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Abstract

In this paper the thermal performance of synthatid natural insulation materials under real apptioa are investigated
through an experimental activity as well as nunarsimulations. During the refurbishment of two kes in Turin (north — west
Italy) one roof was insulated with a natural mate(ivood fiber panels) and the other one with airiess as usual synthetic
material (XPS and polyurethane). An experimentgivitg was carried out, both during summer and winteasons, and the
results were used to validate a simplified modeirilly winter, as expected, the strongest influesrcéhe global performance is
related to the insulation thickness. As far asghmmer season performance is regarded, for smaldérsurfaces, as for the
analysed case study, no particular difference waticed between the two solutions. A better conwblthe indoor air
temperature was evaluated for the wood fiber ingravhen applied on a large surface of the roofoldder to define the best
cost-benefit retrofit solutions, ad-hoc evaluatioegd to be performed.

© 2017 The Authors. Published by Elsevier Ltd. Restew under responsibility of [KES Internatiorjal.
Keywords:refurbishment, roof insulation; natural vs syniligtembodied energy; wood fiber

1. Introduction

As it is shown in the state of the art, around 1ti&6 of the building heat transmission occurs thhotapf top.
This building envelope element, in refurbished @ind, where the attics are converted in residert@lses,
constitutes the largest dispersing surface. Becisistope, roofs are also responsible of heat, ga@gessed around
70%, and associated discomfort problem [1]. Theeethe importance to identify an appropriate materfor the
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retrofit of existing buildings [2,3]. Since desigtage the choice of the material for roof insulati@quires specific
evaluations, considering the energy performancesyell as technological and economic issues. Thiomeance
level required by the standards, as well as thednigommercial value of buildings with low energnsumption, is
moving the construction sector to the adoptione# solutions and materials. A high performancelleféuilding
envelope and a low energy consumption is a keyfdotreal estate and a “A Class" energy labeh@yadays,
fairly common for the brand new buildings. Moreqgvélte use of natural material as well as the rexyane
represents another highlighted issue and innovddictor driving the real estate market in ItalyisTaption can be a
competitive advantage for designers and constnudtims. In this framework, the designers, the ¢argtion firms
and materials producers are looking for performang economically sustainable technical solutionstHermore,
in some cases the peculiarity of the local weattetn, makes necessary to evaluate and to desighuilting
envelope both for the winter and the summer seds@clearly a technological dilemma and a connpise needs
to be reached between the passive insulation amdhégrmal mass. This topic was investigated by medran
experimental activity together with some simulasiam two different case studies.

The energy performance of two roofs located in mumorth western ltaly, both with residential useda
positioned in a similar environment, was examirféal. one case study, it was adopted a natural itisnlenaterial:
wood fiber and timber fiberboard, with a relativéligh specific heat, whilst in the second case)sttlte roof was
insulated with more common materials, i.e. polyatyg and polyurethane panels. In both solutions regenal
standards regarding minimum thermal resistanceduiibed. The projects are located in Turin (fgalwith hot
summer season, from June to the beginning of Séyaieras well as a pretty long and cold winter. &lyagood
insulation is required but this environmental gefiloesn't allow a passive strategy following ttethern and
central European schemes. In other words, the dotthte design issues must be associated with ¢hellmate
design features. Nevertheless, the synthetic biasedhtion that we can consider as a «businessaausolution
do not presented a satisfactory behavior in suntiaerto the low thermal capacity of the insulaticat@nial. On the
contrary high performance standards as requirelibdgl regulations can be achieved through the fisheowood
fiber for its higher thermal capacity which confiae roof a better thermal performance along thelavlyear.
Moreover, the wood fiber insulation was adoptedtliyy designer to comply with an energy incentivetgrol,
provided by the local authorities of the City ofrifu The goal is to promote the achievement of tfedrcomfort
during the summer season through the adoptionitdibg envelope solution able to noticeably redtlo= use of air
conditioning. In this framework the adoption of #&th thermal mass material, such as the wood filban
theoretically allow a better performance. To giwddence of the better summer behavior of such atiop
compared to the synthetic insulation, the shifhofoor air temperature was calculated, showingreicierable delay
of the indoor temperature peak in regard of thergxt air temperature variations.

This paper discusses the results of an in-fieldsmeament campaign and of related simulations ofrved case
studies aimed at assessing the actual thermalrpefaes of a synthetic based insulation vs a witieat fnsulation,
both adopted as roof-top refurbishment solutionfierAthe state of the art on the investigated nterthe
methodology of the analysis is presented bothHerit-field experimental and the simulation acyivit

Nomenclature

Cc* thermal equivalent conductance [Wkah
EPD  Environmental Product Declaration
(=9 daily energy [Wh/fi

E, normalized daily energy [Wh/h

Entx  Normalized total daily energy [Whfin
GWP  Global Warming Potential

HDD Heating Degree Days [°C]

HF Heat Flux [W/m]

I solar irradiance [W/A}

mon referred to a monitored data

sim referred to a simulated data

t temperature [°C]
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2. State of theart

Among natural materials, wood fibre panels, or diiard panels, are not acknowledged as an innevativ
insulation material because they have been wideipleyed in North America since the XXentury. In these
countries the wood was commonly used as a buildiatgrial and indeed the manufacture of fibreboaad fmirly
inexpensive. Fibreboard can be used in many waysnttustrial as well as building purposes. One had thost
popular fibreboard material is the MDF, or mediuensity fibreboard. His density is about 600 kjand it can be
used for furniture or other industrial use. Foruiation purposes, fibreboard panels also calleddifilire, have a
lower density, ranging between 50 up to 250 Kg/fine thermal conductivity value of this kind dbfeboard, varies
between 0.038 W/mK up to 0.042 W/mK. The wood filpanels characterised by lower thermal conductivity
present almost the same conductivity as synthesiglation material (i.e. the polystyrene considerethis study),
and they have also acoustic insulation propertyrtheumore, they show a good vapour permeability and
comparable cost with a good quality synthetic iasah material. But the most interesting advantiagéne use of
wood fibre is its relatively high thermal capacity.

The main drawback in the application of fibreboasdinsulation materials is the vulnerability to thielogical
attack and the flammability.

It is possible to state that from the literatureiees the wood fibre is characterised by an inténgsbehaviour as
thermal insulation during cold season, as wellyaa lgood control of the overheating phenomena oinseasons.
Moreover, from the environmental point of view, tlveod fibre is recyclable and made mostly by wastgerial
from the wood products industry. This property nskeeferable this type of material instead of thetlsetic
solution from a sustainable point view. As far Bs énvironmental impacts is concerned, the emboeledgy of
wood fibre vs synthetic material can be consideyeite similar. In order to carry on a correct comigan it was
taken into account the different density of matsranalysed, i.e. wood fibre, polystyrene and pathane, for the
functional unit of the environmental assessmerg, wblume of the materials instead of the densitywed. The
embodied energy of wood fibres can be estimatedaf@d the Environmental Product Declaration (EPDgimilar
products made by the same materials, as about ¥M&y [5] whilst the embodied energy of the Extruded
polystyrene foam (XPS) panels as about 3236 MBirand for the polyurethane panels around 3045:¥1[7].

Although the embodied energy of the production psscof wood fibre is quite high, in order to evatuthe
environmental performances of this material, anoit®ie needs to be consider, as the capabiliyoof to capture
and storage Cfover its lifetime. Furthermore, at the end of tHivies, wood products can be recycled to produce
energy as biomass replacing fossil-fuel energycssur

Considering thus the use at the end of life of wd fibre as fuel for energy production the Lialance
becomes in favour of the wood fibre panels agdihstsynthetic insulation panels. The mean value§lobal
Warming Potential (GWP) 100 of the wood fibre par#dkecycle, except of the use phase, is aboutKg@O,/m?,

[5] against about 172 kgG@n® of the polystyrene.[6] This balance the £@missions during the production,
considering the reuse of waste for power generatimhthe substitution of fossil fuel.

3. Case studies

Two different residential case studies located imifd, Italy (45°04’'N; 07°42’E) have been experimadht
analysed. The weather of the north west of Italgharacterized by a fairly wide range of outsidetamnperatures
through the different seasons and following the p&ip classification Turin climate is in the Humidbsmopical
category.

Both case studies are residential flats in a coridiom building, recently refurbished. The two casedies have
some common properties, they are both positioneithénattic floor, with a sloping tile roof and withsulation
below and both roof gross structure is made of wioeams. The orientation of the roofs is quite e (south-
south west) and the surrounding urban environneesimilar, dense urban area. The coordinates éotatation of
the first roof (case study A) are 45° 04'42.70” Ndar°38'59.80" E, elevation 256 m.a.s.l., the cauatks of the
location of the second (case study B) are 45° Q3BAN and 7°42'32.03" E, elevation 222 m.a.s.l.e distance
between the two locations is 4.8 km.
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Case study A is an historic building recently rbfahed in Turin, in order to make the attic of thalding
liveable. The rooftop of the building was insulateith two different layers of wood fibre for a tbthickness of 20
cm as showed in Fig. 1 (left). Case study B, usetha reference building, presented an insulatefiwih XPS and
polyurethane panels, as represented in Fig. 1tJrifhe measurements were carried out with no caetgpand the
heat emitter was the same, a hot water radiatéesysvhile during summer no plant system was used.

3.1.The rooftop technologies

Technical data sheet of the wood fibre panel dedlarthermal conductivity value of 0.038 W/mK f&i0lkg/n?
density and 0.050 W/mK for 250 kgimFirstly, thermal transmittance and summer dynapdcameters were
calculated for the two assemblies following thendtrds [8,9]. Results of the calculation are shawhable 1. The
calculated thermal transmittance (U-value) for cstsely A was 0.18 W/fi and for case study B 0.37 Wikh As
far as the periodic thermal transmittance (Yierdmcerned a value of 0.04 Wi for case study A and 0.40

W/m?K for case B was calculated.

Table 1. Calculated thermal properties of sdof case study A and B.

Thickness U-value Yie o} F

[m] [W/m?K] [W/m?K] (h] [
Casestudy A 0.262 0.18 0.04 14.0 0.20
Casestudy B 0.112 0.37 0.40 15 0.98

For the case study B, as showed by the valueseofrtld transmittance and periodic thermal transmiga it is
clear that no attenuation of heat fluxes crosdiregrooftop is provided. As far as it regards thesier behaviour it
is possible to assess that the case study A solatmplies with the regulation in force for Reg®@iedmont being
the Y, lower than 0.12 W/AK and the time shift greater than 11 hours (refezeralue in “Allegato Energetico per
la Citta di Torino”[10]). The same consideration valid for winter, in case of refurbishment the rthal
transmittance limit is lower than the limit valug&30 W/nfK + 30%) in force during the refurbishment (D.GrR.
46-11968, 04/08/2009). It is important to point duat the two roof assemblies presented differleitkbess. For
this reason the experimental results collected hie teal application were used to simulate a conmbara
configuration of rooftop and to evaluate if thefeiience calculated in Table 1 were measured inr¢aé case

studies.

Case study A Case study B
\
N Al

\ 1 Roof tiles 1 Roof tiles
\ \
2 Waterproofing 2 Waterproofing
. N i
\ 3 Wood fiber panel 6 cm (250 kg/m’) 3 Polyurethane panel 5 cm
4 Wood fiber panel 14 cm (170 kg/m?) 4 XPS panel 5 cm

5 Vapour barrier
6 Air gap 4 cm
7 Plaster board 1.2 cm

S Plaster board 1.2 cm

Fig. 1 Schematic section of the two roofs. Casdystu(left); Case study B (right).
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4. In-field measur ement and modelling activity

The research activity was built in two main phashks:in-field measurement activity and the modgliome. The
two case studies presented some differences: geedf insulation, natural and synthetic materiag insulation
material thickness and the room geometry. Forlt#gsreason a direct comparison between the mahsiata was
not possible. The following procedure was thus ufiestly winter results of the monitored activityere analysed in
order to characterise experimentally the two tetdmies, secondly the summer monitored data werel tige
validate and calibrate a simplified model in orttedirectly compare the two different insulationtaréals.

4.1.Experimental set up

A monitoring activity was carried out during sumnagrd winter 2013 to characterise the thermal pevéorce of
two real cases studies. The measurement appaatssied of temperature sensors and heat flux metemected
to a data-logger that recorded data every 15 msnuide thermocouples were preliminary calibratedtha
laboratory and all the other instruments were mnasly tested. The measurement accuracy of eachmdiceuple
was assessed according the SIT standards, comgjdba uncertainties of the reference thermoresistand of the
thermostatic bath used during the calibration. ésult of this procedure, the highest likely undetia using the
95% confidence limit, was +0.3 °C. This value wamservatively adopted for all the thermocoupleskséfiux
HFPO1 sensors characterised by thermal resistame than 6.25 10-3 i{/W were used to measure the heat flux.
As declared by the manufactures, their measureammitracy was 5 % with a confidence interval of¢85while
the nominal sensitivity was of about 5&/W/m?. Before positioning the sensors, an infrared tl¢rmampaign on
the investigated roof was conducted. This analgémved defining a significant position for the sers, avoiding
thermal bridges and discontinuity of material. Hifax meters were fastened to the internal sidéheftwo roofs
and the thermocouples were placed on the intenndace of the roof, close to the heat flux meterd an the
external side. The external temperature sensor stasled to direct solar radiation. Indoor and outdaio
temperature were even monitored through thermoesupl

4.2. The methodology of analysis

Data collected during winter season (surface reofiperatures and surface heat fluxes) were elalotate
calculate the equivalent conductance (C* in Kjn The C*-values were calculated applying the pesgive
average method, to specific heat flux and surfaogerature differences, according to equation [(H) Once the
C* values are calculated, both for case study A Bnthe internal and external surface resistangeaii®l Rqin
m?K/W) reported in national standard [12] are addedalculate the equivalent thermal transmittancev@lue) as
shown in equation 1b. Furthermore, the thermalguerénce characterization of the tested envelopeasasssed
through the evaluation of daily energy crossingrief of case study A and B £En Wh/n¥). It was calculated as
the integral (over the 24 h) of the surface haat ) in W/n¥ monitored through the heat flux meter (equation 2a
Conventionally a negative heat flux value corresisoto heat loss. Daily normalized energiegi(EWh/nt) were
calculated as the integral of the heat fluxes (mess along the day divided the Heating Degree O#&i3D)
(Equation 2b). Heating Degree Day were calculatedha difference between indoor and outdoor aiptnature
following the methodology proposed in [13]. Normaalg the energy makes possible to stem the difteresf
indoor air temperature registered in the two casdiss and it is indeed possible to directly corepidue two case
studies. With Eit is indicated the global value of normalized gyeover the analysed period.

(1a) U 1 (1b)
R, +/C*+R,
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Tq(r) dr

W (2b)
HDD

00
E,, = j q(r) dr (2a) E,
24

4.3.Modelling activity

Starting from the measured data a simplified nuca¢nnodel applying the UNI 10375:2011 [14] was rtlihe
reason to use a numerical model is to generaleedbults collected during the specific experimieatéivity and to
perform a direct comparison between the two casdiest (A and B), modelling synthetic and naturdu8ons with
the same thermal transmittance (respectively: BR asid A_sim).

The geometry of the case study A with a roof srfatt12 riwas implemented in the simplified model. Firstly a
validation and a calibration procedure was appigethe simplified model of the case study A. Asuhpt was used
the monitored weather data while the natural vatitih rate and the environmental parameters weiieds&n order
to obtain a good reliability between the indoorraonitored values and the simulated ones.

A fictitious rooftop assembly, named B2, with trere thermal transmittance of the case study A wadeited
in order to do a direct comparison between nataral synthetic insulation material. In detail threefs were
modelled:

. A_sim, an assembly with the same properties ot#se study A roof (view data in Table 1),
. B_sim, an assembly with the same properties o€ése study B roof (view data in Table 1),
. B2_sim, as the previous assembly but with a themnaasmittance equal to the one of the case study A

Both the thickness of the polyurethane and XPSIgamere increased up to 10 cm each.
After comparing the wood fibre vs synthetic insidatmaterial another variable was investigated:itifleence
of the roof surface on the global performance, g the ratio between surface occupied by tloé top and the
other surfaces contributing to the energy balarideeenvironment (in this case quite massive). dineensions of
the roof were thus increased of 10 time (from 12t 120 nj) in order to evaluate the influence of the roof
insulation material when predominant with respedhe other surfaces.

Table 2. Modelling activity.

Thickness U-value Yie ¢
[m] [W/mK] [W/mK] [n
A_sim assembly 0.262 0.18 0.04 14
B_sim assembly 0.112 0.37 0.40 15
B2_sim assembly 0.222 0.18 0.16 3.8

5. Results and discussion
5.1.Winter results

During winter, both the case study A and B, weratemporary monitored for one week. The selecteds day
presented typical winter season boundary conditiinimum outdoor air temperature registered wa€ @vhile the
maximum was 11.6 °C, with an average daily exteaialtemperature varying between 2.4 °C and 6.1
indoor air temperature for case study A was maieigiby the plant system around an average dailyeval 22°C
and small fluctuations of temperature were mondataring the day. Case study B did not presentlaasatrolled
indoor air temperature and during the analysed,dsigse the temperature fluctuated greater tharcdise study A.
In any case, the average daily temperature valloellated for the two case studies were around 36d122.6 °C.
Generally, the temperatures registered in case/ #tudere slightly higher than the ones of case yiBds shown in
Table 3.

In order to characterize the two roofs structuee efuivalent thermal conductance values are caémithrough
average method shown in equation 1. In Fig. 2 téedt of the equivalent C* values is shown. The eslof the
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parameters tend to silibe after the first daysFinal values of C* calculated for case study Asv@al6 W/n’K with
a standard deviation of 0.02 Wi while for casestudy B was 0.39 W/fK with a standard deviation of 0.(
W/m?K. As predictablethe value calculated for these study A is lower than the conductance value @*he
case study B, hence roof B presents a higher psifyeto heat transmissic(Fig. 2). Adding the standard internal
and external surface resistance [3] to ¢théulatedequivalent thermal conductance itsvpossible teevaluate the
thermal transmittances of 0.17 Winand 0.37 W/r’K respectively for case study A and BhéTcalculated results
are in line with the calculated valugsesented in Table

Daily energy values crossing the two rs were reported in Table 3. Negative energhues were calculated fi
the two case studies and during the whole pericginalysis, meaning that h losses occurrethrough both roofs
As expected, the energy crossing the roof of tlse chudy Ewas always higher than the values calted for case
study A, being the thermal transmittance value of tase study A lower. Aeduction in terms of energy crossi
(E>4) was evaluated around 41% and 5#¥the roof A when compared to roof Baily energy values vre around
-80 Wh/nf for case study A and betweeh30 and -140 Wh/ffor case study B. The daily energy performa
registered during the monitoring periqaesered a repeated behaviour for both case stud@m#irming the validity
and repeatability of the measurement. In ordedeepen the analysis, normalized energy) (kere calculated
following equation 3Heating degree day (HDD) calculated for caseysBiwere lower than the value of case stt
A, due to the lower indoair temperature in case stuB. Globally the normalized energy valu, calculated for
case study A was -0.98 Whimgainst 1.76 Wh/n? of the case study B, confirming the behaviour eatdd for
daily energy.

Table 3Winter boundary conditiordaily energy for case study A and B{E

Daily average temperatu

t out tint A tintB ExA E.B

[°C] [°C] [°C] [Wh/m?] [Wh/m?]
20/02/2013 6.2 225 21.8 -57.4 -123.9
21/02/2013 45 22.6 21.7 -58.2 -115.2
22/02/2013 25 22.4 205 776 -131.4
23/02/2013 25 22.2 22.1 -77.6 -139.7
24/02/2013 2.4 22.0 21.3 -80.5 -137.3

R B
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Fig. 2Equivalent thermal conductance for case study Ak
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5.2.Summer results

The monitored data of thease study ., rooftop refurbished with wood fibre insulatigroof U-value=0.18
W/m?K), were used to validate and calibraa simplified model. The calibration wasarried outfor one
representative summer day™(®f July). During this day the boundary conditions shovan average outdor
temperature of 29.2°C, a minimum of 234and a maximum ¢36 °C (Fig. 3 left). fie indoor air temperatuwas
not controlled by a plant system and the aveindoor air temperature registeram tase study A ws 29.4 °C.

In Fig. 3 right,the comparison between the monitored indoor aipeature and the simulatone are plotted. It
is possible to notice a good reliability betweer gimulation resus am the measured data with a maxim
difference of 0.2°C.

Once the model was validatethe simulation toowas run with the thredifferent assemblies (representec
Table 2). As shown in Fig. 4hé¢ application of thewood fibre insulation materigbresente a slightly better
performance than the sywtic solution but r relevant differencebetween the natural insulation material -
wood fibre) and the synthetisolution (B2 with the same thermal transmittance \(alue=0.18W/r’K), were
observed. The same consideration && outlined also comparing different thermal $raittance value i.e. in the
comparisonbetween the natural insulation material (A) and tbeftop with the assembly EMoreover no
differences concerning the time shift resultec the natural solution when comparedhe synthetic or. The main
reason is due to the fact that tloeftop surface covelonly the 18% of the building envelopad tha the rest of the
building envelope presents a high levettedrmal mas.

For these reasons the surfacedla roofwas increased of ten tim&s order to become the driving force in 1
energy balance of the modelled roonesRlIts are reported Fig. 4 (right graph). lareasing the exposed surfache
influenceof the massive insulation (wood fibre panels) om ithdoor air temperature profile can noticed. In this
caseit is evident that the largest difference is reeddbetween synthetic insulation material (B) natural material
(A) with different thermal transmittanc&he solution B presents the peak of the indoor taipire around6:00
when the outdoor boundary condition do not permée fcoolingthrough natural ventilation. As expected rest
show a drast improvement of performance at the increasinmsitilation thicknes (B vs B2).

Comparing the two assemblies with the same thetrmasmittanc (Fig. 4, right) A and B2, maller fluctuations
of the indoor air temperature aralculated for the natural solution (A) comparedh® synthetic one (BZ The peak
indoor air temperature reachedthvthe synthetic insulation mater (B2) is higher of 0.8°Ghan the wood base
solution (A) and it is reached around 18:00 whiedase stuc A two hours later (around 20:00)

To wrap up, br the geometry of the case stLA, the refurbishment with a naturedsulation materi: for the
rooftop would not be the turning point for tindoor air temperature control in a free floatimpndition but for
larger roof surface the results are significantlffedent and the application of a wood basedterial could
significantlyimprove the indoor thermal comf.

Monitored data Model validation
Boundary condition ot —loutH Indoor air temperature
40 1200 31.0

——A mon ---A sim (natur U 0.18)

35 30.5
1000

30 30.0

800 &

2
©
n

600 29.0

Temperature [°C]
) .
Temperature [°C]
v

400

Solar radiation [W/m’

<)
=3
S

Fig. 3 Boundary condition (left) andadel validation, case study A, comparison betweedetled and measured indoor air temper: (right).
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Fig. 4Model results comparison between natural and syintimsulaion material for rooftop (left) and for a roof sack 10 time greater (righ

6. Conclusion

In this work the thermabehaviour of two solutions adopted the energy refurbishmemf a roof-top, one
adopting a massive natural material #imel other a lightweigtsynthetic insulation materiak investigated

In order to choice the most cost effectimsulation material, ifferent aspects need to be investigaaccording
to the case study location: the thermal performaue¢h for heating and cooling seasons, the cort&trucosts, thi
operating costs, as well as the environmental caiivifiy issues.

This topic was faced from a technological and buildifysics point of view. Two case studies were analy
through an experimental activity in order to evéduthe thermal performars of two different solutions: one
business as usual and the otbee a wood fibre based therninsulation solution. The twaested technologies we
characterizedby means of experimental d and a good agreement was found between measuredatmdatec
values.The winter experimental campaign results are usedetify the thermal properties of the two roofsm
equivalent thermal transmittance@fL7 W/n’K and 0.37 W/rfK, are respectively calculatefhr case study A an
B. The daily energy performance registered durin¢ monitoring period, presentedrepeated behaviour fboth
case studies, confirming the validity amgeatability of the measurems

For summer conditiothe simulation resultrevealedno particular difference between the two solutiaen the
intervention concerns small surfaces in relatioth®other surfac.

On the contrary for larger surfacesfurbishec a more constant indoor air tenngure, with a reduction of tt
maximum temperature up 0.8°C and a time shift of twhours, was calculated for the wood t based insulation.
To explain the relatively tiny difference the two solutions 'e can point out that the indoor &&mperature curve
influenced by the whole thermal masfghe building. In the case of building with synthetic insulation we have
take into account theelatively bigger thermal mass per floor surfacé ifr compared with the wood fiber roc
Such an observation camplain the slight difference in summer performa between the two cases when a m
larger difference was expected.

In addition when comparinghe two solutionwe have to consider not only thbermal resistance athe
operational energput also the environmental impact of materialsand the related embodied ene. Indeed,
although the two insulations show a quite sinthermal behavior in the winter season as well a
the summertime, it has to be considetfeel smalle carbon footprint of the wood fiber. As a generahdasion it is
thus important to stresbat no recipes can be used when facing an enetggfit but adhoc mult-disciplinary
considerations need to be done in ortiechoos the most cost effective solutian, financial terms as well ¢
environmental.
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