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Shading on photovoltaic (PV) modules induces disproportionate impacts on power production. This paper presents a fault detection method able to identify anomalies on PV systems such as shading problems. The presence of localized shading on PV modules leads to an overheating of the shaded PV cells despite the activation of by-pass diodes. The temperature increase reduces considerably PV module performances and its lifetime. The presented method uses a simple equation, which corresponds to the normalized error (DE) of the comparison between the I-V curve in normal operation and the I-V curve in shading condition. The first derivative calculation gives the area of the detection in function of the PV voltage of the module (DE/DV). This defines whether one or several PV cells dissipate power. This phenomenon essentially occurs in the case of non-uniform irradiance received on PV modules and could impact PV modules performances. The detection method is explained in detail through the study of specific shadows simulations on PV modules. The results are validated through experimental tests on PV modules.

Introduction

In recent years, photovoltaic (PV) modules have become a popular source of energy in both commercial and residential applications. This energy source has received much attention as an alternative form of electricity generation and is commonly present on buildings throughout the World.

Generally, PV modules are arranged in a way that maximizes the density of modules per unit of area rather than maximizing their efficiency. As a result, the incidence of shading over several modules is common in all applications, causing losses [START_REF] Alonso-Garcia | Experimental study of mismatch and shading effects in the I-V characteristic of a photovoltaic module[END_REF][START_REF] Woyte | Partial shadowing of photovoltaic arrays with different system configurations: literature review and field test results[END_REF]. There are several causes of shading such as trees, adjacent buildings or soiling [START_REF] Sun | Analysis on the Effect of Shading on the Characteristics of Large-scale ongrid PV System in China[END_REF][START_REF] Lorenzo | Dust effects on PV array performance: in-field observations with nonuniform patterns[END_REF]. It is important to detect these failures because of partial shading can lead an annual 10-20% reduction in power production or more in residential installations [START_REF] Deline | A performance and Economic analysis of distributed Power Electronics In Photovoltaic systems[END_REF], due to both reduced irradiance on PV modules. Soiling may have a large effect on efficiency decreasing PV performances. Some studies [START_REF] Mejia | The Effect of Dust on Solar Photovoltaic Systems[END_REF][START_REF] Sayyah | Energy yield loss caused by dust deposition on photovoltaic panels[END_REF][START_REF] Tanesab | The contribution of dust to performance degradation of PV modules in a temperate climate zone[END_REF] quantify performance decrease due to soiling. The study of Soteris [START_REF] Soteris | On-site PV characterization and the effect of soiling on their performance[END_REF] shows soiling affects seriously the performance of PV panels and it is necessary to clean immediately PV panels after dust episode. When a part of a PV module is shaded, some of its cells may work in reverse bias and reach breakdown voltage. The covered PV cells dissipate thermal power with the temperature increase. In extreme cases, this situation may lead to hot-spot problems, causing irreversible damage to the system. In order to protect shaded solar cells from breakdown voltage, commercial modules are equipped with by-pass diodes [START_REF] Silvestre | Study of bypass diodes configuration on PV modules[END_REF]. However, these by-pass diodes deform the I-V curves of the shaded modules when diodes are activated.

Many authors have proposed solutions and algorithms to detect several failures on PV systems as hot-spot formation, soiling and aging degradation [START_REF] Zhao | Outlier detection rules for fault detection in solar photovoltaic arrays[END_REF][START_REF] Takashima | Experimental studies of failure detection methods in PV module strings[END_REF][START_REF] Hirata | Diagnosis Photovoltaic Failure by Simple Function Method to Acquire I-V Curve of Photovoltaic Modules String[END_REF]. The electric method such as time domain reflectometry is able to detect failure position in PV cell string but it is not able to identify clearly if a shadow anomalies is present such as soiling. The study proposed by Hirata [START_REF] Hirata | Diagnosis Photovoltaic Failure by Simple Function Method to Acquire I-V Curve of Photovoltaic Modules String[END_REF] consists in acquire I-V curves of PV modules string under low irradiance in order to detect parameter variation on series resistance, shunt resistance and diode factor. Based on this study, it exists a real interest to develop a method of fault detection able to prevent about shading problems and temperature increases despite the activation of the bypass diodes. It is important to investigate this problem because PV system are already confronted to shading problems in real operating.

It exists method able to detect online failures of PV systems and more particularly defects as shadows [START_REF] Bressan | A new method for fault detection and identification of shadows based on electrical signature of defects[END_REF]. They all have a common point: the need of a proper shadow detection method. The first work [START_REF] Basri | A proposed graphical electrical signatures supervision method to study PV module failures[END_REF] consisted of detecting the activation of bypass diodes. However, this is not enough to ensure a proper function of the PV cell. The presented method consists in detecting the activation of by-pass diode due to some shading scenario by calculating the first derivative (DI/DV) and the second derivative (DI²/DV²). But this method does not permit to clearly identify if the shading is uniform or not on PV module. Moreover, it does not detect if a thermal dissipation problem of the covered PV cells exists despite the activation of the bypass diode.

In this paper, the presented shadow detection method consists in comparing I-V curves in normal operation issue to a validated solar model with I-V curves in shaded operation. The error issued from this comparison is normalized and derived in order to calculate a direct derivative in function of the PV module voltage. The main objective of this detection is to accurately identify anomalies such as shading problems on PV modules. The presence of localized shading on PV module causes a significantly temperature increase impacting PV performances and the PV module lifetime despite the activation of the by-pass diodes. This phenomenon is essentially characterized by a non-uniform shading. The difference of the I-V curves shape for each case of shading sets will permit to dissociate more easier an homogeneous shading of a non homogeneous and will facilitate the fault detection and the identification of the shadow anomaly. Moreover, this detection method should not perturb the PV production and it may operate with no need to be disconnected from its load thanks to an autonomous online I-V tracer [START_REF] Riley | An Autonomous Online I-V Tracer for PV Monitoring Applications[END_REF].

For this study, and to validate the presented method, the I-V curves are traced using MP-160 I-V tracer (3kW).

This paper is organized as follows, section 2 presents the necessity to develop a model considering the effect of shading on I-V curves. Moreover, some localized shading sets on PV module are performed to see the abnormal temperature increase of the shaded PV cell. The notion of "mismatch" on PV systems is explained. In function of these several thermal tests, the fault detection method is presented to prevent all localized shading problems on PV modules. Section 3 speaks about the experimental validation of the detection method on PV module. Several experimentally shading tests have been performed on two PV modules, one equipped with by-pass diodes and the other not. As a result, for the both cases, I-V curves traced and analyzed for each tests of shadows on PV modules.

The last section concludes this work of detection.

PV systems and shadows

PV systems are composed of several elements, their power production is highly dependent on weather conditions and local environment. This section introduces these elements and their relationship with the external environme nt.

Thermal cell dissipation due to shading: theory review

When a PV cell is covered in a string, the overall current becomes limited by this covered cell increasing its temperature. An IR camera test is performed in order to see the PV module behavior in short circuit and in open circuit equipped of by-pass diodes in condition of localized shading. It is shown that despite the activation of the bypass diode and the presence of a non homogenous shading, it exists a thermal power dissipation of the covered PV cells. This theory review shows the necessity to have an accurate analysis and fault detection in order to avoid this phenomenon. The used PV module parameters are shown in Table 1. In the next test, just one PV cell of a sub-string is completely covered. First, the PV module is in open circuit, there is a homogenous temperature all over the PV module. The PV module is in short-circuit and after few minutes, its temperature increase contrary to the test in Fig. 1 (a) despite the PV module is in open circuit. The convective effect has the same impact on the temperature increase visible in Fig. 2 (a). Then, the PV module is in short-circuit, a hot spot area at level of the covered PV cell is visible in red in Fig. 2(b). After one hour, a significantly increase of the temperature localized on the shaded PV cell is visible and it is evaluated at 45.9°. The shaded PV cell does not receive uniform illumination contrary to the others. The current in the PV module sub-string is limited by the shaded PV cell despite the activation of the by-pass diode of the sub-string. As a result, it operates under reversebias mode, dissipating power in the form of heat.

To resume, non-uniform shading has an important impact on PV performances despite the activation of by-pass diode. The IR thermography proved the presence of a hot-spot area of the shaded PV cell. It is necessary to understand the behavior of the PV module in shading conditions. A model is developed considering the reverse bias mode in shading conditions. This model will be used as reference in the presented fault detection method in function of input parameters such as solar irradiation and PV cells temperature. A fault detection method is necessary to prevent some losses related to shading problems. This work is particularly important for the diagnosis of faults and for improving the lifetime of PV systems. Analyzing I-V curves, it gives enough information in order to identify and to dissociate a uniform shading of a non-uniform shading. A fault detection method is developed around of the I-V curves analysis. This work will prevent immediately when a PV module is in shading conditions avoiding all form of dissipation. Moreover, it will allow to optimize efficiency of the PV module. The photovoltaic effect is the conversion of light into electricity. The classic model of a PV cell is governed by E quation (1) [START_REF] Walker | Evaluating MPPT converter topologies using a MATLAB PV model[END_REF][START_REF] Villalva | Comprehensive approach to modeling and simulation of photovoltaic arrays[END_REF]. Equation ( 1) can be used to acquire I-V curve, which shows the behavior of the current and t he voltage of a PV system.

Solar cell model
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where Iph is the photocurrent (A), I0 is the dark saturation current (A), n is the ideality factor of the diode (1 to 2), k is the Boltzmann constant (1.38 10 -23 J/°K), q is the magnitude of the electron charge (1.602 10 -19 C), T is the te mperature of the cell (°C), Rs is the series resistance, Rsh the shunt resistance.

However, most of the models in the literature do not take into account the effect of the reverse bias. A more precise model is proposed by Bishop [19] which incorporates the avalanche effect as a non-linear multiplication factor that affects the shunt resistance current term, shown below:

    0 . . exp 1 .. 1 m ss sh b s s ph sh r q V I R V I R I I I V I R V R I a R kR V nT                         (2)
where a and m are constant, Vbr is the avalanche breakdown voltage (V).

By studying different PV cells in reverse bias, Bishop has noted a different evolution of the current. The avalanche breakdown in reverse bias is shown in red in Equation [START_REF] Woyte | Partial shadowing of photovoltaic arrays with different system configurations: literature review and field test results[END_REF]. Negative voltages for solar cells can occur at nonuniform illuminated PV generators, especially during partial shading of PV modules. The breakdown voltages for poly-Si cells are within the range -12 V to -20 V, whereas for mono-Si cells the breakdown voltages can extend -12V to -30V [START_REF] Hermann | Hot spot investigations on PV modules-new concepts for a test standard and consequences for module design with respect to bypass diodes[END_REF]. More precisely, when the PV module is partially shaded, the behavior of the I-V curve is different showing the reverse bias contrary to classic equation. 

Fig. 3 : The I-V curves for different illuminations

Several studies have analyzed these curves in detail such as [START_REF] Walker | Evaluating MPPT converter topologies using a MATLAB PV model[END_REF] and [START_REF] Villalva | Comprehensive approach to modeling and simulation of photovoltaic arrays[END_REF]. In this work, a PV cell or plant is consi dered as partially shaded when a certain percentage of its surface is covered by a shadow. As a result, shaded cell s are forced to work in series with illuminated cells. Either each cell receives the same illuminated cells and oper ates at a lower current leading to a lower power production, or the short circuit current of the shaded cells is less t han the string current so that it is operated ate the reverse characteristic, causing power to be dissipated and event ually the creation of hot-spots [START_REF] Solόrzano | Automatic fault diagnosis in PV systems with distributed MPPT[END_REF]. This phenomena causes permanent losses and reduces the reliability of the sy stem as shown with the thermography tests (Fig. 1 and in Fig. 2).

Partial shading and bypass diodes

The solution used by the industry to protect the PV systems from partial shading is to equip them with bypass diodes. These diodes become biased when the voltage of the shaded PV cells becomes negative. This creates a short-circuit which limits the reverse voltage in the shaded cells [START_REF] Tae | Output characteristics of PV module considering partially reverse biased conditions[END_REF].

Each cell group is protected by its own bypass diode, which has a protection threshold. This threshold limits the bias voltage of the shaded cells and therefore the dissipated power. When diodes detect a negative voltage, shaded cells are protected thanks to diodes activation. The threshold is estimated approximately at -0.6V.

The model of I-V curve of this PV module is shown in Fig. 4 Recurrent operation with small shadows is a subject generally overlooked by the current literature. In the previous part, localized and non-uniform shadows proved the presence of a hot-spot area with an increased temperature of the shaded PV cells. Despite the activation of the by-pass diode, it is shown with this temperature increase that the shaded PV cells dissipate power in the form of heat degrading PV performances and its lifetime. In the next part, a fault detection method is presented around I-V curves analysis. For this study, it is necessary to have an accurate solar model as reference. The used I-V model performances has been evaluated and has been considered satisfactory for the study [START_REF] Basri | A proposed graphical electrical signatures supervision method to study PV module failures[END_REF].

Method of detection of shading

There is a vast collection of PV fault detection methods in the current literature. Those, which focus on the detection of shadows, can be roughly divided into power based or I-V based method. Power based detection methods focus their attention on the impact of partial shading in PV power production. The objective of these methods is to model the impact of the presence of the shadow over the PV plant depending on its geometric shape.

This type of detection is mostly based on the precise and fast modeling of the characteristics of the PV modules [START_REF] Martínez-Moreno | Experimental model to estimate shading losses on PV arrays[END_REF]. This study proposes a simple mathematical model for the estimation of PV array power based on the consideration of shading geometry. The orientation of PV modules and location of the objects which will project shadows over the PV plant such as trees are important parameters taking into account for evaluating energy loss [START_REF] Drif | A comprehensive method for estimating energy losses due to shading of GC-BIPV systems using monitoring data[END_REF][START_REF] Sun | Optimum design of shading-type building-integrated photovoltaic claddings with different surface azimuth angles[END_REF]. Most authors propose models which compare I-V curves from simulations with experimental data [START_REF] Alonso-García | Computer simulation of shading effects in photovoltaic arrays[END_REF][START_REF] Karatepe | Development of a suitable model for characterizing photovoltaic arrays with shaded solar cells[END_REF][START_REF] Kawamura | Simulation of I-V characteristics of a PV module with shaded PV cells[END_REF]. However, these methods do not give enough information about PV modules behavior and performances in shading operating. The problematic of thermal power dissipation in shading condition is an important point to disseminate

The proposed method in this paper revisits the idea of using a first derivative calculation to detect the presence of a non-uniform shadows over a PV plant. Its main idea is that by monitoring the evolution of an I-V curve, it is possible to detect the activation of bypass diodes and to clearly identify and to dissociate a non-uniform shadow of a uniform shadow. Both don't have the same impact on PV performances and on its lifetime and this work prevent all thermal power dissipation of the shaded PV cell. The I-V curve acquired during shading conditions is compared to a reference I-V curve issue to a validated solar model. Their comparison is made through the estimation of the standard error using the current from the shaded and reference I-V curves, as defined in Equation [START_REF] Lorenzo | Dust effects on PV array performance: in-field observations with nonuniform patterns[END_REF].

Where E(i)standard is the standard error of the ith I-V curve point, I(i)reference is the current of I-V curve under reference conditions and I(i)shaded is the current of the I-V curve acquired under shaded conditions. The standard error is calculated for all of the points composing the I-V curve and its variation in relation to the PV voltage is used to monitor any changes in the shaded I-V curve as a whole. This derivative is calculated through the Equation [START_REF] Deline | A performance and Economic analysis of distributed Power Electronics In Photovoltaic systems[END_REF].
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Where V(i)module is the voltage of the ith I-V curve point.
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To validate this method, the next section will apply it to a series of I-V curves with different shading scenarios.

For each shading scenario, the evolution of the standard error will be analyzed in order to extract a general set of interpretation rules which can be used to clearly identify some shading problems increasing the shaded PV cells temperature. The experimental study shows the area of detection in order to dissociate the uniform-shadows of the non-uniform shadows despite the activation of the by-pass diode.

Experimental study of the detection method

The experimental shading scenarios used in this section have the objective of providing a set of realistic conditions to study the effectiveness of the new proposed detection method. These several I-V curves analysis confirm that the shaded PV cells which is non-uniform, dissipates power in the form of heat as explained in Section 2. The experimental setup will be presented first, giving the several shading scenarios chosen for the study. These are followed by the analysis of the results for each shadow scenario.

The experimental setup

The PV module used during these experimental tests is still the TE2200. The I-V curves are traced using the MP-160 I-V tracer, which provides 265 measurement points between open-circuit voltage to short-circuit current. A total of 6 sets of experimental tests were conducted to study this new detection method. Each set is composed of a certain shading area, a shadow size and the state of the bypass diodes.

The shading set 1 was chosen to clearly study how the detection method reacts to the presence of the non-uniform shadow on PV module without by-pass diodes. The shading set 2 is studied in comparison with the shading set 1

to study the difference between the activation of the bypass diodes and the presence of a localized shaded PV cell without by-pass diode. The shading set 3 studies how the detection method can identify a homogeneous shadow with the activation of one by-pass diode. Thus, the shading size used is 20 cells all of which have 50% of their area shaded. The shading set 4 and 5 study the activation of 2 bypass diodes. The shadow used in these cases covers two cells on the interface between two PV cell groups protected each by a different bypass diode. The shading area of the set 4 is chosen to be 50% to simulate a shading scenario while the shading area of 100% in set 5 represents another case of non homogenous shading. Finally, the shading set 6 studies the detection of a homogeneous shadow which activates two bypass diodes. It shares the same characteristics of the shading set 3.

An overview of the shading scenarios used in this study is given in Table 2. In Fig. 5 (b), the avalanche breakdown of the shaded PV cell is more visible on I-V curves with an high percentage of shading on PV cell. The I-V curve slope for 100% of shading strongly changes contrary to 10% of shading As a result, this slope characterizes this avalanche effect of the shaded PV cells which dissipate power in the form of heat damaging PV module on the long term and reducing its lifetime. The results from the detection method in Fig. 5 (c) shows two areas of interest, the first from 0V to 5V and the second from 25V to 35V. The first area (0-5V) has a positive peak that rises with the shading area. This peak is clearly caused by the presence of the avalanche effect and represents a growing error in comparison with the reference. A growing error at such low voltages could be interpreted as a shadow that has an overall impact on the power production, in this case due to the absence of the bypass diodes. The second area of interest in Fig. 5 (c) (25V-35V) shows a negative peak that becomes lower with the shading area. This peak shows that the error is becoming lower as the voltage is close to the open-circuit voltage. In normal operating conditions, the bypass diodes will be connected and operational.

Shading set 2 -Bypass diodes and non homogenous shadows

In the shading set 2, the bypass diodes are connected. The shadow and active bypass diode are shown in Fig. 6 (a).

The effect of the shadow over the I-V curve is shown in Fig. 6 (b) while the results of the detection method are shown in Fig. 6 (c). The slight slope present in Fig. 6 (b) between 15V to 33V for the different shading scenario shows that the shaded cell is a non homogenous shading. Moreover, this slope characterizes a part of the avalanche breakdown of the PV shaded cell despite the activation of the by-pass diode. In the point of view of I-V curves, this means the shaded PV cell dissipates power in the form of heat despite the activation of the by-pass diode. It is the detection of this kind of operating condition, the main objective of the new proposed method. The results shown in Fig. 6 (c) also have two areas of interest, the first from 14V to 21V and the second from 21V to 33V. The first area of interest (14V-21V) shows a positive peak whose value decreases with the shading area. An abrupt positive change in the variation of the error is linked to the presence of the shadow, as described in the shading set 1. However, in this shading set the positive peak is located at a higher voltage giving a clear indication of the correct operation of the bypass diode. By comparing the first area of interest in Fig. 5 (c) and Fig. 6 (c), it is clear that the correct operation of the bypass diode can be directly linked to the voltage in which the positive peak appears. The second area of interest (21V-33V) shows a negative peak whose value decreases with the shading area. This behavior is similar to the one observed for the second area of interest in Fig. 5 (c) and validates the impact of a non homogenous shadows despite the activation of the bypass diode. The cross comparison of the results from the shading sets 1 and 2 shows that positive peaks are linked to the bypass diodes activation with the presence of the avalanche effect characterizing a non homogenous shading. To validate this idea, the shading set 3 will study the presence of these peaks with this time an uniform shading test.

Shading set 3 -Bypass diodes and homogenous shadows

The shading set 3 shows how the detection method reacts to the activation of the bypass diode with an homogenous shadow. The shadow shape and active bypass diode are shown in Fig. 7 (a). The effect of the shadow over the I-V curve is shown in Fig. 7 (b) while the result of the detection method is shown in Fig. 7 (c). Clearly, the slope of the region situated between 15V and 27V is less pronounced than the slope visible in Fig 6 (b). This means that it is possible to distinguish an uniform shadows of a non uniform shadow. Moreover, the presence of this pronounced slope shown in Fig. 6 (b) is due to the avalanche effect of the shaded PV cell. By supposition, this shaded PV cell could dissipate a part of the DC power of others cells despite the activation of the by-pass diode. As a result, it is essential to avoid this phenomena and to prevent against non homogenous shading.

The result in Fig. 7 (c) shows a clear positive peak from 12V to 17V and two noisy negative peaks around 25V and 33V. In this case, the shadow can be considered as homogeneous over the whole PV cell group, which means that the avalanche effect can be almost neglected. In the absence of this avalanche effect, the positive peak prevails over the two small negative peaks showing that the protection provided by the bypass diode can be considered as enough. This result validates the link between the positive peaks and the bypass diodes as well as the link between the negative peaks and the avalanche effect of the shaded PV cells. Now, three others cases where the number of bypass diodes is different will be used to study how this new method can be used to detect the number of active bypass diodes and their effectiveness.

3.5

Shading sets 4 and 5 -Several bypass diodes and non homogenous shadows

The shading set 4 and 5 seek to study how the activation of several bypass diodes can be detected by the proposed method and if the non homogenous shading effect can still be distinguished under these shading conditions. Thus, the shadow shape in these cases is located in the interface between two PV cell groups, forcing the activation of The first area of interest is located from 5V to 10V and has two positive peaks whose value decreases with the shading area. These results confirm the link between positive peaks and the activation of bypass diodes. The occurrence of these peaks at a lower voltage also indicates that a higher number of bypass diodes is active and, by consequence, that the shadow is covering a larger part of the PV module.

The second area of interest is located from 21V to 33V with the two negative peaks representing the presence of the non uniform shading visible by the slope more pronounced (9V to 30V) in Fig 8 (d) and (e). This result also confirms the link between negative peaks and the avalanche effect of the shaded PV cells due to a non homogenous shading. The appearance of these negative peaks at similar voltages than those in Figs. 6 and7 indicates that the same principle can be used to detect the presence of a shading no matter the size of the shadow such as soiling.

3.6

Shading set 6 -Large homogeneous shading The shading set 6 has the objective of confirming the detection of the activation of bypass diodes for larger shadows without pronounced slope visible in Fig. 8 (c) between 9V and 30V. The shadow is shown in Fig. 9 (a), its effect in the I-V curve is shown in Fig. 9 (b) and the results from the detection method are shown in Fig. 9 (c). 

Summary of the experimental study

To summarize the results from the experimental study, Fig. 10 shows the results from the detection method for several shading cases. 

The results validate the idea that positive peaks are associated with the activation of bypass diodes and negative peaks are associated with the presence of the avalanche breakdown of the shaded PV cells on I-V curves due to a non homogenous shading.

The positive peak shifts to lower voltage values as the shadow area becomes wider and more bypass diodes become active, as can be seen in cases 1 through 4 in Fig. 10. In case 5, where no bypass diode is activated, there is a positive peak close to the short circuit current, further corroborating the avalanche breakdown in reverse bias of the shaded PV shaded cells. The negative peak shifts to voltage values close to the open-circuit voltage for severe cases of non-uniform shading. Since all the negative peaks have a similar point of origin (around 20 V) it is the distance between these two points that can be used to determine the severity of the presence of this avalanche effect and more particularly the presence of a non-homogenous shading. For each shading set, different areas are visible and may be dissociated in order to perform the fault detection. This fault detection method could be implemented in a microcontroller and in embedded system. The position of the maximum amplitude in each case of shading set is different whether in the positive side than the negative side in function of the PV module voltage An important remark is that the noise can be an issue when evaluating the presence of the peaks and their occurrence. To avoid false detections, it is recommended to establish an uncertainty zone around zero dE/dV and around VOC. Peaks within these areas do not bring useful information to the detection and should be ignored. To summarize this part, for each shading set, an area on the calculation of DE/DV have been identified in order to detect and to dissociate a non-uniform shading of an uniform shading despite the activation of the bypass diode.

The presence of the avalanche breakdown on I-V curves when the by-pass diode is activated and the non homogenous shading could have an impact on aging PV modules. Indeed, this pronounced slope traduces the fact that the shaded PV cells could dissipate power and could have important impact on the PV modules lifetime and on their effectiveness.

Conclusion

The shading effect on PV module is one of the main causes of inefficiency and degradation of PV modules losses.

It is difficult to quantify precisely the resulting losses and the impact on PV module aging, especially in urban areas. Despite the use of by-pass diodes to protect PV modules, the presence of the avalanche effect of the shaded PV cell is visible on experimental I-V curves test with non-homogeneous shading. Some localized shaded PV cell dissipate power in the form of heat as shown in Section 2. It is shown in this study the possibility to detect and to disseminate shading forms which have not the same impact on the long term on PV modules performances for example for the case of the presence of soiling. As a result, this phenomenon could impact the PV module performance and could probably accelerate its premature aging.

This study has shown that it is possible to detect and identify the avalanche effect of the shaded PV cell through the presented analysis of I-V curves. Moreover, it is possible to dissociate a homogenous shading of a non homogenous shading. Several shading sets were performed on a PV module to validate the detection method proposed in this work. This method is based on the comparison of I-V curves obtained in normal operating conditions with those obtained under shading conditions. The first derivative calculation between the standard error and the PV module voltage can detect the activation of bypass diodes or other effects such as the dissipation power due to non homogenous shading on PV modules.
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 111 Fig. 1 : IR camera test on PV module in open circuit (a) and in short circuit (b)

Fig. 2 :

 2 Fig. 2 : IR camera test on PV module with a covered PV cell in open circuit (a) and in short circuit (b)

Fig. 3

 3 Fig. 3 shows I-V curves model for a generic PV cell with different illumination showing the avalanche effect of the PV cell in reverse bias. The breakdown voltage of the PV cell is estimated at -15V.

  (a) for different percentage of shadows performed on one cell. If the string voltage exceeds the transmission voltage of the by-pass diode, it becomes active and shortcircuits the group of shaded PV cells. Theoretically, the breakdown voltage is not reached. In this simulation, there are one sub-string by-passed by the diode and two in normal operating. This leads to the apparition of two break points of the voltage as shown in Fig. 4 (b).

Fig. 4 :

 4 Fig. 4 : Shading tests simulation (a) and I-V curves results (b)Most of the authors in the current literature works with shadows larger than a few cells[START_REF] Patel | Maximum power point tracking scheme for PV systems operating under partially shaded conditions[END_REF][START_REF] Bidram | Control and circuit techniques to mitigate partial shading effects in photovoltaic arrays[END_REF][START_REF] Orozco-Gutierrez | A method for simulating large PV arrays that include reverse biased cells[END_REF]. Large shadows may represent the passage of clouds or the movement of trees, which may be a problem for medium to large PV plants. However, in smaller building integrated PV systems the PV plant may share the space with other objects leading to projected shadows which may cover only corners of the PV modules, i.e. shading only a few cells.
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3 . 2 Shading set 1 -

 321 Overall study of the presence of the reverse bias on I-V curves of the PV shaded cell shading The results for the shading set 1 are given in Fig 5. The shadow scenario is shown in Fig. 5 (a), which represents the variation of the shading area. The presence of the reverse bias characterized by the avalanche effect and caused by each shadow is visible on I-V curves in Fig. 5 (b). The results of the detection method are shown in Fig. 5 (c).

Fig. 5 :

 5 Fig. 5 : Results for the shading set 1: (a) the shadow scenario, (b) the I-V curves for each shadow scenario and (c) the results of the detection method.

Fig. 6 :

 6 Fig. 6 : Shading set 2 operation over PV modules (a), I-V curves results (b) and first derivative results (c) By comparing Fig. 5 (b) and Fig. 6 (b), it is possible to see that the presence of the bypass diode introduces a step.

Fig. 7 :

 7 Fig. 7 : Shading set 3 -(a) the shadow shape, (b) the impact of the shadow over the I-V curve and (c) the result from the detection method

  Fig. 8 (e).

Fig. 8 :

 8 Fig. 8 : Shading sets 4 and 5 -(a) and (b) the shadow shape, (c) and (d) the impact of the shadow over the I-V curves, (e) the results from the detection method. The results shown in Fig. 8 (e) validate the two areas of interest observed in Figs. 5, 6 and 7.

  Gradient result: 2 by-pass diodes of activated 2 cells of two groups covered at 50% Gradient result: 2 by-pass diodes of activated 2 cells of two groups covered at 100%

Fig. 9 :

 9 Fig. 9 : Shading set 6 -(a) the shadow scenario, (b) the impact of the shadow over the I-V curve and (c) the results from the proposed detection method. The result from Fig. 9 (c) confirms that a positive peak is directly linked to the activation of bypass diodes. When a positive peak appears at voltages much lower than the open-circuit voltage, it means that the shadow is large and several bypass diodes are active. Since the negative peak is very close to the open-circuit voltage, it can be interpreted that the shadow is homogeneous without a pronounced slope in the region between 8V and 27V.

( 1 )

 1 One by-pass diode of activated with homogenous shading (2) Two by-pass diodes of activated with homogenous shading (3) Two by-pass diodes of activated with non homogenous shading (4) One by-pass diode of activated with non-homogenous shading (5) Non homogenous shading with by-pass diodes disconnected

Fig. 10 :

 10 Fig. 10 : First derivative calculation of the standard error compared to PV module voltage for each tests of shading on PV module

Table 1 : TE2200 PV module specifications

 1 

	Variable	Value
	Cell type	Mono crystalline
	Maximum power rating (Pmax)	250Wp
	Open circuit voltage (Voc)	37.5V
	Short-circuit current (Isc)	8.8A
	Voltage at maximum power (Vmp)	30.05V
	Current at maximum power (Imp)	8.4A
	By-pass diodes	3

A string of PV modules in series is disconnected in order to perform shading tests on one PV module, in open circuit and in short-circuit.

Table 2 : Scenarios of shading sets performed over PV module equipped or not of bypass diodes

 2 

	Shading Set	Shading Area	Shadow Size	Bypass Diodes
	1	Variable (10% -100%)	1 Cell	Removed
	2	Variable (10% -100%)	1 Cell	1 Active
	3	Fixed (50%)	20 Cells	1 Active
	4	Fixed (50%)	2 Cells	2 Active
	5	Fixed (100%)	2 Cells	2 Active
	6	Fixed (50%)	40 Cells	2 Active
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