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This paper investigates the Weibull distribution analysis for an accuracy global solar irradiance assessment considering period measurements based on several and grouping years. The problem study in this paper is to find a global solar irradiance model in order to provide accurate estimation of PV energy output allowing better sizing of PV installation. The aim is to select the best Weibull fit procedure for obtaining reliable global solar irradiance from sun that incident in a place during time periods to estimate its yearly energy generation from PV plant. Comparisons are carried out between Graphic, Moments and Maximum Likelihood methods with two different databases (real data on-site measurements and SODA website database). These comparisons are made on global solar irradiance frequency distributions and annual solar irradiance assessment for different French locations. The originality of the paper is that the obtained results prove that the Maximum Likelihood method fits better with the global solar irradiance distribution while the Moment method provides an annual solar irradiance prediction. Thereby, we exploit the obtained results from the Moment method to achieve a more accurate solar energy forecasting model. This resulting model can be implemented for providing one solar energy estimation tool for PV plant sites.

Introduction

Photovoltaic (PV) energies forecasting is one of the major challenges of intermittent energy in urban areas impacted by topography and congestion of the environment.

Previous works are leading to improve the accuracy of the prediction based on minimum meteorological parameters to ensure reliability, safety and secure management of electricity grids while reducing initial costs related to storage systems for insular or standalone sites. Most of the models based on linear regression estimate the PV energy produced [START_REF] John | Renewable energy resources[END_REF][START_REF] Antonio | Effects of solar solar irradiance conditions on the outdoor performance of photovoltaic modules[END_REF][START_REF] Pui | Field Study and Modeling of Semi-Transparent PV in Power, Thermal and Optical Aspects (Environmental Engineering)[END_REF][START_REF] Kensuke | Field-test analysis of PV system output characteristics focusing on module temperature[END_REF][START_REF] Fuentes | Application and validation of algebraic methods to predict the behaviour of crystalline silicon PV modules in Mediterranean climates[END_REF][START_REF] Habib | Energy output estimation of hybrid Wind-Photovoltaic power system using statistical distributions[END_REF][START_REF] Dali | Control and energy management of a wind-photovoltaic hybrid system[END_REF][START_REF] Zervas | Model-based optimal control of a hybrid power generation system consisting of photovoltaic arrays and fuel cells[END_REF][START_REF] Jie | Study of PV-Trombe wall assisted with DC fan[END_REF] as a function of impact of weather variables on PV modules. Table 1 summarizes the used common models. attenuation causes of solar irradiance on the earth's surface [START_REF] Bilbao | Total ozone column, water vapour and aerosols effects on erythemal and global solar irradiance in Marsaxlokk[END_REF][START_REF] Bilbao | Turbidity coefficients from normal direct solar irradiance in Central Spain[END_REF]. The problem study in this paper is to find an accurate solar energy forecasting model of PV plant by statistical studying of the global solar irradiation estimation by considering the during time periods of the sun incidence and global solar irradiance data sources from sensor or satellite measurements. The aim is to select the best Weibull fit procedure for obtaining reliable global solar irradiance to estimate yearly energy generation from PV plant. This first Weibull statistical analysis is a new suitable way for solar irradiance assessment where the challenge is to prove that the Weibull distribution presenting a good distribution for wind speed [START_REF] Usta | A new estimation approach based on moments for estimating Weibull parameters in wind power applications[END_REF][START_REF] Piotr | A review of Weibull functions in wind sector[END_REF][START_REF] Harry | Reliably model of microwind power energy output under real conditions in France suburban area[END_REF][START_REF] Jianzhou | Wind speed probability distribution estimation and wind energy assessment[END_REF][START_REF] Ju-Young | A novel statistical method to temporally downscale wind speed weibull distribution using scaling property[END_REF] can also be a good distribution for solar irradiance with proper parameters.

The most used Weibull parameters determination methods are applied on global solar irradiance distributions in order to obtain the best fitting analysis to assess the annual energy. To perform our approach, we considered a yearly duration and periods of several years as different time scales of global solar irradiance allowing a seasonal variations analysis. We have considered a minimum of 3 years which does not include an atypical rainy year in order to extracted parameters that reflect the local interannual variability of the solar resource with low underestimation. The aim is to exploit the resulting global solar irradiance model to better sizing of PV installations performance while reducing storage system costs and investment return for autonomous systems suitable to semi-continental climate localizations.

This paper is structured as follows. Section 2 describes the localization of lab site PV systems, the global solar irradiance data sources from measurement instrumentation and SODA database corresponding to satellite measurements. This section provides the uncertainty of the used database and sensors. Section 3 describes the methodology of the proposed model to find an accurate solar energy forecasting model of PV plant by statistical studying of the global solar irradiation estimation from data sources. This section explains the Weibull principle on global solar irradiance and statistical indicators used to evaluate the proposed estimation approach. Section 4 gives and analyses the obtained results of the global solar irradiation Weibull estimation from sun that incident in the PV place during time periods while considering the global solar irradiance data sources from sensor measurements and SODA database. This section applies the Weibull principle and ranks parameters determination methods on recorded data source under real outdoor conditions and on estimated global solar irradiance data (SODA) on one specific urban site. This section also extends the application of the proposed Weibull prediction to several French cities from SODA data source in order to confirm the trend of results for several urban localizations with a semi-continental climate. The obtained results allow to achieve a more accurate global solar irradiation allowing an estimated PV energy output allowing better sizing of PV installation. Section 5 discusses on the proposed Weibull model which can be amended to inhibit the error rate from the Moment method allowing a most accurate estimation model. Finally, appropriate conclusions and future work are given in the Section 6.

Location, instrumentation and data

This section describes PV technologies and solar irradiance measurements on the instrumented lab site and estimated solar irradiance based on SODA database. We consider a grid-connected system of the PV installations (GREEN Platform) established in the urban Metz city (geographical coordinates: latitude 49.099°N and longitude 6.218°E).

The predominant climatic characteristics is a semi-continental climate. The summers are humid and hot, sometimes stormy, and the warmest month of the year is August, when The renewable energy installation on the considered site needs an assessment through a measurement campaign over a long period or typical year set from several years allowing to characterize the climatic variable in order to predict typical future values. In this paper, three data sources which are the internet platform SODA (SOlar radiation DAta) database and two real on-site measurements data from the GREEN platform are used. SODA is a project sponsored by the European Commission that uses information and communication technologies and the "HelioClim" method [START_REF] Gschwind | Converting a successful research project into a sustainable service: the case of the SoDa Web service[END_REF]. This method uses meteorological satellites images to determine the atmospheric components in order to deduce the solar irradiance attenuation by solving the radiative transfer equations in order to estimate ground measurements of horizontal or tilt global solar irradiance [START_REF] Wald | SoDa: a project for the integration and exploitation of networked solar radiation databases[END_REF]. Several works investigated the accuracy of the SODA database providing estimated ground measurements of solar irradiance and compared to real ground measurements through several sites. They estimate the uncertainty ground measurements from SODA to +/-4%

showing a very good data quality [START_REF] Vernay Christophe | Characterizing measurements campaigns for an innovative calibration approach of the global horizontal irradiation estimated by HelioClim-3[END_REF][START_REF] Qu Zhipeng | Improving HelioClim-3 estimates of surface solar irradiance using the McClear clear-sky model and recent advances in atmosphere composition[END_REF][START_REF] Mireille | McClear: a new model estimating downwelling solar radiation at ground level in clear-sky conditions[END_REF][START_REF] Philippe | The HelioClim project: Surface solar irradiance data for climate applications[END_REF][START_REF] Claire | Validation of HelioClim-3 version 4, HelioClim-3 version 5 and MACC-RAD using 14 BSRN stations[END_REF]. Therefore, this paper considers SODA as good estimated ground measurements of global solar irradiance which can be used as database for several urban cities without real on-site measurements. A first real global solar irradiance on-site measurement is carried out using a silicon irradiance sensor (Si-RS485-TC-T sensor) specifically designed for monitoring PV systems [START_REF]Digital Silicon irradiance Sensor[END_REF]. This type of sensor is built from a monocrystalline silicon solar cell connected to a shunt. The choice of this sensor is due to its spectral response and design similar of PV modules. Indeed, this sensor is incorporated in an ethylene-vinyl-acetate (EVA) mixture between glass and Tedlar. The output signal range is 0-1.4 V for an irradiance range of 0-1400W/m 2 with a typical measurement uncertainty of ± 5%. The second real on-site measurement is performed by a compact smart weather station of multi-physics parameters (WS800-UMB Smart Weather Sensor) such as air temperature, relative humidity, rain precipitation, solar irradiance, atmospheric pressure, wind speed and direction, etc. [START_REF]User manual[END_REF]. The global solar irradiance measurement is realized by an integrated Kipp & Zonen CMP10 Pyranometer class A which is calibrated every two years while providing a typical measurement uncertainty of ± 5%. This pyranometer's sensitivity is determined in the manufacturer's laboratory and change with time. As recommended by manufacturers, a calibration is performed for all sensors every two years in order to ensure a very good data quality control [START_REF]Digital Silicon irradiance Sensor[END_REF][START_REF]User manual[END_REF]. The compact station has an autonomous power supply with PV system and one battery for energy storage. It is placed on the roof top of the platform as shown in Fig. 3a. This weather station sends data to the MODBUS protocol using an RS485 cable. In our case application, we use a MoDem to transform the MODBUS protocol into LoRaWAN (Long Range Wide Area Network) protocol data as shown in Fig. 3b. Therefore, the weather station is considered as a sensor communicating with the LoRa (Long Range) protocol communicating with other LoRaWAN systems as illustrated in Fig.4 [START_REF] Kodali | Radio data infrastructure for remote monitoring system using lora technology[END_REF][START_REF] Nuttakit | Experimental performance evaluation of LoRaWAN: A case study in Bangkok[END_REF]. In this configuration architecture, the connected gateway to an internet access point is configured with a specific LoRa server address. The sensors are identified in the network server with their network parameters. These settings allow the gateway to recognize the devices and data to be sent to the server. The LoRa server is not an application platform. Thereby, data are sent to an application server for data processing (graphics, diagrams, alarms, etc.) [START_REF] Kam | Supervision and energy management system for smart telecom tower based on the LoRaWAN protocol[END_REF]. Global solar irradiance data are available in time-series format. Table 2 describes characteristics and format of data used. 

Methodology

Weibull distribution principle on PV

The proposed methodology is to use the Weibull distribution principle on PV to estimate the global solar irradiation. The Weibull distribution is a law of probability used in reliable data modelling such as electronic tubes, capacitors, ball bearings, relays, resistance of materials, etc. It can also model a risk function to describe all phases of a product life [START_REF] Chin-Diew | Weibull distributions and their applications[END_REF][START_REF] David | On comparing the shape parameters of two Weibull distributions[END_REF]. Many studies used also the Weibull distribution to describe the random or intermittent wind speed phenomena for wind energy assessment. They conclude that it is a law of probability fitting better the random variations of the wind speed frequency distribution [START_REF] Usta | A new estimation approach based on moments for estimating Weibull parameters in wind power applications[END_REF][START_REF] Piotr | A review of Weibull functions in wind sector[END_REF][START_REF] Harry | Reliably model of microwind power energy output under real conditions in France suburban area[END_REF][START_REF] Jianzhou | Wind speed probability distribution estimation and wind energy assessment[END_REF][START_REF] Ju-Young | A novel statistical method to temporally downscale wind speed weibull distribution using scaling property[END_REF]. The Weibull distribution is characterized by the density function and its cumulative distribution function. The position parameter is often considered as null and leads to the simplified two-parameters Eq.1 and Eq.2 corresponding to probability density function and the cumulative probability distribution with zero displacement, respectively. The graphical method is a linear interpolation of the cumulative distribution function by using Eq.3 [START_REF] Mohammadi | Assessing different parameters estimation methods of Weibull distribution to compute wind power density[END_REF].
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We obtain a linear expression Y=aX+b where k is the slope. We plot Y=ln[-ln ]] and X=lnx graphs by solving the corresponding equation using ordinary least squares. We obtain the coefficients of a and b [START_REF] Seyit | A new method to estimate Weibull parameters for wind energy applications[END_REF][START_REF] Seguro | Modern estimation of the parameters of the Weibull wind speed distribution for wind energy analysis[END_REF]. Shape and scale parameters are defined by Eq.4

and Eq.5, respectively.
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The Moment method determines shape and scale parameters from the mean value and the standard deviation of the data by using Eq.6 and Eq.7, respectively [START_REF] Seyit | Alternative Moment Method for wind energy potential and turbine energy output estimation[END_REF].
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Where г is the gamma function.

The maximum likelihood method is a method of extensive iterative computations [START_REF] Stevens | The estimation of the parameters of the Weibull wind speed distribution for wind energy utilization purposes[END_REF][START_REF] Cohen | Maximum likelihood estimation in the Weibull distribution based on complete and on censored samples[END_REF].

Shape and scale parameters of the Weibull distribution are estimated from Eq.8 and Eq.9, respectively.
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This paper proposes to use the Weibull parameters determination methods in order to statistically analyze frequency variations and the random or intermittent phenomena such as temperature and solar irradiance that influencing the performance of solar energy output. Previous works shown that temperature effects can be considered negligible compared to solar irradiance in the temperate zones for solar energy assessment [40 -42].

Consequently, we propose to focus on the statistical analysis of the random global solar irradiance data in order to estimate the capted global solar irradiance by applying the Weibull distribution principle. We propose to calculate capted yearly average of global solar irradiance (G QR SSSSS ) and annual capted global solar irradiance (GWeibull) from the Weibull distribution and expressed by Eq.10 and Eq.11, respectively.
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Where: fi(Gi): Global solar irradiance Weibull density probability; Gi: Current global solar irradiance (W/m 2 ); A: Captation surface (m 2 ); ti: Total hours of global solar irradiance over than zero corresponding to the yearly day duration (Hours).

Statistical indicators

In this study, to perform the analysis of Weibull distribution methods, we consider several standard metrics as global indicators. For this purpose, we use Relative Percentage Error (RPE), Mean Absolute Difference (MAD), Root Mean Square Difference (RMSD), Kolmogorov-Smirnoff index (KSI) and Combined Performance Index (CPI) metrics [START_REF] Jianzhou | Wind speed probability distribution estimation and wind energy assessment[END_REF][START_REF] Chiteka | Prediction of global horizontal solar irradiance in Zimbabwe using artificial neural networks[END_REF].

We consider the Relative Percentage Error (RPE) expressed by Eq.12 to compare measured and estimated capted annual solar irradiances provided by each Weibull's distribution method.

[ \ % 1EWXX , 100 ( 12) 
Gcap (kWh/m 2 ) is the measured annual capted global solar irradiance from the sensor and Gweibull (kWh/m 2 ) is the estimated annual capted global solar irradiance given by the Eq.

11.

The MAD is the average of the absolute differences between prediction and actual observation or capted. It is given by Eq.13.
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Where Xi correspond to either the probability density function or the cumulative distribution function. Xmean_cap correspond to either the mean probability density function or the mean cumulative distribution function of real or capted measures. n is the number of bin size observations.

We consider the root mean square deviation (RMSD) to determine the typical uncertainty associated to the proposed model. RMSD is a good indicator to compare different models.

It is calculated as square root of average square deviations and measures the spread between observed and predicted values. It is given by Eq.14.
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Where Xi correspond to either the probability density function or the cumulative distribution function. Xmean_cap correspond to either the mean probability density function or the mean cumulative distribution function of real or capted measures.

Kolmogorov-Smirnov Index (KSI) test is a goodness-of-fit test used to evaluate if a sample is uniformly distributed for acceptance or rejection [START_REF] Massey | The Kolmogorov-Smirnov test for goodness of fit[END_REF]. It evaluates the distance between an observed or capted cumulative distribution and a Weibull cumulative distribution function for each bin sizes. This indicator is related to the distance between two distributions and is usually defined as the integral of the absolute difference of the cumulative distributions with some suitable normalization [START_REF] Espinar | Analysis of different comparison parameters applied to solar radiation data from satellite and German radiometric stations[END_REF][START_REF] Gueymard | A review of validation methodologies and statistical performance indicators for modeled solar radiation data: Towards a better bankability of solar projects[END_REF]. More precisely, we apply the Kolmogorov-Smirnov test Integral (KSI) as the integrated differences between the cumulative density frequencies of two data sets. The relative value of KSI is given by Eq.15.

KSI % 100 & v g N w < x yjz x yn{ (15) 
Where Dn is the absolute difference between two normalized cumulative distributions (da 1_ a 1_ 1EWXX d) within a variable interval. Xmin and Xmax are the minimum and maximum values of the binned reduced variable X, respectively. Ac is a characteristic quantity of the distribution expressed by the following Eq.16.
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Where Dc critical value is a statistical characteristic of the reference distribution. It defined as a function of its number of points (N) as follows:
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Φ(N) depends on N and it is assumed constant (value of 1.63) for the condition N ≥ 35 [START_REF] Espinar | Analysis of different comparison parameters applied to solar radiation data from satellite and German radiometric stations[END_REF]. Dn values that exceed this critical value, Dc, in some specific's bins is important for a good distribution fitting analysis [START_REF] Espinar | Analysis of different comparison parameters applied to solar radiation data from satellite and German radiometric stations[END_REF][START_REF] Gueymard | A review of validation methodologies and statistical performance indicators for modeled solar radiation data: Towards a better bankability of solar projects[END_REF][START_REF] Gueymard | Clear-sky irradiance predictions for solar resource mapping and large-scale applications: Improved validation methodology and detailed performance analysis of 18 broadband radiative models[END_REF]. This imply the computing of the OVER metric derived from the KSI. It is defined by Eq. 18.
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Where:
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Moreover, as each previous indicator provides different and/or complementary information on the similarity between two sets, we introduce the CPI metric which combines RMSD, KSI and OVER metrics into a single global indicator for ranking models or methods [START_REF] Espinar | Analysis of different comparison parameters applied to solar radiation data from satellite and German radiometric stations[END_REF][START_REF] Gueymard | A review of validation methodologies and statistical performance indicators for modeled solar radiation data: Towards a better bankability of solar projects[END_REF][START_REF] Gueymard | Clear-sky irradiance predictions for solar resource mapping and large-scale applications: Improved validation methodology and detailed performance analysis of 18 broadband radiative models[END_REF]. The relative value of the CPI is given by Eq.20.
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Where RMSD_fi is the RMSD from measured and predicted global solar irradiance density distributions.

Results and analysis

Weibull application on measured global solar irradiance data

In We observe that results obtained by considering five years lead to a similar analysis of results obtained in view of the yearly analysis. Indeed, we can deduce as noted below:

-considering all bin sizes of solar irradiance values, the visual analysis shows that global solar irradiance distributions obtained with the M3 methods fit better than distributions obtained with M1 and M2 methods;

-global indicators (MAD, KSI, OVER, CPI) results showed that the M3 provides better fitting to density and cumulative distributions for typical or grouped five years. The RMSD_Fi shows that the M3 method gives accurate fitting for cumulative distributions for both typical or grouped five years whereas RMSD_fi indicated that M3 provides a better fitting of density distributions only for grouped five years. Considering the measured real annual global solar irradiance, the RPE results show that the M2 method (8.52 %) allows a better prediction of the annual global solar irradiance than M3 (11.39 %) and M1 (14.86 %) methods regardless typical or grouped five years.

These results justified that the proposed methodology to estimate the Weibull parameters with grouped years provides better results than one approach based on the average results of the all years. Consequently, the applying of the Weibull principle for several grouped years ensures the inclusion of local typical and interannual variabilities of the solar resource. In summary, by exploiting five years solar irradiance data, we conclude that obtained Weibull distribution models follow both fastest and lowest variations of seasonal solar irradiance inside each year and between several years, respectively. Therefore, the global solar irradiance prediction of our considered lab site is based on the proposed Weibull distribution models by exploiting five grouped years solar irradiance data to ensure the inclusion of local typical and interannual variabilities of the solar resource. In the following subsection, we deduce predicted electrical energies from Weibull distribution models which are compared to the measured electrical energies providing by polycrystalline and amorphous PV installations.

Comparisons of predicted Weibull and real injected PV energies

To provide comparison between the predicted injected Weibull PV energy output from the proposed estimated global solar irradiance and the real injected PV energy of the GREEN lab site, we determine the real efficiency of the GREEN PV systems. The electrical energy prediction of PV requires to take into accounts several factors impacting a PV system. Usually, these factors in real-time conditions are not considered by manufacturers' specifications. That is why, these factors must be pre-determined in order to evaluate the performance under real-time conditions. The Eq.21 estimates the electrical energy fed into the grid by the lab PV systems. From Eq.21, we aggregate all factors into a single efficiency term (ηglobal) of the measured real data system as expressed by the Eq.22.
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Table 5 gives the annual global mean efficiency results for years 2014 to 2018. Real measurements of total capted global solar irradiance by the PV surface (Gcap) show that the global efficiency mean of the polycrystalline PV is lower of 1.04% compared to efficient value given by the manufacturers' specifications (12%, [START_REF]Schüco MPE modules in the PS 05 series[END_REF]). This value is obtained with an optimal system's tilting angle for this site (60°). However, this value also includes all operating losses due to real outdoor conditions of the system (dust and temperature effects, inverter and mismatch losses). The efficiency loss of the amorphous system is 2.60% compared to the amorphous technology conversion efficiency specified by the manufacturers (7%, [START_REF] Uni-Solar | Solar Laminate PVL-Series. Model[END_REF]). Similarly, this value includes all the operating losses due to real outdoor conditions and the non-optimal horizontally integrated amorphous installation as shown in Fig. 2b.

From the Eq.11, we predict the total capted global solar irradiance by PV panels with the proposed Weibull modeling and based on five grouped years global solar irradiance as described in subsection 3.1. From this Weibull prediction, we deduce the estimated electricity fed into grid from the Eq. 22. Tables 6 and7 give obtained results with M1, M2

or M3 methods compared to measured real grid connected energies for each PV technology. The corresponding RPE results for several years are also given. sensor data sources on one location (the considered lab site in our case study). In the next subsection, to confirm the trend of the proposed Weibull approach, we estimate the total capted solar irradiance of the lab site by considering the estimated ground measurement of the global solar irradiance from the SODA database. The purpose is to evaluate the Weibull principle results from estimated ground measurements in order to comfort the application of the proposed approach on several urban cities without real on-site measurements.

Weibull application with SODA data sources on the lab site

In this study, we used GREEN platform geographical coordinates (latitude 49.099°N and longitude 6.218°E), the inclination (tilt of 60°), the albedo (0.2), the corresponding azimuth of south-south-west PV panels orientation (125°), etc. in order to get global solar irradiance data over three years of 2004 to 2006 from SODA database (see Fig. 9) of the lab site. methods. Table 9 gives RPE results between the SODA's measured and estimated global solar irradiances, and statistic indicator values (MAD-fi, MAD_Fi, RMSD_fi, RMSD_Fi, KSI, OVER, CPI) for the considered typical and grouping three years. The results have been obtained by considering the annual or grouping data and Weibull parameters extracted for each and grouping years (see Table 8). As previous results with the real on-site measurement data from the GREEN platform, the Weibull prediction based on M2 method from SODA database forecasts better with the measured global solar irradiance when we focus on the annual PV energy assessment. Indeed, we observe that the M2 method In order to make sure the proposed prediction approach, in the next subsection, we apply Weibull estimation for different mainland France sites by exploiting the SODA database in order to confirm the global solar irradiance assessment for others semi-continental climate localizations.

Weibull distribution application to mainland France sites

We applied the proposed M1, M2 and M3 Weibull methods by considering a time scale of three years and interval time of 10 minutes of horizontal global solar irradiation estimation for several urban French sites. For this purpose, we exploit the SODA database considering an accuracy of the SODA of +/-4% [START_REF] Vernay Christophe | Characterizing measurements campaigns for an innovative calibration approach of the global horizontal irradiation estimated by HelioClim-3[END_REF][START_REF] Qu Zhipeng | Improving HelioClim-3 estimates of surface solar irradiance using the McClear clear-sky model and recent advances in atmosphere composition[END_REF][START_REF] Mireille | McClear: a new model estimating downwelling solar radiation at ground level in clear-sky conditions[END_REF][START_REF] Philippe | The HelioClim project: Surface solar irradiance data for climate applications[END_REF][START_REF] Claire | Validation of HelioClim-3 version 4, HelioClim-3 version 5 and MACC-RAD using 14 BSRN stations[END_REF]. We focus on the following urban 10.

Considering the annual solar irradiance assessment, 

Discussion

We gives an error range between 6.97% and 11.22% for the annual global solar irradiance prediction obtained from the Moment method. To inhibit this error range, we adjust our proposed Weibull modelling specified by the Eq.11 with an adding RPE average (RPEmean value of 9.28 %, see Table 11). Thereby, we get the following model given by the Eq.23.
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Table 14 gives corrected results allowing a global solar irradiance prediction with +/-3% accuracy.

Considering the study cases (real measurements and estimation global solar irradiation for different localizations), we prove that one mathematical expression of the global solar irradiance distribution can predict the recoverable solar energy for a considered site. This characterization of the predicted recoverable global solar irradiance of a specific site using only shape and scale parameters is very relevant to design a tool to evaluate the recoverable solar irradiance potentiality. 

Conclusion

The paper has investigated a Weibull distribution models for an accurate global solar irradiance prediction in urbans areas. The originality of the proposed method is to obtain reliable yearly PV energy generation while the distribution can be used to select the best fit procedure generating for a synthetic times series of solar irradiance. Three Weibull probabilistic model that can be implemented in a specific tool for solar energy assessment on a site allowing reliable, safe, secure initial investment and return on investment calculation. This mathematical estimation will be integrated on an FPGA technology by considering an artificial intelligence approach for predictive principle of energy systems in order to be applied at minute sampling time making accurate daily prediction.

  Fig.1b. Each module has a maximum power of 136 Wp[START_REF] Uni-Solar | Solar Laminate PVL-Series. Model[END_REF], a 5° tilt angle and is connected to a SCHÜCO's 1500T inverter. The electrical diagram of the grid-connected system of the PV installations including the electrical protection systems is shown in Fig.2. This gridconnected system allows a five-years PV database used for our statistical study of the PV energy forecasting based on the Weibull distribution.
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 1 Figure 1. a) Polycrystalline technologies installations b) Amorphous technologies installations.
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 23 Figure 2. Electrical diagram of the grid-connected PV systems.
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 4 Figure 4. Cloud-based IoT architecture for real data measurement acquisition.

  this section, we determine the Weibull parameters by Graphical (M1), Moment (M2) and Maximum Likelihood (M3) methods from measured global irradiance solar data. The global solar irradiance measurement is carried out by considering a recorded data time interval of 10 minutes during the years 2014 to 2018 and from data acquisition of the analog silicon irradiance sensor allowing a MODBUS protocol data sending digital mode [27]. In order to propose an accuracy model for one site, the proposed Weibull distribution model requires to consider fast variations of seasonal solar irradiance inside each year but also low solar irradiance variations between years on the considered site. Consequently, to perform our analysis, we consider a time interval corresponding to the recorded data time interval (10 minutes), a time scale equal to either one typical year or grouping years and a bin size value of 1 for Weibull processing. Thereby, to observe how M1, M2 and M3 Weibull distribution models consider different seasonal solar irradiance variations, results have obtained by applying Weibull parameters determination methods described on subsection 3.1 with several considered or grouping five years of global solar irradiance data.

Figure 7 .

 7 Figure 7. Real measured and Weibull density distributions of global solar irradiance for grouping years.

Figure 8 .

 8 Figure 8. Real measured and Weibull cumulative distributions of global solar irradiance for grouping years.Visual analysis of these figures allows to conclude the Graphical method (M1) model is efficient for low global solar irradiances (G<250W/m 2 ) while Moment method (M2) model is better for global solar irradiances up to 250W/m 2 . The maximum likelihood method (M3) has the advantages of the two previous methods except for global solar irradiances G>800W/m 2 , where the differences between predicted values by the Weibull distribution and real distribution values are huge compared to M1 and M2 methods. Considering all solar irradiation bin sizes, the visual analysis show that the M3 method fits more better to real measured global solar irradiation distributions than M1 and M2 methods.To proper analyse, we use RPE, MAD, RMSD, KSI and CPI global standard metrics to find the Weibull distribution method (between M1, M2 and M3 methods) which is best fitting or low gapping with measured solar irradiation distributions. These metrics are considered to evaluate error between measured and estimated solar irradiances (RPE), and the absolute deviation or distance between distributions (MAD, RMSD, KSI, CPI). Therefore, in our study, we applied the both MAD and RMSD on the density (MAD_fi, RMSD_fi) and/or cumulative (MAD_Fi, RMSD_Fi) distributions, respectively. We calculated RPE, KSI, OVER and CPI indicators. The better model provides smaller values of these indicators. Table4summarizes RPE results and statistic indicator values (MAD_fi, MAD_Fi, RMSD_fi, RMSD_Fi, KSI, OVER, CPI, RPE) for several considered typical and grouping five years. The results have obtained by considering the annual or grouping data and Weibull parameters extracted for each or grouping year (see Table3).

  )Where: Einj: Total energy fed into to electrical grid; Gcap: Total global solar irradiance capted by PV surface (Wh/m 2 ); ηPV: PV conversion efficiency (12% polycrystalline[START_REF] Jianzhou | Wind speed probability distribution estimation and wind energy assessment[END_REF]. 7% amorphous[START_REF] Ju-Young | A novel statistical method to temporally downscale wind speed weibull distribution using scaling property[END_REF]); ηconv: Inverter efficiency; Fdust: Accumulated dust factor; Forient: Orientation loss factor; Fmism: Maximum power mismatch loss factor; Ftemp: Temperature loss factor.

Figure 9 .

 9 Figure 9. Global solar irradiance of the GREEN platform obtained by the SODA database.To perform the proposed Weibull analysis, the extracted data time interval is fixed to every 10 minutes which is also used as the time interval. We focus to apply the proposed Weibull estimation during one period of three all years(2004)(2005)(2006) in order to include fast and low seasonal variations in our prediction modelling. Tables 8 summarizes the obtained Weibull parameters values by considering the M1, M2 and M3 methods annual and grouped three years. Similar to sensor data sources, M3 method gives the lowest scale parameter results compared to M2 and M1. M2 method gives highest shape parameter values (average of 226.03 W/m 2 ) closest to the measured global solar irradiance average compared to the obtained average from M3 and M1, respectively (values of 214.43 W/m 2 and 216.35 W/m 2 , respectively). The Weibull's parameters averages of typical and five years' time scale are similar. Figures 10 and 11 represent the real and Weibull distributions of the global solar irradiance during the considered three grouping years.

Figure 10 .Figure 11 .

 1011 Figure 10. SODA real and Weibull density distributions of global solar irradiance for grouping three years.

(

  providing mean value of 12.31 %) allows an annual solar irradiance assessment closest to measured real data sources compared to M1 and M3 methods. Similarly, the global statistic indicators (MAD, RMSD, KSI, OVER, CPI) showed that M3 fits better to distributions compared to M1 and M2 methods. The global solar irradiance data sources (real on-site measurements or satellite based estimation) and different time scales corresponding to period years of measurements (2014-2018 period from real measurements, 2004-2006 period from SODA database) provide Weibull parameters values leading to similar analysis results for the case study considering the localisation of the lab site.

French sites:

  Caen, Paris, Troyes, Strasbourg, La Rochelle, Clermont, Lyon, Montblanc, Bordeaux, Montauban, Nice, Nimes and Metz (lab site city) as indicated in Fig.12. The corresponding geographical coordinates are given in Table

  applied the proposed Weibull methods by considering a time scale of several years and an interval time of 10 minutes of global solar irradiance data for several urban French sites from the SODA database. The proposed prediction approach gets a model that assess future values suitable for semi-continental climate localizations considering databases uncertainty. Results showed that all Weibull distribution methods can modelized annual global solar irradiance frequencies. According to the values of MAD, RMSD, KSI, OVER and CPI indicators, the maximum likelihood parameters determination method is most accurate to fit annual global solar irradiance frequency distributions compared to other parameters determination methods. However, the RPE indicator highlighted that Weibull's methods applied to the global solar irradiance modelling provide an underestimation of annual global solar irradiance values regardless years and considering sites and data sources. Additionally, the RPE indicator shown that prediction and measured annual global solar irradiance are closest. More precisely, obtained results prove that the Weibull distribution analysis using the Moment method (M2) provides a better prediction of the annual global solar irradiance than graphic (M1) and maximum likelihood (M3) methods. The analysis of the RPE values obtained from several mainland France sites

  parameters determination methods are compared from real measurement and recovered database sources of several mainland French sites. The obtained results by using the MAD, RMSD, KSI, and CPI global indicators prove that the distribution from the Weibull maximum likelihood method provides one global solar irradiation distribution most similar to the experimental one. The analysis of the obtained results also highlights that Weibull's methods provide an under estimation of the annual global solar irradiance values regardless years, sites and data sources. This under estimation trend by Weibull methods for the global solar irradiance modelling will be investigated. However, the model based on Weibull Moment method is more accurate than Weibull graphic or maximum likelihood methods in annual global solar irradiance assessment point of view. Furthermore, errors rate allows to improve the proposed Moment method-based model by adding an adjusting value to get a corrected annual solar irradiance prediction model while providing a Weibull analysis most accurate. Moreover, the proposed model estimates the energy production potential of a given urban PV installation by considering realconditions losses factors. Finally, the main contribution is to provide a mathematical

  

Table 1 .

 1 PV power prediction models.

	PV prediction models.
	1

Table 2 .

 2 Global solar irradiance time-series format from silicon irradiance sensor, Kipp-Zonen CMP10 pyranometer and SODA database.

	Databases

Dates Hours Global solar irradiance (W/m 2 ) Years Number of values N Silicon irradiance sensor database

  

		01.05.2018	09:00:00	101.533		
		01.05.2018	09:10:00	118.1		
		01.05.2018	09:20:00	69.35		
		01.05.2018	09:30:00	84.65	2014-2018	123711
		01.05.2018	09:40:00	124.933		
		01.05.2018	09:50:00	120.4		
		01.05.2018	10:00:00	133.6		
		01.05.2006	09:00:00	207.2052		
		01.05.2006	09:10:00	208.0824		
		01.05.2006	09:20:00	230.913		
	SODA database	01.05.2006	09:30:00	273.387	2004-2006	77870
		01.05.2006	09:40:00	259.3824		
		01.05.2006	09:50:00	258.837		
		01.05.2006	10:00:00	291.9348		
		01.05.2019	09:00:00	247.8		
	Kipp-Zonen CMP10 pyranometer database	01.05.2019 01.05.2019 01.05.2019 01.05.2019 01.05.2019	10:00:00 11:00:00 12:00:00 13:00:00 14:00:00	422.3 584.9 714.2 255.6 961.2	2019	
		01.05.2019	15:00:00	940.1		

Table 3

 3 

	summarizes Weibull parameters values obtained with M1, M2 and M3 methods
	and corresponding of 2014 to 2018 years. M3 method gives the lowest scale parameter
	results compared to M2 and M1, respectively. M2 method gives highest shape parameter
	values (average of 190.77 W/m 2 ) closest to the measured global solar irradiance average
	(value of 214.69 W/m 2 ) compared to the obtained average from M3 and M1, respectively
	(values of 181.15 W/m 2 and 178.02 W/m 2 , respectively). The low obtained values of the
	scale parameter (range of [ 0.748 -0.893]) prove a high variability of the global solar
	irradiance distribution corresponding to a semi-continental climate where low solar
	irradiances are predominant. Moreover, except for the shape parameters obtained from
	M1, all others Weibull's parameter averages for typical years' time scale are very similar to
	obtained values from the grouped five years' time scale regardless of the used M3, M2 and
	M1 methods. Figures 5, 6, 7 and 8 represent measured and Weibull estimated global solar
	irradiance distributions for one typical year (2018) and grouping five years obtained with
	M1, M2 and M3 methods, respectively.

Table 3 .

 3 Weibull parameters (k and A) of M1, M2 and M3 methods obtained with measured real data from silicon irradiance sensor for typical and grouping five years.

	Weibull methods		M1		M2		M3	Annual
									measured
		Weibull		A		A		A	irradiance
	parameters	k	(W/m 2 )	k	(W/m 2 )	k	(W/m 2 )	(W/m 2 )
		2014 0.823	179.86	0.813	191.27	0.759	181.62	214.25
		2015 0.892	181.05	0.823	195.35	0.765	185.21	217.08
		2016 0.851	169.31	0.781	173.72	0.763	169.55	200.28
	Typical	2017 0.851	174.37	0.793	185.08	0.748	176.19	210.95
	Years	2018 0.813	191.03	0.826	208.43	0.748	193.53	230.92
		Average 0.846	179.12 0.807	190.77	0.757	181.22	214.69
	Grouping Years 2014-2018	0.886 178.02 0.807	190.64	0.756	181.15	214.69

Table 4 .

 4 Values of global indicators (RPE, MAD, RMSD, KSI, OVER CPI) of M1, M2 and M3 methods obtained from measured real data from silicon irradiance sensor for typical and grouping five years.

	Statistic	Weibull			Typical years			Grouping Years
	indicators	method	2014	2015	2016	2017	2018	Average	2014-2018
		M1	30.43	36.01	32.39	37.27	39.69	35.16	36.52
	MAD_fi (%)	M2	30.83	32.93	30.37	35.61	41.92	34.33	32.69
		M3	28.72	30.31	29.91	34.13	37.39	32.09	30.59
		M1	4.39	5.06	4.17	5.07	5.86	4.91	5.21
	MAD_Fi (%)	M2	4.01	3.91	3.26	4.11	5.62	4.18	3.98
		M3	3.46	3.44	3.11	3.72	4.86	3.72	3.57
		M1	44.27	55.05	51.05	56.28	56.63	52.66	54.61
	RMSD_fi (%)	M2	46.53	50.34	52.53	55.27	61.77	53.29	49.57
		M3	44.67	47.80	54.67	56.39	57.81	52.27	49.47
		M1	5.14	6.24	5.07	6.14	6.84	5.89	6.42
	RMSD_Fi (%)	M2	4.67	4.67	3.86	4.90	6.61	4.94	4.75
		M3	3.92	3.95	3.61	4.29	5.52	4.26	4.10
		M1	347.41	403.28	338.63	389.14	446.67	385.02	925.96
	KSI (%)	M2	317.23	311.83	264.46	315.69	428.39	327.52	707.93
		M3	273.84	274.53	252.77	285.77	370.67	291.52	635.20
		M1	253.23	315.63	250.08	297.37	351.23	293.51	828.12
	OVER (%)	M2	222.90	216.94	171.15	221.60	332.86	233.09	610.19
		M3	180.57	181.45	159.30	192.21	275.87	197.88	537.84
		M1	172.29	207.25	172.70	199.77	227.79	195.96	465.82
	CPI (%)	M2	158.30	157.36	135.16	161.96	221.19	166.80	354.31
		M3	135.94	137.89	130.35	147.69	190.54	148.48	318.00
		M1	14.24	14.70	11.92	14.49	17.37	14.54	14.86
	RPE (%)	M2	10.27	8.02	8.63	9.59	12.31	9.76	8.52
		M3	13.43	11.05	9.98	12.40	17.21	12.81	11.39

Table 5 .

 5 The Annual global efficiency means of the measured real data.

	Years	ηPV_amorphous (%)	ηPV_polycrystalline (%)
	2014	4.31	11.12
	2015	4.39	10.96
	2016	4.24	11.02
	2017	4.59	11.11
	2018	4.49	10.59
	Average	4.40	10.96

Table 6 .

 6 Predicted Weibull and real grid connected energies of polycrystalline PV system.

	Polycrystalline

Years Real measured energy production fed in grid system (kWh) Weibull prediction of global capted solar irradiation (kWh) Deduced Weibull energy production fed in grid system (kWh) RPE (%)

  

			M1	M2	M3	M1	M2	M3	M1	M2	M3
	2014	907.31	6768.11 7272.41 7044.18 741.63 860.64 771.88 18.26 5.14 14.93
	2015	889.48	6768.11 7272.41 7044.18 741.63 860.64 771.88 16.62 3.24 13.22
	2016	833.17	6768.11 7272.41 7044.18 741.63 860.64 771.88 10.99 -3.30 7.36
	2017	814.82	6768.11 7272.41 7044.18 741.63 860.64 771.88 8.98 -5.62 5.26
	2018	907.41	6768.11 7272.41 7044.18 741.63 860.64 771.88 18.27 5.15 14.94
	Average	870.44	6768.11 7272.41 7044.18 741.63 860.64 771.88 14.62 0.92 11.14

Table 7 .

 7 Predicted Weibull and real grid connected energies of Amorphous PV system.

These results show that the M2 method allows one predicted grid connected PV energy nearest to the real grid connected output energy (average equal to 0.92 % for polycrystalline and 8.17 % for amorphous) compared to M3 (average equal to 11.14 % for polycrystalline and 11.05 % for amorphous) or M1 (average equal to 14.62 % for polycrystalline and 14.53 % for amorphous) methods. Consequently, the M2 method model is suitable to perform the global solar irradiation energy prediction from silicon PV

17936.89 17232.71 626.80 783.16 758.59 14.53 8.17 11.05

  

					Amorphous					
		Real									
		measured									
		energy production fed in grid system	Weibull prediction of global capted solar irradiation (kWh)	Deduced Weibull energy production fed in grid system (kWh)		RPE (%)	
	Years	(kWh)	M1	M2	M3	M1	M2	M3	M1	M2	M3
	2014	860.98	16557.35 17791.06 17232.71 728.86 783.16 758.59 15.35 9.04 11.89
	2015	871.98	16557.35 17791.06 17232.71 728.86 783.16 758.59 16.41 10.19 13.00
	2016	783.68	16557.35 17791.06 17232.71 728.86 783.16 758.59 7.00 0.066 3.20
	2017	822.73	16557.35 17791.06 17232.71 728.86 783.16 758.59 11.41 4.81 7.80
	2018	940.50	16557.35 17791.06 17232.71 728.86 783.16 758.59 22.50 16.73 19.34
	Average	855.97	16557.35								

Table 8 .

 8 Weibull parameters (k and A) of M1, M2 and M3 methods obtained from SODA database for typical and grouping three years(2004, 2005 and 2006).

	Weibull method		M1		M2		M3	Annual
									measured
	Weibull Parameters	k	A (W/m 2 )	k	A (W/m 2 )	k	A (W/m 2 )	irradiance (W/m 2 )
		2004 0.807	219.64	0.861	228.47	0.790	216.59	246.68
	Typical	2005 0.819	217.88	0.868	228.67	0.792	216.11	245.57
	Years	2006 0.825	212.30	0.861	221.23	0.796	210.77	238.86
		Average 0.817	216.61	0.863	226.12	0.793	214.49	243.70
	Grouping Years 2004-2006	0.819	216.35	0.863	226.03	0.793	214.43	243.63

Table 9 .

 9 Values of global indicators (MAD, RMSD, KSI, OVER, CPI) of M1, M2 and M3 methods obtained from SODA database for typical and grouping three years(2004, 2005 and 2006).

	Statistic	Weibull		Typical years		Grouping Years
	indicators	method	2004	2005	2006	Average	2004-2006
		M1	37.78	38.36	38.21	38.12	36.49
	MAD_fi (%)	M2 M3	38.71 37.66	39.08 38.08	38.61 37.96	38.80 37.90	37.05 36.21
		M1	4.12	4.39	4.20	4.24	4.26
	MAD_Fi (%)	M2 M3	4.68 3.98	4.81 4.09	4.45 3.87	4.64 3.98	4.63 3.97
		M1	72.32	69.93	68.83	70.36	67.99
	RMSD_fi (%)	M2 M3	75.32 72.19	73.61 69.52	71.17 68.60	73.37 70.10	71.06 67.71
		M1	4.65	4.99	4.84	4.83	4.85
	RMSD_Fi (%)	M2 M3	5.50 4.44	5.69 4.59	5.32 4.41	5.50 4.48	5.48 4.47
		M1	308.25	336.91	328.38	324.51	565.44
	KSI (%)	M2	350.40	369.09	347.38	355.62	614.64
		M3	297.86	313.54	302.50	304.63	526.61
		M1	214.26	243.05	234.44	230.58	468.84
	OVER (%)	M2	257.01	276.22	254.31	262.51	518.57
		M3	203.91	220.01	208.89	210.93	430.14
		M1	166.79	179.96	175.12	173.95	292.57
	CPI (%)	M2	189.51	198.13	186.01	191.22	318.83
		M3	161.54	168.15	162.15	163.94	273.04
		M1	15.88	15.75	14.56	15.40	15.33
	RPE (%)	M2	12.89	12.40	11.83	12.38	12.31
		M3	16.89	16.65	15.36	16.30	16.22

Table 10 .

 10 Table 11 summarizes the obtainedWeibull parameters, SODA and estimated Weibull energies by using M1, M2 and M3 methods for considered mainland France sites. The obtained low scale parameter values (range of [0.917-1.336]) imply a high variability of the global solar irradiance. The RPE shows that the M2 method (providing values between 6.97% and 12.22%) allows a yearly solar irradiance prediction nearest to SODA estimation compared to M3 (values between 13.58% and 22.21%) or M1 (values between 15.25% and 25.30%) methods. Geographical coordinates of considered mainland France sites to perform the Weibull methods.

	Cities	Latitude	Longitude	Elevation (m)
	Metz	49.099°N	6.218°E	203
	Caen	48.853°N	-0.361°O	80
	Paris	48.853°N	2.35°E	42
	Troyes	48.853°N	4.082°E	120
	Strasbourg	48.853°N	7.751°E	185
	La Rochelle	45.779°N	-1.153°O	13
	Clermont	45.779°N	3.086°E	407
	Lyon	45.779°N	4.827°E	250
	Montblanc	45.779°N	7.327°E	1202
	Bordeaux	43.839°N	-0.572°O	92
	Montauban	43.839°N	1.356°E	153
	Nice	43.839°N	7.275°E	915
	Nîmes	43.839°N	4.360°E	57

Figure 12. Studied sites in mainland France

Table 11 .

 11 Weibull parameters, energies and RPE values obtained with M1, M2 and M3 methods for considered mainland French sites.To proper analyse distributions, we use considered standard metrics to find the Weibull distribution method fitting better with distributions based on SODA for all considered mainland French sites. Tables12 and 13give obtained metrics values. Results show that

	487

Table 12 .

 12 Statistic indicator (MAD and RMSD) values obtained with M1, M2 and M3 methods for considered mainland French sites.

			MAD_fi (%)		MAD_Fi (%)			RMSD_fi (%)		RMSD_Fi (%)
	Cities												
		M1	M2	M3	M1	M2	M3	M1	M2	M3	M1	M2	M3
	Metz	22.70	25.67	21.98	3.30	3.86	2.77	51.61	62.07	50.01	3.98	4.45	3.19
	Caen	19.65	21.88	16.69	4.08	3.36	2.86	48.11	60.42	44.71	4.74	3.92	3.15
	Paris	19.17	24.00	18.12	4.05	4.01	3.30	44.40	60.43	44.61	4.59	4.66	3.73
	Troyes	19.88	25.12	18.58	4.07	4.23	3.29	47.09	63.00	46.17	4.68	4.88	3.78
	Strasbourg	23.26	27.33	22.58	3.65	4.45	3.17	47.52	60.62	46.42	4.37	5.08	3.68
	La Rochelle	24.40	29.55	23.47	5.81	5.53	4.87	46.64	63.72	48.08	6.55	6.26	5.52
	Clermont	22.83	25.57	21.38	4.96	4.16	3.90	48.39	61.70	48.91	5.55	4.77	4.28
	Lyon	22.80	27.73	22.13	4.64	4.98	3.92	48.41	63.77	49.17	5.24	5.62	4.52
	Montblanc	34.26	41.91	33.67	7.71	6.77	6.97	56.15	77.27	58.02	8.85	8.01	7.82
	Bordeaux	23.69	27.43	22.52	5.18	4.90	4.25	48.82	64.42	49.28	5.97	5.61	4.90
	Montauban	24.88	29.59	24.05	5.72	5.60	4.86	47.62	64.68	49.13	6.52	6.33	5.58
	Nice	29.95	33.65	28.97	7.49	6.70	6.44	50.48	65.96	52.90	8.46	7.49	7.27
	Nîmes	29.51	34.52	29.09	7.52	6.98	6.62	51.05	67.78	54.03	8.42	7.78	7.44
	Mean	24.38	28.76	23.32	5.24	5.04	4.40	48.94	64.30	49.34	5.99	5.76	4.99

Table 13 .

 13 Statistic indicator (KSI, OVER and CPI) values obtained with M1, M2 and M3 methods for considered mainland French sites.

			KSI (%)			OVER (%)			CPI (%)	
	Cities									
		M1	M2	M3	M1	M2	M3	M1	M2	M3
	Metz	417.72	489.09	351.11	324.34	394.21	257.73	211.32	251.86	177.21
	Caen	510.76	420.03	358.51	415.65	326.26	262.76	255.66	216.78	177.67
	Paris	491.80	487.22	401.31	395.90	392.80	305.91	244.13	250.22	199.11
	Troyes	498.12	518.52	403.65	401.79	423.33	308.32	248.52	266.96	201.08
	Strasbourg	453.66	553.49	393.97	359.95	457.66	300.08	227.16	283.09	196.72
	La Rochelle	666.96	634.79	559.37	570.14	537.95	462.67	332.59	325.05	279.55
	Clermont	583.99	489.78	459.65	487.61	394.43	363.11	292.09	251.90	230.14
	Lyon	548.17	588.68	463.09	451.18	492.18	367.76	274.04	302.10	232.30
	Montblanc	867.29	760.77	783.93	769.57	663.75	686.35	437.29	394.77	396.58
	Bordeaux	607.47	575.01	499.36	510.83	479.27	403.45	303.99	295.78	250.34
	Montauban	655.79	641.44	556.96	558.99	544.75	460.58	327.50	328.89	278.95
	Nice	815.28	729.07	700.69	717.79	631.44	603.94	408.51	373.11	352.61
	Nîmes	815.56	756.41	717.58	717.99	658.62	620.38	408.91	387.65	361.51
	Mean	610.20	588.02	511.48	513.98	492.05	415.62	305.52	302.17	256.44

Table 14 .

 14 Weibull energies and RPE values obtained with M2 methods for considered mainland French sites after the proposed error range inhibition.

		SODA energy
	Cities	estimation (kWh/

m 2 ) Weibull energy prediction (kWh/m 2 ) RPE (%) Corrected Weibull energy prediction (kWh/m 2 )

  

					Corrected
					RPE (%)
			M2	M2	M2	M2
	Metz	1086.57	995.88	8.35