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Abstract: For the construction of a carbon zero school building, it is necessary to choose a proper 
technological solution for the external wall in the early stages of the design process. At the same 
time, the material to be used for the insulation layer must be defined. The main aim of the presented 
study is to analyze five different technological solutions for the external wall combined with four 
different materials for the insulation layer. The solutions will be used in a new typological model 
for kindergarten and analyzed and compared with respect to both environmental impact and 
energy performance. 
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1. Introduction 

The choice of the technological solution for the external envelope is one of the passive strategies 
that necessarily influences the energy performance of a building, as it regulates the energy flow 
between the inside and outside. In literature, the studies concerning the technological solution to be 
utilized for the external wall mainly concern the evaluation of the dynamic thermal properties of the 
material typology used for the insulation layer and its thickness. The optimization of the insulation 
thickness is performed by evaluating different features separately or simultaneously: energy one, 
environmental one, and economic one. Consequently, the following parameters are usually 
considered: the energy needs for heating and cooling, respectively (kWh/m2a) [1–3], the global 
warming power for the evaluation of CO2 emissions (kgCO2/m2a) [1,2,4], the total cost (the sum of 
energy cost, insulation material cost, and the cost in terms of CO2) [1,4] related to the payback period 
[5]. The main aim of the presented study is to analyze and compare five different technological 
solutions for the external wall with five different typologies of load bearing layer combined with four 
different load bearing structures (reinforced concrete, steel, platform frame, and cross laminated 
timber (XLAM)) and considering four different materials for the external insulation layer (wood fiber, 
sintered expanded polystyrene, rock wool, and glass wool). 

2. Method and Input Data 

The minimum thickness of insulation to be used for the five different technological solutions 
was initially defined in order to comply with the minimum thermal transmittance (U measured in 
W/m2K) required for the reference building [6]. Then, the dynamic thermal properties of the external 
wall were calculated and, according to the four different materials considered for the insulation layer, 
the thickness of the insulation was increased or kept the same in order to obtain a periodic thermal 
transmittance (YIE measured in W/m2K) less than 0.10 W/m2K, as required by current energy 
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regulation, and a time shift (φ measured in hours) possibly equal to 8 h. Later, a parametric analysis 
was carried out by varying—with a step of 0.02 m—the thickness of each insulation typology for each 
technological solution for the external wall in a range within the minimum required by the regulation 
and a maximum of 0.24 m, considered as the maximum thickness achievable from a constructive 
point of view. For each solution, the energy consumption for heating and cooling (kWh/m2a) was 
calculated through an energy simulation in dynamic regime with an hourly time step. Finally, the 
environmental impact was defined in terms of CO2 (kgCO2/m2a) both for the construction and 
operational phase. For energy simulations, a typological model for kindergarten with a compact 
shape and internal courtyard was considered. It was developed on a single ground floor (with a gross 
surface area equal to 1050 m2), with an aspect ratio equal to 0.53 m−1. The energy simulations were 
carried out with Design Builder, considering the city of Florence located in climate zone D, as Italian 
regulation establishes. The technological solutions for the external wall, related to suitable structural 
systems, are the following: 

• Solution 1: reinforced concrete frame structure, with load bearing layer in lightweight bricks 
(0.30 m), external insulation (0.02 m), and a false wall constituted by a double plasterboard panel 
(0.015 m) and rock wool insulation layer (0.05) to ensure the right acoustic insulation required 
by regulation. 

• Solution 2: steel frame structure, external wall made of dry solution with cement board external 
panel (0.0125 m), waterproofing sheet (0.0018 m), insulation layer (0.08), plasterboard panel 
(0.015 m), and false wall, as in Solution 1. 

• Solution 3: steel frame structure, load bearing layer in aerated autoclaved concrete blocks (0.30 
m), and false wall, as in Solution 1. 

• Solution 4: wooden platform frame structure, external insulation (0.02 m) applied on a single 
oriented strand board (OSB) (0.02 m), internal insulation layer (0.06), waterproofing sheet (0.0018 
m), single OSB panel (0.02 m), and false wall, as in Solution 1. 

• Solution 5: XLAM wooden structure, external insulation applied on XLAM wall (0.04 m), and 
false wall as in Solution 1. 

In the results (Table 1), solutions 1–5 refer to a thickness of insulation equal to the minimum 
required by regulation, while solutions 1A–5A have a thickness such as to obtain the right dynamic 
thermal transmittance value and a proper time shift. 

Table 1. Dynamic thermal characteristics of different types of technological solutions. 

Insulation Wood Fiber EPS Mineral Wool Glass Wool 
Solution YIE Φ t YIE φ t YIE φ t YIE φ t 

1 
0.009 18.47 0.02 0.009 18.31 0.02 0.009 18.36 0.02 0.008 18.37 0.02 

1A 
2 0.207 4.69 0.08 0.216 2.23 0.08 0.239 2.80 0.08 0.236 2.75 0.08 

2A 0.087 8.14 0.14 0.095 8.10 0.32 0.058 8.27 0.24 0.059 8.08 0.24 
3 

0.018 15.89 - 0.018 15.89 - 0.018 15.89 - 0.018 15.89 - 
3A 
4 

0.05 11.88 0.04 
0.101 9.19 0.04 

0.099 9.33 0.04 0.099 9.18 0.04 
4A 0.079 9.76 0.06 
5 

0.02 14.36 0.04 0.02 13.82 0.04 0.02 13.94 0.04 0.02 13.95 0.04 
5A 

3. Results and Discussion 

Table 1 shows the dynamic thermal transmittance (YIE measured in W/m2K) and the time shift 
(φ measured in hours) and the thickness of insulation (t measured in m) of the five technological 
solutions analyzed with respect to each insulation material considered.  

It is possible to notice immediately that the two options (1–5 and 1A–5A) corresponded for most 
solutions.  
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It is possible to state that the change of the insulation material mainly affected the solutions that 
had less mass surface: Solution 2 (60 kg/m3 < Ms < 70 kg/m3) and Solution 4 (107 kg/m3 < Ms < 115 
kg/m3). For instance, when using EPS (sintered expanded polystyrene) insulation (density ρ = 35 
kg/m3) for Solution 2, 0.32 m are needed to ensure a time shift greater than 8 h. Consequently, for 
climate zones with particularly hot summers, it is advisable to use a technological solution with high 
surface mass in order to ensure proper internal comfort conditions, especially during the summer 
season, or a solution with lower mass surface but combined with an insulation material with higher 
density: for instance, wood fiber (density ρ = 160 kg/m3). The following graphs (Figures 1 and 2) 
illustrate the trend of energy needs, respectively, for heating and cooling with respect to the variation 
of insulation thickness for each technological solution. The trend of consumptions was the same for 
each insulation material considered, as they were characterized by similar thermal conductivities. In 
accordance to the literature, the results obtained showed that the variation of the thickness of 
insulation mainly influenced the energy needs for heating. In addition, the effect on the energy needs 
was higher for lower insulation thickness (<0.14 m). As for cooling, the increase in insulation did not 
lead to a significant reduction in energy needs. For the solutions with lower mass surface, the increase 
in insulation thickness led to a proportional rise in energy needs for cooling (solution 2).  

 
Figure 1. Energy needs for heating for different types of technological solutions. 

 
Figure 2. Energy needs for cooling for different types of technological solutions. 
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However, the following graph (Figure 3) shows the CO2 emissions trend exclusively due to the 
construction of the building with respect to the insulation layer variation (wood fiber and EPS) for 
technological solutions 1 and 4. These were the worst and the best solutions, respectively, when 
considering the environmental impact. The emissions during the operational phase were null because 
a heat pump powered by photovoltaic panels installed on the roof was considered for the building, 
and they met 100% of the electricity energy needs of the building. For both options, the increase in 
emissions was proportional to the rise in insulation thickness, even if the solutions with EPS were 
characterized by a greater slope than wood fiber ones. The graph shows that the analyzed 
technological solutions were characterized by similar environmental impacts. As a matter of fact, the 
global warming power (GWP) changed within a range of 7 kgCO2 and 11.5 kgCO2, considering the 
minimum insulation thickness required by current Italian regulation. 

 
Figure 3. CO2 emissions of technological solutions 1 and 4. 

4. Conclusions 

In conclusion, if the technological solutions for the external walls meet the Italian law 
requirements in terms of thermal transmittance and dynamic thermal transmittance, it is possible to 
use each one of the recommended insulation materials that are valid options for the construction of 
zero emissions schools in Italy indiscriminately. All the analyzed technological solutions for the 
external wall allow an optimum energy performance to be obtained (primary energy demand equal 
to about 24 kWh/m2a) and low CO2 emissions for construction (within 7 kgCO2 and 11.5 kgCO2) with 
the aim of a carbon-free economy by 2050. This is valid for each type of proposed insulation material 
that ensures a thermal transmittance for the external envelope equal to about 0.28 W/m2K. 
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