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Abstract 

The U-value plays a crucial role to determine building 

energy performances, nevertheless the calculation is often 

conducted by neglecting heat and humidity transportation 

phenomena. Effects such as wall exposure and weather 

conditions can be weighted by the dynamic hygrothermal 

modelling of opaque walls. This study focused on the 

evaluation of the monthly average thermal transmittance 

of a traditional vertical wall by the WUFI software. The 

results were then employed in TRNSYS to determine the 

thermal energy demands of two reference buildings in the 

Mediterranean climate. U-value deviances up to 33% and 

noticeable variations in the thermal energy demands were 

detected. 

Key Innovations 

• Interaction between different software tools to 

take into account the effects of the water content 

in opaque walls on thermal energy requirements; 

• Evaluation of building energy demands closer to 

the actual situation. 

• Evaluation of the impact of the dynamic 

hygrothermal behaviour of opaque wall on the 

energy performance of buildings 

Practical Implications 

A better estimation of the thermal losses through opaque 

walls affecting transmission losses, effective thermal 

mass and the building energy balance during the year. 

 

Introduction 

A consistent reduction of the energy needs in the building 

sector, in response to the several issues deriving from 

climate change and global warming, can be attained by  

the refurbishment of existing buildings (Centre for Low 

Carbon Futures, 2011). For this reason, the recast EPBD 

was planned in order to give a greater role on the 

efficiency level improvement in these edifices (Directive 

EU 2018/844 of the European Parliament and of the 

Council, 2018). Despite this, in this sector the CO2 

emissions are still rising because a refurbishment of 

existing buildings is difficulty practicable due to the lack 

of managing knowledge in the design of sustainable 

solutions. Furthermore, the 70% of current residential 

housing was built before the implementation of building 

energy regulations, therefore extremely poor insulation 

levels lead to a worsening of the thermal performances 

(Carpino C. et al, 2017). As a consequence, an 

improvement can be obtained by addressed interventions 

to reduce transmission losses through the envelopes 

(Bruno R. et al., 2021).  

In this regard, the main parameter to qualify the thermal 

behaviour of building components is the steady thermal 

transmittance (U-value) that currently is calculated 

starting from thickness and thermal properties of the 

several layers. Current researches recommend a better 

evaluation of the components thermal properties and an 

improvement of the thermal transmittance calculation 

procedure, as well as standardised methodologies for in-

situ measurement (Künzel, 1995; Baker, 2011). The 

analytical evaluations, in fact, often are far from the actual 

values that can be measured on site, because the 

standardized procedure described in EN ISO 6946 

introduces many calculation simplifications (European 

Committee for Standardization, 2017). An evident source 

of error in the U-value calculation is the neglection of heat 

and humidity transportation phenomena. In particular, 

hygrothermal variation of the wall component properties 

(such as density and thermal conductivity) with the water 

content are not taken into account, furthermore other 

aspects such as wetting and drying phenomena during the 

year, as well as the water capillarity conduction, are  not 

considered to carry out the wall water balance. For a 

precise evaluation of the U-value, these aspects have to be 

weighted carefully because depending on evident 

transient phenomena. Indeed, the water content and the 

humidity transportation through opaque walls are 

influenced by climatic conditions such as solar 

irradiation, pouring rain, wind velocity and direction 

(Flood et al., 2016). As a consequence, in actual situations 

walls with the same layering but different exposure can 

provide different U-values, determining dissimilar 

transmission losses for the adjacent indoor air-

conditioned environments. For the same reasons, equal 

walls offer diverse thermal performances when located in 

different climates.  

This paper deals with the evaluation of thermal and 

hygrothermal performances of a traditional vertical wall 

equipped with a synthetic insulation material when 

employed in two different building typologies located in 

the Mediterranean area. During the year, the monthly 

average U-value values were determined by involving the 

dynamic hygrothermal behaviour of the several 

components, and the deviances with the constant steady-

state U-value were quantified. At this regard, the software 
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WUFI implementing the dynamic procedure described in 

the standard EN 15026, was used (European Committee 

for Standardization, 2007). Successively, the detected 

monthly average U-values have been used in TRNSYS 

(VV.AA. 2016) environment to determine the variation in 

heating and cooling requirements of two reference 

buildings characterized by different WWR  but located in 

the same locality: the first is a single-storey edifice (SS), 

the second one as a multi-floor building (MF).  

 

Methods 

Common software tools employed for the determination 

of the building energy requirements are not able to take 

into account dynamic U-values to consider heat and 

humidity transport phenomena, therefore an evident 

simplification in the evaluation of the transmission losses 

and the effective thermal mass of the building fabric can 

be observed. For instance, opaque walls in TRNSYS are 

modelled by the TFM (Transfer Function Method) 

approach whose transfer function constants are calculated 

at the beginning of the simulation, and successively 

maintained constant throughout the simulation (Mitalas 

and Stephenson, 1967). As a consequence, the variation 

of density, specific heat and thermal conductivity with the 

water content is not considered. Furthermore, latent 

exchanges are neglected as well as the capillarity water 

conduction. Nevertheless, in this paper an interaction with 

another software that determines in detail the wall 

dynamic hygrothermal behaviour was explored. For this 

purpose, the WUFI software (https://wufi.de/en/, 2021) 

implementing the 1-D dynamic procedure of the EN ISO 

15026 standard was used to take into account the dynamic 

heat and humidity transportation phenomena in a 

traditional multilayer wall. An appropriate thermal 

module of WUFI provides, in fact, the monthly average 

U-values after that a series of parameters are set to 

consider sensible and latent exchanges. In particular, a 

precise layering describing an opaque wall located in a 

specific climatic context has to be specified, involving 

also the initial built-in humidity. WUFI simulations are 

usually carried out for a period of 3 years longer in order 

to achieve a periodic hygrothermal regime behaviour. At 

this time, the monthly average U-values were detected 

and successively employed to perform TRNSYS 

simulations at hourly level on the two reference buildings. 

Heating and cooling thermal requirements were 

quantified by setting indoor set-point temperatures of 

20°C and 26 °C respectively for winter and summer 

(Italian Unification Institute, 2014).  

In order to guarantee reliable results, three important 

features were set in simulations: in every month TRNSYS 

simulations were launched with a week in advance to 

consider a sort of continuity in the building energy 

behaviour. Furthermore, indoor temperature and relative 

humidity detected at the end of a simulation were set as 

initial conditions for the successive one. Secondly, a 

vertical wall with an internal air-gap, assumed with 

negligible thermal mass, was considered in the wall 

layering to modify its thermal resistance in order to match 

the WUFI U-values. Therefore, thermal transmittance 

was varied but the wall specific thermal mass remained 

constant to guarantee comparable energy requirements. 

Lastly, simulations were conducted by employing the 

same file concerning the climatic conditions in both the 

software in order to guarantee coherent results in terms of 

hygrothermal behaviour and correspondent energy 

performances. 

 In Figure 1, a sketch of the layering simulated in WUFI 

is showed: 5 components already available in the WUFI 

library, including the air-gap, were considered with 

thermal properties listed in Table 1. The same thermal 

properties were set for TRNSYS simulations. The 

reference wall corresponds to an usual construction 

technique widespread in the Mediterranean area, and 

adopted especially in existing buildings, and it is 

constituted, from the external to the internal side, from an 

external plaster layer (EP), an expanded polystyrene layer 

(IS), a hollow brick (L1), the air-gap with a thickness of 4 

cm, a second type of hollow brick (L2) and a last layer of 

internal plaster (IP). 

In the Table 1 the values concerning the built-in humidity 

content for each layer are also showed to consider the 

humidity content already in the construction phase.  

In WUFI, other thermal and optical properties of the 

external and internal sides of the wall have to be set and 

the correspondent values are listed in Table 2. 

Regarding the boundary conditions, the EN ISO 15026 

approach was used; in particular, a linear trend between 

indoor and outdoor air was set when the values are in the 

interval 20÷25°C, whereas indoor constant temperature of 

20 °C and 25°C were set when the outdoor air temperature 

is respectively lower and greater than 20°C and 25 °C. 

The same variation law was adopted for the indoor 

relative humidity, whose levels are additionally modified 

in accordance with the building intended use, by setting a 

medium humidity level ranging between 30% and 60% 

with a usual residential occupation schedule.  

 

Figure 1 – Sketch of the reference wall layering 

 

 

Table 1 – Main hygrothermal properties of the involved 

mass-layer wall components: density (), porosity (P), 

thermal conductivity (), vapour permeability resistance 
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[-] 
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uC 

[kg/m³] 

EP  0.24  19 45 210 

IS  0.95  100 1.79 1.79 

B1  0.6  15 13 100 

B2  0.6  15 10 95 

IP  0.24  19 45 210 

Table 2 – Thermal and optical properties set for external 

and internal surface in the reference wall in WUFI 

External Thermal Resistance* 0.154 m²K/W 

External solar absorption coefficient 0.20 

External infrared emission coefficient 0.91 

Ground reflection coefficient 0.20 

Rain absorption coefficient  0.70 

Internal thermal resistance* 0.125 m²K/W 

Internal vapour permeability 0.3 (acrylic paint) 
*including convective and infrared radiation exchanges 

The wall hygrothermal behaviour and the energy 

performances of the buildings were determined with 

reference to the climatic data of Catania (South Italy, in 

the centre of the Mediterranean Sea, Lat. 37.47 N, Long. 

15.06° E) in accordance with the database available on the 

site Climate.OneBuilding.org 

(http://climate.onebuilding.org/, 2021) . Indeed, the latter 

offers all the necessary data weather required to carry out 

simulations both in WUFI and in TRNSYS.  

In Figure 2, the annual trend of the main climatic 

parameters are showed at hourly and mean daily level. 

External air temperatures of Catania ranging on average 

between the 10°C in winter and 30°C in summer can be 

observed, however local values of -1°C in heating and 

39°C in cooling periods can be appreciated.  

The climate is also quite humid being the outdoor relative 

humidity (RH) values ranging between 50% in summer 

and 80% in autumn.  

Due to the location latitude, a large availability of solar 

radiation on the horizontal plane can be observed, by 

varying between 400 W/m² in winter up to almost 1000 

W/m² in summer. Finally, in Fig.2 can be appreciated also 

the pouring rain level with a prevalent direction from N-

NE and an annual amount of about 567 mm. 

 

 

 

 

  

 

 

 

 

 

d) 

 

Figure 2 – Main weather data of Catania: outdoor air 

temperature (a), and relative humidity (b), global solar 

radiation on the horizontal (c), yearly pouting rain (d) 

Two reference buildings were considered for the 

evaluation of the thermal energy requirements, in 

accordance with the standard geometries representative of 

the Italian building stock (IEE, 2012). In particular, a 

single-storey building made of two floors constituting the 

same thermal zone and a multi-floor building with 5 

independent apartments on a ground commercial floor 

were considered, as depicted in Figure 3 by the TRNSYS 

3D plug-in. For the multi-floor building, every floor was 

simulated as a single thermal zone and the global thermal 

energy requirement was determined as sum of the single 

energy needs. Beyond the external vertical walls, in 

simulations were set also internal partitions, not-insulated 

internal floor decks and insulated decks for the ground 

floors (U-value of 0.256 W/m²K) and roofs (U-

value=0.334 W/m²K). Regarding the windows, double 

pane systems with clear glasses were chosen with 

different WWR in accordance with the exposure. In 

particular, 15% and 35% for the South and North 

exposures respectively for the SS and the MF building, 

10% on the East and the West exposures for both the 

buildings. Every thermal zone is affected by natural 

ventilation with 0.5 air-change per hour and internal gains 

for 4 W/m², in accordance with the values suggested by 

the standard UNI TS 11300-1 for energy requirements 

calculation (Italian Unification Institute, 2014). No air-

conditioned zones were not considered.  

 

 

 

 

 

 

 

 

 

Figure 3: single storey (on the left) and multi-floor 

buildings used as reference buildings for the energy 

requirement analyses 

 

Since exposure, tilt angle and wall height affect the 

calculation of the pouring rain, for a correct estimation of 

the rain actually incident on the buildings façades, WUFI 

require the total building height as additional input data, 
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in accordance with the procedure described in the 

standard ASHRAE 160 (ASHRAE, 2016). Therefore, the 

transient hygrothermal behaviour of the vertical walls was 

determined by setting a building with a height up to 10 m 

for the SS structure, whereas a height in the range 10-20 

m was set for the MF building. Moreover, a medium level 

of building exposition with a slightly tilted roof were set 

to define the required coefficients for the rain exposition. 

 

Results 

The steady-state U-value of the layering showed in Figure 

1 is equal to 0.257 W/m²K in accordance with the 

procedure of the EN ISO 6946 with surface thermal 

resistances (convective and infrared radiation) of 0.04 

m²K/W and 0.13 m²K/W respectively for the external and 

the internal side. This values is showed by the red dashed 

line in Figure 4 with the monthly average U-values 

detected by WUFI for the four exposures and for a period 

of three years longer. The green line is representative of 

the worst U-value obtained by considering the built-in 

moisture in every component. It can be appreciated that 

climatic data affect the U-value noticeably due to the 

different values detected by changing the exposure. In 

particular, solar radiation assumes an evident role being 

the North exposure characterized by greater thermal 

transmittances. Conversely, the South exposure reaches 

favourable U-value especially at the beginning of the 

autumn by beneficing of the drying processes and the 

scarce presence of pouring rain in summer. East and West 

exposures show similar trends due to the comparable 

incident solar radiation, however slight deviations can be 

appreciated in autumn/winter cause the different 

magnitude of the pouring rain. Finally, it is worth noting 

that the initial U-values are obviously higher due to the 

presence of the built-in moisture, however the favourable 

climatic conditions allow for a quick drying process. 

Moreover, at the 3rd year the attainment of a periodic 

regime condition can be observed.  

Quantitatively, with reference to the steady-state U-value, 

the wall North facing produce in January the worst U-

value that is 13.8% greater than the steady-state U-value. 

Globally, the same wall produces a thermal transmittance 

variation of 0.043 W/m²K during the year and these are 

always greater the steady-state U-value. The wall South 

facing, instead, produces a wider yearly thermal 

transmittance variation (0.088 W/m²K) with the lowest U-

value detected in October and equal to 0.171 W/m²K (-

33% than the steady-state U-value). Furthermore, the 

monthly average U-values are always lower than the 

steady-state U-value. The East and West exposures 

provide monthly average U-value that generally are 

greater than the steady-state U-value in winter and lower 

in summer. At annual level the steady-state U-value 

mediate the monthly average thermal transmittance 

values quite well.  

It is interesting to note that in spring these exposures allow 

for more favourable U-value than the wall south facing, 

because probably these benefit better of the combined 

effect of incident solar radiation and wind direction. 

Since the wall height affects the magnitude of the pouring 

rain, the same calculations were conducted for the MF 

building in order to weight the effects of this parameter. 

Results showed that the building height slightly 

influences the monthly average U-values, with deviances 

of about 0.001 W/m²K. In order to confirm this, in Figure 

5 the comparison between the vertical walls of SS and the 

MF buildings is reported for the East exposure majorly 

affected by rainfall for the chosen location. 

 

Figure 4 – Monthly average U-values detected for the SS 

building for a period of three year longer related to the 

exposures and comparison with the steady-state U-

values assuming dry and built-in moisture walls 

 

Figure 5 – Comparison between the monthly average U-

value for the wall East facing between the SS and the 

MF building 

 

By setting the constant steady-state U-value for the whole 

year, the heating and the cooling energy requirements 

normalized to the net air-conditioned surface for the 

considered buildings are listed in Table 3.  

For the SS building , the whole plan net conditioned 

surface amounts to 142.8 m2, whereas for the MF 

structure it is 1341 m2 (excluding the ground floor).  

These values were taken as reference in order to quantify 

the role of the monthly average U-vales on the buildings 

energy balance when simulated in TRNSYS.  

 

Table 3 – Heating and cooling requirements for the 

considered buildings by setting a constant steady-state 

U-value for the vertical walls 
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 Heating [kWh/m²] Cooling [kWh/m²] 

SS 14.931 7.974 

MF 5.114 22.086 

The same energy requirements were determined by 

considering, for every exposure and after the attainment 

of the regime conditions at the 3rd year, the constant 

maximum U-value provided by WUFI. This represents 

the worst scenario in terms of transmission losses with 

thermal transmittances equal to 0.258 W/m², 0.292 

W/m²K and 0.284 W/m²K respectively for the walls 

facing South, North and East/West. It can be appreciated 

an increase of the heating demands and a reduction of the 

cooling needs. Nevertheless, the heating requirements 

growth detected in winter prevails on the reduction of the 

cooling demands in both the buildings, therefore the first 

effect prevails. 

Table 4 – Heating and cooling requirements for the 

considered buildings by setting the greatest U-value 

detected among the four exposures during the 3rd year 

 Heating [kWh/m²] Cooling [kWh/m²] 

SS 19.890 6.400 

MF 5.952 21.880 

By means of the monthly simulations, the impact of the 

monthly average thermal transmittance was considered to 

analyse a situation closer to the reality, with results listed 

in Table 5 and obtained by varying for each month the 

vertical walls U-values in the TRNBUILD interface. 

Table 5 – Heating and cooling requirements for the 

considered buildings with the monthly average U-value 

provided by WUFI at the 3rd year for the four exposures  

 Heating [kWh/m²] Cooling [kWh/m²] 

SS 16.463 6.647 

MF 4.870 17.675 

With reference to the steady-state value, it is clear that the 

latter situation produces a heating demand increase for the 

SS building and a slight decrement for the MF structure. 

Cooling demands, instead, decrease for both the 

buildings. The increase of the SS heating demand can be 

attributed to the higher mean thermal transmittance of the 

opaque envelope weighted on the four exposures that 

produces a transmission losses growth.  

The MF building improves because it is less influenced 

by the higher thermal transmittance of the envelope: the 

large glazed surface, in fact, allows for recovering the 

transmission losses growth by the solar gains transmitted 

through the windowed surfaces. Nevertheless, the U-

value variation in the dispersing envelope produces a 

different exploitation of the heat gains in both the edifices. 

The increase of the transmission losses provides a lower 

time constant of the building fabric (assuming for instance 

a mono-capacitive model such that described in the quasi-

steady calculation procedure) that, in turn, determines a 

lower effective thermal mass and a correspondent bad 

exploitation of energy gains (Bruno R., 2017). In 

particular, in winter a lower building time constant means 

less heat gains stored in the structure to reuse at night to 

limit the intervention of the heating plant.  

The data show that the augment of the transmission losses 

is beneficial in summer to reduce cooling demands for 

both the buildings and this effect prevails on the reduction 

of the effective thermal mass. In summer, in fact, thermal 

inertia can be exploited to store energy gains in order to 

avoid indoor overheating, reducing the operation of the 

cooling plant, and to deliver the thermal load outward at 

night by using the natural ventilation.  

In Figure 6, the monthly heating demands are depicted for 

the SS building. In particular, the energy requirements 

assuming the monthly average U-values and the 

maximum detected values during the year by WUFI, as 

well as the constant quasi-steady U-value calculated by 

the EN ISO 6946, are showed. As expected, a steady-state 

U-value leads to an underestimation of the heating 

requirements, especially when results are compared with 

the worst case with the highest U-values set for each 

exposure. Obviously, the monthly average U-values 

determine a intermediate scenario, by meaning that the 

involvement of the heat and humidity transportation 

phenomena lead to a greater heating demands due to the 

increase of the transmission thermal losses and the bad 

exploitation of heat gains.  

 

Figure 6 – Comparison between the heating 

requirements determined by the monthly average U-

values (U_variable), the maximum detected U-value in 

WUFI (Umax) and the steady-state U-Value (U_6946) 

for the SS building 

In Figure 7, for the same building, the situation 

concerning the monthly cooling requirements is showed 

for the three considered scenarios. This time the 

employment of the steady-state U-vale leads to an 

overestimation of the cooling loads, whereas the building 

envelope benefits of the maximum U-value due to the 

transmission losses increment. Again, the simulations 

with the monthly average U-values leads to an 

intermediate scenario, with the exception of August 

where the envelope configuration in the considered 

climatic context allows for the attainment of the best 

compromise between thermal losses and thermal inertia, 

producing the lowest monthly cooling demand. 

In Figure 8, the heating demands obtained for the MF 

building are showed for the three considered scenarios, 

and a different trend than SS building can be observed. It 

is worth noting that for the envelope a better compromise 

between thermal losses, thermal inertia and solar gains, 

this time more influent due to the high WWR, was 

achieved with the variable monthly average U-value, as 
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depicted by the lowest heating requirements. In particular, 

the MF building benefits of the lower U-values obtained 

for the (greater) dispersing surface facing South, and the 

correspondent limitation of the transmission losses. This 

aspect could be counterbalanced by the North façade, 

which conversely assumes greater monthly average U-

values. However, with reference to the steady-state 

thermal transmittance, the U-value percentage variation 

for the North exposure is less pronounced than the wall 

South facing. Furthermore, in the considered location the 

latter benefits of the greater solar gains that compensate 

the transmission losses through the wall North facing. 

 

Figure 7 – Comparison between the cooling 

requirements determined by the monthly average U-

values (U_variable), the maximum detected U-value in 

WUFI (Umax) and the steady-state U-Value (U_6946) 

for the SS building 

 

Figure 8 – Comparison between the heating 

requirements determined by the monthly average U-

values (U_variable), the maximum detected U-value in 

WUFI (Umax) and the steady-state U-Value (U_6946) 

for the MF building 

Finally, cooling demands for the MF building in the three 

considered scenarios are showed in Figure 9. Again, the 

consideration of the monthly average U-values produces 

an evident limitation of the energy requirements. Indeed, 

at parity of WWR in the considered building 

configurations, the cooling demands reduction can be 

explained by the better exploitation of the building fabric 

thermal mass. From Figure 4 it is possible to observe that 

in summer the thermal transmittances are lower than the 

steady-state U-value, with the exception of the North 

exposure. Consequently, a decrement of the transmission 

losses, with a correspondent cooling demand growth, is 

expected for the other exposures. Actually, the lower 

monthly average U-values produce an augment of the 

effective thermal mass that hinders the indoor 

environments overheating. The thermal energy stored in 

the structure is then removed at night by the natural 

ventilation, and for the considered climatic context, this 

feature seems to prevail on the limitation of the 

transmission losses. Globally, the cooling requirements 

reduce. It can be appreciated that the scenarios with 

constant steady-state U-value and maximum U-value 

offer similar results. Indeed, the wall South facing shows 

equivalent thermal transmittance and its role is significant 

due to the greatest dispersing surface. For the other 

exposures, Umax is greater than the steady-state thermal 

transmittance, however the beneficial effect in terms of 

greater transmission losses is counterbalanced by the 

limitation of the effective thermal mass. 

 

Figure 9 – Comparison between the cooling 

requirements determined by the monthly average U-

values (U_variable), the maximum detected U-value in 

WUFI (Umax) and the steady-state U-Value (U_6946) 

for the MF building 

Discussion 

The role of heat and humidity transportation phenomena 

on the energy performance of opaque walls can be 

generalized difficulty because strongly depending on the 

weather data. In order to confirm this, in buildings located 

in the Mediterranean area the weight of the solar radiation 

incident on vertical surfaces is significant by promoting 

drying processes. The consequent reduction of the water 

content inside the wall allows for the attenuation of the 

latent exchanges and the attainment of reduced U-values. 

In Mediterranean area results have showed that, due to the 

scarce events, the role of the pouring rain is less 

influencing. Globally, it is confirmed that the wall North 

facing are more penalized with humidity transportation 

phenomena more accentuated than the other exposures. 

This aspect is penalizing in winter amplifying the 

transmission losses, however in some circumstances this 

could be favourable to limit cooling demands. It is worth 

noting that U-values oscillations for wall South facing 

during the year are more pronounced than the North 

exposure, with a magnitude of -33% for the summer 

months, whereas in winter it is equivalent to the steady-

state U-value. 
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Again, the evaluation how energy requirements vary by 

considering dynamic U-values cannot be generalized 

because depending from the building features. This 

conclusion was supported by the results obtained on the 

two considered buildings. In particular, it is evident that 

limited WWR (as in the SS building), produces the 

increase of the winter transmission losses due to higher 

monthly average U-values detected on the envelope 

exposures, with the exception of the wall South facing. 

With reference to the case with the steady-state thermal 

transmittance, the energy gains are not able to 

counterbalance the transmission losses growth also for the 

bad exploitation of the effective thermal mass, 

consequently heating requirements increase. 

Nevertheless, the augment of the monthly heating 

demands is of about 30 kWh, for a seasonal amount of 243 

kWh of primary energy assuming a seasonal heating plant 

efficiency of 90%. Therefore, the difference corresponds 

to small variation in fuel consumption. So, when the 

building is small and with limited WWR, the involvement 

of the heat and humidity transportation phenomena in the 

opaque walls does not affect the final result noticeably. 

The MF building, characterized by larger glazed surface, 

has showed instead a slight decrement of the heating 

requirements, because the transmission losses growth is 

counterbalanced by solar gains that, in function of the 

capacitive features of the building fabric, in transient 

conditions have demonstrated to be better exploited. 

Again, the variation of the heating requirement is 

negligible and a detailed analysis of the transmission 

losses does not produce evident deviances in terms of 

primary energy.  

Regarding the summer period, both the buildings were 

influenced positively by the dynamic variation of the U-

value because a reduction of the cooling requirements was 

detected. For the SS building the variable U-value 

produces an intermediate scenario between the cases with 

the higher steady-state U-value and the maximum U-

value detected during the 3rd year, to demonstrate that 

with limited WWR, and consequently reduced solar gains, 

the summer transmission losses are beneficial and this 

aspect prevails on the limitation of the building time 

constant. However, by supposing the use of heat pumps 

for the summer air-conditioning, negligible deviances of 

the primary energy can be observed. For the MF building, 

instead, a more pronounced reduction of the cooling 

requirements was detected despite an evident limitation of 

the thermal losses for the wall South facing. This means 

that the WWR growth has produced an better employment 

of solar gains due to the improvement of the effective 

thermal mass of the building fabric, taking advantage 

from the greater dispersing surface and the availability of 

the transmitted solar radiation. The latter prevails on the 

capacitive properties worsening due to the greater thermal 

transmittance detected for the other walls, however the 

correspondent U-values are not far for the steady-state 

thermal transmittance. Quantitatively, in July and 

September simulations conducted for the latter case  

provided cooling requires greater than 1300 kWh than 

simulations with variable U-vales, therefore major 

deviances have been observed in the presence of large 

edifices with high WWR. At seasonal level, the difference 

is of about 5900 kWh in terms of thermal energy, and 

assuming an average seasonal coefficient of performance 

of the heat pump equal to 3, an electric consumption of 

1970 kWh for the whole building can be determined. 

Therefore, for this building typology with the considered 

features located in the Mediterranean area, the 

involvement of heat and humidity transportation 

phenomena for the opaque envelope produces noticeable 

deviances in terms of thermal and electric energy. 

Conclusion 

The dynamic hygrothermal behaviour of a traditional 

vertical dispersing wall was conducted to determine, at 

annual level, the monthly average U-value. The latter, 

obtained by the software WUFI that implements the 

dynamic model described in the EN ISO 52106, were 

successively employed in TRNSYS to evaluate the role of 

a variable thermal transmittance in the energy 

performance of two different building typologies: the first 

compact as a single-storey edifice, the second one more 

extended as a multi-floor building. The results were 

compared with other simulations were constant U-value 

were set. In particular, the comparison was conducted by 

referring to a steady-state thermal transmittance, in 

accordance with the EN ISO 6946, and the maximum U-

value detected in WUFI after that regime conditions were 

achieved for the simulated wall. The interaction between 

the software was performed by assuring the following 

conditions: 

- Monthly simulation launched with a week in 

advance by using the final indoor conditions 

reached in a simulations as initial conditions in 

the successive months; 

- A vertical wall equipped with an internal air-gap 

in order to tune the U-value with the WUFI 

results by varying its thermal resistance, 

avoiding to modify the wall thermal mass; 

- Simulations carried out with both the software 

by using the same data weather file. 

The dynamic hygrothermal analysis has showed that, in 

the Mediterranean area, the role of the incident solar 

radiation is significant, providing the lowest U-value for 

the South exposure at the end of summer. With reference 

to the Steady-state U-value, the percentage deviation was 

also greater than 30%. Conversely, the wall facing North 

is more penalized reaching the highest monthly average 

U-values, however the variation detected during the year 

have a lower magnitude when compared with the South 

exposure. East and West walls offer monthly average U-

values greater than the steady-state thermal transmittance 

in winter and lower in summer. 

The energy simulations on the two reference building 

have highlighted that the detailed evaluation of the 

transmission thermal losses by the involvement of the 

monthly average U-values did not produce evident 

deviation in terms of heating and cooling requirements for 

the single-storey building. Similar results was achieved 

for the multi-floor building, but specifically for the 
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heating demands. Conversely, a noticeable impact of the 

monthly average U-value in TRNSYS simulations was 

observed in summer, by detecting evident differences in 

terms of cooling requirements. In this case, the multi-floor 

building with large glazed surface has showed a reduction 

of electric consumptions up to 1970 kWh per year, 

supposing the employment of an heat pump with SEER of 

3. Finally, it is better to specify that the impact of the 

hygrothermal features of opaque walls on the building 

energy performances have to be evaluated case by case, 

because local climate can modify the hygrothermal 

properties noticeably that, in turn, can show different 

effects in function of the building features. 
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