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Abstract 
This study is part of a wider research aimed at creating 
building type databases for simplified dynamic thermal 
models of buildings. In particular, thermal inertia analysis 
is the focus of this paper, looking at its impact in terms of 
comfort and energy consumption in different climates and 
for different end uses. The impact of all factors 
influencing thermal inertia are investigated using 
dynamic simulations. Its relevance in warm climates has 
been observed, especially influenced by periodic 
transmittance and internal capacity. Combined with a 
passive strategy as night ventilation, the discomfort level 
with cooling system can be reduced up to 90%. 
Key Innovations 

• Use of simplified dynamic simulation tool for 
thermal inertia impact assessment 

• Comparison of different construction envelopes, 
including PCM boards in different climates 

Practical Implications 
The research compared different building using 
quantitative measure. The use of simplified dynamic 
energy simulation allows to account for the actual 
behaviour of these materials, comparing both energy 
consumption and thermal comfort. 
Introduction 
The international trend towards the reduction of building 
energy consumption is increasingly evident. European 
regulations are moving towards the construction of 
passive houses, using natural elements such as sun, wind, 
natural light and ventilation, to reach the so-called nZEB 
(Nearly Zero Energy Building) or the most ambitious 
standard of ZCB (Zero Carbon Building) (Attia, 2018). 
Building design typically involves many different aspects, 
such as structural or aesthetic and functional ones. The 
“energy design of buildings” refers to the activities that 
take into account the envelope thermal behavior, defined 
by a complex interaction of heat gains, losses and storage. 
Among all the factors that influence energy consumption 
and thermal comfort, the control of internal temperature 
is undoubtedly the crucial issue (European Parliament 
2018; Lamberti 2020; Lamberti et al. 2020). The 
environment temperature variations caused by all the heat 
exchanges mainly depend on the materials thermal-
physical properties, related to the way the building is 
designed (Pacheco, Ordóñez, and Martínez, 2012). 

The building envelope is defined as the physical separator 
between the air conditioned and unconditioned 
environment of a building, including the resistance to air, 
water, heat, light, and noise transfer (Cleveland and 
Morris, 2014). The envelope quality affects all thermal 
comfort parameters, so the internal temperature variations 
and the energy consumption for heating and cooling 
systems. For many years the quality of building envelopes 
has been assessed only to the reduction of thermal 
transmittance (Stazi, 2017); however, recent researches 
have shown that not only transmittance but also heat 
capacity should be carefully considered to reduce cooling 
energy needs (Leccese et al., 2018). 
Thermal inertia causes temporal variations in the heat 
transfer of external conditions inside the building, and 
vice versa; although standards such as EN-ISO-13786 
allow its impact to be evaluated using quasi-steady 
methods, the only way to correctly understand its effect is 
to use dynamic tools (Soret et al., 2021). Thermal inertia 
is the ability of a material to store energy by increasing its 
temperature more or less slowly as a response to external 
temperature changes or to an internal heat source. If an 
incoming heat flow is considered, approximated with a 
sinusoidal curve, the internal temperature variations are 
sinusoidal too. However, part of the incoming heat is 
absorbed and stored inside the construction and the peak 
value of heat flux is transmitted into the room mitigated 
and phased out (Verbeke and Audenaert, 2018). 
A good thermal inertia can contain the effects of external 
temperature oscillations on the internal conditions, by 
attenuating and delaying them, especially when these 
oscillations are more pronounced: this is the case of 
summer period in warm climates. If, instead of the 
external weather conditions, an internal heat source is 
considered, a good thermal inertia is linked to the ability 
to accumulate heat on the inside of the walls: the higher 
the storage, the lower the internal surface temperatures, 
the greater thermal comfort inside the building during 
summer (Li and Malkawi, 2016). 
PCMs are an innovative solution to deal with the summer 
problems. PCM stands for phase change material, i.e. as 
the temperature increases to a certain value, change phase 
from solid to liquid. Since this reaction is endothermic, 
they absorb heat, acting almost like an isothermal heat 
storage. The PCMs can be incorporated in construction 
materials and elements, such as panels or plasters. The 
principle of PCMs use is very simple, but evaluating the 
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effective contribution of the latent heat loads in the 
enhancement of the energy performance of the whole 
building is a challenge (Soares et al., 2013). 
Technical literature reveals some discrepancies in the 
benefits of thermal inertia on cooling energy needs 
(Verbeke and Audenaert, 2018), however some additional 
considerations can be made: 
• In relatively warm climates, the impact of inertia 

appears to be more pronounced 
• The benefits of thermal inertia on comfort levels 

during summer are more universally recognised than 
its positive impact on energy saving (Stazi, 2017) 

• Many authors have shown that different insulation-
mass configurations have unequal and often opposite 
effects on dynamic behaviour; for some authors the 
presence of a capacitive layer (mass) between two 
resistive layers (insulation) can bring great benefits, 
especially for light structures (Leccese et al., 2018) 

Thermal inertia impact on the building thermal behaviour 
is a crucial factor, influenced by elements that make the 
analysis more complex, for instance time-dependant 
climate boundary conditions, the actual use of the 
building, the interactions between the edifice and the 
surrounding environment and so forth. Technological 
support, such as simulation software, must be provided. 
In particular, building performance simulations (BPS) is 
defined as the use of computational mathematical based 
models to represent the physical characteristics and 
control strategies of a building (or buildings) and its 
(their) energy systems. BPS calculations include building 
energy flows, airflows, energy use, thermal comfort and 
other indoor environmental quality indexes (Hong, 
Langevin, and Sun 2018; Fantozzi and Rocca 2020). 
Building dynamic simulation tools represent a suitable 
mean for accurately assessing building’s energy 
performance, since they may be able to realistically 
predict the building behaviour under real operating 
conditions (Zhao and Magoulès, 2012). The results of a 
BPS highly depend on the quality of the input data and 
approximations used to perform it. 
The aim of this project is to evaluate the thermal inertia of 
the building envelope under different weather conditions, 
using a simplified dynamic building energy simulation 
screening tool developed in previous studies (Picco and 
Marengo, 2019). This work is part of a larger research that 
led to the creation of a database for the above-mentioned 
tool. The use of data and settings made available in the 
larger tool’s databases allowed to achieve reliable results. 
Method 
The energy modelling software tool called FREDS was 
used to perform dynamic simulations of a selected 
standard building and reach the research goal. It is the 
result of a project started in 2013 by Marco Marengo and 
Marco Picco (Picco, Lollini, and Marengo, 2014), which 
allows to quickly and easily perform energy simulations 
that deliver results within an acceptable accuracy range. 
In the first step of the project (Picco and Marengo, 2013), 
among all codes the authors selected the well-known and 

renowned EnergyPlus as the underlying simulation 
engine. This choice allows to maintain the complexity and 
versatility of an advanced simulation code, also allowing 
the final user to export the simulation model to 
EnergyPlus at any point if needed to extend the range of 
accessible features (Picco and Marengo, 2015).  
Several building envelopes have been conceived and 
compared to analyse the impact of thermal inertia. 
Therefore, a database regarding envelope’s constructions 
and transparent surfaces has been developed to be 
exhaustive, flexible and modular, conceived following a 
system of categories and subcategories. It has then been 
implemented in the simplified dynamic simulation tool. 

Figure 1: Constructions database illustrative scheme. 

Thus, four comparisons have been identified: envelope 
with similar transmittance values, but different areal heat 
capacity; different insulation position in heavyweight 
envelopes; envelope with similar periodic transmittance 
values, but different internal heat capacity; the impact of 
using PCM boards in lightweight envelopes. 
Comparisons are based on both thermal comfort and 
consumption. In particular, thermal comfort is dependent 
on environmental factors, as well as personal factors and 
expectations. Since considering all these variables is very 
complex and often based on statistical studies, operative 
temperature has been chosen as a good, although not 
exhaustive, parameter of comfort evaluation. 
Operative temperature is defined the uniform temperature 
of an imaginary radiantly black enclosure in which an 
occupant would exchange the same amount of heat by 
radiation plus convection as in the actual non-uniform 
environment (ISO 7730:2005, 2005). Where the air speed 
is less than 0.1m/s, as typical in buildings, radiative and 
convective heat transfers may be similar, and so the 
operative temperature can be assumed as the average 
between air and mean radiant temperature. In this regard, 
the EN 16798-1 (EN 16798-1:2019) contains a 
methodology for calculating acceptable indoor 
temperatures for design of buildings without mechanical 
cooling systems, based on the theory of adaptive comfort 
of Humphreys and Nicol. This theory states that in non-
air-conditioned environments, comfort is a function of the 
outside temperature, so it is possible to find operative 
temperature limits once known the outside temperature. 
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For the category II, i.e. buildings with a normal level of 
comfort expectation, these limits are: 
Upper limit:  θ!,#$% = 0.33 ∙ θ&# + 18.8 + 3 (1) 
Lower limit: θ!,#'( = 0.33 ∙ θ&# + 18.8 − 4  (2) 
Optimal temperature: θ! = 0.33 ∙ θ&# + 18.8 (3) 
θ&# is defined as the outdoor running mean temperature 
and can be evaluated through this equation: 
       θ&# = (1−∝) ∙ (θ)*+,+∝∙ θ)*+- +∝-∙ θ)*+.)  (4) 
where θ)* is the daily mean outdoor air temperature for 
previous day and ∝= 0.8. 
The comfort limits are graphed in Figure 2: 

 
Figure 2: Comfort limit (EN 16798-1). 

As suggested by the afore-mentioned EN 16798-1, these 
comfort limits apply when 10°0 < θ&# < 30°0 for upper 
and lower limit. Below an outdoor running mean 
temperature of 10 °C, for the upper limits the same values 
as for mechanically cooled buildings (24 °C) was used; 
likewise was done for the lower limit (20 °C). 
As highlighted in the results paragraph, an attempt was 
made to relate the comfort aspects to energy 
consumptions by defining a way to evaluate acceptable 
operative temperature values when the system is on. 
Simulated building 
A standard building has been defined at geometric level 
and, following the FREDS tool logic, it has been 
conceived as a simple parallelepiped with glazed areas 
equivalent to the sum of the individual glazed surfaces on 
each wall. The tool has been validated against multiple 
case studies of real buildings with an expected accuracy 
margin of less than 20% (Picco and Marengo, 2015). The 
simplifications implemented in the tool only concern the 
building description model, while the simulation code 
used (EnergyPlus) has not been modified. 
Table 1 shows the features of the selected standard 
building, also displayed in Figure 3. 

Table 1: Standard building features. 

Location Various 
End use Various 

N° of floors 3 

Floor to floor height 3 m 

Avg. floor surface 255 m2 

S/N Length 30 m 

E/W Length 10 m 

Windows % on walls 13.3 % 

North facing Windows 35 m2 

East facing Windows 13 m2 

West facing Windows 13 m2 

South facing Windows 35 m2 

Windows type Double LoE PVC 

 
Figure 3: Standard building. 

The building has been simulated with two different 
weather files of the cities of London and Brindisi. These 
two were chosen because located at different latitudes, to 
assess the behaviour of the different constructions in 
opposite climatic conditions (Figure 4) (Table 2). 

 
Figure 4: Latitude of the two cities. 

 

Table 2: Monthly average air temperatures of the two 
cities. 

 Brindisi London 
December average temperature 11.32 5.11 

January average temperature 10.32 4.40 

February average temperature 9.25 3.94 

July average temperature 25.53 17.32 

August average temperature 26.14 16.73 

Furthermore, the building has been simulated under two 
different end-uses conditions, residential and office. 
Substantial differences stand in the usage profiles of the 
building, occupancy, internal loads, and the set-point 
hours of the HVAC system, set as per current standard. 
Building constructions 
The building has been simulated with different 
construction techniques under the two weather conditions 
of London and Brindisi. One main comparison has been 
identified to evaluate the behaviour of different 
envelopes, varying transmittance value and thermal 
inertia (Table 3). 
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Table 3: Main comparison. 

Name Description External wall 
R1A/O1A 

Low performance 

heavyweight 

Not insulated solid 
bricks masonry with 

polystyrene blocks roof  

R1B/O1B 

Low performance 

lightweight 

Not insulated timber 

frame with timber roof 
 

R1C/O1C 

High performance 
heavyweight 

Insulated solid bricks 

masonry with 
polystyrene blocks roof  

R1D/O1D 

High performance 

lightweight 

Insulated timber frame 

with timber roof 
 

Based on the results of the main comparison, additional 
evaluations were carried out about the importance and the 
impact of the various aspects that characterize thermal 
inertia, in particular the ones introduced by EN ISO 
13786: 
• Areal heat capacity [kJ/m2K] 
• Periodic thermal transmittance [W/m2K] 
• Internal heat capacity [kJ/m2K] 
In order to assess the impact of the individual parameters, 
two further comparisons have been identified, with the 
envelopes highlighted in Table 4 and 5. The second 
compares identical constructions with different insulation 
position while the third compares envelopes with similar 
periodic transmittance but different internal heat 
capacities. These two comparisons have been performed 
only in warm climate (Brindisi) and for the residential end 
use, as it has been noted that studied parameters 
particularly affect summer behaviour and not the winter 
one. 

Table 4: Comparison 2. 

Name Description External wall 
R2A 

Cavity masonry 
external insulation 

Insulated hollow bricks 

cavity masonry with 
hollow bricks roof  

R2B 

Cavity masonry 

cavity insulation 

Insulated hollow bricks 

masonry with hollow 

bricks roof  

R2C 

Cavity masonry 

internal insulation 

Insulated hollow bricks 

masonry with hollow 

bricks roof  

R2D 

Cavity masonry 

ext. and int. ins. 

Insulated hollow bricks 

masonry with hollow 

bricks roof  

 

Table 5: Comparison 3. 

Name Description External wall 
Sim R3A 

Heavyweight 

masonry 

Insulated solid bricks 

masonry with hollow 

bricks roof  

Sim R3B 

Mediumweight 

CLT 

Cross laminated timber 

envelope with wood 

fibre insulation  

Sim R3C 
Lightweight timber 

frame 

Timber frame with 
timber roof and wood 

fibre insulation  

Finally, the impact of using PCM boards in lightweight 
envelopes was considered, starting from the 1D envelope, 
i.e. insulated timber frame with timber roof. These 
comparisons were performed considering only the warm 
climate (Brindisi) and the office end use. Lightweight 
envelopes, whether the substructure is timber or metal, are 
characterized by the presence of panels, and since paraffin 
is the most used PCM worldwide (Soares et al., 2013), a 
bio-based PCM rigid board was chosen, based on the 
characteristics of a commercial product with a melting 
point around 27°C and latent heat of 230 kJ/kg. Therefore, 
in the last comparison three cases were considered 
varying the position of the PCM board. 
• On the inner side of the outer walls 
• On the outer side of the external walls  
• On the inner side of the external walls and on the 

internal walls 
The same construction type for the ground floor, that is a 
non-insulated concrete slab with screed and flooring, has 
been used in all comparisons. 
The values of the resulting parameters for all the 
envelopes used in the comparisons are shown below 
(Table 6,7.8). 

Table 6: Main comparison parameters. 

 R1A/O1A R1B/O1B R1C/O1C R1D/O1D 
Ext. wall  

T 0.39 0.18 0.44 0.22 

Ms 660.00 53.49 492.75 58.29 

U 1.412 1.373 0.195 0.185 

Yie 0.216 1.306 0.017 0.160 

Cta 622.5 64.9 462.4 71.2 

Cip 64.80 24.45 62.20 29.72 

 

Roof  

T 0.27 0.16 0.39 0.22 

Ms 243.50 40.13 222.30 44.93 

U 1.469 1.364 0.193 0.185 

Yie 0.781 1.337 0.044 0.170 

Cta 237.2 46.5 215.1 52.8 

Cip 59.64 13.10 54.22 15.52 

The purpose of the first comparison is to simulate the 
behaviour of buildings with envelopes characterized by 
similar transmittance value but very different areal heat 
capacities. 
 
 

Table 7: Second comparison parameters. 

 R2A R2B R2C R2D 
Ext. wall  

T 0.38 0.33 0.38 0.38 

Ms 278.95 278.95 278.95 278.95 

U 0.27 0.28 0.27 0.27 

Yie 0.037 0.080 0.046 0.013 

Cta 259.39 259.39 259.39 259.39 

Cip 52.91 56.38 21.09 20.62 
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 R2A R2B R2C R2D 

Roof  

T 0.33 0.33 0.33 0.33 

Ms 257.50 257.50 257.50 257.50 

U 0.29 0.29 0.29 0.29 

Yie 0.081 0.081 0.026 0.026 

Cta 217.06 217.06 217.06 217.06 

Cip 57.58 57.58 20.79 20.79 

In the second comparison, buildings in which the position 
of the insulation varies have been considered, which 
determines a change in the internal heat capacity. 

Table 8: Third comparison parameters. 

 R3A R3B R3C 
Ext. wall  

T 0.36 0.27 0.25 

Ms 485.95 125.64 96.98 

U 0.37 0.29 0.22 

Yie 0.038 0.040 0.039 

Cta 456.07 188.81 144.29 

Cip 62.56 32.70 27.67 

 

Roof  

T 0.41 0.27 0.25 

Ms 302.70 130.54 94.80 

U 0.22 0.32 0.22 

Yie 0.041 0.042 0.043 

Cta 255.33 195.74 137.36 

Cip 55.64 32.74 28.00 

The aim of the third comparison is to evaluate the 
differences in the behaviour of buildings with envelopes 
characterized by similar periodic transmittance value but 
very different internal heat capacities. 
Regarding the last comparison, the PCM panels were 
placed in different positions of the 1D envelope. 
In addition, a passive strategy such as a good night-time 
ventilation during summer has been assessed in Brindisi, 
where the average night-time temperatures in July and 
August are 23.19 °C and 24.11 °C. 
Results and discussion 
The simulation results, hourly based, were reworked to 
obtain: 
• Operative temperature trend (with and without 

HVAC systems) for a summer and winter periods 
• Monthly and annual energy consumption 
Regarding adaptive comfort, the comparison parameter is 
the percentage of discomfort hours over the period. 
For the main comparisons R1 and O1, a way to evaluate 
thermal comfort with the HVAC system was defined: 
since both residential and office end use (for opening 
hours) have fixed setpoints (20°C/26°C for residential, 
21°C/26°C for office), it was considered appropriate to 
assess comfort in relation to these setpoints, in particular: 
• A lower limit of comfort equal to winter setpoint 

decreased by 1 degree (19°C for residential, 20 °C for 
office) was considered 

• An upper limit of comfort equal to the summer 
setpoint increased by 1 degree (27°C) was considered 

Only the opening hours have been considered concerning 
the offices (every day from 8 to 20 except Sunday), for a 
total of 72 hours per week against the 168 hours per week 
of residential buildings. 
The simulation results show how the air temperature is 
controlled correctly by the HVAC systems. 
Due to London climatic conditions, the most important 
issue is related to heating. While problems of summer 
overheating are rarely noted. Some considerations can be 
made analysing the simulations results (Table 8): 
• The winter discomfort percentage is almost 100% in 

the case of not insulated envelopes, even with an 
activate HVAC system, while it is 0% for insulated 
ones. This is because the system controls the air 
temperature, not the operative one, which is also 
influenced by the radiant temperature 

• Cooling needs are more significant for the office end 
use because of the higher internal loads. It should also 
be noted that comfort is related to the insulation 
thickness during summer. Unlike residences, a good 
insulation can lead to slight overheating problem 

• In offices, characterized by higher internal loads but 
also by an intermittent fruition, winter discomfort 
percentage with air-conditioning system is greater for 
heavyweight envelopes because they need more time 
to become warm. It must be noted that the office 
lower limit of comfort is 20 °C, not 19 °C as for 
residential end use 

• The summer discomfort with cooling system is 0% in 
all cases, thanks to mild outdoor temperatures 

It can be concluded that envelopes with good inertia don’t 
bring significant advantages under the London climatic 
conditions: the most important parameter to control is the 
transmittance. Lightweight and well-insulated envelopes 
can be a good solution. However, when internal loads and 
cooling needs are considerable, lightweight insulated 
envelopes may lead to higher summer consumption. 
Brindisi was chosen for its warmer climate than London, 
both in winter as well as summer, like much of southern 
Europe. Despite a less rigid winter, a certain level of 
insulation is necessary to reduce winter consumption and 
heating power peaks. However, unlike London, cooling 
need is significant, particularly for the office end use but 
also for the residential one. Problems of summer 
overheating can be noted. Some considerations can be 
made analysing the simulations results (Table 9): 
• If the heating system is not considered, discomfort is 

almost 100% in most cases. If heating system is 
considered, the percentage is high for non-insulated 
envelopes, while it reaches 0% for insulated ones 

• In the offices, as for London, winter discomfort is 
higher for heavyweight envelopes 

• It can be noted that insulation acts as a barrier for 
internal loads and heat, so “high performance” 
envelopes have greater problems of summer 
overheating. This is reflected in a higher cooling need 
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than non-insulated envelopes and, especially for the 
office end use, it becomes so relevant that a not-
insulated massive envelope has total combined 
energy needs similar to a lightweight isolate one 

• Underlining the importance of a certain level of 
insulation, it can be noted that the envelopes with 
higher thermal inertia have a better summer 
behaviour. On equal transmittance values, a good 
thermal inertia allows the reduction of the summer 
discomfort percentage without system. The 
difference is more evident in not-insulated envelopes, 
R1A vs R1B, than in insulated ones, R1C vs R1D, 
both for the reduction of cooling needs and the 
reduction of operative temperature fluctuations: the 
latter, for lightweight envelopes, exceeds the optimal 
temperature by even 7 degrees in summer 

•  Thermal mass acts as a thermal battery, so a good 
night ventilation reduces overheating in all cases but 
has a greater impact on massive envelopes that 
accumulate more heat. Ventilation cools walls that 
have accumulated heat during the day. Ventilated 
massive envelopes reach less than 10% of summer 
discomfort with cooling system on, while lightweight 
ones, especially in offices, reach more than 50% 

It can be concluded that envelopes with good inertia, 
bring significant advantages in warm climates, especially 
if associated with a good summer night-time ventilation, 
both in terms of comfort and energy consumption, 
reducing summer overheating problem. The differences 
between heavyewight envelopes and lightweight ones are 
mainly due to two thermal inertia aspects: 

• The heat wave time shift 
• The heat wave attenuation 
It is reasonable that the first one is related to the periodic 
transmittance value, while the other with internal heat 
capacity value. To confirm so, the results of comparisons 
2 and 3 have been analysed only for Brindisi (Table 10). 
The benefits of a higher internal heat capacity are linked 
to a better absorption of internal loads by the envelope 
with a reduction in the fluctuations of the operative 
temperature. The first two cases (R2A, R2B), with 
insulation not facing the internal environment, are the 
ones that lead to better results. The R2D case is 
characterized by an alternation of capacitive and resistive 
which, as confirmed by various authors (Leccese et al., 
2018), leads to reduction of periodic transmittance value. 
It is hence concluded that inertia, once areal heat capacity 
is fixed, is characterized by a combination of periodic 
transmittance value, related to the incoming flow, and 
internal capacity value, related to the actual internal loads. 
Therefore, comparison 3 has taken into account envelopes 
characterized by similar periodic transmittance values but 
different internal heat capacities. 
Since the U-Values are dissimilar between the three 
envelopes, there are slight differences in terms of heating 
need and winter comfort. Focusing on summer behaviour, 
the most clear differences are in terms of comfort, as the 
decrease in heat capacity increases the temperature 
fluctuations. There are no major gaps in consumption, 
although a good night-time ventilation increases the 
differences. 

   R1A R1B R1C R1D O1A O1B O1C O1D 
L 
O 
N 
D 
O 
N 
 

H 
E 
A 
T 

Heating needs [kWh/m2] 151.1 153.2 72.7 72.7 109.8 110.6 49.3 48.8 

Discomfort 100% 100% 100% 100% 100% 100% 100% 100% 

Discomfort with heating system 100% 88.7% 0% 0% 100% 91.7% 20.8% 13.9% 

C 
O 
O 
L 

Cooling needs [kWh/m2] 0.2 1.3 0.7 1.5 4 7.8 10.2 12.1 

Discomfort 50.7% 57.9% 0.1% 7.8% 31% 50.4% 12.3% 24.3% 

Discomfort with cooling system 0% 0% 0% 0% 0% 0% 0% 0% 

B 
R 
I 
N 
D 
I 
S 
I 
 

H 
E 
A 
T 

Heating needs [kWh/m2] 49.7 51.9 16.9 17.4 30.9 32.1 10 10.1 

Discomfort 100% 99.7% 93.1% 94.6% 100% 89% 63% 55% 

Discomfort with heating system 48.2% 53.6% 0% 0% 100% 63.9% 0% 0% 

C 
O 
O 
L 

Cooling needs [kWh/m2] 33 35.3 43.3 44.2 44.9 50.6 61.6 63.5 

C. n. with night-time vent. [kWh/m2] 28.4 33.3 37.6 41.4 41.9 49.4 55.1 59.4 

Discomfort 9% 24.2% 80.9% 86.3% 45% 62.2% 100% 100% 

Discomfort with night-time ventilation 3.8% 22.5% 40.4% 49.9% 13.2% 43.7% 51.8% 62.1% 

Discomfort with cooling system 0% 17.9% 6% 38.1% 15.3% 59.7% 100% 100% 

Discomfort with system and night vent. 0% 15.5% 0.6% 21.4% 0% 43.1% 9.7% 52.8% 

   R2A R2B R2C R2D R3A R3B R3C 
B 
R 
I 
N 
D 
I 
S 
I 

H 
E 
A 
T 

Heating needs [kWh/m2] 19.8 20 20 20 19.8 20 20 

Discomfort 95.3% 95.8% 96.5% 96.5% 94.9% 96.7% 95.5% 

C 
O 
O 
L 

Cooling needs [kWh/m2] 43.5 43.7 43.9 43.7 43.5 43.7 43.9 

Cooling n. with night-time vent. [kWh/m2] 37.9 38.1 38.6 38.4 36.8 38.6 38.8 

Discomfort 84.1% 84.4% 88.7% 85.3% 78.1% 83.6% 90.7% 

Discomfort with night-time ventilation 42% 42.1% 46% 44.7% 36.8% 46.5% 48.7% 

Table 9: Results of the main comparison. 

Table 10: Result of the second and third comparison. 
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Therefore, with the same periodic transmittance, internal 
heat capacity plays an important role in comfort levels and 
consumption. 
Lightweight and insulated buildings are not suitable for 
warm climates because they often show evident problems 
of summer overheating, due to the low thermal inertia. 
However, lightweight envelopes bring clear benefits: 
• Reduction of wall thicknesses 
• Weight reduction for the load-bearing structures 
• Reduction of transport costs and construction time 
In order to compensate the low heat capacity of these 
envelopes, the use of the phase change materials (PCM) 
can be a suitable strategy. As mentioned above, 
lightweight envelopes, whether the substructure is timber 
or metal, are characterized by the presence of finishing 
panels. So, a PCM board was chosen and three cases were 
considered depending on its position, starting from the 
envelope 1D of main comparison: 
• On the inner side of the outer walls 
• On the outer side of the external walls  
• On both the inner side of the external walls and on 

the internal walls 
Since the purpose of comparison is to assess the impact of 
PCM on summer comfort and cooling need, only warm 
Mediterranean climate (represented by Brindisi) and a 
good night-time ventilation was considered. 

Table 11: Last comparison with PCM board.  

Looking at the results (Table 11), the following 
consideration can be made: 
• The impact of the PCM boards depends on its 

position: a PCM board in an external position even 
leads to a slight worsening of summer comfort levels 

• PCM board has a significant impact on summer 
discomfort percentages. In particular, comfort level 
for case 4 is comparable to those for highweight 
envelopes (Table 8), thanks to a reduction of 75%. 

• During winter period, the impact of PCM boards is 
negligible both on comfort levels and consumptions 

• PCM boards in the internal position showed the best 
results, which ensure a large increase in the internal 
energy storage capacity of the walls, thus lower 
surface temperatures and lower fluctuations in 
operative temperature. 

The effects of the phase change are not considered in the 
calculation method of EN ISO 13786, so their impact 
cannot be assessed with regulatory instruments. The PCM 
boards can be studied only considering the phase change 
through a dynamic simulation, even if simplified. 
The benefits of a high thermal inertia can almost be 
achieved even with lightweight envelopes, thanks to the 

use of PCM. Clearly, to make an overall evaluation 
concerning the sustainability of this solution, cost and 
safety aspects should also be carefully taken into account. 
Conclusion 
The demands for limiting the buildings consumption and 
increasing the thermal comfort are becoming increasingly 
strict. The EU regulations on energy saving have been 
implemented with the adoption of North-European 
“super-insulated” model, focusing on winter heating. 
Nevertheless, the importance of analysing the summer 
thermal behaviour of building is increasingly growing in 
national regulations, especially in countries with warmer 
climates. Though, these problems are approached with 
tools that cannot address all the involved variables. 
This study focused on the use of dynamic energy 
simulations, even if simplified, considered the only way 
to investigate the aspects that characterize thermal inertia. 
Four different comparisons have been made in order to 
evaluate the behaviour of different constructions, 
changing several variables such as transmittance, periodic 
transmittance, surface mass and heat capacity. 
Looking at the results of all comparisons, it is concluded 
that thermal inertia has a great relevance, especially in 
warm climates. It is also concluded that, in addition to the 
heat capacity, an envelope with a good inertia can be 
described by a combination of low periodic transmittance 
value (related to the incoming heat flow) and a high 
internal capacity value (related to the internal loads). 
The impact of the internal heat capacity is highlighted by 
the results of the second and third comparison in which, 
assuming the same periodic transmittance, the envelope 
with the highest heat capacity has 12% less discomfort 
levels and 5% less cooling needs than the others. In 
addition, a passive and zero-energy strategy such as night 
ventilation during summer has a much more positive 
impact on high inertia envelopes, as highlighted by every 
comparison in Brindisi, with energy savings up to 17%. 
In particular, from a cross-case comparison, discomfort 
levels for heavyweight buildings with cooling system are 
reduced by 90%, while for lightweight buildings they are 
reduced by only 40%, thanks to night ventilation. 
However, lightweight envelopes have several advantages: 
with small thicknesses an adequate level of transmittance 
can be ensure, which is still necessary during winter, even 
for warm climates. Therefore, an excellent compromise 
between lightweight and heavyweight envelopes is 
represented by the use of PCM boards on the inside layer 
of the walls in insulated lightweight envelopes, and 
possibly even in the internal walls: a good internal energy 
storage, guaranteed by the latent heat capacity, is essential 
to have adequate summer comfort levels and low cooling 
need, comparable to the ones achievable by heavyweight 
envelopes. In fact, considering PCM boards, the levels of 
discomfort are only about 5% higher than the highweight 
and the cooling need is only 1% higher. 
In conclusion, the importance of considering the specific 
location of the building when designing the stratigraphies 
is a fundamental requirement. Moreover, internal loads 

 
H.need 

[kWh/m2] 
Winter 
discom. 

C. need 
[kWh/m2] 

Summer 
discom. 

Lightweight 10.15 0% 59.40 52.8% 

Lig. PCM int. 9.83 0% 56.87 25% 

Lig. PCM ext. 9.97 0% 59.57 54.2% 

Lig. PCM 2xint.  9.78 0% 55.64 12.5% 

Highweight 10 0% 55.1 9.7% 
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and their distribution over time have been fundamental 
aspects in the distinction between residential and office. 
Variations in load values and their distribution during the 
day change the interaction with the constructions and 
consequently the best choice to ensure thermal comfort. 
Dynamic energy simulations are the only tools for 
investigating all the mentioned aspects. In particular, 
simplified dynamic simulations allow to consider all these 
variables in a short time, compatible with every building 
design stage, with acceptable accuracy in results. 
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Nomenclature 
ZCB,  Zero Carbon Buildings 
NZEB,  Net Zero Energy Buildings 
nZEB,  Nearly Zero Energy Buildings 
EPBD,  European Performance of Buildings Directive 
BPS,  Building Performance Simulation 
PCM,  Phase Change Materials 
s,  Thickness [m] 
Ms,  Surface mass [kg/m2] 
U,  Transmittance [W/m2K] 
Yie,  Periodic transmittance [W/m2K] 
Cta,  Areal heat capacity [kJ/m2K] 
Cip,  Internal heat capacity [kJ/m2K] 
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