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Abstract: This study presents an experimental performance of a solar photovoltaic module under clean, dust, and shadow conditions. It is found that there is a significant decrease in electrical power produced (40% in the case of dust panels and 80% in the case of shadow panels) and a decrease in efficiency of around 6% in the case with dust and 9% in the case with the shadow, as compared to the clean panel. From the results, it is clear that there is a substantial effect of a partial shadow than dust on the performance of the solar panel. This is due to the more obstruction of the sunlight by the shadowed area compared to the dust. The dust being finer particles for the given local experimental condition did not influence the panel than the shadow. The main outcome of this study is that the shadowing effect may cause more harm to the PV module than dust for the given experimental conditions. However, Further long-term studies on the effect of dust and shadow are needed to understand the effect on performance degradation and module life.
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1  Introduction

Nowadays, the energy-term has become a key aspect all over the world for everything. This involves the sustainable use of resources. Because the current (I)–voltage (V) and power (P)–voltage (V) characteristics are extremely non-linear, estimating the efficiency of a PV system is one of the most difficult challenges when considering commercial uses of photovoltaic (PV) systems [1]. Parameters for creating photovoltaic models using observed voltage-current characteristics are critical for photovoltaic-based system simulation, control, and assessment [2]. Though PV systems are known to be maintenance-free, the system's performance must be evaluated regularly to ensure maximum PV power consumption and to decrease the influence of shade and PV module orientation on the output power [3,4]. Precise forecasting of P--V characteristics, V--I features, open-circuit voltage, short circuit current, and maximum power point (MPP) for varied temperature and solar irradiation conditions has lately become extremely important [5,6]. Premkumar et al. provided a detailed analysis and assessment of interconnected photovoltaic (PV) modules under different shading conditions and various shading patterns [7]. Solar PV research has been classified into three generations according to the developments made in PV cells, from crystalline PV cells to thin films and later to dye-sensitized PV cells [8]. There have been several studies on solar PV applications in the area of stand-alone photovoltaic systems (SAPV) [9–12], building integrated photovoltaic systems (BIPV) [12–15] and performance analysis [16–20]. This paper is divided into three sections. Section 2 discusses the literature review of the current work; Section 3 discusses the experimental methodology, and Section 4 discusses the results of the current research.

2  Research Background

2.1 Studies on Effect of Dust

The accumulation of dust on the surface of a photovoltaic module decreases the radiation reaching the solar cell and produces losses in the generated power [21]. Dust reduces the radiation available for the photovoltaic conversion on the solar cell and increases the energy loss of the system. Accumulation of dirt or dust particles on the solar photovoltaic panel surface, such as dust, water, and sand, block or hinder light energy from entering the solar cells [22]. It is a major problem since the materials for light obstruction pose as external resistances which reduce solar photovoltaic efficiency [23]. The dust will surely reduce the absorption capacity of the panel's photovoltaic cells. A single layer of dust is enough to obstruct the passage of light, and this will make the solar cells ineffective. Heavy dust covering the surface of the solar panel will reduce the output of the system [24]. The effect would be more obvious if the PV system consists of more cells or Stand-Alone Photovoltaic (SAPV) systems installed in areas where there will be heavy dust. Due to environmental conditions because of the exposure of surfaces, layers of dust are accumulated. Many other factors, such as the direction of the wind, humidity, etc also influence the deposition of dust [25]. It is preferable to have high wind speeds as they help in driving away from the accumulated dust. Pmax, Imax, Isc, and fill factor (FF) are the most affected performance characteristics by the dust deposits on the PV module surface [26]. Studies have shown that accumulated dust can reduce solar panel performance, but the results have not been clearly quantified [27].

2.2 Studies on Effect of Shadow

The location of solar panels is important when deciding on the development of a photovoltaic solar system [28]. It is very clear that solar panels should be placed in such a way as to absorb solar radiation during the time when the sun is at its highest as shading supersedes this when it comes to dominance [29]. Shadow effects solar panel performance considerably [30]. Partial shadow or full shadow both affect the amount of solar radiation received by cells. When shaded by a tree branch, building, or module dust, a cell's output declines [31]. The output decreases in proportion to the amount of shading. So, depending on the area of the cell that is shaded, the power-producing capacity of the cell will go down [32]. Hence there will be a drop in the amount of energy output of the Solar PV. The disadvantage of a series connection of cells is that one cell will affect the performance of the whole panel [33]. The same concept is applicable, even in the case when a series of panels are connected in the form of an array [34]. For completely opaque objects like a leaf, the decrease of the cell's current output is proportional to the amount of the cell that is obscured.

2.3 Objective and Scope of the Study

Recent studies have shown that research has generally been performed, taking into account the effect of dust and the effect of shadows separately. Still, there is very little literature that discusses the study of dust and the shadows simultaneously. This paper is written to bridge that gap to take into account the broader picture so that the overall performance reduction of the solar PV system can be analyzed. The present work was carried out to experimentally investigate the accumulation of dirt or particles and shadow on the electrical performance of the solar PV panel. This research work is not intended to study the quantitative effect of dust and % of the shadow, which is also the limitation of the study.

3  Experimental Methodology

3.1 Experimental Setup and Procedure

The small-scale experimental setup is described in this section. Three sets of experiments were conducted for a 3 Wp power capacity panel manufactured by Tata Solar available in the laboratory for this experimental investigation. Based on the latitude of Thanjavur, the panel was oriented for receiving solar radiation for the maximum number of hours. The specifications of the panel are listed in Tab. 1. A 50 Ω rheostat was connected to the PV module for measuring the IV characteristics. The solar panel was tested in the standard test conditions (STC) corresponding to AM 1.5, 25°C, and 1000 W/m2. Experiments using solar panels partially obstructed with shadow and soil dirt were conducted under natural outdoor conditions The block diagram of the experimental setup is shown in Fig. 1. Fig. 2 describes the experimental setup of the cleaned PV module, module with shadow and dust, respectively. Fig. 3 shows the solar panel with and without dust. The whole methodology of the experimental study is presented in Fig. 4.
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Figure 1: Sample circuit diagram of PV system with dust
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Figure 2: Experimental setup of clean panel, shadow panel and with dust (i) Clean PV panel (ii) PV panel (partially shadowed) (iii) PV panel with soil dust

3.2 Instrumentation

Digital Multimeter was used to measure the open-circuit voltage and short circuit current of the solar panel with the following specifications: DC Voltage: 0–100 V, DC Current: 0–10 A, Double Display, Brand Name: “Tfpro” was used. A light meter, range 0–50000 lux, brand name: “WE300” was used to determine the lux level. The temperature of the PV module was assessed with the Infra-read thermometer. Air temperature and relative humidity were recorded using a thermo-hygrometer with an accuracy of ±2%.

3.3 Performance Analysis

For the first set of studies, the experiment is performed on a cleaned solar PV panel without any dust. The same set of analyses are repeated with the accumulation of dust and under the influence of shadow. The performance analysis is studied using the various equations given in Eqs. (1)–(4). The effect of dust and shadow was studied based on the percentage reduction in power and efficiency of the solar PV modules.

∙ Power output (watts) of the PV module P=VOC∗ISC∗FF(1)

∙ Electrical efficiency of PV module η=VOC∗ISC∗FFA∗1000∗100(2)

∙ % Reduction in power=powercleanpanel−powerwithdustpowerwithoutdust∗100(3)

∙ % Reduction in efficiency=ηcleanpanel−ηwithdustηcleanpanel∗100(4)


where,

Voc = Voltage of electricity produced (volts)

Isc = Electrical current produced by the solar PV panel (Ampere)

FF = Fill Factor = 0.75

A = Area of solar panel (cross-section of panel) = 180 ∗ 150 mm2

I = Intensity of solar radiation (W/m2) = 1000 W/m2

The following assumptions were made during the study:

(1)   The experiments were done on consecutive days on clear sky days during which the climatic conditions are assumed to be similar.

(2)   The effect of temperature and irradiance on the power output of the solar PV module is already accounted for by measuring voltage and current in outdoor conditions.

(3)   The analysis of electrical efficiency was evaluated for standard test conditions for 1000 W/m2 irradiance.
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Figure 3: Solar panel with and without dust
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Figure 4: Flowchart of the proposed work

4  Results and Discussion

4.1 Voltage and Current Variation

The experimental investigation was carried out with natural dust (soil) and shadow. Performance parameters such as voltage, current, Electrical power, and Electrical efficiency were compared with and without shadow. Fig. 5 shows the comparison of the current of the cleaned panel, with shadow and dust. The peak voltage of 17.56 V and current of 0.147 A for the cleaned panel and peak voltage when the cells of the panel are shadowed is 10.1 V and 0.06 A at 1:00 pm. It can be observed that there is a drop in the peak voltage level by 0.8 V when the panel is accumulated with dust. It is observed that peak radiation is obtained from the sun at 2:30 pm with a voltage of 17.56 V and 0.147 A for the cleaned panel and maximum voltage when the panel accumulated with the dust is 16.8 V and 0.12 A at 1:00 pm. This effect will further increase if the panel capacity increases and the panel is installed at the location where there will be heavy dust concentration. Fig. 6 shows the comparison of the current of the cleaned panel, with shadow and with dust. Natural dust or sand particles are considered to affect the power output more compared to other types of dust. Shading affects the output generated by the solar panel as it leads to hot spots, which may sometimes lead to permanent damage to solar cells.
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Figure 5: Comparison of the voltage of cleaned panel, with shadow and dust
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Figure 6: Comparison of the current of the cleaned panel, with shadow and dust

4.2 Power Output Variation

Fig. 7 shows the comparison of the power of the clean panel, with dust and with shadow. The power output was decreased to 60% of the maximum power that was obtained without any dust. The power output was decreased to 20% of the output power when compared to the one without dust shadow. The results show that the electrical performance of the panel is significantly affected because of shadow [35].

[image: images]

Figure 7: Comparison of power of clean panel, with dust and with shadow

4.3. Module Efficiency Variation

There was a decrease in efficiency by 6% when compared to the one without any dust. These results are in line with various other studies that have been reported in the literature [36–44].
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Figure 8: Comparison of the efficiency of clean panel, with dust and with shadow
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This can be attributed to the fact that natural dust consists of various materials of various sizes [38]. Due to several irregularities, solar cell efficiency is affected, thereby affecting the overall efficiency of the panel [40]. Similarly, there is a significant decrease in the efficiency of the panel due to the effect of shadow. There was a 9% decrease in maximum efficiency due to the effect of shadow. Although the performance of the clean panel is not affected, the improvement was evident when compared to the one exposed to dust and shadow (Fig. 8). From the above characteristics, it can be realized that the power output and efficiency, which primarily describes the performance analysis of any system, is decreased because of the accumulation of dust [41]. The comparison of the present work with other literature on dust and shadow is listed in Tab. 2.

It shows the importance of the proper maintenance of the PV panel in such a way it is free from dust and shadow to generate maximum power under the given climatic conditions.

5  Conclusion

The performance of three conditions of PV modules under the real experimental conditions has been compared to analyze the effect of shadow and dust.

•   It was observed that there was an 80% reduction in electrical power production with shadow and 40% reduction in electrical power production with dust. compared to the panel free from dust and shadow.

•   It was observed that there was a 9% reduction in electrical efficiency of the panel with shadow and a 6% reduction in efficiency in case of dust compared to the panel free from dust and shadow.

•   For the experimental conditions studied, it is concluded that even partial shadow conditions substantially influence the performance of the solar panel when compared to dust.

•   It is imperative to identify and select a location where solar PV is maintained without any dust and shadows. Also, as solar PV technologies are increasingly applied in Building Integrated Photo Voltaic (BIPV), it is of great importance to see that there is a process of regular maintenance and that the PV is free from any shadows for the optimal use of solar energy. Thus, the importance of maintaining the PV panels clean and free of shadows has been realized.

•   The characterization of the size and type of deposition of dust can also be done in the future to analyze and understand the effect of dust on the performance of Solar PV.
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Table 1: Specifications of the solar panel

Specification Rating
Maximum power 3IW
Open circuit voltage (Voc) 21V
Short circuit current (Isc) 0.19 A
Voltage at maximum power 17V
Current at maximum power 0.18 A

Maximum system voltage 600 V
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Table 2: Comparison of the eftect of dust and shadow on the PV module with other literature

Authors Climatic PV module details Method Major findings
conditions
Ahmed et al. [36] Sharjah, 5 Wp polycrystalline Experimental = Power output reduced by
UAE module 12.7% with dust
Rima et al. [37] Doha, A string of 8 Exp.Test The adhestion of dust was
Qatar. polycrystalline facility found to have a correlation
modules tilted at with Relative humidity and
22° optimum valuewas found
to be around 70%
Lay et al. [39] Lecce, Italy 75 W thinfilmCdTe  Exp.Test Power output decrease
module facility from 75 to 20 W after six

Dhimish et al. [42]

Saavedra et al. [43]

Wu et al. [44]

This study

Huddersfield,
UK

Gévle,
Sweden

Changsha,
China

Thanjavur,
India

PV sub-strings (20
series-connected
solar cells) 73.32
Wp

200 W & 265 W
Mono-crystalline

175 W
Mono-crystalline

3 Wp polycrystalline
module

Simulation +
Experimental

Simulation +
Experimental

Modeling +
Experimental

Experimental

years of exposure

The power output under
partial shaded conditions
using current limiter was
enhanced by 15% when
compared to that without
the current limiter

Bypass diode enhanced the
power increment of more
than 150 W compared with
the shaded module,
Shadow results in an
average energy reduction
of 3.92%.

Power output was
decreased to 60% with
dust and 20% with shadow
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(a) Solar PV panel without dust (b) Solar PV panel with dust
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