of-panel thermal
conductivity of about 0.0023 W·m-1·K-1 over a period
of 25 years may be considered typical for fumed silica
based VIPs with a three fold metallized polymer film,
3
dimensions of 0.6x1.0x0.02 m and applied as
terrace-roof insulation in a Swiss climate [13]. It is
important to notice that this increase strongly
depends on the panel dimensions [1]: the larger and
the thicker the panels, the lower the increase. The
external water vapour pressure, or the combination of
external temperature and relative humidity, thus
influences the service lifetime of a VIP.
Two principal situations can now be
distinguished: vapour-open and vapour-closed VIP
applications. For vapour-open applications, the
relative humidity around a VIP closely follows the
relative humidity of the outside (or inside) air. This
outside relative humidity typically is rather high
(above 80%). For vapour-closed VIP applications,
fluctuations in relative humidity are primarily a result
of temperature fluctuations [14]. As a result, the
relative humidity around a VIP is more stable and its
average value depends amongst others on the
production conditions of the application. Moreover,
temperature and water vapour pressure also
influence the barrier properties of the enveloping film:
the higher the temperature and relative humidity the
higher the film permeance [6]. When designing VIP
applications, it is thus important to realize that the
hygrothermal environment surrounding the VIP may
significantly affect its service life.
4.3 Mechanical damage
Sensitivity to mechanical damage, finally, may be
an important critical factor for VIP application as well.
This sensitivity only applies to film-based VIPs and
not to sheet-based VIPs. Due to the very thin barrier
envelope of film-based VIPs, puncture of this barrier
can easily occur. As a consequence, the internal pore
gas pressure increases from very low to ambient
pressure. The thermal conductivity of the product will
then increase alike. Despite that the thermal
conductivity of a vented VIP still is as low as about
-1 -1
0.020 W·m ·K (about half the value of mineral fibre
insulation) the U-value has increased to unacceptably
high values. In this case the limited thickness of a VIP
is counter-productive. For a typical 2 cm thick VIP
with a centre-of-panel thermal conductivity of 0.004
-1 -1
W·m ·K , the mid-section U-value will increase from
0.19 m2·K·W-1 to 0.85 m2·K·W-1.
For a successful VIP application, it is thus
imperative that all possible causes of damage are
identified in advance and that sufficient preventive
measures are taken. In the subtask b report written in
the framework of IEA ECBCS Annex 39 HiPTI [2],
potential hazards are identified and described in
detail. Because of protection, integrating VIPs into
prefabricated building components thus has
advantages over in-situ application.

5. CONCLUSION
In this paper we have shown that VIPs applied in
architectural constructions may have several

advantages over conventional thermal insulators: high
thermal performance, limited thickness, low effective
weight, image proclamation, design freedom and
cost-effectiveness. Whether one or more of these
potential advantages of VIPs are applicable depends
on the context in which the panels are applied.
Certain criticalities however do exist as well: thermal
bridging, the hygrothermal environment and
sensitivity to mechanical damage may jeopardize the
application. Thus, if applied thoughtfully, may we then
consider a VIP our friend?
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