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Sommario

L’attivita condotta dal gruppo di ricerca TEBE (www.polito.it/tebe) del Dipartimento Energia del Politecnico
di Torino si & sviluppata all'interno delle linee di approfondimento dettate dai progetti EBC-Annex 59
“High Temperature Cooling & Low Temperature Heating In Buildings” [8], Annex 65 “lLong Term
Performance of Super-Insulation in Building Components & Systems” [9] e Annex 66 “Definition and
Simulation of Occupant Behavior in Buildings” [1] della International Energy Agency.

Il gruppo ha anche intrapreso, a partire dalla prima riunione, la partecipazione all’Annex 31 “Energy storage
with Net Zero Energy Buildings and Districts: Optimization and Automation” (IEA ECES).

Nel presente report viene riportata I'attivita relativa all’ Annex 65.

Annex 65 “Long Term Performance of Super-Insulation in Building Components & Systems”
L'Annex 65 ““Long Term Performance of Super-Insulation in Building Components & Systems” [9] vedra lo
svolgimento del kick-off meeting nel corso del prossimo mese di Settembre. | temi trattati da questo
progetto internazionale riguardano l'utilizzo di materiali innovativi super isolanti in applicazioni edili.
Particolare enfasi sara data all’analisi delle prestazioni di questi sistemi sul ungo periodo ed alle
problematiche di utilizzo di tali componenti all’interno di sistemi per I'involucro ed i sistemi edilizi.

Nell’ambito di questo progetto I'attivita condotta dal gruppo di ricerca TEBE (www.polito.it/tebe) del
Dipartimento Energia del Politecnico di Torino si & sviluppata, sino ad ora lungo due direttive. Un primo
contributo si & avuto attraverso la partecipazione attiva alle riunioni preliminari (Zurigo, Settembre 2013)
ed alla successiva fase preparatoria per la definizione dei contenuti della ricerca. Parallelamente ¢ stata
avviata una attivita di ricerca teorico sperimentale mirata a:

- Verificare le procedure di test sperimentale delle prestazioni termoenergetiche dei VIP (Vaccum
Insulation Panels),

- Valutare le prestazioni termoenergetiche dei VIP (Vaccum Insulation Panels) a livello di applicazione
edile (componente), evidenziando la perdita di efficienza (rispetto al solo materiale) legata alle
tecniche costruttive ed alla presenza (inevitabile) di ponti termici)

- Mettere a punto dei protocolli di valutazione teorico — sperimentale delle prestazioni in opera di
componenti edili che utilizzino materiali super-isolanti,

- ldeare e testare dei “pacchetti” parietali ottimizzati per I'impiego di VIP,

- Analizzare la possibilita di accoppiare i pannelli superisolanti VIP con altri materiali innovativi (quali
ad esempio i materiali cambiamento di fase e/o gli aerogel) per realizzare sistemi di facciata
innovativi ad alta prestazioni, adatti sia per le nuove costruzioni che per il retrofit energetico degli
edifici esistenti.

Poiché la fase operativa dell’Annex 65 iniziera nel corso del Settembre 2014, al momento non sono
disponibili risultati definitivi relativi a questa attivita. Una prima serie di risultati preliminari. E’ stata
tuttavia pubblicata sugli atti del convegno “Sustainability in Energy and Buildings”, SEB-14, tenutosi a
Cardiff nel Luglio 2014, una relazione dal titolo “The effect of different materials joint in Vacuum Insulation
Panels”. Gli stessi atti sono in via di pubblicazione su “Energy Procedia” (si veda la sezione “Allegati”).

Riferimenti bibliografici
1. IEA — EBC Annex 65 “Long Term Performance of Super-Insulation in Building Components &
Systems”. 2013- 2017
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The effect of different materials joimnt in Vacuum Insulation Panels
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Abstract

Crring recent years the use of Vacmum Insulation Paned: in buildings applications has been improved. becausa of their both higher
performances and lower thickness compared to taditomal nsulation materials.

These performances are due to the nterior vacwom depres, which represent also the main problem connected with the applications
of thiz technological sohation in butldings constroctions: to maintaim the vaomm condition the pansls are enclosed in an envelope
layer, characterized by an hipher thermal conductivity. Moreover they have to be assembled fo each ather or i additional different
joint materials in practical uilding application, zenerating a thermal bridzing effact.

The aim of present work is to analyse the critical aspects related to this insulation technology for bullding application.

An experimental campaipn throngh beat flow meter apparatos was camied out with the purpose of assessing the decrease of
performance due to the thermal bridpes effects considering different jeoint materials in VIPs assemblies.

£ 2014 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of EES International

Keypwordy: vacrmm masltioe; jont; themal bridge sffocts; squivalent tharmal comdwctivity; bnear tharma] condnctivity; hoat fiowr moter.

1. Introduction

Dmring lasts years European Government intensified debates on energetic approach snd objectives, proposine
several directives that cooverge in “20-20-20 Saategy™ (in acalization of EKyoto Protocol).

This strategy, named also “Climate and energy package™ set three key purpose for 2020:

s 20% reduction of OO emissions, compared to 1990 levels;

& 20% mmprovement in enetzy efficency;

*  20% mmprovement of enerpy consumption produced from renewable resources.

MSE (italian Ministero Sviluppo Economice) data show that the most percentage of enerzy employ (aboat 35-40%)
is relative to civil nses: for this reason buildings energy consumption reduction is the sector where is expecied a greater
margin of improvement Indeed, as shown in [1], 2010 anmoal energy savings achieved in building sector was about
50% more than estimated one, but the global enerzy saving in the same year was 9% less than that imposed by the
However 3 reduction in heating and cooling enetpy consumptions is therefore essential considering the high
potential in building energy efficiency improvement. To achieve this goal one of the main issue is to reduce the heat
losses through the building emvelope, with high performance insmlated materials or technologies. Vacmm Insulation
Panels (VIPs) are characierized by a thermal conductivity 5-10 times lower than the traditional insulating materisls
(heep 15 abow 0.003-0.005WimE). However their application is still very braking due to the high cost, high energy

* Commsponding muthor. Tel : +38-0110904413.
E=mail address alimen caposoliiEpalin it
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demand in the production phase, shorer lasting than buildings life, lack of experience in assembling and little
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knowledge about their thermial assessment in real building applications.

Nomenclature
Haep centre of panel thermal conductivity [WimK]
by Equivalent thermal conductivity of VIPs assembly, measured by
heat flow-meter [WimE]
- Thermal conductivity of structural joint material [WimK]
Reqair cavity Thermal conductivity of air cavity betwesn two adjacent panzls [WimkK]
Ry Thermal resistance of structural joint material [ E W]
Pag,air caviny Thermal resistance of air cavity between two adjacent panels [ KW
Wy Thermal bridge linear thermal conductivity [W i mEK]
R Thermal resistance of VIPs assembly, measured by heat flow-meter  [m°F/W]
A Panel area [1]
B Panel semiperimeter [m]
5 Panel thickness [m]
o Set point temperature of lower plate of heat flow-meter [*C]K]
Hap Set point temperaturs of upper plate of heat flow-meter [*C]IK]
B Average temperature between dhy,, and &, [*C]K]
AR Dhifference between $uwand Sy [*C]K]
Heat flow measured by heat flow-meter [W]
d Adr cavity width [m]

1. State of the art

Since 1930 numercus studies on vacuum thermal msulation properties, their possible applications and the resulting
effects were camied out. Most of the past literature were related to the optimization of the panel properties, as the type
of core ([2]; [3]) and envelope materials ([4]: [3], [6]). These studies were performed considenng also the vacuum
degradation dus to gas and water vapour permeation, risk of damage (VIP perforation) and envircnmental impact
{[7]. In this phase, panels with fumed silica core and envelope consisting in three bamier layvers metalized films result
the most used solution. For this type of VIP was found a thermal conductivity reference value squal to fep=0.003-
0.00 5W/mK (depending on the vacuum degre) ([3]). However new core materials and emvelope sclutions are being
studied, m order to maximize the VIPs thermal performance.

The big potential of the application of this technological solution generate a second research phase (in progress). to
understand its effective thermal behaviour in bumldings construction. Several experimental, numerical and analytical
imvestigations were proposed, as well as ral measurements on site. Some of them were focused on real performances
of a VIP ([4]) while others about VIP assemblies ([6]). But the aspect that has attracted more attenticn of researchers,
concerns the decrease of performance due to the themmal bridges, necessarily caused by the particular shape of the
panel. This interest i1s due to the fact that the greater the matenal insulating power, the greater the impact on the cverall
performance of the thermal brdging effect. Simmler and Brunner (2005) [2] mathematically characterized design
values for VIPs including thermal bridge and ageing effects.
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With greater detail, thermal bridging effects can be divided into three categories: thermal bridges due o VIP
envelope, due to air gap between two adjacent envelopes and thermal bridges on the scale of building companent due
to structural joints. The thermal bridges due o VIP envelope were analytically an numencally investigated i [7],
considering four parameters that influeneess the lincar thermal transmittance: laminate thickness, laminate thermal
conductivity, core material thermal conductivity and panel thickness.

Other researchers proposed various solutions for thermal bridging effect reduction ([ 7]:[8]:[9]).

Finally, the structural thermal bridges has the largest influsnces on the overall thermal properties of a VIPs
assembly. The studv on the effect of structural thermal bridge was poorly investigated. To this purpose few case
studies of buildings were mzalized, whens VIPs have been used both in energy refurbishment and in new construction
{some of them are summarized n [10]). Fantucei et al. [11] chamctenzed by numercal simulation the effect of
thermal bridging for VIP panels layvers in real curent use building applications, where the VIP i typically coupled to
other boards.

Moreover these studies did not clearly define relationships betwesn VIPs performances and the effects of assembly
joints. The aim of this work is to investigate VIPz thermal behaviour, in relation to thermal bridging effects due to
their installation, and the interaction with air joints and other structural joint materials.

2.1, FIPs in real buildings application

There are several use cases of VIP in buildings, both in new construction and refurbishment, in order to improve
thermal insulation of building envelope and intemal or extemal partitions, both vertical and horizontal [12].

In case of vertical compeonent insulation, is necessary to provide a mounting and support systems to the stmicture
for VIPs. This can be made {analyvzing the literature) with laths and battens in different materials (like MDF and XPS),
with metal and plastic rail system, or with plaster and adhesives. For roofs, floors and honzontal surface panels are
instead put closs each other without additional structural support: so only air joint have to be considered. Additional
protection layers (for example pelyurethane feam) above and below the panels are necessary to distribute the loads,
and a double sealant layer is useful to secure encugh moisture s=aling on top of the panels.

The structure should be suitable for easy replacing, and panels should not be coated with conductive matenals on
both side, in order to simplify the individuation of damaged VIP (for example with themmography). For the same
reason, a dry assembling system iz always preferable.

A method to limit damage risk during installation is to encapsulate VIPs into prefabricated elements.

1. Methods and methodology

WIPs assembly thermal properties depends on several geometncal and physical factors, like thermal resistance of
WIPs and their dimensions, boundary conditions, assembling methods (air joints or structural joints). In crder to assess
the effective assemblies equivalent thermal conductivity, an experimental campaign was caried out.

Laboratory measurements were performed to assess the thermal conductivity of different VIPs samples (with
different dimensions and conformmations). Measures wers carried out with a heat flow-meter apparatus in accordance
with the international standard UUNI - EN 12667:2002 [13]. The apparatus consists in a single heat flow-meter with
guarded ring “LASERCOMP FOX&00™ (Fig. 1) equipped with tewo plates containing heat flow meters placed above
and below the sample.

Fig. L. {a) LASERCOMP FOXSE (b) grecimens saraple

Dretailed specifications of the equipment are shown in Table 1.
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Table 1. LASERCOMP FOXAM specifications.

Accumcy ~1%
Eeproducibility ~0.5%
Termpeatare control stability ~ L 003 =C
Thickress messurement precision ~+4 0025 mm
Blaximum sample size ~ &1 0wA 10 mim
Actual messuring area 254x254 mm

The mstrument was designed and realized in accordance with ASTMC318-91 Standard [14]. and was calibrated
with calibration reference samples “1450b NIST SEM™ and EPS samplke (high accuracy expanded polystyrene). The
samples were previously tested and certified by NIST.

The accuracizs of the measured thermal conductivities were determined for each measurement. The resulting
accuracy values were within £2%, according to EN-1S0 1 2667 (annex B [13].

The measurement principle was to create a constant temperature difference between the upper plate and lower plate
and to measure specific beat flow and surface temperatures in steady state condition.

The hot plate provides the value of the thermal resistance B as a function of measured thickness: to calculate the
equivalent thermal conductivity by of the assembly {two panels coupled trough a joint), based on nominal thickness s,
it was used the following relation:

g
Ty (1)

To make the thermal properties independent from the size of the panels, it was calculated the linear thermal
conductivity @

. A
0-ZF A -ap
=3—
¥ 1-A8 ]
where:
o _ ey
=—1.A.A%
Q 5 (3

Plates size is 600x600mm, but measure area is mstricted to a central arsa of 254x2 54mm (Fig. 2a).

The surveys were carried out on panels having a size of 600x300mm, and with different types of joint materials: air
Jomt {considering different width), MDF (medium density fiberboard), XPS {extruded polystyrene) and rubber. With
the exception of rubber, ather materials can be really used in buildings application. Fubber was chosen to analyse the
VIP performance with an high thermal conductive joint. Indeed the rubber thermal conductivity kguter is around seven
times higher than Jypg, and thee times than dype In structural joints the width was maintained constantly equal to
Mmm, in accordance with the results obtaimned in [13]. In air joints the most influential variable on the VIPs assembly
performance is instead the joint width. For this reason four differsnt spacers beteezn the panels were considered.

In order to establish the influence of air gap dimensions on the VIP equivalent thermal conductivity 3y the
experimental measurement of the air joint width was necessary. A photographic survey was camied out for this
purposs, as shown in Fig, 2c.



" RICERCA DI SISTEMA ELETTRICO

-} POLITECNICO DI TORINO

Loremwzati A ar ol / Emergy Procedia 80 (201 3) 000-000

ibi ()

Fig. 2. Experimental investigation: {a) controlled ara, (b) section A-A" with individuation of air jeint width messured by photographic surey; (c)
phiotographic survey appacatus.

Panels jointed were photographed with an high resolution camera (image sensor of 12.3 megapixels), zoomed an
the control area to maximize picture quality. Photos were straightened with a photo editing softeare, and then
imported on CAD softeare for measurement, joint area was measured by edge retracing with a close polvgonal line.
To obtain the average width, this area was divided by the cnly known data, namely the length of the joint {or the
measurement arzaj equal to 254mm.

Comzidering the welds panels conformation (Fig, 2b), this procedure was performed on the side in which the joint
would have greater width.

Tests were done on MF3 panels (envelope composed with thres layers of PET + Aluminium and cne of PE), which
have the thermal propertics shown in Table 2,

Table 2. Layers thermal conductivities

Parel secticn stratigraphy Panel type = A
ME3 [pm] [ k)
Ly - PET 12 o.18
B . :
WUTLOR o e PET 12 o8
&l ol 150
"= e 12 0.10
- - al 0.1 160
............................... PE 0 o33
Si0; core 20000 000515

“therma’ conductity in vaouwm condition
Thermal conductivities of the various specimens (VIPs and structural joint matenals) wers severaly previously
experimentally determined with heat flow meter apparatus.
Thres tests for structural joints and four for air joints were therefore carned out considering 20mm panel thickness.
Set point temperatures were kept constamt during all the tests: $,,=339C=308K and & ~15"C=288K
(4 =25°C=208K). No internal and external surface resistances were considered.
In arder to prevent condensation between panels dunng tests, joints were sealed with adhesive tape.

4. Resulis

The expenmental investigation show that the VIPs assemblies thermal behavior strictly depends on physical and
geometrical properties. Results are summarized in Table 3 and Table 4, for structural and air joints respectively.

Table 3. Stucriral joint i., (panel dimensiors 2550 Mo and

s it :'.1,. R‘F" ;'..1 W

[mm] Material  (WimK] [m2EW]  [WmE]  [WmkK]
XFS [EE 5700 0108 0OTET

0 MDF 01004 19340 L0206 02031

FRabhber 02053 0.9742 0.0321 0.349]
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Table 4. Air joint: &, (pane] dimensions 254x254men) and ¢

s d dia f P Pagjoisi . v

[mm] [mm] [mm] [WimE]  [WimK] [Wimk]  [Wimk]
147 0.0 0,063 Bzl [ 00255

0 347 0174 a1l 180 L0 0.0284
5 40 0,280 0,120 167 00077 00091
66T 0,334 0123 163 O00ET 0.051%

Fig. 3 show the influence of the thermal resistance of the material joint (Ryy) both on v and Jeyg,

03700 Y o () T 6 14 4.031

0,300 BF = 0.9945 0027
E na7on o023 3
e T Ty
E o.zmn a 0019 =
=

DATOR | g I 0015 4

01200 ¥ =592 a.411

0.0700 i A | 007

IR 14 0219 0.39 0.44 054
RisemtfBpn, [mwW]
adfp # Aoy

Fig. . Structural joing: y and b, in function of R (254mm joint length)

With the meresasing of dyy the assembly thermal properties get worsted. dpype 15 about 6 times higher than Ly
resulting an increasing aroumd 300% for Ay, (for 254x2 54mm panels) and 430% for y.

The most influencing variable for the air joint is the joint width “d". A thres time increasing of this element
generate an increase of lnear thermal transmittance of above 200%, as shown in Fig. 4, where:
® Best Case is used to mdicate the thinnest air joint obtained in laboratory (around 2. Trom);
# Realistic Case is the most probable value obtainable in construction site (around 3.5 mm);
#* Worst Case identify a badly done joint {around 5.6mm).

. ' .
00530 Er'it-l. ase Hs‘d'lsl.ll: Lase W -:-r'i!:l.a'ir

L4
EEET : : :
E n.0am *
E ooz t ' ;
* ooz : ®

0L,k

0180

e [mm]
Fig. 4. Airjoint: ¥ in fmetion of "d” (jaint width)

The ke results abowve presemted are related to 254x254mm measuring area: in order to obtain values for VIP
dimension more realistic at buildings scale, an analysis related to the form factor was conducted. Form factor is the
PYA ratio, whers P is the panel emi-perimeter [m] and A is the panel surface [m®]. This survey can be also useful to
understand the rliability of dyg poue=0. 00T W/mE, which is the Aoy proposed by producer to take into account in a
simplify way the thermal bridging effects in VIPs applications. Indeed in Figure 5 1s reported the relationship betwesn
Ay and PYA matio, related to air joints and strctural joints (MDF and XPS), where the vertical dot lines are the
standard production dimensions, and the horzontal single and double dot dashed line represent the dy pomer and dog
values respectively.

10
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Fig. 5. Ay in function of panel dimensions P/A, with identification of most used panel size (6000 om and S0 1200mm)

Complete results are reported in Table 5 and Table &, where the difference between Joy and Ay, are caleulated for
different pansls dimensions.

Table 5. Increasing of ks compemed tor 3y, for each type of joint tested, and related to panels dimensicas

H Parel | - Adr Joint Air Joint 34Tmm  Air Joint Adr Jaint KPS kint  MDF Joint RUBBER
[mm]  [mm] 24T mm (Realistic Case) 5.60mm (Worst  6.67nmm Jaint
IWAmE]  Degt Case) Casz)
300300 42 45 53% Ll a0 B8 a1%
LR L] L iEN 465 53 A% Bl% BBt
20 SO0EE D046 2T% 290 160 43 530 TN B3%
GO0 1200 2% 24% £l EL 46% il T
1200 200 16 17%% 22% 2T 160 560G T2
15001 500 132 14% 1809 23 11% S40 7%

The difference between leq and doop is always significant and not negligible, and it ranges from a minimum of 13%
from a maximmm of 91% as a function of types and matenals of joint considered. Assuming that VIPs most employed
in construction have average dimensions of those analyzed (600x600mm and 600x] 200mm), the vanation is reduced
from around 20% to 0%,

Especially, for structural joints, an extension in pancl sizes of 25 times (from 300x300mm to 15001 500mm)
caused a decrease in :qu.wslm thermal conductivity from approximately 70% (Rubber) to 35% (XPS, which is less
sensible to the panel size effects for his better thermal resistance). Similar variations were observed changing joint
material, from Rubber to XPS, with the same panel dimensions (70% for 300x300mm and 50% for 15006 | 500mm).
At the typical dimensions for building purposes (600600mm and 600x]1200mm), the ke increase respectively
approximately from 55% to 45% for XPS joint, and from 75% to 70% for MDF joint.

Arr joint caused a lower increase of 1.y because of their thinner width: considering the mferences dimensions,
variation is from 30% - 25% (2.67mm Air joint — Best Condition) to 45% - 35% (6,6 Tmm Adr joint). Incmasing the air
jomt wadth by a factor 2.5 cormspond therefore to a Ay increase from 45% (smaller pancls) to 15% (larger pancls,
which are less sensible to thermal bridging effects). Furthermore an extension on panel size of 25 times (from
300 300mm to 1500x]1 500mm) causes a decrease n equivalent thermal conductvity of 35% (in Realistic case).
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5. Conclusions

The influence of joints in thermal performances of assemblizs is always not negligible, and, for typical panels
dimenzions { 600x600mm and 600x] 200mm) causes an increase in deq from 23% to 73% (in function of type of joint),
comparad with Aep, 15 shown in Table 6.

Table &. Increasing of by compared to 5z for typical buikding joints and panels dimensions

Panel Lo
# dimension ~ *F Adr Joimt 2ATID e pie MDE Joint
. {Realitic Crae)
[mm]  [mm] [/ mk]
LICGL] 2005 530 T
20 LN T
Gl 1200 24% A L

Another impontant consideration concerns the precautionary values feqproauser=0.00TW/ mE which producers suggest
to use in VIP= applications thermal analysis (Fig. 5). The fap value is exceeded in almost all cases, in particular for air
Joint between panels which have a FYA ratio kesser than around 4.5, and for structural joints. For this reason Leq praocer
is not reliable for practical cases.

The thermal properties of the VIPs are extremely vanable depending on many factors {including panels size and
joint materials, analvzed in this paper), which can reduce the insulating power of the VIP, thus losing all advantages in
using this type of insulating system. For these reasons, a caleulation method should be ralized, to take into account all
the most influential variables, in order to obtain reliable values of by or v, nsable for the determmnation of the building
components themmal behaviour.

The paper shows how the joint technologies affect the thermal performances of VIPs assemblies. It represent a first
step for the defimition of an empincal model, based on expenmental and numerical results, for the determination of
WIPs thermal assessment in real building applications.
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