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Building integration of solar photovoltaic components is a relevant approach for contributing to energy decarbonisation of building applications and so, to reach European climate goals. Thus, in this paper, a large size solar component is studied experimentally and numerically to validate its suitability as building construction element, from the thermal, energy and mechanical points of view. Moreover, a simple linear model of its monthly electrical performance and temperature is developed. After its integration in landscape position using a metal structure on the southern insulated concrete wall of a real building, the solar system was instrumented and monitored during more than one year. Its thermal behaviour and electrical production, and the visible mechanical deformation of the mounting structure were assessed. Monthly photovoltaic performance ratios between 0.5 and 0.7, and efficiencies between 5.9% and 8.3%, were obtained during tests. The module maximum temperature was between 46.5 • C in November 2018 and 63.0 • C in September 2019. No visual degradation was noted. Then, numerical studies of the system in three sites, using the linear model, highlighted most relevant installation configurations, like a south -orientation at Nice. As further study, the system performance reliability will be evaluated after at least three years of operation.

Introduction

The climate, energy, transport and taxation policies in Europe aim at least a 55% reduction of net greenhouse gas emissions by 2030 compared to 1990 levels. They also require a clean energy supply, a limitation of climate change and environmental degradation in the world, and a decoupling of economic growth and resource use [START_REF]European commission, A European Green Deal: Striving to be the First Climateneutral Continent[END_REF].

Building integration of solar photovoltaic components is a useful approach to contribute to energy decarbonisation [START_REF] Kuhn | Review of technological design options for building integrated photovoltaics (BIPV)[END_REF], which is beneficial to reach a net zero gas emission.

However, the existence of ornamentation elements, especially in facades with windowsill or doors, limit the possibility to cover large continuous areas on building envelope. This leads to the necessity of increasing the photovoltaic modules flexibility in design (based on color, size, weight and curvature) more than their performance [START_REF] Shukla | Recent advancement in BIPV product technologies: a review[END_REF], or of defining suitable locations for photovoltaic integration on building envelope. Though, buildings with a reduced number of ornamentation such as blind walls allow a greater and valuable freedom for solar components integration on large areas, and thus, for the application of large size photovoltaic modules. These specific systems are subject to durability and reliability issues and to mechanical constraints that still need to be overcome to influence their market deployment [START_REF] Kuhn | Review of technological design options for building integrated photovoltaics (BIPV)[END_REF]. In addition, in 2015, Yang highlighted several issues of big size PV modules, including the handling issue for the operators, an issue during renovation due to the possible insufficient capacity of building structure to carry the photovoltaic system weight, and another issue due to the failure of fixings of the chosen mounting structure [START_REF] Yang | Overcoming technical barriers and risks in the application of building integrated photovoltaics (BIPV): hardware and software strategies[END_REF]. Therefore, both for new and renovated buildings, in solar projects, a global analysis of the large size system is necessary from design to operation, including the choice of integration surface [START_REF] Pillai | A comprehensive review on building integrated photovoltaic systems: emphasis to technological advancements, outdoor testing, and predictive maintenance[END_REF]. Moreover, detailed feedback and lessons learned on existing demonstration solar facades are essential to improve their deployment and performance, which is still not enough done [START_REF] Chatzipanagi | BIPV-Temp: a demonstrative building integrated photovoltaic installation[END_REF][START_REF] Aste | The first Italian BIPV project: case study and long-term performance analysis[END_REF]. In 2022, Pillai et al. have investigated the results of thirty-six [START_REF] Brinkworth | A validated model of naturally ventilated PV cladding[END_REF] demonstrators of building integrated photovoltaic rooftop and facade systems, showing that most of the analyzed facade systems are underperforming. They explain that solar systems performance could be improved with an optimal design (orientation and inclination), an adequate cooling (natural and mechanical ventilation), an appropriate choice of inverter and photovoltaic technology according to site geography, and the adoption of shade mitigation approaches [START_REF] Pillai | A comprehensive review on building integrated photovoltaic systems: emphasis to technological advancements, outdoor testing, and predictive maintenance[END_REF].

At design phase, compared to roofs, only few projects concern the analysis of the solar potential of facades at building or urban levels [START_REF] Catita | Extending solar potential analysis in buildings to vertical facades[END_REF][START_REF] Chatzipoulka | Sky view factor as predictor of solar availability on building façades[END_REF][START_REF] Polo | Photovoltaic generation on vertical façades in urban context from open satellite-derived solar resource data[END_REF]. In 2019, Saretta et al. presented a review of different existing methods to define the solar potential of facades and applied, especially, the classification proposed by Mainzer et al. for energy renovation [START_REF] Mainzer | A highresolution determination of the technical potential for residential-roof-mounted photovoltaic systems in Germany[END_REF]. This approach comprises four categories: a theoretical potential (defining the total yearly incident solar radiation of the site), a geographical potential (total yearly incident solar radiation on suitable facades) [START_REF] Saretta | A calculation method for the BIPV potential of Swiss façades at LOD2.5 in urban areas: a case from Ticino region[END_REF], a technical potential (generated energy of suitable facades based on the incident solar radiation), and an economical potential (economically exploitable generated energy) [START_REF] Saretta | A review study about energy renovation of building facades with BIPV in urban environment[END_REF].

The relevant analysis of a facade technical potential requires most of the time the use or the development of suitable thermal or electrical numerical models of the considered building integrated solar installations. Detailed thermal models of rack mounted photovoltaic systems consider operating conditions through a thermal balance. This includes the incident solar radiation, the electrical power production, the convective heat transfers with ambient air at their front side and backside, and the radiation heat transfers with the sky and surrounding elements [START_REF] Gonçalves | Performance of building integrated photovoltaic facades: impact of exterior convective heat transfer[END_REF]. The modification of operating conditions (lower cooling level at the photovoltaic module backside) due to building integration is taken into account in these models, with more or less accuracy, in the modelling of heat transfers at the interface layer at their backside, which is an air gap in ventilated facades. The air temperature in this gap depends on main factors that will influence its gradient, namely, the air gap thickness, width and length, walls roughness and entrance configurations, and the wind velocity [START_REF] Li | Numerical and experimental investigation of precast concrete facade integrated with solar photovoltaic panels[END_REF]. In 2019, Li et al. studied numerically and experimentally a photovoltaic panel integrated into a cast concrete facade, showing that its temperature increases compared to ambient air temperature and its electrical efficiency decreases with the increase of air gap thickness before 40 mm [START_REF] Li | Numerical and experimental investigation of precast concrete facade integrated with solar photovoltaic panels[END_REF]. These factors are even more complex to handle in simplified models since they are only based on weather data and few information on the solar installation [START_REF] Chatzipanagi | BIPV-Temp: a demonstrative building integrated photovoltaic installation[END_REF][START_REF] Skoplaki | On the temperature dependence of photovoltaic module electrical performance: a review of efficiency/power correlations[END_REF], and thus, rely on equivalent thermal or electrical parameters. Two parameters are used more and more in projects to consider operating conditions of photovoltaic modules, namely the global thermal resistance and the performance ratio.

Huang et al., in 2011, developed and validated numerically a simple model to simulate a photovoltaic module electrical power output using the simplest linear explicit thermal model, which depends on a global thermal resistance also called Ross coefficient [START_REF] Martín-Chivelet | Building-Integrated Photovoltaic (BIPV) products and systems: a review of energy-related behavior[END_REF][START_REF] Skoplaki | Operating temperature of photovoltaic modules: a survey of pertinent correlations[END_REF]. This parameter is calculated based on the photovoltaic module temperature, the outdoor ambient air temperature and the solar incident radiation. Although the model has satisfactory accuracy, they indicated that the global thermal resistance is strongly related to the solar system mounting or integration configuration [START_REF] Huang | Thermal model based power generated prediction by using meteorological data in BIPV system[END_REF]. In 2014, Maturi et al. determine experimentally the global thermal resistance of different test benches of building integrated systems with different module technologies (thin film, polycrystalline and amorphous silicon) and structure (glass-glass and glass-tedlar). They indicated that its value depends on various aspects such as the module type, the wind velocity and the integration characteristics and is often in the range of 0.02-0.06 K m 2 /W in literature [START_REF] Maturi | BiPV system performance and efficiency drops: overview on PV module temperature conditions of different module types[END_REF]. Then, in 2017, Assoa et al. applied different simple and detailed thermal models to building integrated photovoltaic modules, and showed their good accuracies according to seasonal weather conditions and solar radiation magnitude, with a minimum coefficient of determination R 2 of 95% for the linear model including the global thermal resistance [START_REF] Assoa | Thermal analysis of a BIPV system by various modelling approaches[END_REF]. In 2021, Gonçalves et al. compared different detailed and simplified models of building integrated systems, showing that multi-physics thermal models give best accuracy but simplified models accuracy is still acceptable at design phase. They highlight that empirical thermal equations are also an option in the case of photovoltaic curtain walls [START_REF] Gonçalves | Performance of building integrated photovoltaic facades: impact of exterior convective heat transfer[END_REF]. Martín-Chivelet et al., in 2022, confirmed this approach and recommended defining simplified thermal models parameters, here, the global thermal resistance, with linear regression of measured temperature data or with empirical values found in literature for a satisfactory rough forecasting of photovoltaic energy output [START_REF] Martín-Chivelet | Building-Integrated Photovoltaic (BIPV) products and systems: a review of energy-related behavior[END_REF].

In this sense, Skoplaki and Palyvos presented different simplified correlations for the prediction of photovoltaic modules electrical efficiency according to their temperature [START_REF] Skoplaki | On the temperature dependence of photovoltaic module electrical performance: a review of efficiency/power correlations[END_REF] and for the prediction of their operating temperature [START_REF] Skoplaki | Operating temperature of photovoltaic modules: a survey of pertinent correlations[END_REF]. Nevertheless, only few studies aim to define equations relating directly electrical performance indicators (such as the performance ratio) to photovoltaic modules temperature. This leads to the necessity to evaluate at least first the system electrical power, current, voltage or efficiency, before deducing other electrical performance indicators. For instance, some models introduce loss factors [START_REF] Aste | The first Italian BIPV project: case study and long-term performance analysis[END_REF], or irradiance-weighted mean cell temperature [START_REF] Dhimish | Thermal impact on the performance ratio of photovoltaic systems: a case study of 8000 photovoltaic installations[END_REF] in electrical equations, or use temperature-dependent correlations of different magnitudes in power production [START_REF] Gopi | Comparison of normal and weather corrected performance ratio of photovoltaic solar plants in hot and cold climates[END_REF], current [START_REF] Lagarde | Performance ratio of photovoltaic installations in France: comparison between inverters and microinverters[END_REF] and efficiency equations [START_REF] Skoplaki | On the temperature dependence of photovoltaic module electrical performance: a review of efficiency/power correlations[END_REF][START_REF] Skoplaki | Operating temperature of photovoltaic modules: a survey of pertinent correlations[END_REF][START_REF] Skoplaki | A simple correlation for the operating temperature of photovoltaic modules of arbitrary mounting[END_REF]. To consider the impact of the photovoltaic module temperature on its electrical performance, other models propose temperature or solar radiation-corrected equations to obtain performance ratio in standard tests conditions (at 25 • C), with the temperature being calculated with a simplified model [START_REF] Limmanee | Field performance and degradation rates of different types of photovoltaic modules: a case study in Thailand[END_REF][START_REF] Quansah | Assessment of early degradation and performance loss in five co-located solar photovoltaic module technologies installed in Ghana using performance ratio time-series regression[END_REF][START_REF] Copper | Calculation of PV system degradation rates in a hot dry climate[END_REF][START_REF] Ishii | Annual degradation rates of recent crystalline silicon photovoltaic modules[END_REF]. Nevertheless, these performance ratio equations requires the knowledge of parameters or data that are not always available, like the photovoltaic cell temperature or the module temperature coefficient. Moreover, the estimation of the photovoltaic module temperature, when it is not measured, could bring additional uncertainties in the evaluation of the performance ratio.

The performance ratio is becoming one of the key parameters observed in outdoor solar installations to evaluate the impact of operating conditions compared to standard tests conditions [START_REF] Lagarde | Performance ratio of photovoltaic installations in France: comparison between inverters and microinverters[END_REF]. Thus, in 2012, based on the experimental studies of hundred (100) German photovoltaic installations, Reich et al. investigated performance ratios and indicated values between 0.67% and 0.90% nearly, with a median value of 0.84% [START_REF] Reich | Performance ratio revisited: is PR >90% realistic?[END_REF]. In 2012, based on only two warm months of measured data, Rehman and El-Amin defined exponential equations of the decreasing trend curve of the hourly performance ratio as function of the hourly photovoltaic panel surface temperature and used them for simulation in surrounding areas [START_REF] Rehman | Performance evaluation of an off-grid photovoltaic system in Saudi Arabia[END_REF]. In 2014, Bashir et al. investigated the impact of solar radiation and photovoltaic modules temperature on their electrical performance in three cold months, considering monocrystalline, polycrystalline and amorphous modules. The plotting of the hourly average performance ratio as function of the photovoltaic module showed decreasing linear trend curves, but their equations were not proposed [START_REF] Bashir | Comparison of performance measurements of photovoltaic modules during Winter Months in Taxila, Pakistan[END_REF]. Then, in 2022, Martín-Chivelet et al. have reviewed the main energy-related characteristics of building integrated photovoltaic modules and systems based on thermal, optical and electrical aspects, presenting a performance ratio equation that includes various losses (mainly related to temperature, shading, solar spectral changes, optical reflections, surface soiling, wiring, inverters, and electrical systems) [START_REF] Martín-Chivelet | Building-Integrated Photovoltaic (BIPV) products and systems: a review of energy-related behavior[END_REF]. Although the quality of existing models, no linear model relating directly the performance ratio and a building integrated photovoltaic module temperature could be find in literature.

Considering this state of art, in the work presented, a detailed feedback of the installation and operation from a thermal, electrical, and durability points of view of a real naturally ventilated facade that integrates a large size (or XL-format) black glass-glass thin film photovoltaic module with a metal mounting structure is proposed. This analysis is relevant since it is based on a more than one-year tests campaign at full-scale and on a real building. Then, the suitable integration configurations of the solar facade in three locations are evaluated numerically. In the study presented, the technical potential of the studied ventilated facade is analyzed experimentally and numerically during at least one year. For this, the thermal behaviour and electrical performance of the solar facade are first studied experimentally at Le Bourget du Lac in France. Then, results obtained and existing simplified equations are used to develop and validate a simplified performance prediction model of the solar facade including thermal and electrical equations that allows a satisfactory consideration of the interaction Y.B. Assoa et al. between the photovoltaic module and the building envelope since it strongly influences the solar system operating conditions.

The originality of this study is also to propose to solar projects actors a simple methodology to determine a specific photovoltaic installation monthly performance ratio equation depending on its monthly mean temperature and independent from site operating conditions, in order to ease design step. The calculation of the photovoltaic module monthly mean temperature based on the specific system global thermal resistance permits to predict its thermal behaviour in different conditions.

The installation and the instrumentation of the naturally ventilated facade and initial tests are first described. Then, the simplified modelling approach is detailed and the results obtained during the tests campaign on the initial site during more than one year are presented and analyzed to evaluate the photovoltaic facade thermal behaviour and electrical performance, and the mounting structure mechanical behaviour. Moreover, the air temperature in the air gap at the rear side of photovoltaic module is analyzed in order to observe the variations of its operating conditions along the year. The simple model of monthly photovoltaic performance ratio developed is used, then, to define the most relevant integration configurations considering three locations. Finally, lessons learned are proposed in order to ease and encourage large size photovoltaic module installation.

Presentation of the experimental setup

The experimental setup carried for the analysis of the XL-format building integrated photovoltaic (BIPV) module includes its integration into the south-oriented concrete facade of a real building at Le Bourget du Lac (05 • 52 ′ 29 ′′ East; 45 • 38 ′ 34 ′′ North) in a ventilated facade integration configuration. The site climate is temperate with warm and dry summers and mild winters. Its mean monthly temperature varies between -2 • C in January and 26.8 • C in July.

Description of the large size BIPV ventilated facade

The PV module from ONYX Solar company (see Fig. 1a) [33] was integrated in landscape on a real building using a metal structure for ventilated facade of SB Fijaciones (see Fig. 1b andc) and conventional lifting machinery. The BIPV module was a 17 mm-thick glass-glass frameless monocrystalline silicon component of 487 Wp (according to the manufacturer datasheet), 4.15 m 2 (3036 × 1368 mm 2 ) and 166.13 kg. It was composed of two 8 mm-thick glass layers (a textured anti-slip front glass and a black rear glass), 14 × 8 PV cells, and 1.8 mm of ethylene vinyl acetate (EVA) foils, and was connected to an AE Conversion 500W INV 500-90 micro-inverter in an electrical cabinet. The BIPV facade was mounted on the available part of the insulated concrete wall of nearly 3.6 m high and 6 m long considering the building structure and expansion joint. The thickness of the BIPV facade air gap was of 20 cm nearly. On the top of the XL-format PV module, a metal panel with close thickness was installed to increase stack effect level in the air gap, and so the natural ventilation (See Fig. 1d).

Some IV curve measurements were realized on the XL-format PV module after its installation on the facade using a portable IV tracer, indicating a maximum peak power (P max ) in STC conditions (solar radiation of 1000 W/m 2 with AM1. 

Description of the experimental setup

A suitable instrumentation was installed and a more than one-year monitoring was performed to gather thermal, electrical, and weather data (see Fig. 2). An additional visual inspection was realized to observe the possible deformation and degradation of the mounted structure metal profiles.

All sensors were connected to dataloggers and devices located in the electrical cabinet. More precisely, a Graphtec datalogger was used for temperatures and solar radiation data that were stored directly on a USB stick. MOXA ioLogik E2240 and Mgate MB3180 devices were used for electrical data, wind direction and wind velocity data that were stored daily on a common database. The temperature at the middle of the PV module backside and at the middle of the air gap were measured using thermocouples. The total solar radiation data in the vertical plane and in the horizontal plane were obtained with pyranometers. A sheltered PT100 sensor measured the ambient temperature data while Firstrate sensors measured the wind velocity and the wind direction. Electrical data before (DC) and after (AC) the inverter were provided by SOLEA transducers (electrical power, voltage and current), and an IV tracer permitted to obtain punctual IV curves in STC (from temperature and solar radiation correction of raw data measured in real conditions with a dedicated software). The visual inspection was supported with thermographs performed with a BCAM camera.

The data monitoring was performed with time steps of 5 min for temperature and electrical data, and 1 min for weather data from the end of November 2018 to February 2020. (See details of uncertainties of the selected sensors in Appendix 1).

Simplified thermal and electrical modelling of the BIPV naturally ventilated facade

The following approach was considered for the modelling of the monthly performance ratio of the BIPV ventilated facade comprising the large size PV module according to its monthly backside temperature. An explanation for the application of this model in other sites is also proposed.

Procedures for the development of the performance ratio model and for its application

The modelling approach developed comprises both experimental and numerical analyses. Thus, the procedures for the development of the performance ratio linear model and its application in other sites are clarified, here.

Explanation of the modelling procedure

From the experimental setup on a reference site (here, Le Bourget du Lac), the incident solar energy measured in the vertical plane and the PV module electrical energy produced after inverter (AC) are collected and integrated over a month as E i month the monthly incident solar energy and E pv month the monthly electrical energy production, respectively. These two values are then integrated in equation ( 1) to calculate the monthly performance ratio values ρ ac month . In addition, the PV module backside temperatures are collected and averaged over a month to obtain T pvmonth , the PV module mean monthly temperature. Finally, a linear regression is applied to obtain a model of the monthly values of ρ ac month versus those of T pvmonth (see equation ( 6)).

To allow the application of the linear model on sites where only weather data (outdoor ambient air temperature (T amb ) and solar radiation (G i ) in the vertical plane) are measured or known, the hourly PV module backside temperatures (noted T pv2 ) can be calculated using equation ( 4) and averaged over a month to obtain T pvmonth . For this, from the experimental setup, the PV module backside temperatures are collected and used in equation ( 5) to obtain (with a linear regression) the monthly global thermal resistance values k th that are, then, averaged and integrated in equation ( 4). Finally, T pvmonth corresponds to the average of T pv2 over a month (see equation ( 7)) and can be used in equation [START_REF] Chatzipanagi | BIPV-Temp: a demonstrative building integrated photovoltaic installation[END_REF].

Explanation of the procedure to apply the developed large size PV module linear model in other sites

For other sites, in case only weather data can be obtained (G i and T amb measured or from data files), equation (4) including the average k th values obtained with experimental data at Le Bourget du Lac is used to calculate T pv2 the hourly PV module temperature values. Then, these T pv2 values are used in equation ( 7) to obtain T pvmonth values for each considered month. Finally, equation ( 6) is used to determine the corresponding monthly performance ratio values ρ ac month , and then the estimate of the electrical energy produced E pv month may be obtained using equation (1).

Description of the modelling approach

The modelling approach is detailed focusing on the electrical model of performance ratio and the model of PV module temperature.

Electrical modelling approach

First, based on measured data over the testing period, a basic equation of the photovoltaic field monthly performance ratio is determined. It corresponds to the linear equation of the trend curve of the graph relating the PV field monthly performance ratio values (calculated using measured data and equation ( 1)) and its measured monthly mean temperature. The performance ratio represents the deviation of the energy output of a PV field from the standard tests conditions STC (corresponding to a value of 1) (see equation ( 1)) [START_REF] Khalid | Performance ratio-Crucial parameter for grid connected PV plants[END_REF].

ρ ac month = ( E pv month P max ) / ( E i month 1000 ) (1) 
With ρ ac month the monthly performance ratio, E pv month the monthly BIPV field electrical energy production after inverter (AC) (Wh), P max the PV field installed peak power (Wp), and E i month the monthly incident solar energy in the vertical plane (Wh/m 2 ). Since the performance ratio depends also on weather conditions (mainly on the incident solar radiation, the outdoor air ambient temperature and the wind velocity and direction) and on integration conditions, their impact needs to be taken into account in the developed model in order to validate its use in different sites. This is achieved through the PV field temperature and its dependence on these parameters, and the consideration of a large period of analysis (cold seasons and warm season) to cover most of weather conditions that could occur on all sites.

Thermal modelling approach

Secondly, the simplified thermal model of photovoltaic modules including the global thermal resistance or Ross coefficient is determined and corresponds to the linear equation of the trend curve of the graph relating its temperature and the solar radiation at each time step [START_REF] Assoa | Thermal analysis of a BIPV system by various modelling approaches[END_REF][START_REF] Assoa | Dynamic prediction of a building integrated photovoltaic system thermal behavior[END_REF]. Two simplified linear thermal models are most of the time used for the estimation of PV modules temperature based on measured ambient temperature T amb , wind velocity and global incident solar radiation G i data [START_REF] Skoplaki | Operating temperature of photovoltaic modules: a survey of pertinent correlations[END_REF]. The first one (T pv1 ) is based on a coefficient noted here, C t , which depends on the nominal operating cell temperature (NOCT) (see equation [START_REF] Kuhn | Review of technological design options for building integrated photovoltaics (BIPV)[END_REF] and equation ( 3)).

T pv1 = C t . G i + T amb ( 2 
)
C t = ((NOCT -20) / 800) (3) 
The NOCT value could be provided by manufacturer datasheet (often close to 46 • C, giving C t of 0.0325 • C m 2 /W nearly) or obtained considering a solar radiation of 800 W/m 2 , an ambient air temperature of 20 • C, a wind velocity of 1 m/s and an air mass of 1.5. However, it is to be noted that these operating conditions are not common for BIPV installations [START_REF] Martín-Chivelet | Building-Integrated Photovoltaic (BIPV) products and systems: a review of energy-related behavior[END_REF]. For this, the large size PV module temperature was estimated using the second simplified linear equation (see T pv2 in equation ( 4)) including the BIPV facade global thermal resistance k [START_REF] Skoplaki | Operating temperature of photovoltaic modules: a survey of pertinent correlations[END_REF] noted here, k th (see equation ( 5)).

T pv2 = k th . G i + T amb (4) k th = ( T pv2 -T amb ) / G i (5)
k th represents the ratio of the difference between PV module temperature and the ambient air temperature (also called PV module heating), and the incident solar radiation in the facade plane (vertical) for constant wind velocity and sky emissivity. It can be taken equal to empirical values proposed in the literature, such as 0.046 • C m 2 /W for facade integrated transparent PV modules or 0.054 • C m 2 /W for facade integrated opaque PV modules with narrow gap. A larger value indicates PV modules weaker cooling [START_REF] Huang | Thermal model based power generated prediction by using meteorological data in BIPV system[END_REF][START_REF] Assoa | Thermal analysis of a BIPV system by various modelling approaches[END_REF][START_REF] Skoplaki | A simple correlation for the operating temperature of photovoltaic modules of arbitrary mounting[END_REF]. k th can also be deduced from measured data by plotting the graph of PV module heating as function of the incident solar radiation, and is equal to the slope of the linear equation of its trend curve.

Finally, an average value on each month of the calculated PV module temperature is integrated in the basic equation to obtain the PV module monthly performance ratio.

Simplified modelling of temperature-dependent XL-format PV module monthly performance ratio

The application of the modelling approach at Le Bourget du Lac is described in this part.

Electrical modelling of the BIPV field performance ratio

The measured data from December 2018 to January 2020 were exploited to define a linear equation relating the PV module monthly performance ratio after inverter (ρ acmonth ) and its monthly operating temperature.

In order to optimize the equation accuracy based on the trend curve coefficient of determination (R 2 ), data were filtered to select months with less missing data and most exploitable results, resulting in six selected months. Fig. 3 presents the scatter plot and its trend curve of the monthly performance ratio before (see Fig. 3 a) and after (see Fig. 3 b) data filtering as function of the mean monthly PV module temperature.

Equation ( 6) presents the trend curve equation of the graph obtained with a R 2 of 0.8133 after data filtering, with T pvmonth the PV module mean temperature estimated over a month interval (see equation ( 6)).

ρ acmonth = -0.0023 . T pvmonth + 0.6992 (6)

Simplified modelling of XL-format PV module temperature

The global thermal resistance k th was also obtained using measured data from December 2018 to January 2020. More precisely, a graph was plotted for each month to deduce a value of k th per month (corresponding to the slope of the curves) for higher results accuracy (see Fig. 4a, b andc). Then, the global thermal resistance value over the testing period was provided by the average of the k th monthly values.

The average resulting value of k th was of 0.0360 • C m 2 /W. This value highlights a better cooling of the PV module through the air gap than a facade integrated opaque PV module with narrow gap [START_REF] Huang | Thermal model based power generated prediction by using meteorological data in BIPV system[END_REF].

Finally, the PV module temperature was calculated at each time step with equation (4) and a mean monthly value (see equation ( 7)) was integrated in equation ( 6) to obtain the monthly photovoltaic module performance ratio. With n the number of measured PV module temperature data considered on each month.

T pvmonth = ( ∑ month T pv2 ) / n (7)

Discussion on adaptability of the developed model and approach

The model developed comprises mainly equation ( 6) and equation [START_REF] Aste | The first Italian BIPV project: case study and long-term performance analysis[END_REF] and is relevant for architects and other solar projects actors since it permits to predict at design step the PV module monthly temperature and performance ratio, without a detailed knowledge of the solar installation characteristics. The application of this modelling approach to each PV product after an initial representative (at least 3-6 months) tests campaign would contribute to reduce projects design costs and increase installations reliability. From an environmental point of view, this model would contribute to encourage installation of BIPV systems according to Europe energy policies.

To optimize the accuracy of the developed model and its adaptability to different locations, the initial tests period should include cold and warm seasons with a large variety of weather conditions to consider cold and warm climates (wide magnitude of solar radiation intensities with low and high angles of incidence, of ambient temperature, and of wind velocity and direction). Moreover, since the global thermal resistance depends strongly on the mounting configuration, if the PV system composition (module technology or integration configuration and orientation) is substantially modified, it should be determined again experimentally, when possible, or relevant empirical coefficients should be applied.

Analysis of experimental results

The thermal and electrical measurements obtained during the whole test period (from end of November 2018 to February 2020) at Le Bourget du Lac were analyzed on monthly and daily bases. Due to some missing data, thermal results were investigated only from the end of November 2018 to January 2020.

Analysis of the XL -format PV module thermal behaviour

The XL-format PV module thermal behaviour was analyzed on a monthly base and at each time step (from the end of November 2018 to January 2020) to estimate the impact of its dark color on its temperature range and the impact of the installation site.

Fig. 5 presents a summary of the monthly variations (minimum, maximum and average values) of the PV module backside temperature and of the air temperature in the air gap measured at Le Bourget du Lac. The data was filtered according to their availability to increase the analysis accuracy (see Fig. 5a andb). Some monitoring issues could be noted in November 2018 mainly due to a replacement of sensors for wind data measurement and, in July 2019, related to the maintenance period at the installation site.

The PV module mean monthly temperature was between 6.3 • C and 30.9 • C and the mean monthly air temperature in the air gap was comprised between 3.7 • C and 25.4 • C. The gradient between these two temperatures is more important in warm season (between nearly 5 • C in March and 6.4 • C in September with a minimum value of 4.2 • C in February). In cold seasons, it is between nearly 1.9 • C in December 2018 and nearly 5 • C in March with a peak value of 6.9 • C in February, and between nearly 1.9 • C in December 2019 and nearly 4.8 • C in October. This could be explained by more important values of ambient temperature and solar radiation in warm season leading to higher stack effect in the air gap, although less optimal solar radiation incident angle (higher sun height) compared to cold seasons. On the monthly base, these results shows that in this integration configuration, the large size PV module mean temperature remains at least nearly 4 • C above the air gap mean temperature.

An analysis in detail shows that: The high maximum values of air temperature along the year highlights an important heat transfer by radiation between the concrete wall (with high thermal inertia) and the rear side of the PV module, which is not compensated by a satisfactory level of ventilation (stack effect due to wind pressure and temperature gradient), probably due to the reduced air gap height. Thus, the studied PV module temperature has non-optimal operating conditions at the backside compared to STC conditions. An increase in the air gap thickness or height could create a higher temperature or wind pressure gradient along the wall, permitting a better cooling of the PV module at its rear side.

Fig. 6 presents the XL-format PV module backside temperatures at each time step of monitoring as function of the incident solar radiation at the installation site in the vertical plane for each month, from November 2018 to January 2020.

The spread of dots indicates the impact of environment and weather conditions (such as cloudy days, wind, and ambient air temperature variations) on the BIPV system temperature.

In November 2018 and April 2019, the PV module temperature was lower than 50 • C for all solar radiations. For the other months (between December 2018 and March 2019), the PV module temperatures could be above 50 • C for solar radiation higher than at least 600 W/m 2 .

From August to October 2019, the PV module temperatures could be above 60 • C for solar radiation higher than at least 500 W/m 2 nearly. For the other months (from November 2019 to January 2020), the PV module temperature is lower than 60 • C.

At a similar solar radiation value, Fig. 6 confirms that the PV module temperature is lower in cold seasons, as expected due to lower ambient air temperature.

The analysis of monthly results highlights that, for the implementation in a real building, the thermal storage in the building facade due to the concrete wall inertia might be reduced increasing the air gap thickness between modules and facade, to promote natural ventilation, or using a forced ventilation system to dissipate excess heat.

Analysis of the XL-format PV module electrical performance

The PV module electrical performance was evaluated from November 2018 to February 2020 (See Table 1 and Fig. 7). Table 1 presents its cumulated monthly electrical energy production, final yield, performance ratio, operational photovoltaic efficiency and cumulated incident solar energy. All these parameters are based on measured data and the datasheet nominal electrical power installed (of 487 Wp) in order to neglect the uncertainty of the IV tracer (± 5%).

The performance ratio of the PV module is given by equation ( 1). More precisely, the performance ratio permits to consider the impact of energy production loss factors due to inverter issues, shading, wiring losses, modules temperature or outages [START_REF] Khalid | Performance ratio-Crucial parameter for grid connected PV plants[END_REF][START_REF] Assoa | Study of a building integrated bifacial photovoltaic façade[END_REF][START_REF] Cubukcu | Performance analysis of a grid-connected photovoltaic plant in eastern Turkey[END_REF].

The operational photovoltaic efficiency is defined as the ratio between the electrical energy produced and the solar energy on the PV module area (4.15 m 2 ), which explains the low value of efficiency (ratio of solar PV cells area to the PV module aperture area of nearly 65.8%). The final yield is the ratio between the system electrical energy produced and nominal peak power, and estimates how many times the energy equal to the peak power was produced on a defined period.

Table 1 presents the PV module electrical performance based on measurements at Le Bourget du Lac from December 2018 to February 2020. The cells with standard text have in general a data availability of 100%, while the cells with bold text marked with one asterisk have a data availability of 80-95%, and the cells marked with two asterisks have a data availability lower than 30% (one line in Table 1).

The analysis of Table 1 and Fig. 7 shows that the higher monthly cumulative electrical energy production and final yield are obtained in February 2019 (with as 8.65 kWh/m 2 and 73.79 kWh/kWp, respectively).

As expected, globally, the electrical energy production increases with the received solar energy. The monthly performance ratio is comprised between 0.5 and 0.7, and the monthly photovoltaic efficiency between 5.9% and 8.3% with the higher values in February 2020. The reduced values are, among all, due to lower incident solar radiation in cold season and to losses due to electrical connexion.

In warm period, from April to September 2019, the higher monthly cumulative electrical energy production and final yield are obtained in August 2019 (with as 8.0 kWh/m 2 and 68.3 kWh/kWp, respectively). These maximum values are higher than the ones observed in the second cold period (of 7.4 kWh/m 2 and 62.9 kWh/kWp, respectively), although the less optimal incident angle of solar radiation, and thanks to a higher incident solar radiation. These values are lower than the data of the first cold period.

The monthly performance ratio is comprised between 0.58 and 0.66 and the monthly photovoltaic efficiency between 6.7% and 7.7% with the higher values in May 2019. These results are lower than the ones of the two cold periods (with performance ratio values between 0.66 and 0.7) and monthly photovoltaic efficiencies between 7.8% and 8.8%) due Fig. 6. PV module temperature according to the solar incident radiation in the vertical plane (G90) from the 26 th of November 2018 to January 2020. to higher incident angle of solar radiation in warm season. Performance ratio range, between 0.58 and 0.7, confirms the reduced level of ventilation at the backside of the PV module leading to overheating. An increase of air gap thickness could reduce the PV module temperature and thus, improve its electrical performance.

The analysis of yearly data highlights that although the PV module energy production is, as expected, most important in cold periods (42.6 kWh/m 2 in cold periods and 37.2 kWh/m 2 in warm period), the range of final yield is more or less equivalent in cold (51.8 kWh/kWp) and warm (52.9 kWh/kWp) periods. This shows that the impact of site operating conditions (mainly weather conditions) is reduced on the studied solar component performance. However, the reduction of performance ratio from 0.68 in cold periods to 0.63 in warm period indicates the overall effect of losses on the system performance, here, mainly the increase of PV module temperature and higher reflections due to sun positions (see Fig. 2a). The yearly PV module electrical energy produced and the final yield are 79.8 kWh/m 2 and 52.3 kWh/kWp, respectively, with a mean performance ratio of 0.65 and photovoltaic efficiency of 7.7%.

Analysis of electrical results confirms that a relevant design of BIPV facades configuration prior to installation is essential to ensure an optimal electrical performance along the year. Thus, the use of detailed or simplified thermal model suitable for each PV product is necessary in solar projects.

Visual inspection of the BIPV facade mechanical deformation

Along the monitoring period, a visual inspection of the mounting structure was performed based on photographs and thermal images before and after installation, to detect possible deformation or degradation due to the PV module weight. Fig. 8 presents an example of thermal images obtained in August 2018 prior to the PV module grid integration and the test campaign.

On the 29th of August 2018, the PV module temperature (T pv ) was lower than 50 • C, while the temperature of the metal structure (T metal structure ) had the highest temperature at 8:50 a.m. and 4:50 p.m. (local time, UTC+2), with its temperature varying from 31.2 • C to 41.8 • C. The metal fastening profiles in the air gap were at a slightly higher temperature, as expected, due to radiative heat transfers with the PV module backside, the wall and the vertical profiles. For example, the fastening profile was at 37.7 • C at 1:47 p.m., when the vertical profiles were at 36.6 • C. The wall temperature (T wall ) was higher than the ones of the fastening profile and the vertical profile and reached 39 • C at 1:47 p. m., due to daily variation of solar energy storage in the concrete facade.

Fig. 9 proposes a second example of thermal images realized on the 29 th of April 2019 at 2:54 p.m. At the measurement hour, the solar radiation was of nearly 141.41 W/m 2 in the vertical plane. The air temperature in the air gap was of nearly 18.4 • C and the outdoor ambient air temperature was of nearly 12.9 • C.

The PV module temperature (T pv ) was 28.2 • C. The wall temperature of nearly 23.6 • C was close to the one of the integration metal structure temperature of nearly 24.5 • C due to conductive heat transfers between these two elements. The fastening profiles were at 13.3 • C due to the reduced outdoor ambient air temperature.

Finally, after visual inspection, no mechanical deformation of the frame was observed since the installation of the BIPV system even after the warm season and the second cold season (See Fig. 10a, b andc). However, further detailed indoor mechanical tests should be performed on the mounting system to detect any structural degradation.

Performance of the XL-format BIPV module in different configurations

Then, the PV module performance was analyzed numerically in three sites (Lyon, Strasbourg and Nice) with different weather conditions and 2).

In the whole warm period (from April to September), with a southorientation, the maximum difference of temperatures are of 5.0 • C between Nice and Lyon, of 5. It is to be noted that the level of calculated PV module temperatures obtained is consistent with the ones measured during the test campaign at Le Bourget du Lac, especially at Lyon, which is the nearest site (see Fig. 5a). Similar comments can be made for calculated monthly performance ratio, with values between 0.63 and 0.7 considering all sites. The profiles of performance ratio (PR) compared to the PV modules temperature profiles (see Fig. 11) highlight the performance losses due to heat rise. Thus, the lowest values of PR are noted at Nice mainly and at Lyon due to higher operating temperature.

In addition, for each site, the electrical energy produced by the facade has been defined based on the calculated performance ratio values and equation (1) (see Table 3 and Fig. 13).

The BIPV facade provides the best performance over a year when installed with a south-orientation at Nice or Lyon (with respectively, 91.7 kWh/m 2 and 71.5 kWh/m 2 of annual electrical energy produced) (see Table 3).

It can be noted that, at Nice, Lyon and Strasbourg, the ratio of cumulated electrical energy produced in cold periods (of 46.6 kWh/m 2 , 29.8 kWh/m 2 and 25.7 kWh/m 2 , respectively) over the year is of 50.8%, 41.7% and 39.0% nearly, respectively. This could be explained by a highest solar exposure in warm season although the most important ambient air temperature. Two energy production peaks are noted in March and August on the monthly profiles due to the variations of sun azimuth along the year (see Table 3).

The repartition of the energy production in the cold periods (46.6 kWh/m 2 ) and in the warm period (45.1 kWh/m 2 ) highlights that the most relevant installation configuration for the studied BIPV module is a south-orientated facade at Nice, since it could permit a nearly equivalent energy production over these periods.

Simulation results showed that for similar PV products, the building integration configuration should be adapted to the installation site in order to optimize its electrical performance, limiting duplication. Although the system electrical performance is the most important at Nice thanks to higher solar radiation intensities, its lower performance ratio (see Fig. 12) compared to other sites results, highlights that the operating conditions of the large size PV module are not the best. Thus, the solar exposure seems to have higher impact than the PV module temperature and other losses factors for an optimal implementation of BIPV facades.

Conclusion

The test campaign and the numerical parametric study performed on the large size building integrated photovoltaic module permitted to assess its electrical performance and thermal behaviour in three locations. Concerning the measured electrical performance assessment, a monthly performance ratio comprised between 0.5 and 0.7, and a monthly photovoltaic efficiency between 5.9% and 8.3%, were obtained from November 2018 until February 2020, at Le Bourget du Lac. The highest monthly cumulative electrical energy production and final yield were observed in February 2019 with 8.65 kWh/m 2 and 73.79 kWh/ kWp values, respectively on this site.

Regarding the photovoltaic system thermal behaviour, the maximum value measured for the module temperature was 63.0 • C, in September 2019 at Le Bourget du Lac. The lowest value of the maximum photovoltaic module temperature was 46.5 • C, in November 2018. For these months, the corresponding maximum temperatures detected in the air gap at the rear side of the modules were between 41.4 • C in June and 13.6 • C in November on this site.

As logical, the highest module and air gap temperatures correspond to the periods with highest incident radiation in the vertical plane and ambient air temperature values. The high dispersion of the photovoltaic temperature values measured each month at Le Bourget du Lac compared to solar radiation indicates that the solar installation was influenced by the cloud shadings and the natural weather variations, mainly related to wind and outdoor ambient air temperature under maximum solar radiation values between nearly 600 and 800 W/m 2 .

The thermal behaviour was also evaluated by means of a thermal camera. Values measured match with those taken by the monitoring, and it was possible to draw some additional interesting conclusions: as supposed, the mounting structure (up to 41.8 • C) showed lower temperatures than the photovoltaic module (lower 50 • C), presumably due to the convective and radiative energy transfers between elements behind module. The same reasons could explain the important values reached by the concrete wall (up to 39 • C, close to the solar noon), where the large size prototype was installed, architecturally performing as a ventilated facade. In this sense, for the implementation in a real building, the thermal load on the building facade due to the concrete wall inertia, might be reduced increasing the ventilated facade air gap size (thickness or height), to promote stack effect, or using extractors to dissipate excess heat (obtaining a photovoltaic/thermal hybrid system).

Regarding the mechanical behaviour of the system, the visual inspections demonstrated that, since the installation commissioning, no mechanical deformation happened neither in the module nor in the mounting profiles. However, further detailed mechanical tests in laboratory should be performed on the mounting system to detect structural degradation. Thus, proper mounting systems should be provided with large size photovoltaic products to avoid risks of mechanical deformation.

Then, the numerical study of the solar component in three sites (Lyon, Strasbourg, and Nice) and in a south oriented ventilated facade configuration based on the developed linear model equations of monthly temperature and monthly performance ratio, permitted to highlight the most relevant installation configurations. More precisely, the best simulation results were noted with a south-oriented ventilated photovoltaic facade located at Nice.

The model developed is relevant for architects and other solar projects actors since it permits to predict at design step the photovoltaic module temperature and performance ratio, without a detailed knowledge of its reference characteristics. The application of the new modelling approach to photovoltaic products would contribute to reduce projects design costs, to increase installations reliability, and to push photovoltaic deployment in Europe. While the modelling approach could be applied to all kind of photovoltaic systems, the model developed is more accurate for installations with close module technology or integration configuration and orientation. Finally, this work permitted to propose some recommendations to improve building integrated system installation and electrical performance, based on the thermal and electrical measured data, on simulation, and thermal images. It should be noted that the obvious handling difficulties of a large size element, should be seriously considered, since working in construction with large building elements use to require important material and human efforts (lifting machinery, high qualification, labour costs, etc.). All along the testing period, the large size module has provided good electrical performance results.

A relevant design of solar facades configuration (air gap thickness 

  5 spectrum; PV module temperature of 25 • C) of nearly 417.4 Wp. The short circuit current I sc was of 7.69 A, the open-circuit voltage V oc of 70.7 V, the electrical current I mp and voltage V mp at the maximum power point of, respectively, 7.26 A and 57.5 V.
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 1 Fig. 1. BIPV naturally ventilated facade at Le Bourget du Lac. (a: mounting structure for ventilated facade; b: XL-format PV module on the mounting structure; c: details of a clamp; d: final aspect of the BIPV facade).

Fig. 2 .

 2 Fig. 2. Diagram of the experimental set-up of the BIPV facade.
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Fig. 3 .

 3 Fig. 3. Scatter plot of the monthly performance ratio according to the PV module mean monthly temperature of the BIPV facade before (a) and after (b) data filtering and trend curve (b).

Fig. 4 .

 4 Fig. 4. Examples of scatter plots of the measured PV module (T pv ) heating compared to the ambient temperature (T amb ) in February (a), March (b) and April (c) 2019 as function of the total solar radiation in the vertical plane.

Fig. 5 .

 5 Fig. 5. Variations and mean values (in yellow (a) and green (b)) of the PV module backside temperature (a) and of air temperature in the air gap at its rear side (b) from the 26th of November 2018 to January 2020.

Fig. 7 .

 7 Fig. 7. XL-format PV module electrical performance from December 2018 to February 2020.
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Fig. 11

 11 Fig. 11 shows the calculated mean monthly values of the XL-format PV module temperature obtained with equation (7). At Lyon, the PV module temperatures are comprised between 4.2 • C in January and 24.3 • C in July. The PV module temperatures are comprised between 13.5 • C in January and 28.4 • C in August, at Nice, and between 2.6 • C in January and 23.5 • C in July, at Strasbourg. Higher temperatures at Nice are due to more important solar energy intensities received in the vertical plane along the year (see Table2).In the whole warm period (from April to September), with a southorientation, the maximum difference of temperatures are of 5.0 • C between Nice and Lyon, of 5.3 • C between Nice and Strasbourg, and of 0.6 • C between Lyon and Strasbourg. In the two cold periods (from January to March, and from October to December), with a southorientation, the maximum differences of temperatures are more significant, with of 9.2 • C between Nice and Lyon, of 10.6 • C between Nice and Strasbourg, and of 1.3 • C between Lyon and Strasbourg.It is to be noted that the level of calculated PV module temperatures obtained is consistent with the ones measured during the test campaign at Le Bourget du Lac, especially at Lyon, which is the nearest site (see Fig.5a).
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 3 Fig. 11 shows the calculated mean monthly values of the XL-format PV module temperature obtained with equation (7). At Lyon, the PV module temperatures are comprised between 4.2 • C in January and 24.3 • C in July. The PV module temperatures are comprised between 13.5 • C in January and 28.4 • C in August, at Nice, and between 2.6 • C in January and 23.5 • C in July, at Strasbourg. Higher temperatures at Nice are due to more important solar energy intensities received in the vertical plane along the year (see Table2).In the whole warm period (from April to September), with a southorientation, the maximum difference of temperatures are of 5.0 • C between Nice and Lyon, of 5.3 • C between Nice and Strasbourg, and of 0.6 • C between Lyon and Strasbourg. In the two cold periods (from January to March, and from October to December), with a southorientation, the maximum differences of temperatures are more significant, with of 9.2 • C between Nice and Lyon, of 10.6 • C between Nice and Strasbourg, and of 1.3 • C between Lyon and Strasbourg.It is to be noted that the level of calculated PV module temperatures obtained is consistent with the ones measured during the test campaign at Le Bourget du Lac, especially at Lyon, which is the nearest site (see Fig.5a).

Fig. 8 .

 8 Fig. 8. Thermal images obtained with the thermal camera on the 29 th of August 2018 at three different hours.

Fig. 9 .

 9 Fig. 9. Thermal images obtained with the thermal camera on the 29 th of April 2019 at 2:54 p.m.

Fig. 10 .

 10 Fig. 10. Photographs of the system before and after the installation of the metal panel at the PV module corners (a, b) and of PV module (c).

Fig. 11 .

 11 Fig. 11. Calculated mean monthly PV module according to the installation site of the south oriented XL-format BIPV module (Lyon, Strasbourg and Nice) during one year.

Fig. 12 .

 12 Fig. 12. Calculated monthly performance ratio according to the installation site of the south oriented XL-format BIPV module (Lyon, Strasbourg and Nice) during one year.

Fig. 13 .

 13 Fig. 13. Yearly cumulated electrical energy produced by the south-oriented XLformat BIPV module according to its installation site (Lyon, Strasbourg and Nice) during one year.

Table 1

 1 XL-format PV module Electrical Performance from December 2018 to February 2020. Data availability: 100%, 80-95%*, <30%**.

		Total Solar Energy in Vertical plane (kWh/m 2 )	Cumulated Electrical Energy production (kWh/m 2 )	Final Yield (Total Energy Yield) (kWh/kWp)	Performance Ratio (-)	Operational Photovoltaic Efficiency (%)
	December 2018	51.5	3.0	25.7	0.50	5.9
	January 2019 (Until the	27.8**	1.8**	15.7**	0.57**	6.6**
	18th)*					
	February 2019	109.5	8.7	73.8	0.67	7.9
	March 2019	109.0	8.6	73.1	0.67	7.9
	April 2019	87.7	6.5	55.8	0.64	7.5
	May 2019	83.2	6.4	54.6	0.66	7.7
	June 2019	79.9*	5.8*	49.3*	0.62*	7.2*
	July 2019	41.1	3.0	25.7	0.63	7.3
	August 2019	108.1	8.0	68.3	0.63	7.4
	September 2019	110.7	7.5	63.7	0.58	6.7
	October 2019	85.9	6.7	57.5	0.67	7.8
	November 2019	31.1	2.4	20.6	0.66	7.8
	December 2019	40.4*	3.2*	27.5*	0.68*	8.0*
	January 2020	69.5	5.6	47.3	0.68	8.0
	February 2020	89.2	7.4	62.9	0.70	8.3
	Testing period	1124.6	84.6	48.1	0.64	7.5
	Cold periods (over a year)	534.6	42.6	51.8	0.68	8.0
	Warm period (over a	510.7	37.2	52.9	0.63	7.3
	year)					
	From February 2019 to	1045.3	79.8	52.3	0.65	7.7
	February 2020					

Table 2

 2 Calculated Monthly and Yearly Solar Energy (kWh/m 2 ) received in the Vertical plane during one year of different South Facades.

	Month	Nice (kWh/ m 2 )	Lyon (kWh/ m 2 )	Strasbourg (kWh/ m 2 )
	January	100	54	37
	February	93	59	61
	March	110	86	82
	April	95	87	82
	May	94	82	86
	June	87	81	80
	July	96	94	91
	August	111	98	98
	September	116	101	87
	October	110	77	57
	November	93	56	48
	December	94	44	35
	Year	1198	919	846
	Cold periods	600	375	322
	Warm period	598	544	524
	From April to August	482	443	437

Table 3

 3 Monthly, cold and warm periods, and Yearly Electrical Energy produced by the south-oriented large size BIPV facade according to its installation site (Lyon, Strasbourg and Nice) during one year (for PV module area of 4.15 m 2 ).

	Electrical Energy/ Month	Nice (kWh/ m 2 )	Lyon (kWh/ m 2 )	Strasbourg (kWh/ m 2 )
	January	7.9	4.3	3.0
	February	7.3	4.7	5.0
	March	8.5	6.8	6.5
	April	7.3	6.8	6.4
	May	7.1	6.4	6.6
	June	6.6	6.2	6.1
	July	7.2	7.1	6.9
	August	8.3	7.4	7.4
	September	8.7	7.7	6.7
	October	8.4	6.0	4.5
	November	7.2	4.4	3.8
	December	7.3	3.5	2.9
	Total (cold periods)	46.6	29.8	25.7
	Total (warm period)	45.1	41.7	40.2
	Total (year)	91.7	71.5	65.9
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and height, and facade orientation) prior to installation is essential to ensure an optimal electrical performance along the year. For this, using detailed or simplified thermal models suitable for each photovoltaic product is necessary in solar projects. Simulation results indicated that duplication of building integrated photovoltaic installations using the same photovoltaic product should be adapted to the site to optimize its electrical performance. It seems that the best overall orientation is to place the building integrated photovoltaic system on southern facade whenever possible. Finally, the solar exposure was shown to have higher impact than the photovoltaic module temperature for an optimal implementation of photovoltaic facades.

Nevertheless, some more measures might be suggested to improve the implementation processes of building integrated photovoltaic systems based on large size modules in a real building. Thus, recommendations should be proposed related to the proper architectural integration in the building (passive and active cooling technical solutions in the air gap), aimed to improve the thermal behaviour and electrical production of the systems, and clear requirements for the modules handling during the packaging, the shipment and the installation works, to avoid damaging or breaking of modules. In addition, the system performance reliability will be evaluated after various years of operation. 
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Appendix 1. Uncertainties of sensors used