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To mitigate the impact of climate change, building designers have to mature novel
approaches that enable occupants to remain comfortable in the predictable more warming
climate, as well as reduce the environmental footprint and emissions intensity of the building
fabric. According to Energy Performance of Buildings Directive (EPBD), energy-efficient
buildings represents one of the most accredited ways of reducing energy consumptions in
the urbanized area as it requires both high-performance components and technical systems.
In the last decades, Cross Laminated Timber Panel (X-Lam) buildings become very popular
among the designers of passive and nZEB buildings for their earthquake resistance, excellent
air tightness and thermal insulation, which allow achieving remarkable energy savings. In
this paper the thermal performance and the indoor comfort of a Cross Laminated Timber
Panel (CLT) building, have been evaluated.

This simulation study was carried out adopting two approaches, steady state and dynamic
regime, both in Catania and Bolzano two cities that, even belong in the Mediterranean area,
are characterized by different climates. Dynamic numerical simulations were performed on
a yearly basis through the software Design Builder, both in free-floating conditions and with
an air-conditioning (AC) system. Furthermore, the effect of natural ventilation (N.V.) on
the thermal behavior of the CLT building was investigated.

The two approaches have provided almost the same energy needs in winter but a significant
difference was revealed in summer in both sites. CLT building can lead to indoor overheating
of the building in the hottest days of the summer period not only in Catania. Indeed, dynamic
simulations in free-floating conditions have highlighted that the X-Lam building fabric
suffers even in Bolzano where the operative temperature ranges from 27.2 <C to 31.8 <C.
Moreover, the adoption of N.V. strategies can improve the indoor thermal conditions

reducing maximum value of operative temperature around 1.0 <C.

1. INTRODUCTION

Buildings’ energy efficiency improvement has become an
international objective for designers and researchers because
it has a high potential for reducing Green House Gas emissions
[1]. To this aim the concept of Nearly Zero Energy Buildings
(nZEB) [2-3] has a role strategic representing a path toward
sustainable communities and it is required by the Energy
Performance of Building Directive (EPBD) [4].

For satisfying the first requisite of the nZEB, several
researches have led to the definition of new architectural
shapes, passive design techniques, and innovative technical
solutions for both the opaque and the transparent components
being suitable for several climate conditions [5-11].

In this context, Cross-Laminated Timber (CLT), also
known as “Cross-Lam” or “X-Lam” technology is becoming
very popular among the designers of passive and nZEB
buildings. The outstanding structural (exceptionally strong
relative to its weight) and environmental performance in
comparison to concrete or steel have made CLT very popular.
The CLT construction system is based on the use of large
multi-layer panels made from lumber boards that are glued
together, alternating the direction of their fibres for each layer,
which improves rigidity, stability, and mechanical properties.
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The CLT systems are characterized by a variable thickness,
which ranges from 5 to 30 cm, obtained by gluing crossed
layers of spruce boards with an average thickness equal to 2
cm [12].

The cross-laminated nature of the panels implies that they
can take up forces in all directions, which allows them to be
used as walls, slabs or roofs, in a wide range of applications.
Moreover, CLT technology guarantees a simple and fast onsite
construction process, providing excellent air tightness and
high thermal insulation [13].

The technology based on X-Lam panels enables building
structures to avoid thermal bridging (in parapet walls or flat
roof solutions), also for multi-storey buildings, consequently
the heat losses are significantly reduced. This allows achieving
remarkable energy savings in the heating season [14].

Wooden panels have low thermal conductivity, which
ranges from 0.10 to 0.18 W m™! K'!, this allows creating walls
with significant thermal resistance and with low thicknesses
[15]. In X-LAM constructions, the use of wood, coupled with
traditional or innovative thermal insulating materials,
increases the thermal resistance of the wall. It is possible to
reach values of thermal resistance higher than R= 3.5 m?K W-
! (U-value lower than 0.29 W m K-!") with thicknesses around
20 cm [16]. These characteristics allow to achieve a yearly



energy saving which range from 15% to 30% compared to a
double brick wall [17].

Moreover, the panels are characterized by high specific heat,
even over 1.4 kI kg'! K-'[17].

For these reasons, the technological systems based on CLT
have had a widespread diffusion in areas characterized by very
cold climates, besides there has been also growing the interest
in CLT among designers and architects for its exploiting in
temperate climates. Consequently, it would be interesting to
analyse thermal and energy performance of CLT buildings in
Mediterranean area, particularly in summer period.

To this aim, in this paper, a building characterized by a
commercial X-Lam envelope has been modelled and analyzed
in Catania and Bolzano, two cities characterized by different
climates. The energy assessment of the building envelope was
carried out in the steady state by means MasterClima software.
Thereby, the energy needs were compared to the
corresponding limit values of the Italian regulation.

Moreover, dynamic simulations during a summer week
were carried out in order to investigate the thermal behavior of
CLT structures as well as the effect of the natural ventilation
(N.V.) on thermal comfort.

2. PROPERTIES OF XLAM PANELS

Cross-Laminated Panels (X-lam) are composed by cross-
stacked timber lamellas or wooden planks bonded together by
means of a high pressure along the surface [14, 16]. The
lamellas or planks made by coniferous wood or spruce are
overlapped so that the grains of each single layer are rotated of
90° respect to the adjacent ones [14, 16].

X-Lam structures are accredited in achieving high quality
of comfort due to the positive effect of the mass of wood on
the indoor climate and are able to effectively withstand
earthquakes or fires as panels exhibit great stability and
stiffness in the plane

The properties and performance of cross-laminated timber
being a natural renewable product, can vary slightly, but
commercial cross-laminated timber systems generally achieve
thermal conductivity of 0.13 W m™ K!, density of 500 kg m™
(spruce) and compressive strength of 2.7 N mm™
(perpendicular to grain of boards)

In Table 1 are reported the thermo-physical properties of a
cross-laminated timber panel and a Poroton block [18].

The values, reported in table 1, are useful and might help to
better understanding the possible difference in thermal
dynamic behavior of a CLT structure in comparison to a
traditional concrete structure typical of Italian building stock.

Comparing the properties of commercial X-Lam panel and
poroton block 700, it can be noted that the two materials have
almost the same density but they have significant difference as
concern the specific heat (C) and thermal conductivity (k).

Table 1. Thermo-physical properties of X-lam panels and
Poroton block (type 700)

Parameters unit X-lam Poroton
Thermal conductivity (k) W m™ K'! 0.13 0.23
Density (p) kg m3 500 700
Specific heat (C) Jkg!' K! 1,600 1,000
Thermal diffusivity “a” m?sl) 163107 210
12 2
Thermal effusivity “6” (™ Ii_l)m 3.22:102  4.01-10?
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The wooden lamellas are characterized by a thermal
capacity higher than Poroton block but their thermal
conductivity is lower. Thereby, the thermal diffusivity and
effusivity [19] of the cross laminated timber panel are lower
than that one of a Poroton block.

3. METHODOLOGY

This study was performed considering the building placed
at two different climate contexts, Bolzano and Catania.

The aim of this paper is to investigate the heating and
cooling aspects of CLT buildings energy performance in the
context of the requirements of EPBD for two climatic zone
using both dynamic and steady state calculation methodology
to obtain more specific information on the behavior of building.

A steady-state simulation tool (Aermec MC11300 [20]) and
a dynamic simulation tool (Design Builder) [21] were used.
The Steady State method was applied to calculate heating and
cooling needs. The dynamic method was specifically used to
calculate cooling loads and peak temperatures in naturally
ventilated building. Moreover, Design Builder, based on
Energy-Plus code [22] was adopted for calculating the energy
needs, heating and cooling in presence of AC system.

The building energy needs calculated by means two
approaches were compared

In order to evaluate the performance of the building
envelope in free-floating conditions, the indoor thermal
comfort of the building was evaluated during a week of the
summer period (4"-11% July). This week is quite
representative of summer period, because of it is characterized
by high external air temperatures and solar radiations in both
sites.

In detail, the trend of operative temperature (To,) and
Fanger index (PMV) were assessed. In addition, the hourly
profiles of outer and inner surface temperature of the wall
facades were calculated for assessing the thermal inertia of the
external walls. Moreover, the role of nighttime N.V. is also
investigated in free-floating conditions.

3.1 Thermal inertia parameters

The dynamic behavior of the building opaque elements can
be characterized by the periodic thermal transmittance and the
time shift, evaluated according to EN ISO 13786:2007
prescriptions [23]. As far as managing solar gain is concerned,
the main property of the building envelope to look at is the
thermal inertia, and a fairly accepted metric for this property
is called periodic thermal transmittance Yi, Wm? K.
Moreover, the time lag (TL) and the decrement factor (DF) are
investigated because they are widely used for characterizing
the thermal inertia, heat storage capability of buildings and to
evaluate their effect on the indoor wellbeing conditions [24-
25]. The time lag (7L) is measured by the difference between
the times when the maximum outer and inner surface
temperatures occur:

TL = TTsi Jmax - TTso,max (1)

On the other hand, the decrement factor (DF) is defined as
the ratio of the amplitude of the inner surface temperature
fluctuations to the amplitude of the outer surface temperature

fluctuations:



DF = Tsi,max _Tsi ,min
T S0, max _Tso,min (2)

3.2 Thermal comfort

The analysis of indoor thermal comfort is carried out by
means of Operative temperature (Top) and predicted mean
vote index (PMV). The operative temperature is calculated
with the following equation:

Top = 7Tror +(1_7)Tdrybulb 3)

where: Ty, mean radiant temperature; Tarybuib, mean zone air
temperature; vy, radiant fraction equal to 0.5.

The thermal wellbeing sensation is evaluated with the
approach based on the predicted mean vote index (PMV) that
is expressed by P.O. Fanger as:

PMV =(0.303-e7%026M 0,028 )L )

where: M, metabolic rate; L, thermal load defined as
difference between the internal heat production and the heat
loss to the actual environment - for a person at comfort skin
temperature and evaporation heat loss from sweating to the
actual activity level. The PMV index predicts the mean
response of a larger group of people according to the
ASHRAE thermal sensation scale [26].

4. CASE STUDY

The reference building is a timber framed construction. The
building is designed using common passive design strategies.
It is elongated on the east-west axis with large windows facing
south to benefit fully from passive solar heating and
daylighting for the main living areas. External shadings are
proposed to reduce solar gains due to solar irradiation. Thus,
the large opening on the south facade is shaded thanks to
horizontal overhang of the roof and vertical side projections of
the walls. This allows to partially limiting the solar radiation
incoming into the building by the south fagade.

While not ideal for sure, having a large and shaded single
opening could be very beneficial in the management of the
indoor environment without significant reduction of the
natural lighting.

In Figure 1 is shown a 3D view of the building model, a
wide glazing placed on the south faced allow to maximize the
incoming of natural lighting so that the use of the artificial
lighting is reduced.

Figure 1. 3D view of the building model
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The lighting system operates according to activity typical
program of a holiday house. The occupancy density is 0.05
people-m? with a power rate of 7 W-m™. The occupants are
expected to be relaxed with a speed of 0.3 m s™!, so metabolic
rate of 1.2 Met corresponding to 127 W person! was set up.
Because the occupants wear summer clothes a clothing
thermal insulation of 0.40 clo was considered. The power
density of lighting and domestic equipment are 5 W-m~and 3
W-m?2. The main geometric features of the building are
reported in table 2.

Table 2. Geometric features of the single storey-building

Heated gross volume \4 143 m
Total opaque surface So 160 m?
Total transparent surface St 21 m?
Total external surface S 181 m?
Shape factor SV 126 m!

Transparent/total rate So/St 0.12 -
Net floor area S 476 m?

The building envelope is characterized by opaque and
transparent components able to realize a high air tightness and
provide an air change rate of 0.3 vol-h™\.

4.1 Building components

The structural technology adopted for the reference building
is based on a commercial module of cross-laminated timber
panel (X-Lam). The vertical closures are self-supporting
structures characterized by a layer composed by cross-stacked
timber lamellas or planks. The insulation layers are placed in
the inner and outer side of the walls (Figure 2). The layers and
thermo-physical proprieties of the wall are reported in table 3.
Overall, the wall has a surface mass SM = 127 kg m?, a
thermal heat capacity C = 59.82 kJ m K*! with a U-value =
0.19 W m?2 K! and a thermal resistance R = 5.10 m> K W,
This wall has periodic thermal transmittance Yie=0.022 W m’
2K'and Yi = 0.024 W m?2 K! in Catania and Bolzano
respectively.

Outer plaster
Celenit panel

Wood fiber
insulation

= Breathable sheet

Outdoor

- Xlam structural

2 panel

= Fireproof rockwool
| insulation

Indoor

J80805000800050008000800880

981000018
|

— S Gypsum fiber panel

Figure 2. Stratigraphy of the building walls

The Italian Ministerial Decree 26/06/2015 [27] requires that
opaque vertical external walls, except walls at North, North-
West and North-East, must have surface mass not lower than
230 kg'm or periodic thermal transmittance (Yic) not higher
than 0.10 W-m2 K",

In addition, Y. of horizontal or tilted external walls must be
lower than 0.18 W-m2K"!. Consequently, X-Lam structure
complies the limit value of periodic thermal transmittance but
it is far from the limit value of surface mass.



Table 3. Stratigraphy and thermal properties of the walls

Layers s(m) k(Wm'K?'Y) pkegm? CJkg!KD
Outer plaster 0.02 0.80 1,600 1,000
Celenit panel 0.015 0.038 160 2,100
Wood fiber insulation 0.095 0.037 160 2,100
Waterproof and breathable sheet 0.009 0.22 500 1,000
X-Lam structural panel 0.10 0.13 500 1,600
Fireproof rock wool insulation  0.042 0.04 160 1,030
Gypsum fiber panel 0.013 0.18 1,300 1,000

In addition, the implementation of a green roof and high
performance glazing is proposed for achieving a well-
insulated building envelope. The U-value of each proposed
building component is reported in table 4. It also shows the
limit U-values (Ujim) that the same building components have
to comply the Italian regulation [27] in the case of building
located in Bolzano (BZ) and Catania (CT) respectively.

Table 4. Opaque envelope and glazing thermal features

T U Ulim -BZ Ulim - CT
ype Wm?K) Wm?K!) (Wm?2K?
External wall 0.19 <0.30 <0.45
Green roof 0.25 <0.25 <0.38
Ground floor 0.16 <0.30 <0.46
Windows 1.60 <1.80 <3.20

The limit U-values of the opaque and glazing components
comply with the regulation limits in both sites. Overall, the
building envelope is characterized by a mean overall heat
transfer coefficient H’r= 0.36 W m™ K-!. Considering a shape
factor S/V > 0.7 m’!, the reference building has to have H’r <
0.50 W m2 K!in Bolzano and H’r< 0.58 W m K'! in Catania
according to Italian regulation [27]. Thereby, the building
envelope complies the max admissible values of mean global
coefficient of thermal transmission in both climate zone.

4.2 RES, heating and cooling system

The building is equipped with an air-to-water heat pump
(HP) for space heating and cooling.

The HP system has a nominal power of 7 kW and a
coefficient of performance (SCOP) of 3.50, nominal power of
5.29 kW and EER=2.50 when it operates as chiller. The
conditioning system operates with a set-point temperature of
20 °C during winter and a 26 °C in summer.

A thermal solar system provides the energy needs for
domestic hot water (DHW) and a PV plant of 2.5 kW peak
power (complying with the prescription of the legislative
decree no. 28/2011) is also available.

4.3 Climate features

The thermal response and energy performance of this
building were investigated in two different climates. In Table
5 the main climate data of Bolzano and Catania are reported.

The climate of the two cities are up-loaded in DesignBuilder
and Figure 3 depicts the hourly profiles of solar irradiance on
the horizontal plane (Inor) and outdoor air temperature (T,)
from the 4™ to the 11" of July for Catania and Bolzano.

It has to be highlighted that in many days, in Catania, the
highest value of outdoor air temperature is lower than ones
detected in Bolzano. The solar radiation in Catania is always
higher than ones in Bolzano. Catania has a typical
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Mediterranean Climate with hot, dry summers and moderately
cool, wet winters. In summer, the average outdoor temperature
ranges from 20 °C to 35 °C, with peaks of 40 °C. In winter,
the outdoor temperature varies from 5 °C to 15 °C, while in
spring and autumn the climate is mild and the temperatures
vary from 10 °C to 28 °C. Bolzano is characterized by a cold
climate with mild summers and cold winters. In summer, the
average outdoor temperature ranges from 16°C to 30 °C. In
winter, the outdoor temperature generally varies from -5 °C to
10 °C whereas in spring and autumn the climate is mild and
the outdoor temperature fluctuates from 10 °C to 20 °C.

Table 5. Geography and climate data

Parameters Bolzano Catania
Climate zone E B
Winter degree-days GG 2791 833
Cooling degree-days GG 1444 2674
Latitude - 46,47 37,47
Longitude - 11,33 15,05
Height above sea level H 241 17
Maximum seasonal To +32 +35
outdoor air temperature C
Minimum seasonal outdoor To -10 +5
air temperature C
lhor (Catania) lhor (Bolzano) —— To (Catania) - --To (Bolzano)
1000 36
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Figure 3. Profiles of solar radiation (Inor) and outdoor air
temperature (T,) form 4™ July to 11% July

5. RESULTS AND DISCUSSION
5.1 Energy needs for heating and cooling

The thermal energy needs, expressed in kWh per unit
surface per year, (PEn,na) and (PEc nq) were compared with the
limit values of the reference building in Bolzano and Catania
respectively. In Table 6, the building energy demand for
heating and cooling calculated in steady state are shown. It can
be noted that the building envelope has a good performance



during the heating period. The limits for heating (PEn nq) are
met in both sites. This result highlights that the CLT
construction system is useful for guaranteeing the achievement

of high building energy performances. Also, in Catania, this
building configuration widely satisfies the limit values, in fact,
PEpn¢= 6.78 kWh m? y! that is about 1/4 of the PEp nd,limit.

Table 6. Energy demand for heating and cooling of the building in steady state conditions

Bolzano Catania
Heating period 15" Oct-15% Apr 1" Dic-31% Mar
PEu.nd kWh m? y’! 48.09 6.78
PEtndlimic  kWh m? y’! 61.52 38.64
Cooling period 15% Apr-15% Oct 1" Apr-30* Nov
PEcnd kWhm? y’! 41.44 79.96
PEc,nd, limit kWh m? 28.24 54.15

Table 7. Energy demand for heating and cooling of building in dynamic thermal behavior

Heating period
PEind  kWhm?y!
PEtindlimit  kWh m? y!

Cooling period
PEc.nd kWh m? y’!
PEc.nd,limit kWh m?

Bolzano Catania
15" Oct-15% Apr 1" Dic-31 Mar
51.72 5.53
61.52 38.64
15" Apr-15% Oct 1™ Apr-30* Nov
13.23 29.30
28.24 54.15

On the contrary, the energy needs for cooling of the building
do not comply the limit values of PEc g both in Bolzano and
Catania. The building is characterized by significant energy
demand for space cooling. In particular, PEcnqis 79.96 W m?
y'! when the building located is in Catania, that is twice of
PEc,nd,limit.

In table 7 the energy needs of the building in the heating and
cooling period calculated by means of dynamic simulation are
reported. It has to be highlighted that the heating energy needs
calculated by dynamic simulations are almost the same respect
to those calculated in steady state, in both sites. In particular,
in Bolzano, PEjnqis 51.72 kWh m? y™!' and 48.09 kWh m2y"!
in dynamic behavior and steady state respectively.

Instead, the cooling energy needs are significantly lower
than the that one calculated in steady state. This difference
might be attributed to the different calculation methodology.
In particular, in dynamic simulation it is possible to precisely
evaluate the reduction of the energy needs during the period
when the outdoor air temperature is lower of the set point
temperature of the building. In addition, the results show that
a building envelope remarkably thermal isolated involves an
increase of cooling demand when the calculations are carry-
out in steady state.

5.2 Dynamic thermal behavior

The outer and inner surface temperature of X-Lam walls
were calculated by means simulations carried out in summer
period (from the 1" to the 31" of July). The simulations were
performed starting the calculation with the same value of
indoor air temperature for the two cities. Figure 4 shows the
trend of Ty, and Ty during period 4" -11% July of a wall east
facing oriented in Bolzano and Catania respectively.

The trend of outer surface temperature varies from a
maximum value of 47 °C to a minimum value to 17 °C in
Catania whereas T, ranges from 45 °C to 15 °C in Bolzano.

The outer temperature attains its peak value in phase with
the maximum daily value of the solar radiation on the east
facing, that is to say at 9:00 am. It can be noted that the peak
values of Ty, in Catania are significantly higher than ones in
Bolzano but they are almost coincident for many days. As
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regard the inner surface temperature an amplitude of
fluctuation of about 2.5 °C is observed both Bolzano and
Catania. A gap of 2.0 °C between Catania and Bolzano is
maintained during this week. In Table 8 are reported the
dynamic thermal parameters of an east facing oriented wall of
the building for the two localities investigated.

The results show that walls based on cross-laminated timber
panels (X-lam) have almost the same thermal behavior in the
two climate zone. Indeed, there are not difference in terms of
time lag (TL) and decrement factor (DF).
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Figure 4. Simulated daily profiles of inner and outer surface
temperature of wall facing east

Table 8. Thermal dynamic parameters of an east facing
oriented wall of the building in Bolzano and Catania

T so,max Tsomin T si,max Tsimn TL DF
Bolzano 454 <C 152 <C 31.3<C 27.7<C4h0.12
Catania 471 <C 171 <C 321 <C 284 <C5h0.11

This wall has periodic thermal transmittance Yi.= 0.022 W
m?2K!and Yie= 0.024 W m? K in Catania and Bolzano
respectively. These values of Yi. are close with that one
calculated according UNI EN 13786 and, moreover, satisfy the
values established by Italian regulation. Nevertheless, this wall
is not able to significant attenuate the fluctuation amplitude of



heat wave as well as to sufficiently delay the peak. Therefore,

the heat stored within the wall is released inside the building

in the early hours of the afternoon.
5.3 Assessment of thermal comfort

The simulated daily profile of operative temperature (Tp),
during period 4"-11% of July, are depicted in Figure 5.

—Top (Catania) - —Top (Bolzano)

w
(3]

Operative Temperature (°C)
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o N 00 © O kP N W b
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Figure 5. Simulated daily profiles of operative temperature
of the building in Catania and Bolzano respectively

It has to be highlighted that in both localities, the operative
temperature is always above 26 °C. In Catania, the daily
profile shows a wide fluctuation of T, that ranges from a
minimum of 28 °C (at 05.00 a.m.) to a maximum of 32.5 °C
(at 15.00 p.m.). In Bolzano, the trend of T,, ranges from
27.2 °C (at 05.00 a.m.) to 31.8 °C (at 15.00 p.m.). It can be
noted that Top and PMV have almost the same trend. This wall
has periodic thermal transmittance Yi.= 0.022 W m2K-! and
Yie=0.024 W m?K-!in Catania and Bolzano respectively. In
table 9 are reported the maximum and minimum values of Ty
and PMV in Catania and Bolzano respectively.

The analysis of the trends depicted highlights that the same
building located in Bolzano, with the same level of thermal
insulation, suffers in the hottest hours of summer days. The
operative temperature and PMV values confirm that indoor
space is not comfortable without a AC plant. As a result,
natural ventilation strategies are necessary for achieving better
indoor thermal conditions also for a building located in
Bolzano.
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Figure 6. Daily profiles of PMV in Catania and Bolzano
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Table 9. Operative temperature and PMV of the building
located in Bolzano and Catania

Top,max Top,min PMVmax PVM,min
Bolzano 31.8°C  27.2°C 2.20 0.64
Catania  32.5°C 279 °C 2.50 0.90

5.4 Effects of N.V. on the free-running performance

In this study, the potential effectiveness of N.V. strategies
on the indoor thermal conditions are investigated by
introducing, in the building, an additional air flow rate from
the outdoors between midnight and 6:00 hours, with a constant
air change n= 3.0 ach-h’'. The latter value corresponds to what
may be obtained by opening the 33% of the fenestration
surface. The value of n=3.0 ach-h™! is a mean value and it was
chosen considering that the window is on one side and it could
be opened only for a limited time period to improve indoor
comfort.

This ventilation rate adds up to the amount of fresh air that
is constantly introduced for hygienic purposes (n = 0.3 ach h

l).
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Figure 7. Daily profile of Tsi and Ts, of the east facing
oriented wall with and without N.V. in Catania

Figure 7 depicts the profiles of the inner surface temperature
of the east facing oriented wall of the building, with and
without N.V., in Catania. The profile of outer surface
temperature is unchanged compared to the building without
N.V. whereas the trend of inner surface temperature is reduced
on average of 1.2 °C. T ranges from 26.5 °C to 31.2 °C. It can
be noted that N.V. has a significant effect on the minimum
value of inner surface temperature because Tsimin iS averagely
reduced by 1.70 °C. Instead, the peak value of Ty is reduced
by 1.0 °C. In Bolzano, the effect of N.V. on the trend of inner
surface temperature is almost the same.

The effects of the N.V. on the thermal behavior of east
facing oriented wall in Bolzano and Catania are reported in
table 10.

Table 10. Thermal dynamic parameters of an east facing
oriented wall of the building with N.V

T so,max Tso,min Tsi,max Tsimin  TL DF
Bolzano 454 <C 152 <C 306 <C 260<C 5h 0.16
Catania 47.1C 171 <C 312<C 265<C 5h 0.15

Figure 8 and 9 depict the effect that N.V. can be provide on
the operative temperature and PMV in Catania.
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Figure 9. PMV with and without N.V. in Catania

Comparing the results, it can be noted that the operative
temperature is decreased on average by 1.0 °C so that its
profile ranges from 25.8 °C to 31.7 °C. A significant reduction
is achieved on the minimum values of operative temperature.
In fact, Topminis decreased of 2.50 °C whereas the peak value
of Top is decreased about 1.0 °C. PMV ranges from 0 to 2
thanks to the N.V. The effect of the N.V. on the indoor space
of the building located in Bolzano is the same if compared to
the results obtained in Catania. Finally, the indoor thermal
conditions are significant improved thanks to the contribution
of N.V. but the indoor space still suffers in the hottest hours of
summer days even in Bolzano. In table 11, Top and PMV of the
building, with and without natural ventilation, in Bolzano and
Catania are shown.

Table 11. T,, and PMV, with and without N.V

Top,max Top,min PMVmax PVM,min

No ventilation 31.8 C 27.2 <C 2.20 0.64

Bolzano Ventilation 3((:).9 2é'>.0 1.92 -0.22
Catania No ventilation 325 <C 279 <C 250 0.90
Ventilation 31.6 <C 255<C 215 -0.09

6. CONCLUSIONS

This paper investigates, by means dynamic simulations, the
energy needs for heating and cooling, thermal inertia and
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indoor thermal comfort of a building characterized by a
commercial X-Lam envelope. This study was carried out
considering the building located in Bolzano and Catania.

An energy analysis of the building was performed in steady
state and dynamic regime. Building envelope shows moderate
heating demand and significant energy needs for space cooling
for both sites when the steady state is adopted. In Catania,
these results are more pronounced because the energy needs
for space heating is about one fifth of the corresponding limit
value whereas the cooling demand is about twice the limit
value required by the Italian regulation.

The results of dynamic simulation show that the energy
needs for space heating of the building are almost the same
compared to the steady state. On the contrary, the energy needs
for space cooling are significantly lower than cooling demand
calculated in steady state. This difference might be due to the
different calculation methodologies. In fact, dynamic regime
allows to assess the thermal exchange for transmission and
infiltration during period when the outdoor air temperature is
lower than the indoor set point temperature of the building.

Despite the required limit values by the Italian regulation
about periodic thermal transmittance are largely verified, the
walls do are not able to significant attenuate and delay the peak
of outdoor heat wave.

The analysis in free-running conditions, have showed that
the building significantly suffers during representative hot
week of summer period. Therefore, this kind of building
envelope does not guarantee the comfort and wellbeing
thermal of the occupants when the AC system for space
cooling is switched off.

Although passive cooling strategy as natural ventilation was
implemented the reduction the indoor temperatures was not
sufficient to guarantee adequate thermal comfort conditions.
Globally, it could be stated that in region where the heating
demand is not a critical issue, it would be advisable to adopt
only moderate insulation in building envelopes.
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NOMENCLATURE

thermal diffusivity, m?. s

thermal effusivity, W. s'2. m2. K'!
thermal heat capacity, kJ. kg, K1
specific heat, J. kg?. K

decrement factor

mean heat transfer coefficient, W. m2. K!
Solar irradiance, W. m?

thermal conductivity, W. m?. K*!
thermal energy needs, kWh. m?2. y!
PMV predicted mean vote

R thermal resistance, m? K. W-!

S thickness, m

> T O

PE

SM surface mass, kg. m

T temperature, C

TL time lag, h

u thermal transmittance, W. m2, K*!

Y periodic thermal transmittance, W. m2, K*

Greek symbols

P density, kg. m
T time, h
Subscripts

C cooling

H heating

ie internal-external
max maximum

min minimum

mr mean radiant temperature
0 outdoor

op operative

si inner surface

outer surface
thermal





