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Abstract— The output of the photovoltaic cells such as voltage and current is an essential parameter to 
assess the performance of photovoltaic cells. The performance of photovoltaic cells depends on the intensity 
of solar irradiation and the cleanliness conditions of cells. One of the factors that influence the performance 
of photovoltaic cells is shading. It can reduce the intensity of solar irradiation on the cells. In this study, 
the measurement system used two units of current and voltage sensors that simultaneously measures the 
performance of photovoltaic cells. In photovoltaic cells covered by a shading net with nominal shading rates 
of 50% and 90%, the average efficiency is 6% and 2% respectively. Meanwhile, for photovoltaic cells without 
covering by a shading net, the average efficiency is 11%.  
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I. INTRODUCTION 

The utilizat ion of renewable energy in national energy 

policy in Indonesia is one of the prio rit ies to meet national 

energy needs. Even in  2028, it  can supply 23% of national 

energy needs [1]. One of the abundant renewable energy 

sources in Indonesia is solar energy. The government has a 

target to produce energy from this source up to 908 MWp in  

2028 [1]. The government has issued some regulations to 

encourage the utilizat ion of photovoltaic cells. In addit ion, as 

a source of energy directly through the rooftop photovoltaic, 

the government proposes some supports such as creating a 

billing system to accommodate export-import offsets and 

providing credit  deposits from photovoltaic consumers [2]. 

Some factor influences the efficiency of photovoltaic such as 

the type of PV material, solar radiat ion intensity received, cell 

temperature, parasit ic resistances, cloud and other shading 

effects, inverter efficiency, dust, module orientation, weather 

conditions, geographical location and cable thickness [3]. In  

this paper, shading effect as one of factor that influences the 

efficiency of photovoltaic performance will be discussed.  

Several studies related to the influence of the shading to 

the photovoltaic cells in both experimentally [4]  – [17] and 

modelling have been conducted [18] – [20]. Besides, several 

studies related to photovoltaic cells monitoring [21] – [23] 

have also implemented to support the purpose of research, 

which is to observe the performance of photovoltaic under the 

influence of the shading nets. If a  photovoltaic module is 

partially shaded, some of the cells will work in  reverse b ias. 

This causes the cell to act as loads and not as electrical 

generators. In addition, the presence of shade will reduce the 

intensity of the solar irrad iation that illuminates the 

photovoltaic module. In one model, the intensity of irradiat ion 

is directly proportional to the current generated by 

photovoltaic cells [24]. Thus, the presence of shade will 

reduce the performance of photovoltaic modules. 

The solar array simulator is commonly using to measure 

the characteristics of the dependence of the performance of 

the photovoltaic module on the intensity of the irradiation. 

However, the equipment has expensive costs. In this article, a  

measurement method is proposed to determine the 

dependence of the performance of the photovoltaic module on 

the irradiation intensity using shading nets. Shading nets is a 

tool that is generally used in plant cult ivation and acts as a 

shade. The choice of using shading nets is because it has a 

specific shade rate. Thus, the uses of shading nets are 

expected to reduce measurement costs and can be an 

alternative in learning activ ities related to photovoltaic 

modules. 

II. METHOD 

This research uses a 50 Wp photovoltaic panel with a size 

of 784x506x35 mm
3
 that is installed outdoors so that it can get 

direct sunlight. Then, the voltage sensor, current sensor, 

Arduino, solar charger controller and ESP8266 place in  the 

room to protect from weather influences. 

Shading nets were used to observe the effect of shade on 

the performance of photovoltaic. Two types of shading nets in 

this research were shading net-50 and shading net-90, which  

means the nominal shading rates are 50% and 90%, 

respectively. Figure 1 shows a comparison design between 

photovoltaic cells without shading net and photovoltaic 

covered by shading net. 
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(a) (b) 

Figure 1.  Photovoltaic panel design: (a) without shading net (b) covered by 
shading net  

The wiring d iagram of the monitoring system in this study 

is shown in Figure 2. Based on Figure 2, the device consists of 

two units of photovoltaic panels, two units of voltage sensors, 

two units of current sensors, Arduino, and ESP8266 module. 

The photovoltaic panel is connecting in parallel with the 

voltage sensor, i.e. the positive terminal of the photovoltaic 

panel is connecting to the VCC on the sensor, and the negative 

terminal o f the panel is connecting to the GND on the sensor. 

Meanwhile, the solar panels are connected in series with the 

current sensor. 

 

Figure 2.  Wiring diagram 

III. RESULT AND DISCUSSION 

In Figure 3, the photographs of photovoltaic panels 

covered by shading net are presented. Based on these photos, 

it shows that the shading net-90 can obstruct solar irradiat ion 

intensity on photovoltaic panels more than the shading net-50. 

This is because the shading net-90 has a higher density than 

the shading net-50. Research several types of photovoltaic 

also show differences in current, voltage and power values 

when using shading net and with a 50% shading net [7]. 

In Figure 4, photo-generated current data by photovoltaic 

panels that are illuminated by solar radiat ion at 8:00 –  12:00 

AM are presented. The measured current in this data is 

obtained for current with lamp loads. Figure 4 shows the 

current measurements of photovoltaic without shading net and 

the range of current is 0.57 – 2.22 A, with the average current 

of 1.31 A. The measured current range for panel covered by 

shading net-50 is from 0.22 –  1.42 A, with the average current 

of 0.69 A. Meanwhile, the measured current ranges for 

shading-90 is from 0 – 0.52 A, with the average current of 

0.19 A. The temperature during the measurement is in the 

range of 31.4 – 38.8 ℃. Based on these results, the average 

current generated by photovoltaic panels covered by shading 

net-50 and shading net-90 decreased by 47% and 90% 

respectively. 

 
(a) 

 
(b) 

 
(c) 

Figure 3.  Photograph of photovoltaic panels: (a) without  shading net,           
(b) covered by shading net -50, and (c) covered by shading net -90 
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Figure 4.  Photo-generated current by photovoltaic: (a) without shading net, (b) covered by shading net -50, and (c) covered by shading net -90

The decrement in the average photo-generated current in 

this study is proportional. This is in accordance with the 

model, which states that the relationship between current and 

solar irrad iation that illuminated photovoltaic cells at the 

constant temperature satisfies the following equation [24]: 

      
 

    
(   )  

where Ist is photo-generated current at standard condition 

(standard solar irradiance = 1000 W/m
2
 and standard 

temperature = 25℃), G is solar irradiance that illuminated 

photovoltaic cells, and a is constant which related to 

temperature parameter. Solar irradiation received by 

photovoltaic cells without shading net, covered by shading 

net-50 and shading-90 are expressed in percentages, 100% G0, 

50% G0, and 10% G0 , respectively, where G0 is solar 

irradiance without treatment. Through the substitution of these 

definitions in (1), the equation can be reduced to, 

        

where η is the percentage of solar irradiation while b and c  are 

empirical constants related to standard current and 

temperature. To validate the model, Figure 5 presents a 

comparison between the above model and the experimental 

results in this study. It appears that the experimental results 

are in accordance with the model in (2) with the value of        

b = 0.01244 and c = 0.06639. The accuracy of the model is 

expressed by R
2 

= 0.999.  

Based on Figure 6, the measured voltage of the 

photovoltaic panel that is not covered by the shading net at 

08.00 – 12.00 AM was between 13.04 V – 18.94 V and the 

average measured voltage is 17.49 V. As a comparison, the 

voltage generated by photovoltaic with shading net-50 ranges 

from 13.02 V – 18.94 V with the average measured voltage is 

17.49 V. Meanwhile, the maximum measured voltage for 

photovoltaic panel covered by shading net-90 is 18.9 V and 

the minimum voltage is 13 V. The average voltage for this 

case is 17.52 V. 

The efficiency of the photovoltaic panel is calculated by 

some parameters such as peak voltage, peak current, solar 

intensity per square meter and surface area of the panel, and 

the results are shown in Figure 7. The range of efficiency of 

the photovoltaic panel covered by shading net-50 is 2.13% –  

15.30% with the average efficiency of 6%, while the range 

efficiency of the photovoltaic panel covered by shading net-90 

is 0% – 7.49% with the average efficiency of 2%.  As a 

comparison, the range of efficiency of the photovoltaic panel 

without shading is 5.09% – 22% and its average efficiency of 

11%. 

 

Figure 5.  Comparison of measurement (dot) with the model (line) in (2)  
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Figure 6.  Photo-generated voltage by photovoltaic: (a) without shading net, (b) covered by shading net -50, and (c) covered by shading net -90 

 
Figure 7.  The efficiency of photovoltaic: (a) without shading net, (b) covered by shading net -50, and (c) covered by shading net -90 

IV. CONCLUSION 

The shading net may decrease the performance of 

photovoltaic cells. Based on research, the average current of 

the photovoltaic panel without shading net is 1.31 A. 

Meanwhile, the average current for photovoltaic panel 

covered by shading net-50 and shading net-90 are 0.69 A and 

0.19 A, respectively. The average efficiency of the 

photovoltaic panel without shading net is 11%, and the 

efficiencies of the photovoltaic panel covered by shading net 

50 and shading net-90 are 6% and 2% respectively. This 

certainly made the reason that the shading net hampered the 

solar radiation and consequently on photovoltaic performance. 
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