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Nomenclature

(kg.m -2 .s -1/2 ) Water absorption coefficient

(J.kg -1 .K -1 )

Specific heat capacity (m)

Thickness Total heat release TSP600s

Total smoke production (kg.kg -1 ) Moisture content (W.m -2 .K -1 ) Thermal transmission coefficient (m.s -1 )

Wind velocity W [kg/m2]

Water absorption ! (kg/(m.s.Pa)) Permeability to water vapor σ (Pa) Stress ε (mm) Dimensional change (length, width, thickness) " $%& Water vapour diffusion resistance factor Λ (W/(m 2 K)) Thermal conductance

Introduction

The building sector is responsible for a significant part of global energy consumption and greenhouse gas emission. Europe and other countries in the world are focusing on increasing the use of renewable energy sources and on improving the energy efficiency, primarily in buildings. A high percentage of the European residential buildings were constructed before the 1960s, when energy building regulations were very limited, and have not undergone renovations to improve energy performance, meaning that these buildings have low insulation levels and their systems are old and inefficient [START_REF] Martinez | Thermal assessment of ambient pressure dried silica aerogel composite boards at laboratory and field scale[END_REF]. There is a large potential for energy savings, particularly in existing buildings, the European Commission adopted a strategy for energy development in the fight for climate change mitigation [2].

A step beyond the current thermal performance of building envelope is essential to realize the intended energy reduction in buildings. For retrofitting and even for new buildings in cities, the thickness of internal or external insulation layers becomes a major issue of concern. Therefore, there is a growing interest in the so-called super-insulating materials, such as Aerogels.

Silica aerogels are silica-based dried gels having very low weight and excellent thermal insulation performance [START_REF] Bisson | Effective thermal conductivity of divided silica xerogel beds[END_REF]. Specifically, they have high porosity (80-99.8%), low density (3 kg/m3), and low thermal conductivity (< 0.014 W.m -1 .K -1 ), [START_REF] Dorcheh | Silica aerogel; synthesis, properties and characterization[END_REF]. Silica aerogels were historically elaborated by Kistler in 1932 [START_REF] Kistler | Coherent expanded-aerogels[END_REF] by using the sol-gel process, and by removing the solvent via supercritical drying. The resulting material was mesoporous, nanostructured and formed of silica nanoparticles in an open cell network, with pore sizes from 2 nm to 100 nm. Silica aerogels experienced a revival in the 1960s with the progress of sol-gel chemistry. Silica Aerogels are an innovative alternative to traditional insulation due to their high thermal performance, although the costs of the material remain high for cost-sensitive industries such as the building industry. Research is continuing to improve the insulation performance and to decrease the production costs of aerogels.

In these past years, a lot of research is done on super insulating insulation, particularly silica-aerogels for building application. Some studies dealt with insulating panels based on silica aerogels [START_REF] Martinez | Thermal assessment of ambient pressure dried silica aerogel composite boards at laboratory and field scale[END_REF] [6] [START_REF] Lakatos | Comprehensive thermal transmittance investigations carried out on opaque aerogel insulation blanket[END_REF] [8] [START_REF] Berardi | Aerogel-enhanced systems for building energy retrofits: Insights from a case study[END_REF], while others dealt with insulating plasters and renders [START_REF] Stahl | Thermo-hygric properties of a newly developed aerogel based insulation rendering for both exterior and interior applications[END_REF] [START_REF] Ibrahim | Hygrothermal performance of exterior walls covered with aerogel-based insulating rendering[END_REF] [12] [START_REF] Ibrahim | Building envelope with a new aerogel-based insulating rendering: Experimental and numerical study, cost analysis, and thickness optimization[END_REF] [14] [START_REF] Ibrahim | A study on the thermal performance of exterior walls covered with a recently patented silica-aerogel-based insulating coating[END_REF] [16] [START_REF] Ibrahim | Low-emissivity coating coupled with aerogel-based plaster for walls' internal surface application in buildings: Energy saving potential based on thermal comfort assessment[END_REF], in addition to studies dealing with translucent silica aerogels to be used in building glazing [START_REF] Moretti | Optical, Thermal, and Energy Performance Of Advanced Polycarbonate Systems With Granular Aerogel[END_REF] [START_REF] Gao | Insulating glazing units with silica aerogel granules: The impact of particle size[END_REF] [20] [START_REF] Berardi | The development of a monolithic aerogel glazed window for an energy retrofitting project[END_REF]. Yet, other studies examined the integration of aerogels in other systems such as solar collectors [START_REF] Ibrahim | Experimental and numerical study on a novel low temperature façade solar thermal collector to decrease the heating demands: A south-north pipe-embedded closed-water-loop system[END_REF] [23] [START_REF] Mcenaney | Aerogel-based solar thermal receivers[END_REF] [25] [START_REF] Dowson | Trombe walls with nanoporous aerogel insulation applied to UK housing refurbishments[END_REF]. As illustrated, a lot of work is being focused on developing new aerogelbased materials and systems. The objective remains to decrease the production cost of aerogels. The latter is considered the main barrier that avoids spreading the use of super-insulating aerogel materials, especially in the building sector. Cost reductions are mostly contingent on economical up-scaling and more efficient continuous and scalable production technologies [START_REF] Martinez | Thermal assessment of ambient pressure dried silica aerogel composite boards at laboratory and field scale[END_REF].

The present work examines the performance of novel aerogel blankets obtained thanks to an innovative ambient drying process. Based on these aerogel blankets, two thermal insulation systems are developed: one as external thermal insulation composite system (ETICS) and another one as internal thermal insulation multi-layer system (ITI). The objectives of the current work are to assess the performance of the core material as well as the two developed systems. At a material scale, thermal, hydric, and mechanical performance characterization is carried out. At a system level, hygrothermal, acoustic, and fire performance characterization is carried out in real-scale test cells.

The novel materials and systems

The core material, the aerogel blanket (we will call it here after AABC referring to advanced aerogelbased composite), is a fibrous network (needle glass) impregnated by pre-hydrolyzed Tetraethoxysilane precursors. A silica organogel is obtained by the in-situ gelation of the precursor, and the organogel is made hydrophobic by silylation with HMDSO [Hexamethyldisiloxane] in an acid medium. Fibers take the form of an un-woven mat with fiber diameter around 10 μm and a length of few millimeters. The fraction volume fiber is in the range 1%-5% in order to limit the increase of the solid thermal conductivity by the fibers themselves and to strengthen the aerogel. The aerogel-based blanket is developed by ENERSENS1 company within the framework of the HOMESKIN project. Based on these aerogel blankets, the ETICS and the ITI systems are developed. Figure 1 gives an illustration of the developed ETICS with the aerogel panel. Figure 2 shows the developed indoor insulation stratigraphy, starting from the outer layer. It is to be noted that for the ITI the heavy synthetic layer behaves as an integrated vapour barrier as it has a very high water vapour diffusion resistance factor. The thickness of the aerogel blanket is 2 to 2.5cm.

Figure 1: The external insulation AABC system Figure 2: The internal insulation AABC system

Characterization at material scale

The aerogel blanket is a porous and open-cell material, which make it highly permeable to water vapor. It is part of hygroscopic materials that can adsorb moisture which may induce a modification of the thermal and mechanical properties. The moisture adsorbed can increase the thermal conductivity of the insulation and lead to higher heating consumption. The impact of moisture content on the effective thermal conductivity of the material is evaluated to check the integrity of its thermal insulation capability in a humid environment. Moisture also plays a role for the comfort of occupants and can cause condensation issues or mold. Hydric properties are then characterized to identify the potential moisture risks and to guarantee the comfort for occupants. In this sense, multiple hydric properties are assessed such as the sorption isotherm of the material, the contact angle with a water droplet, the water vapor transmission and the liquid transport transmission.

Thermal properties

The thermal conductivity is measured using a fluxmeter FOX 150 of precision ±1% for five samples of 15cm x 15cm and 2.5 cm thick. Hot plate was set to 20°C and cold plate was set to 10 °C. The goal of the experiment was to measure the effective thermal conductivity of the aerogel blanket for different moisture contents. We measured it in dry condition at a relative humidity RH = 10%, a normal condition at RH = 50%, two wet conditions at RH = 80% and RH = 90% using a climatic chamber with an accuracy of 3%, and one condition close to the saturation at RH = 98% using a salt solution of K2SO4 with an accuracy of 3%. Each sample was conditioned within the respective relative humidity ambiance until the mass sample remained constant at ±0.1%. All thermal conductivity measurements were done according to standard EN 12667 [START_REF]Thermal performance of building materials and products[END_REF]. Figure 3: Thermal conductivity of the aerogel blanket for different moisture contents Figure 3 shows the evolution of the aerogel blanket thermal conductivity for different moisture contents (see Figure 4 for the sorption curve that links moisture content and relative humidity). We assumed that no water is adsorbed by the material for the conditioning in a dry environment (RH = 10%, T= 70°C) and thus, moisture content is zero. The thermal conductivity for low moisture content (RH < 80%) is about 0.016W/(m.K). The thermal conductivity of the studied aerogel blankets sharply increases for higher moisture contents (RH > 90%) to reach values up to 0.023W/(m.K). As aerogel pores are very small, typically in the range 2-100nm, capillarity condensation happens for relative humidity from 80%-90%. Under these conditions, liquid water is present in the porous network of the aerogel phase, which increases strongly the effective thermal conductivity of the material.

Moisture properties

Sorption isotherm

The sorption isotherm was plotted to describe the amount of water stored by the material depending on the relative humidity. The moisture content is determined using equation (1):

= * % + + (1)
where * is the mass of the sample at a certain relative humidity and + is the mass of the sample in dry conditions.

Five samples of aerogel blanket (15cm x 15cm x 2cm) were dried at 70°C at a relative humidity of 10%. We consider that the dry mass is reached when the mass sample does not vary more than 0.1% for three days. Dry samples are then placed in successively increasing humidity atmospheres with constant temperature (23°C), and weighted for each atmosphere during the equilibrium phase (constant mass) with an accuracy of 0.1%. The sorption isotherm is plotted for relative humidity from 10% to 98%. The experimental equipment is composed of a climatic chamber with an accuracy of 3% for the relative humidity and 1K for the temperature. For the last measurement point, samples were conditioned in a different recipient containing an aqueous saturated salt solution that maintains relative humidity at 98 %. All measurements were done according to the standards EN 12571 [START_REF]EN ISO 12571 -Hygrothermal performance of building materials and products -Determination of hygroscopic sorption properties[END_REF].

. Figure 4 : Sorption isotherms of the aerogel blanket and of the needled glass fiber mat alone

The Figure 4 shows the isotherm sorption for the aerogel blanket and the needled glass fiber mat before its impregnation by the aerogel phase. Both aerogel blanket and needled glass fiber mat have very low moisture content adsorption. The maximum moisture content adsorbed is about 0.028kg/kg for the aerogel blanket and 0.0021kg/kg for the needled glass fiber mat. The studied aerogel blankets can be considered hydrophobic since its maximum adsorbed moisture content is lower than 0.03kg/kg. as described in [START_REF] Anderson | Hydrophobic Silica Aerogels: Review of Synthesis, Properties and Applications[END_REF] that summarizes hydrophobic aerogels made by many authors. However, a different behavior is observed between the needled glass fiber mat and the aerogel blanket. The needled glass fiber mat is a macro porous material and its large pores do not allow a condensation by capillarity. This is not the case for the aerogel composite materials, at about 80% -90% of relative humidity, the adsorbed water molecules join together in the smallest pores of the aerogel phase leading to the presence of liquid water in the material. It results in a sudden mass increase for the wet material. Even though the aerogel blanket is made hydrophobic during the process, very high humidity causes capillarity condensation because of the tiny pore size of aerogel.

Influence of moisture content -Dimensional stability

Dimensional stability of the developed material was tested according to EN 1604 [30] and are presented in Table 1. Samples were preconditioned at 23°C and 50% relative humidity prior to testing. Specimens were stored at 70°C and 90% relative humidity. The extension or contraction is calculated from the difference in the dimensions at two target levels and compared to requirements given by EN 13162 [31] for mineral wool. The dimensional stability should be improved for thickness, because single values of measured thickness varied between 0.49 and 1.90%. 

Water contact angle

Water contact angle is a visual technique that permits assessing the surface hydrophobicity of a material. Water contact angle was measured using a goniometer KRUSS DSA 10. The needled glass fiber mat was first characterized before impregnation and then the aerogel blanket composite material was also characterized. Small droplets of water (10µL) were placed on the material surface with a hypodermic needle, and then an image of the droplet was taken to determine the angle. Measurements were done for 5 samples, following the standard EN 828 standard [34].

Figure 5 illustrates the hydrophobic behavior with the water droplet beading up on the sample. The contact angle is estimated at 150° ±5° for the aerogel blanket and 138° ±5° for the needled glass fiber mat. Thus, the aerogel blanket belongs to "super hydrophobic" surface materials, following the ranking established by [START_REF] Anderson | Hydrophobic Silica Aerogels: Review of Synthesis, Properties and Applications[END_REF].

Figure 5: Contact angle between a water droplet and aerogel blanket (left), needle glass fibers (right)

Water vapor resistance

Water vapor diffusion resistance factor " is used to assess the water vapor permeability behavior of the aerogel blanket. The coefficient " represents the relative magnitude of the water vapor resistance of the material compared to an equally thick layer of stationary air. It was measured using a climatic chamber, an aqueous salt solution / desiccant of accuracy 3% and a precision balance of accuracy 0.01% according to the standard EN 12086 [START_REF]Thermal insulating products for building applications[END_REF]. The samples were sealed to the open side of a dish containing an aqueous salt solution (wet cup method) or a desiccant (dry cup method). The assembly test was then placed in a climatic chamber whose temperature and relative humidity were set to 23°C and 50%, respectively. Because of the difference of pressure between the partial pressures in the test assembly and the climatic chamber, water vapor flows through the sample. Periodic weighing of the assembly was conducted to determine the rate of water vapor transmission when the steady state is reached. K2SO4 solution was used for the wet cup method and maintains relative humidity at 98%. Silica gel was used for the dry cup method and maintains the relative humidity at 1%. Once the steady state is reached, the water vapor diffusion resistance factor " is calculated using equation (2):

" = ! , * ! = ! , * . . '( . (2) 
where ! , * is the water permeability of the air in the test room condition ( ! , * = 0.72 /2), ! is the water permeability of the test sample, is the exposed area of the test sample, is the thickness of the sample, is the mass change of the sample in milligrams per hour after reaching the steady state and '( is the water vapor pressure difference. '( = 1350(6 in our set of test conditions.

Measurements are done for five samples (15cm x 15cm x 2.5cm). Experimental results show that aerogel blankets are permeable to the water vapor. The water vapor diffusion resistance factor was measured to be 8 ±1 for the dry cup method and 5 ±1 for the wet cup method. The needled glass fiber mat has a " value of 2, which means the impregnation by the aerogel phase reduces up to 4 times the water vapor permeation of the composite material. These values can be compared to the classical values of common insulation materials such as mineral wools " = 1 % 2 (highly permeable) or synthetic insulation materials " = 20 % 150.

Liquid transport

In case of rain infiltration or high capillarity condensation, the liquid transport plays an important role for the heat and moisture transfer through the wall. It could also lead to the decrease of the thermal properties of the insulation and to its mechanical degradation. The water absorption coefficient was chosen as the main parameter to describe the liquid transport. The experimentation for its measurement was performed using the standard EN ISO 15148 [START_REF]Hygrothermal performance of building materials and products[END_REF]. Five rectangular samples were water-proofed on the four lateral sides and the down sides were immersed in 5 mm of water. A precision balance recorded the mass increase of the samples for 5 days with an accuracy of 0.01%. The water absorption coefficient in g/(m 2 .s 1/2 ) was calculated using equation (3).

= . √

(3) where stands for the cumulative water absorption in g.m -2 and for the time in second.

Experimental results show that for the aerogel blanket under study, the water absorption coefficient is about 0.6 ±0.1g/(m 2 .s 1/2 ) with a standard deviation of 0.07. Typical glass wools have a water absorption coefficient about 5g/(m 2 .s 1/2 ), thus the use of hydrophobic aerogel phase permits to reduce ten times this coefficient.

Mechanical properties

Based on experience, it is known that improving of material thermal properties can lead to deterioration of mechanical performance. Therefore, tests on mechanical properties were performed for better assessment of developed aerogel blanket. All samples were preconditioned at 23°C and 50% relative humidity prior to testing. Results are shown in Table 3 and compared to requirements given by EN 13162 for mineral wool and EN 13500 [START_REF]Thermal insulation products for buildings[END_REF] for ETICS. Moreover, classification of aerogel blanket was performed based on measured values. Because of relatively low tensile strength, the aerogel blankets must be, in additional to gluing, anchored to wall. 

Characterization at system level

In all the previous assessment, the core material which is the aerogel blanket was assessed. In this section, the developed systems (ETICS and the internal system) are examined and characterized in real-scale test buildings. Thermal, hygric, fire, and acoustic characterization/assessments are performed.

Thermal

Experimental set up

The experiment is done on a test cell at the Mines ParisTech Graduate School located in Sophia-Antipolis, south France (Figure 6). The weather at this location is Mediterranean with dry summers and mild winters. The test cell is composed of two external walls having south and east orientation and two internal walls (partition with other cells). The volume of the test cell is 30 m³. The south wall is taken to be our test wall and it has a surface area of 2.40m x 2.70m. Originally, the wall was composed of two layers: an outside insulating mortar layer of 4 cm thick, and a concrete layer of 20cm thick. Then, the internal insulating system was added to the test wall. The tests were carried out under outdoor weather conditions. Indoor boundary condition was either free floating (no HVAC system) or set point temperature at 23 °C. A ventilator was used to avoid indoor air temperature stratification. A weather station, located on the roof (3m high), was used to measure the external climate i.e. drybulb temperature [°C], wind velocity [m.s -1 ], relative humidity [%] and horizontal global solar irradiance [W.m -2 ]. Vertical global solar irradiance [W.m -2 ] was measured on the test wall using a Campbell Scientific pyranometer installed on the test wall. It works with an accuracy of ± 7% within the range 0-2000 W.m -2 . Surface temperatures [°C] were measured using K-type thermo-couples of accuracy ± 0.3 °C. Those sensors were located at the exterior surface, interior surface and between each construction layer. Heat flux [W.m -2 ] was measured by Hukseflux sensor HFPO1 and is placed at the interior surface, with an accuracy of sensitivity coefficient of 5 %. Indoor air temperature [°C] and relative humidity

[%] were measured using a RHT-WM-DM hygrothermal sensor with an accuracy of 1°C for the temperature and 3 % for the relative humidity. All sensors located at the center of the test wall far enough from edge effects and thermal bridges are shown in Figure 7. Mean radiant temperature

[°C] was measured in the cell using a black globe sensor manufactured by SLG instrument, and of accuracy ±0.15°C. It was used to evaluate the comfort temperature in the cell. Thermophysical properties of the test wall after retrofitting are resumed in the Table 4. Initially, the wall was only composed of the mortar layer and the concrete layer. Figure 6 : Test cell in Nice Sophia-Antipolis, south of France Figure 7 : Cross section view of the test wall and location of the sensors Data are recorded every 5 minutes and re-sampled every 30 minutes by averaging the data, thus allowing to filter high frequency noise caused by the thermostatic control of the indoor temperature. 30 minutes sample-rate was considered sufficient to study a physical phenomenon that affects a building envelope because the dynamical thermal behavior is not lost. The data were analyzed from January 1 st to June 30 th , 2017 for the case where the test wall was not insulated by the interior aerogel blanket insulation system and from August 1 st to December 31 st , 2017 for the case with the internal insulation layer installed.

Data analysis

The assessment parameter for the wall is thermal transmittance coefficient [W/(m 2 .K)] in the case of indoor conditioning.

The thermal transmittance coefficient is evaluated with a grey box model using a combination of prior physical knowledge and statistics. The prior physical knowledge is formulated by a set of equations that describes a lumped model of the heat transfer dynamics of the building. Hence, the wall is modeled using the thermo-electric analogy considering multiple nodes using lumped thermal parameters [START_REF] Rabl | Parameter estimation in buildings: methods for dynamic analysis of measured energy use[END_REF] (see Figure 8). For the two nodes, the heat balance between ingoing and outgoing heat fluxes can be calculated and the RC network can be represented by the equations ( 4) and ( 5). 

with the time, 8 the thermal capacitance of the wall, 8 , , the temperature in the wall, the outdoor dry bulb air temperature and the indoor dry bulb air temperature, respectively, is the thermal resistance between the envelope and the exterior, : is the thermal resistance between the envelope and the indoor. 8 is the solar energy transmittance of the wall, ; the global solar radiation on a vertical plan and the heat flux at the internal surface. The set of equation is solved numerically for 8 and using a discretization approximation. , and ; are measured parameters and 8 , 8 , and : are unknown parameters. is called the output variable because it is both calculated and measured. As a measure of deviation between both values, the RMS is calculated using equation ( 6)

< = = 1 > ?@ , , % A,BA, C D E ( 6 
)
RMS value is minimized using Downhill Simplex Method Combined with Monte Carlo procedure. Unknown parameters are varied until the best conformity between both temperature curves is reached.

= 1 9 : (7) 
All the above equations are solved using LORD [START_REF] Gutschker | Parameter identification with the software package LORD[END_REF] software.

Results

The efficiency of the test wall is assessed using the thermal transmission coefficient -or U-value -.

The U-value is an intrinsic characteristic of the wall and does not depend on boundary conditions. It describes the wall as a thermal system independently of the weather. Thus, it can be compared between different periods of the year without any bias. Particularly, we can compare it before and after the retrofitting with the interior insulation system to see how it is affected.

The thermal transmission coefficient is calculated for each month using continuously recorded data and equation [START_REF] Lakatos | Comprehensive thermal transmittance investigations carried out on opaque aerogel insulation blanket[END_REF]. The calculation of these parameters was made in indoor controlled temperature to maximize the heat flux through the wall which facilitates the convergence of the calculation and the accuracy of the results. The mean U-value calculated over the entire recording period is shown in Table 5. The thermal transmission coefficient was calculated from January 1 st to June 30 th , 2017 for the baseline case, and from August 1 st , 2017 to December 31 st , 2017 for the retrofit wall insulation case.

Results of monthly averaged thermal transmission coefficient are shown in Figure 9 . The test wall has initially a thermal transmittance coefficient = 0.63W/(m 2 .K). After the retrofitting, the thermal transmittance coefficient decreases to = 0.33W(m 2 .K). Significant improvement is observed on thermal transmittance coefficient with only 2 cm of aerogel panels. Figure 9 : Thermal transmittance coefficient of the test wall monthly averaged

We observed more uncertainties for the results of the retrofit case because of the presence of the large air gap between the synthetic rubber layer and the interior plasterboard. The heat transfer within the air gap is not purely conductive, but also a combination of convection and face to face radiation, which leads to more fluctuations and less reproducible results. However, this RC-method still gave us more reliable results than the so-called averaged method and requires much less data.

Hygrothermal

Experimental set up

Two north oriented test cells were selected for the systems' testing out, in FACT test facility (Figure 10) at CEA -INES, Le Bourget du Lac, a research platform in the South-Eastern France, in order to avoid measurement errors due to solar radiation. As one of the objectives is to calculate the in-situ thermal conductance of the test walls, avoiding or reducing errors due to solar radiation falling on the façade, which can perturbate the temperature sensors measurements installed at the exterior surfaces of the walls, is highly recommended in ISO 9869:2014 standard [START_REF]Thermal insulation --Building elements --In-situ measurement of thermal resistance and thermal transmittance --Part 1: Heat flow meter method[END_REF]. For each test cell a concrete hollow block wall with a thickness of 20 cm with a wooden framed window was constructed. This wall construction represents an existing wall to be retrofitted by adding the AABC solutions, and it is a widely traditional construction technique found in several countries, particularly in France. The total area of the tested facade is 7.70m² (2.3m width x 3.3m height). The window has dimensions of 1.2mx0.9m (width x height) and is located 1.3m above the test cell's floor level. Facades with windows are constructed to reflect a real-case construction technique. Test cell 1 is used to characterize the ETICS while test cell 2 is used to characterize the ITI system. In each test wall several hygro-thermal sensors were installed in the cross-section of the walls as shown in Figure 11. Heat flux sensors were placed at the interior surface and at the interface between the aerogel insulation system and the concrete block. The hygrothermal sensors are of type SHT75, from Sensirion. The accuracy given by the manufacturer is ±1.8% for relative humidity and ±0.5°C for temperature. To ensure a better accuracy through a better contact between the temperature sensor and the wall surface, thermocouples of type-T are also installed. They can be used for temperature measurements in the range -270°C to 400°C with an accuracy of ±0.4°C. The heat flux meters are manufactured by Wimesure. They are of square-shape, 120mm side, with a thickness of the order of 1.5mm with a declared uncertainty of 5%. In addition, a weather station is installed at the experimental field very close to the testing facility to measure all the environmental inputs needed for the experimental measurements. These include the solar radiation, air temperature and relative humidity, long-wave radiation intensity, and wind speed and direction. Particularly, to measure the long-wave radiation intensity, a pyrgeometer (type CGR4 from Kipp and Zonen) is used. The outside air temperature and relative humidity sensor is placed at 1.5m height while the pyranometers measuring solar radiation and the pyrgeometer measuring the long-wave radiation are placed at 12m height. The anemometer (wind speed and direction) sensor is placed at 10m height. Figure 11: the sensors in each test wall, the ETICS systems (test wall 1) and the ITI system (test wall 2)

In-situ thermal conductance

The objective is to calculate the in-situ thermal conductance, Λ-value (or the thermal resistance R =1/ Λ), using the on-site measurements according to the average method explained in the ISO 9869:2014 standard [START_REF]Thermal insulation --Building elements --In-situ measurement of thermal resistance and thermal transmittance --Part 1: Heat flow meter method[END_REF]. This is obtained by dividing the mean density of the heat flow rate by the mean temperature difference across the envelope, the average being taken over a long enough period as shown in equation ( 8). The U-value can then be obtained by adding the resistance of the inside and outside convective films to the overall thermal conductance of the wall. In this section, the average method is chosen to calculate the in-situ thermal conductance unlike the lumped resistancecapacitance method used in section 4.1. The main difference between these two methods is that the average method assumes that over a sufficiently long period the thermal mass in the wall has no impact on total heat flow. The lumped thermal model considers thermal mass in its calculation. Depending on the wall construction itself (low, medium, or high thermal inertia), each method has its advantages and its drawbacks. The comparison of these methods was beyond the objectives of the current paper.

Λ = 1/ = ∑ I J JE ∑ $ J % J & JE (8) 
with Λ the total thermal conductance of the element (W.m -2 .K -1 ), Tsij the internal surface temperature at reading j (°C), Tsej the external surface temperature at reading j (°C), q L the internal heat flow rate at reading j (W/m2) and n the number of measured data points (-).

The outside climatic conditions (temperature, relative humidity, and global horizontal solar radiation) are shown in Figure 12. Applying equation ( 8), the Λ-value for the whole structure and the Λ-value for the core AABC systems of both test walls are calculated and are shown in Figure 13 for a period of around 55 days. The period is selected to obtain a considerable thermal gradient between the indoor and the outdoor environments and to allow the "average method" to converge. The initial thermal conductance of the concrete wall before applying the insulation system was 4.10W/(m²K). As illustrated in Figure 13, adding the AABC system of only 2cm reduces the envelope's thermal transmittance of more than 80% from 4.10W/(m²K) to 0.68W/(m²K) for test-cell-1, and to 0.59W/(m²K) for test-cell-2.

Figure 13: in-situ thermal conductance of the test walls

Moisture performance

Different scenarios for the interior climate are implemented to cover both summer and winter conditions. A free-floating scenario is set at the beginning reflecting a summer behavior with no airconditioning. A fixed temperature scenario of 18°C is then applied to examine the wall behavior in such relatively low summer setpoint temperature and to create a sufficient gradient between outside and inside climates. After that, the setpoint temperature is increased to 24°C reflecting summer conditions with air-conditioning. A short free-floating scenario is then employed before shifting to winter scenarios. The temperature setpoint is fixed at 22°C with no moisture generation inside, before implementing the final scenario, reflecting an "extreme" scenario, where moisture is added inside the test cells. The ventilation rate is considered as 0.5 air changes per hour which is a standard value for residential buildings in France.

The relative humidity at the cross section of the wall for test cell 1 is shown in Figure 14. The RH behind (seen from outside) the AABC system (position D) fluctuates between 60% and 80% in almost most of the considered period. The RH rises to reach 90% is observed in the summer cooling scenario when the interior air temperature is fixed at 18°C. The indoor air, relatively, low temperature in addition to the presence of thermal insulation at the exterior side causes the temperatures in the wall to, relatively, drop down. Although this scenario is not so realistic in the cooling season, we performed it to examine the envelope's behaviour and to check whether very high RH could be observed or not. In all the considered period, the daily RH at position D fluctuates between a maximum value and a minimum value and the range is around 10% to 15% between daytime and night-time. The RH at position C (inside the air hole of the concrete block) the RH shows very little fluctuations and the values remain less than 80% for all the period. The relative humidity at the cross section of the wall for test cell 2 is shown in Figure 15. The RH behind (seen from inside) the AABC system (position B) remains almost stable with very little fluctuations in all considered period. During the first free-floating scenario and during the 18°C scenario, the RH at B is ranges between 82% and 87%. During the other scenarios, the RH ranges between 80% and 84%. In such retrofitting cases, where thermal insulation is added to the inside surface, the risk of high moisture accumulation behind the insulation is usually high because the original wall structure is now exposed to the outside cold environment and the heat received from the inside environment is highly reduced due to insulation. In our case here in this study, the RH remains below 85% in most of the measurement period. We can conclude that the risk of condensation and the risk of mould growth are minimal in this case. Different mould growth prediction models are found in the literature. Some are simple qualitative models such as the Time of Wetness suggested by Adan [START_REF] Adan | On the fungal defacement of interior finishes[END_REF] and used by several studies [START_REF] Dos Santos | A building corner model for hygrothermal performance and mould growth risk analyses[END_REF], [START_REF] Mukhopadhyaya | Assessment of building retrofit options using hygrothermal analysis tool[END_REF], [START_REF] Bjarløv | Retrofit with interior insulation on solid masonry walls in cool temperate climates-an evaluation of the influence of interior insulation materials on moisture condition in the building envelope[END_REF], [START_REF] Berger | Factors governing the development of moisture disorders for integration into building performance simulation[END_REF] (one definition of the time of wetness is the percentage of time where RH > threshold) and others are more quantitative models (VTT model [START_REF] Vitanen | Factors affecting the development of mould and brown rot decay in wooden material and wooden structures: Effect of humidity, temperature and exposure time[END_REF], [START_REF] Ojanen | Classification of material sensitivity e new approach for mould growth modeling[END_REF]). Each of these models includes however different simplifications or is based on different assumptions. Vereecken and Roels [START_REF] Vereecken | Review of mould prediction models and their influence on mould risk evaluation[END_REF] carried out an extensive review of the mould growth prediction models found in the literature presenting the drawbacks of each of them based on the simplified assumptions used or the methodology followed. In addition, mould growth greatly depends on the material itself and the exposure time (duration) to mould favorable conditions. In this study, for mould growth risk assessment, we are based on the simple model where the risk increases when RH > threshold. The threshold is usually considered as 80% for wood-based materials and 85% for concretebased materials. It is worth mentioning that the exterior relative humidity of Figure 14 and 15 are greatly different due to the position of the installed sensors. As shown in Figure 11, the hygrothermal sensor of test wall 1 (externally insulated), referred to as "ext" in Figure 14, is located at the exterior surface of the test wall. This sensor is in contact with the wall from one side and in contact with outside air from the other side (it is not embedded in the exterior surface). For this reason, we observe large fluctuations in the relative humidity for this sensor. However, for test wall 2 (internally insulated), the hygrothermal sensor referred to as "ext" in Figure 15, is located behind the exterior render just at the interface with the concrete layer. We observe less fluctuations in the relative humidity of this sensor compared to that of test wall 1.

Acoustic

In-situ acoustic measurements: experimental protocol

In situ acoustic measurements represent a significant and recognized method to assess the acoustic performance of a retrofitting insulation. For this purpose, acoustic tests were carried out for the ITI system at the test cell mentioned in paragraph 4.1.1. The tests are in compliance with the international standard EN ISO 16283 part 3 [START_REF]Acoustics -Field measurement of sound insulation in buildings and of building elements -Part 3: Façade sound insulation[END_REF]. This norm specifies procedures to determine the airborne sound insulation of whole façades (global methods) using sound pressure measurements. The measured airborne sound insulation is frequency-dependent and it is converted into a single number quantity to characterize the acoustic performance using the rating procedures as described in EN ISO 717-1 [START_REF]Acoustics --Rating of sound insulation in buildings and of building elements --Part 1: Airborne sound insulation[END_REF].

The sound measurements are carried out before the installation and after the installation of insulation system. The comparison between these two measurements provides the system's acoustic performance. The instruments used for measuring sound pressure levels are the following:

• microphone that meet the requirements for a class 1 instrument in compliance with IEC 61672-1 [START_REF]Electroacoustics -Sound level meters -Part 1: Specifications[END_REF] for random incidence application. • loudspeaker with uniform and omnidirectional radiation in compliance with UNI EN ISO 16283 part 3. The procedure to determine the airborne sound insulation of facades consists of the following steps:

1) Measurement of the background noise level in a room 2) Measurement and calculation of energy-average sound pressure level in the test room 3) Measurement and calculation of average outdoor sound pressure level at a distance of 2m in front of the façade , 4) Measurement of reverberation time (TR) 5) Calculation of the level difference and standardized level difference , . The higher is this index, the better is the façade from acoustic point of view

= , M % (9) 
, = M 9 10 log + [START_REF] Stahl | Thermo-hygric properties of a newly developed aerogel based insulation rendering for both exterior and interior applications[END_REF] where TR and TR0 are the reverberation time in the receiving room and the reference reverberation time (for dwellings TR0 = 0.5s), respectively.

The loudspeaker is placed in one position outside the building with the sound incidence angle equals to 45°± 5° as shown in Figure 16. Figure 16: Outside position of the loudspeaker First preliminary in-situ measurements were carried out in ARMINES test cell as it is. This latter showed some possible issues related to the lateral walls of the cell, which are lighter in comparison to the application wall (the South one). Accordingly, several structural modifications have been made before the application of the system to obtain an effective and valid acoustic measurement.

Acoustic tests and results

First acoustic measurements were carried out before the installation of the aerogel-based insulation system. This acoustic insulation performance is considered as "Phase 0: Starting point". The acoustic performance at each frequency is shown in Figure 17 and the single-number rating Q RSTU is equal to VW XY$Z&. The latter value represents the "starting point" of acoustic performance. It is important to notice that the value of starting point is already high (for example, according to Italian regulation for residential buildings, the lowest limit of Q RSTU is in fact 40 dB(A) ).

The second measurements were carried out after the installation of the AABC panel and the synthetic rubber heavy layer, without the finishing layer (plasterboard). The acoustic performance at each frequency, in comparison with "Starting point" measurement is shown in the same Figure 17 with the single-number rating Q RSTU equals to V[ XY$Z&.

The installation of the insulation material resulted in a significant improvement in acoustic insulation. This improvement of 3dB correspond to a halving of the noise power. Furthermore, this performance is only referred to the insulation material, with a thickness of only 4cm approximately, and without the support of heavy mass such as the plasterboard, making the results even more remarkable. The final step was the application of two layers of plasterboard (each layer has a thickness of 12.5mm). The Q RSTU for this final acoustic measurement is equal to V\ XY$Z&.

Figure 17: Frequency-dependent acoustic performance of ITI system As expected, the addition of plasterboard layer, with the support of the air gap, improves the acoustic performance of the retrofitting system up to a remarkable level of 58dB. Therefore, the total acoustic insulation improvement is equal to 7dB.

As the test environment is in-situ, the acoustic performance cannot be extended to every building. However, the significant improvement in acoustic performance leads us to consider the tested system a high effective acoustic insulation product.

Fire-safety

Preventive fire protection is a major aspect of building planning and construction. For this reason, thermal insulation materials must fulfill certain requirements from a fire safety point of view. Minimum requirement should be at least a limited ability to spreading a fire. The assessment of reaction to fire performance of building products is based on the European standard EN 13501-1 [START_REF]Fire classification of construction products and building elements -Part 1: Classification using data from reaction to fire tests[END_REF] and derived test specifications.

System configuration

The tests were carried out on the two insulation systems. The specifications of ETAG 004 regarding the production and testing of ETICS have been considered. Test specimens with two different thicknesses (7mm and 20mm) of AABC insulation panels have been produced for ETICS. The internal system was only produced with an insulation thickness of 20mm.

Ignitability test

For testing the flammability of building products, the small burner method according to EN ISO 11925-2 [START_REF]Reaction to fire tests --Ignitability of products subjected to direct impingement of flame --Part 2: Single-flame source test[END_REF] was used. In the test, the specimen is subjected to the direct impingement of a small flame. The vertical flame propagation in a defined period of time is tested.

The test is carried out in a housing free of air circulation. The test specimen (250 mm x 90 mm) is attached vertically on a U-shaped specimen holder. A propane gas flame with a height of 20 mm is brought into contact with the specimen at an angle of 45°. With a flame application time of 30 seconds, the maximum duration of the test is 60 seconds after removal of the flame. The requirement criteria for this test method are based on observation whether the flame spread reaches 150 mm above the point of impingement within 60 second and the occurrence flaming debris. As shown in Table 6, the flame impingement of the mineral ETICS surface did not cause any inflammation of the specimen. A vertical flame spread could not be observed. At the points where the flame was attached at the uncovered insulating material, the specimens ignited during the period of flame exposure. After removing the ignition flame, the test specimens extinguished immediately.

The fire treatment on the internal system specimen surface for a period of 30 seconds did not cause any inflammation. Ignition was detected at the edges but disappeared immediately after removing the flame. The 90° turned test specimens showed a slightly higher vertical flame spread at the position of the PE foam layer. A slightly delayed extinction of the flame was observed at this test position.

In all test scenarios, the limit mark of 150 mm was not exceeded by the flame.

Single Burning Item

The main test method for estimating the performance against fire in a progressed formation phase is the SBI (Single Burning Item) test according to EN 13823 [54].

Two SBI test specimen (1500 mm x 1000 mm and 1500 mm x 500 mm) form a right-angled corner configuration. The thermal exposure on the surface of the specimen is produced by a right-angled triangle-shaped propane gas burner placed at the bottom corner formed by the specimen wings. The heat output of the burner is 30 kW. The performance of test specimens is evaluated for an exposure period of 21 minutes. During the test the fire progress including the smoke emission is metrologically recorded.

Important parameters used for the assessment of fire behavior are:

-FIGRA (Fire Growth Rate) = Ratio of released heat and time -THR600s (Total Heat Release) = total released heat while the first 600 seconds of the test -SMOGRA (Smoke Growth Rate) = Ratio of smoke development rate and time -TSP600s (Total Smoke Production) = Total smoke while the first 600 seconds of the test

The two SBI tests on ETICS ran without visible inflammation of the specimens. Correspondingly, no horizontal flame propagation could be observed at the long wing of the specimens. No parts of the rendering fell down and no heat-cracking on the surface could be detected. When the test has been completed the surface of the final rendering in the area of direct flame treatment was removed in order to evaluate any damages to the insulation layer. The glass mesh and the underlying AABC panel remained undamaged and had no structural alterations.

For the internal system, the first test showed a rapid inflammation of the heavy layer (synthetic rubber) surface. The joint covering aluminium tape burned up in the area of direct flame impact. At the edge areas around the fire, a partial delamination of the self-adhesive top layer from the underlying PE foam layer structure was observed in connection with a formation of air pockets. The identification of fire impact after the test showed a substantial damage of all system layers. In the area of direct flame treatment, the glass fibre insulation material was partially melted down to the mineral substrate board.

An improved adhesion of the heavy layer to the underlying PE foam layer leads to a significant reduction regarding the delamination of both layers during the test. Accordingly, the second test with improved specimens resulted in a significantly lower visible flame spread. The measured values as shown in Table 7 confirm the observations made during the tests of the two ETICS. Regardless of the insulation thickness, both systems showed low FIGRA values of 49W/s and 43.53W/s as a characteristic value for the rate of heat release. Due to the higher insulation thickness and the associated higher use of insulation material, this value was slightly higher at the system with 20mm insulation than at the thinner one. The total heat release in the first 600 seconds of the test (in the figures at 900s) is low for both types and indicates that only a small amount of material was energetically converted during the fire. Due to the low fire impact the smoke development (SMOGRA) and the total smoke emission (TSP600s) were also at a low level.

The delamination of the self-adhesive top layer from the underlying PE foam caused the formation of irregularities on the specimen surface during the first test of the internal insulation, which provided the fire an increased surface to attack. This resulted in an accelerated and increased flame spread at the test specimen, which is reflected in a relatively high FIGRA value of 201.63 W/s and a high heat release of 17.99 MJ. In the second test with improved adhesion of the heavy layer to the PE foam, the heat-related delamination could be significantly reduced. Accordingly, the values for the rate of fire development as well as for the total heat release precipitated.

Determination of the calorific value

Due to the low measured values during the SBI test, the individual components of the ETICS were additionally tested regarding to their calorific value. This should clarify whether the system can be classified as a non-combustible product.

The test method according to EN ISO 1716 [START_REF]Reaction to fire tests for products --Determination of the gross heat of combustion (calorific value)[END_REF] determines the potential maximum total heat release of a product when burned completely. A powdery test specimen (0.5g) is ignited in pressurized oxygen atmosphere inside a closed steel cylinder (calorimetric bomb) surrounded by water jacket. The temperature rise of water during burning is measured. The gross calorific potential is calculated based on the temperature rise, specimen mass, and correction factors related to the specific test arrangement used. The ETICS consists of 4 substantial components with an application rate of each ≥ 1 kg/m² as well as 2 non-substantial components with lower application quantities (see Table 8). Due to its high calorific value of 15.4 MJ/m² the organic adhesive has a significant impact on the total calorific value of the whole system followed by the AABC. The other system components have a significantly lower influence on this value.

Even if the total calorific value of the system is below the limit value for incombustible products, the single calorific value of the organic adhesive exceeds the limit for individual substantial components, which is specified in the EN 13501-1 at 3.0 MJ/kg.

Discussion and Conclusion

Measured thermal conductivity of developed aerogel blanket is about 0.0165W/(m.K). This value can be increased up to 0.023W/(m.K) for higher moisture contents. Very low water absorption of aerogel blanket and water contact angle of 150˚ prove high hydrophobicity of aerogel blanket. Test results of water vapor resistance show worse material performance for "dry-cup-method" (μ = 8) than for "wetcup-method" (μ = 5). Therefore "dry-cup-method" must be taken for the material assessment. Water absorption coefficient of the aerogel blanket ( 0.6g/(m 2 .s 1/2 ) ) is significantly lower than that for mineral wool ( 5g/(m 2 .s 1/2 ) ). Based on relatively low tensile strength (σT between 7.5 and 80 kPa), the aerogel blankets must be glued and anchored to wall. Tensile strength perpendicular to faces (σT = 8.4 kPa) and shear strength (σS = 28.1 kPa) comply with mineral wool products for use in ETICS with comparable compressive stress by 10% deformation (σ10 = 12.9 kPa). Although its resistance to point load is relatively high (FP = 587 N), material cannot be used as external roof insulation because of its low compressive stress (σ10 ≥ 60kPa).

The thermal measurement campaign in ARMINES test cell for the internal thermal insulation system shows an important improvement of the thermal transmittance coefficient of the wall. The interior retrofitting decreases the U value of the wall from 0.633W/(m 2 .K) to 0.33W/(m 2 .K). This value is acceptable for the retrofitting of existing buildings in France (U<0.45 W/m 2 .K) but too high for the case of new buildings ( U < 0.25W/(m 2 .K) ). However, this value is reached with only 2 cm of aerogel blanket, which is remarkably thin for insulation. From the U value measurements, the in-situ thermal resistance of the insulating system is calculated to be Rsyst = 1.46m².K/W. The in-situ thermal conductivity of the AABC can be derived from the measurements. Considering that the contribution of the synthetic rubber layer to the thermal resistance is negligible and that the thermal resistance of the PE layers is RPE 0.16 m².K/W (according to Table 4), we deduce that the in-situ thermal conductivity of the AABC panels is λAABC= 0.0154 W/(m.K) [λAABC = thicknessAABC/(Rsyst-RPE)]. This value is very close to the one measured at the lab-scale, meaning that the installation was properly done, and that no unexpected thermal bridge degrades the thermal performance of the insulating system.

The in-situ hygro-thermal results from the FACT test cell showed that the external insulation system protects the wall against the moisture risks. For the internally insulated wall, relative humidity remains lower than 85% even when high moisture generation is present inside the test cell. However, as the moisture transfer within building envelopes is a slow physical phenomenon, long-term monitoring data is needed for assessment. Concerning the thermal performance, the walls showed very good performance, where the envelope's thermal transmittance is reduced by more than 80% after applying the insulation systems.

The acoustic research is based on in-situ acoustic tests of ITI system. The system was tested according to EN ISO 16283-3, which specifies the procedures to determine the acoustic insulation of façades. The evaluated acoustic insulation index is the single number rating [dB], which characterizes the acoustic insulation of façades. The ITI system was applied to a test cell in ARMINES test cell. Prior to the measurement, it was necessary to adjust the test cell to guarantee the effectiveness and validity of the test. To do so, lateral and roof side was retrofitted to increase the base wall acoustic insulation. The acoustic insulation was then assessed according to three configurations: (1) base wall, (2) single panel retrofitting, and (3) complete ITI system retrofitting. The

[dB] increased by 3dB due to single panel and 7dB for the complete ITI system. These performances correspond respectively to a reduction to 50% and 25% of sound energy of base wall. Even though in-situ tests cannot be extended to general validity, the results prove that ITI system product can be a significant and effective acoustic insulation retrofitting. Concerning fire safety, due to the predominantly mineral or inorganic components of the ETICS, there is no ignition, a low energy output and smoke emission during a fire in case of fully plastered surfaces. The calorific value of the organic adhesive as a substantial component of the system, at 6.6 MJ, does not meet the requirements of class A1 or A2 according to EN 13501-1. The fire behavior of the internal insulation system differs significantly. The material ignites in case of fire and releases relatively much energy due to the higher organic content in the components. The development and the progress of a fire decisively dependent on the cohesion of the layers bonded together. A heat-related delamination of the layers leads to an unfavorable fire behavior, which is why a heat-resistant bonding is an important factor in the composition of the individual layers. Depending on the stability of the bonding in case of fire, the system can fulfill the requirements of the classes C or D according to EN 13 501-1.
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 8 Figure 8: RC network of the test wall
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 10 Figure 10: test cells 1 and 2 used to characterize the hygrothermal performance of the aerogel based ETICS and the ITI systems
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 12 Figure 12 : The outside temperature and relative humidity (top) and global horizontal solar radiation (bottom)
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 14 Figure 14: The relative humidity at the cross section of the wall for test cell 1 (externally insulated)

Figure 15 :

 15 Figure 15: The relative humidity at the cross section of the wall for test cell 2 (internally insulated)

  

Table 1 :

 1 Dimensional stability of the AABC

	Length |Δε l | [%] Width |Δε w | [%] Thickness |Δε t | [%]	Requirements acc. to EN 13162 |Δε l |, |Δε w |, |Δε t | [%] (mean)
	0.04	0.10	1.09	≤ 1
	3.2			

.3. Short and long-term water absorption

  

	Water absorption was tested according to EN 1609 (short term water absorption) [32] and EN 12087
	[33] (long term water absorption). Specimens with size 200mm x 200mm were conditioned at 23°C
	and 50% relative humidity before test. Samples were partially (10mm) immersed in water. Test results
	are presented in Table 2. Both values fulfill provisions (W ≤ 1kg/m 2 for short term water absorption
	and W ≤ 3kg/m 2 for long term water absorption) given by EN 13162 for mineral wool.
	Table 2: short and long-term water absorption of the AABC	
		Water absorption [kg/m2]	Requirements acc. to EN 13162
	Test	mean	Standard deviation	(mean) [kg/m2]
	Short term (24 hours) water absorption	0.14	0.07	≤ 1
	Long term (28 days) water absorption	0.27	0.21	≤ 3

Table 3 :

 3 Mechanical performance of the AABC material

	Test type	Parameter	Test method	Size of sample L x B	Measured value	Requirements or classification acc. to	Requirements acc. to EN 13500
				[mm]		EN 13162	(ETICS)
	Compressive stress (10% deformation)	σ 10 [kPa]	EN 826	200 x 200	12.9 [kPa]	>10kPa (CS(10)10)	≥10 kPa
	Compressibility c [mm]	EN 12431	200 x 200	1.79 [mm]	≤ 2(+1) mm (CP2)	-
							Fixing:
							-adhesive ≥80
	Tensile strength perpendicular to faces	σ T [kPa]	EN 1607	200 x 200	8.4 [kPa]	>7.5 kPa (TR7.5)	kPa -anchors ≥7.5 kPa
							-anchored
							grid ≥5 kPa
	Point load (ε=5 mm)	F P [N]	EN 12430	300 x 300	587 [N]	>550 N (PL(5)550)	-
	Sheer strength	σS [kPa]	DIN EN 12090	200 x 100	28.1 [kPa]	>28 kPa (SS28)	-
	Bending strength σB [kPa]	DIN EN 12089	250 x 50 L=200mm) mm (span length	281.9 [kPa]	>250 kPa (BS250)	-

Table 4 :

 4 Thermophysical properties of the test wall

	Material layer (outside to inside)	Thermal conductivity (W/m.K)	Thickness (cm)	Density (kg/m 3 )	Specific Heat (J/kg.K)
	Mortar	0,027	4	200	990
	Concrete	2,1	25	2400	800
	PE	0,037	0,3	28	800
	Aerogel panels	0,016	2	200	800
	PE	0,037	0,3	28	800
	ISOLmass	0,587	0,2	2000	
	Air gap		15	1	1000
	Plasterboard	0,32	2,5	790	800

Table 5 :

 5 Thermal properties of the test wall

	Case	Thermal transmission coefficient [W/m 2 .K)]
	Baseline wall	0.63 ±0.04
	Retrofit wall with ITI system	0.33 ±0.07

Table 6 :

 6 Results of the ignitability test

	Insulation system			ETICS			Internal system
	Insulation thickness (mm)		7			20			20	
	Total thickness (mm)		9			23			28	
	Flame impingement	S	E	90°	S	E	90°	S	E	90°
	Ignition of specimen	no	no yes yes yes	yes	yes	yes	yes
	Max. flame level during observation time (cm)	-	2	3	-	2	3	-	3	6
	reached after (s)	-	30	30	-	30	30	-	30	37
	S = surface exposure; E = edge exposure; 90° = sample turned by 90°								

Table 7 :

 7 Results of the SBI-test

	Insulation system		ETICS		Internal system
	AABC panel	mm	7	20	20	20
	Total thickness	mm	9	23	28	28
	FIGRA	W/s	49	43.56	201.63	80.4
	THR600s	MJ	1.79	2.4	17.99	9.43
	SMOGRA	m²/s²	0	0	3.52	11.9
	TSP600s	m²	30.97	35.42	59.81	153.57

Table 8 :

 8 calorific Values of the ETICS components

		Calorific value PCS	Calorific value PCS
		(MJ/kg)	(MJ/m²)
	Adhesive	6,16	15,4
	AABC panel	2,77	12,19
	Key Coat	4,43	0,89
	Base Coat	1,17	3,51 (1 st pass) 1,76 (2 nd pass)
	Glass Mesh	7,44	1,27
	Finishing Coat	0,77	1,93
	Total	2,59	36,95

http://enersens.fr/en/

, 8 are directly determined that way while the thermal transmittance coefficient is determined using equation[START_REF] Lakatos | Comprehensive thermal transmittance investigations carried out on opaque aerogel insulation blanket[END_REF].
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