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Abstract
Photovoltaic (PV) systems are, numerically, the most widespread type of power plant that 
harvests renewable energy sources for electricity production. This paper investigates the 
influence of shading on the electrical characteristics of thin-film PV modules. Two types 
of thin-film PV modules are used: amorphous silicon and copper-indium-selenide. The 
electrical parameters of PV modules under various cases of shading are measured, analysed, 
and presented in tables and charts. A comparison between the electrical characteristics of 
crystalline silicon and thin-film PV modules under shading showed that thin-film PV modules 
have more consistent electrical parameters. I-V and P-V characteristics of shape of thin-film 
PV module are unaffected by shading. The power losses and efficiency of shaded modules 
are decreasing in linear relation to the increasing shaded area of a PV module. 
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Povzetek 
Fotonapetostni sistemi so številčno najbolj razširjena vrsta elektrarn, ki izkorišča obnovljivi vir 
energije za proizvodnjo električne energije. Članek obravnava vpliv senčenja na električne 
lastnosti tankoplastnih fotonapetostnih modulov. Uporabljata se dve vrsti tankoplastnih 
fotonapetostnih modulov, in sicer iz amorfnega silicija in bakra-indija selenid. V članku se tako 
merijo in analizirajo električni parametri fotonapetostnih modulov v okviru različnih primerov 
senčenje. Rezultati so predstavljeni tabelarično in grafično. Primerjava med električnimi 
lastnostmi silicijevih in tankoplastnih fotonapetostnih modulov v skladu s senčenjem je pokazala, 
da imajo tankoplastnih fotonapetostni moduli bolj dosledne električne parametre. Senčenje ne 
vpliva na I-U in P-U karakteristike tankoplastnih modulov. Izgube in izplen v primeru senčenja 
modula se zmanjšuje linearno glede na vse večjo senčenje območja modula. 

 
1 INTRODUCTION 

In the 21st century, humankind has encountered the problem of global warming because the vast 
majority of electricity is produced from fossil fuels. According to World Energy Statistics 2016, 
published by the International Energy Agency, global energy needs can be satisfied by coal only 
until 2088. Oil reserves will be exhausted by 2060 but, even worse, natural gas reserves will be 
exhausted by 2053, [1]. Pollution and the climate changes that the usage of fossil fuels are 
bringing are even more noticeable. During the 1990s, scientists observed rapid changes of global 
temperature and climate changes, [2]. The response to that was the first attempt to tackle the 
problems with the Kyoto Protocol, in which world leaders committed their country to reduce gas 
emissions into the atmosphere, [3]. In 2007, the European Union responded with the 2020 
Climate & energy package in which a set of binding legislation ensures that the EU meets its 
climate and energy targets for the year 2020. Three key targets are a 20% cut in greenhouse 
emissions from 1990 levels, a 20% improvement in energy efficiency and 20% of EU energy from 
renewable energy sources i.e. solar energy, wind power, hydropower, geothermal energy and 
bio-energy, [4]. The framework adopted by EU leaders in October 2014 that builds on the 2020 
climate & energy package is the 2030 climate & energy framework with key targets of a 40% cut 
in greenhouse emission, a 27% improvement in energy efficiency, and 27% of EU energy from 
renewables, [5]. The ultimate goal for 2050 is a low-carbon economy in which the EU has cut 
greenhouse gas emissions to 80% below 1990 levels, [6]. Photovoltaic systems (PV) are the most 
widespread form of harvesting solar energy for electricity production. There are two main types 
of solar cell technologies used today: crystalline silicon and thin film photovoltaics. Electrical 
characteristics of solar cells are represented with I-V and P-V characteristics. The output of a PV 
module depends directly on input energy from the sun and the temperature of a PV module. If 
even a small part of irradiated energy is shaded by an object, the output energy of a PV module 
is significantly reduced, [7]. 

In [8], the shading influence on the I-V characteristic of a mono-crystalline PV module was 
studied. The results show that power loss depends on the location of the shade on the PV module. 
If a shade is placed across all six columns of PV cells, horizontally, power decreases by 
approximately 93%. If a shade is placed across 6 cells in one column, vertically, power decreases 
by approximately 30%; this does not depend on the number of shaded cells in the same column. 
Zulu and Kashweka, [9], conducted an experiment of shading of a monocrystalline PV module in 
three steps, 25%, 50% and 75% of the area. Results showed that in the case of 25% of area shaded, 
power output was reduced by 75% and efficiency dropped to approximately (2.9%±0.2%). In the 
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case of 50% and 75% of the area of module shaded, power output dropped by 90 % and efficiency 
dropped to approximately 0.8%±0.1%. Sun et al., [10], were studying the influence of wire pole 
shading on electrical properties of six polycrystalline PV modules. The results showed that the 
power output of modules depends on the number of bypass diodes integrated into the PV 
module, the size of the shaded area, and the position of the shadow on the PV module surface. 
Dolara et al., [11], studied the influence of different shading scenarios on monocrystalline and 
polycrystalline silicon single-cell and whole PV modules. They conducted two shading scenarios 
for single-cell, right-to-left and bottom-to-top. For a PV module, three shading scenarios were 
examined: horizontal, vertical and diagonal. A decrease of the power output for every case 
conducted in this paper does not depend on crystalline technology of which PV modules are 
made. In [12], [13], [14], [15] and [16], the effects of partial shading on PV arrays characteristics 
and efficiency are investigated. The main goal of the papers was to propose Maximum Power 
Point Tracker algorithms, which would extract maximum power from partially shaded PV modules 
with deformed P-V characteristics. Bai et al., [17], proposed new physical PV array arrangements 
to mitigate partial shading effects. Three new physical arrangements are proposed and compared 
with the performance of existing configurations. While, according to [18], the efficiency and 
production of thin-film modules is increasing, researchers are neglecting the investigation of this 
kind of photovoltaics.  

This paper investigates influence of shading on electrical characteristics of thin-film PV modules 
unlike other research studies so far, which only examined crystalline silicon technologies of PV 
modules.  

 

2 METHODOLOGY 

2.1 Measuring method and instruments 

Experiments were conducted on two different technologies of thin film PV modules. The first PV 
module, named Masdar MPV100-S, uses amorphous silicon technology for electricity production. 
The second PV module, named Solar Frontier SF150-S, uses copper-indium-selenide (CIS) alloy for 
electricity production. The technical specifications of Masdar MPV100-S are shown in Table 1, 
[19, 20]. 

  

Table 1: Masdar MPV100-S and Solar Frontier SF150-S technical specifications 

Parameter Unit Masdar MPV100-S Solar Frontier SF150-S 

Nominal peak power  MPPP  W 100 150 

Nominal voltage  MPPV  V 75 81.5 

Nominal current  MPPI  A 1.34 1.85 

Open circuit voltage  OCV  V 96 108 

Short-circuit current  SCI  A 1.56 2.2 
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Efficiency    % 7 12.2 

Temperature coefficient of MPPP  %/°C - 0.2 - 0.31 

Temperature coefficient of OCV  %/°C - 0.3 - 0.3 

Temperature coefficient of SCI  %/°C 0.1 0.01 

Dimensions (length x width x thickness) mm 1300 1100 7   1257 977 35   

Weight kg 29.5 20 

 

The measuring instruments used for the experiments were a Metrix PX110 Powermeter, a 
Peaktech 3320 DMM, and a Seaward SOLAR Survey 200. The Metrix PX 110 Powermeter is a 
digital power meter and it is used for measuring the voltage, current and output power of a PV 
module. The electrical circuit used for measuring the I-V characteristics of the PV modules is 
shown in Figure 1. 

 
Figure 1: I-V characteristic measuring electrical circuit 

 

A Peaktech 3320 DMM Digital multimeter is used for measuring short-circuit current and open-
circuit voltage of the PV modules while a Seaward SOLAR Survey 200 instrument is used for 
measuring the solar irradiance in W/m².  

 

2.2 Shading simulation 

The simulated shading profile is divided into 11 steps from the bottom of the module to the top. 
The first step of the shading profile spreads from the first 10 cm from the bottom edge of the PV 
module across its whole width. Each next step adds another 10 cm in the height of the module. 
The final and 11th step shades 110 cm of the module from the bottom edge to the top, leaving 
only small part of unshaded area, which depends on the height of the PV module. Measurement 
of the I-V characteristic for each PV module and for every shading case was done according to the 
electrical schematic shown in Figure 1. The first I-V characteristic measuring was done for an 
unshaded area of a PV module. After that, eleven I-V characteristics for each PV module are 
measured for each shading case. At the same time as the I-V characteristic is measured, the 
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irradiance level was measured. An example of the 1st, 2nd and 11th steps of the shading profile is 
presented in Figure 2. 

 

. . . . . .

1st
2nd 11th. . . . . .  

Figure 2: First, second and 11th steps of the shading profile 

 
3 RESULTS 

3.1 Masdar MPV100-S 

I-V and P-V characteristics for unshaded and 11 steps of shading profile for a Masdar MPV100-S 
amorphous silicon PV module are given in Figure 3 and Figure 4. The results reveal that I-V and P-
V characteristic’s shape does not depend on shading of PV module surface unlike mono- and poly-
crystalline silicon PV modules. The P-V characteristics given in Figure 4 have only one maximum, 
regardless of shading case. 

 
Figure 3: I-V characteristics for unshaded and 11 shading cases of Masdar MPV100-S PV module 
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Figure 4: P-V characteristics for unshaded and 11 shading cases of Masdar MPV100-S PV 

module 

The processed results for the Masdar MPV100-S PV module for unshaded and 11 cases of shading 
profile are given in Table 2. The results displayed in Table 2 show that the fill factor F of the I-V 
characteristic does not change in a significant way, regardless of the shading case, which confirms 
that its shape is not significantly affected.    

 
Table 2: Results for Masdar MPV100-S PV module 

Shading 
case 

Shadow 
height [cm] 

Shaded area 
of PV module 

[%] 

Output power 
of shaded PV 
module Pn [W] 

Output power 
loss PL [W] 

Fill factor F 
[%] 

No shade 0 0 79.5 0 70.95 
1st 10 7.69 72.2 7.3 71.06 
2nd 20 15.38 66.2 13.3 71.02 
3rd 30 23.08 60.5 19.0 71.13 
4th 40 30.77 53.9 25.6 71.6 
5th 50 38.46 47.8 31.7 71.52 
6th 60 46.15 42.9 36.6 71.67 
7th 70 53.85 33.2 46.3 71.66 
8th 80 61.54 27.6 51.9 72.05 
9th 90 69.23 21.9 57.6 72.43 

10th 100 76.92 17.4 62.1 71.85 
11th 110 84.61 11.6 67.9 72 
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Figure 5 shows the relation of the Masdar MPV100-S PV module efficiency and shaded area of PV 
module surface. The curve shows that the efficiency of the PV module is linearly declining with 
the increase of the shaded area. Small deviations from the linear relation of the sizes are caused 
by measuring instrument error. 

 

 
Figure 5: Efficiency of Masdar MPV100-S PV module in relation with shaded area 

 

Output power and output power losses of the Masdar MPV100-S PV module in relation with the 
shaded area is given in Figure 6. Curves presented in the chart are showing that output power 
and output power losses of the PV module are inversely proportional and in linear relation to the 
increasing shaded area of a PV module. Small deviations from the linear relation are caused by 
measuring instrument error. 

 

 
Figure 6: Output power and output power losses of Masdar MPV100-S in relation with shaded 

area 

0,00%

1,00%

2,00%

3,00%

4,00%

5,00%

6,00%

7,00%

8,00%

9,00%

0 10 20 30 40 50 60 70 80 90 100

Ef
fic

ie
nc

y 
η

[%
]

Shaded area of PV module [%]

0

20

40

60

80

100

0 10 20 30 40 50 60 70 80 90 100

Po
w

er
 [%

]

Shaded area of PV module [%]

Output power Output power losses



54 JET

JET Vol. 10 (2017)
Issue 1

Matej Žnidarec, Danijel Topić, Josip Bušić8 Matej Žnidarec, Danijel Topić, Josip Bušić JET Vol. 10 (2017) 
  Issue 1 

---------- 

3.2 Solar Frontier SF150-S 

Figure 7 and Figure 8 show I-V and P-V characteristics for unshaded and 11 steps of the shading 
profile for the CIS PV module Solar Frontier SF150-S. The results in Figure 7 and Figure 8 show 
that the shape of I-V and P-V characteristics are not influenced by the shading case of the PV 
module. The P-V characteristics given in Figure 8 have only one maximum regardless of the 
shading case 

 

 
Figure 7: I-V characteristics for unshaded and 11 shading cases of Masdar Solar Frontier SF150-S 

module 

 

 
Figure 8: P-V characteristics for unshaded and 11 shading cases of Masdar Solar Frontier SF150-

S module 
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The processed results for Solar Frontier SF150-S PV module for unshaded and 11 cases of shading 
profile are given in Table 3. As in the former case, fill factor F is showing that shape of the I-V 
characteristic is not significantly affected by the shading.  

 
Table 3: Results for Solar Frontier SF150-S PV module 

Shading 
case 

Shadow 
height [cm] 

Shaded area 
of PV module 

[%] 

Output power 
of shaded PV 
module Pn [W] 

Output power 
loss PL [W] 

Fill factor F 
[%] 

No shade 0 0 120.9 0 70.11 
1st 10 7.96 112.4 8.5 70.76 
2nd 20 15.91 104.2 16.7 68.73 
3rd 30 23.87 95.9 25.0 70.57 
4th 40 31.82 84.9 36.0 72.06 
5th 50 39.78 71.2 49.7 70.79 
6th 60 47.73 63.0 57.9 73.23 
7th 70 55.69 53.0 67.9 72.8 
8th 80 63.64 47.9 73.0 69.04 
9th 90 71.56 31.9 89.0 70.18 

10th 100 79.55 23.9 97.0 69.5 
11th 110 87.51 16.0 104.9 72.43 

 

The relation of Solar Frontier SF150-S PV module efficiency and the shaded area of the PV module 
surface is shown in Figure 9. The curve shows that efficiency of the PV module is declining linearly 
with the increase of the shaded area. Small deviations from the linear relation of the sizes are 
caused by measuring instrument error. 
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Figure 9: Efficiency of Solar Frontier SF150-S module in relation with shaded area 

 

Figure 10 shows output power and output power losses of Solar Frontier SF150-S module in 
relation with the shaded area. Curves plotted in the chart are showing that output power and 
output power losses of the PV module are inversely proportional and in linear relation to the 
increasing shaded area of a PV module. Small deviations from the linear relation are caused by 
measuring instrument error. 

 

 
Figure 10: Output power and output power losses of Solar Frontier SF150-S in relation with 

shaded area 
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4 CONCLUSION 

This paper studied the influence of shading on electrical characteristics of thin-film PV modules 
(amorphous silicon and copper-indium-selenide). The influence on the electrical characteristics 
of the PV modules is measured, analysed and shown in charts and tables. The first difference in 
the electrical characteristics of crystalline silicon is visible from the shape of the I-V and P-V curves 
in a case of shading. The shape of the I-V characteristic of thin-film PV modules is unaffected 
unlike crystalline silicon PV modules, which are drastically deformed. The P-V curves of thin-film 
PV modules have only one maximum, regardless of shading case, unlike crystalline silicon PV 
modules, which could have a greater number of maximums depending on the number of bypass 
diodes and position and configuration of solar-cells. Thin-film PV modules can be observed as a 
single-cell electric generator but crystalline silicon PV modules cannot. They are a set of PV cells 
connected in series-parallel formation, with a certain number of bypass diodes integrated 
between them to reduce power losses, depending on the manufacturer. Therefore, if only a 
single-cell is shaded, its change of electrical characteristics affects the entire PV module. Power 
losses and efficiency of the thin-film modules are in a linear relation to the shaded area of the PV 
modules. Since the production price of thin-film photovoltaics is lower than crystalline silicon and 
the efficiency and production of PV modules is constantly increasing, PV systems based on thin-
film photovoltaics are more likely to experience growth in newly installed PV systems. 
Furthermore, PV systems based on thin-film photovoltaics are more suitable for urban areas in 
which shading by buildings, utility poles, tree branches, and leaves is a much more common 
phenomenon than it is in rural areas. 
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Z UPORABO NIZKONAPETOSTNE U-I 
METODE – PRAKTIČNA VPRAŠANJA
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Abstract
This paper deals with practical details of grounding system testing procedures in high-voltage 
substations. First, the low voltage U-I test method and the relevant legislation are presented. Next, 
the problems with practical implementation of the method and interpretation of the legislative 
are extensively described. At the end, the critical overview of the presented method considering 
possible influence on the decision-making process is given.

Povzetek
Članek predstavlja praktične podrobnosti sistema testiranja ozemljitve v visokonapetostnih 
podpostajah. Na začetku je predstavljena nizkonapetostna U-I testna metoda in pripadajoča 
zakonodaja. V nadaljevanju je podrobno opisana problematika praktične implementacije metode 
in interpretacije zakonodaje. V zaključku je podan kritičen pregled predstavljene metode z ozirom 
na možne vplive na postopek sprejemanja končne odločitve.
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1 INTRODUCTION 

The main challenge in modern power systems is to supply sufficient electricity at any place and 
at any time needed. Behind this lies a complex power system that has to fulfil that task. In parallel 
with increasing electricity demand, the power system is developed and over time requires an 
increasing amount of knowledge and effort spent in proper development and maintenance.  

The grounding system is one of the main components of the electric power system and is essential 
for its safe and reliable operation. Therefore, particular attention is given to its maintenance. 
Legislation (regulations and recommendations) are the basic guidelines for which maintenance is 
performed properly, and it is necessary to have correct and complete regulations for 
maintenance.  

The paper presents some implementation problems of the ordinance on technical requirements 
for power system substations with nominal AC voltage above 1 kV on measuring voltage 
conditions in high voltage substations. Maintaining the grounding is especially indicated as an 
integral part of substation maintenance process, and a critical review of the measurement results 
obtained in accordance with these regulations is presented. 

 
2 GROUNDING IN HIGH-VOLTAGE SUBSTATIONS 

2.1 Grounding definitions 

Grounding is defined as the totality of all equipment and measures for grounding, while “to 
ground” means to connect electrically conductive parts with the earth through the grounding 
system, [1], which is an important part of every power system. Three basic types of grounding are 
defined: 

• Protective grounding 

Grounding conductive parts that are not active parts, in order to protect people from electrical 
shock. Protective grounding means that electrically connected conductive metal parts are 
connected to the ground. It needs to ensure carrying away of unwanted currents (as a result of a 
malfunction in the electrical system, the failure on the consumer side, static charge, signal 
interference, switching surge, etc.), with the shortest and fastest route to the ground. 

• Operational grounding  

The grounding point of the active circuit, which is necessary for the proper operation of 
equipment and facilities. This implies a transformer or generator star-point grounding, directly or 
indirectly in order to achieve the desired network configuration. 

• Lightning grounding 

Grounding for carrying away lightning current into the ground requires a safe way for removing 
unwanted charges and currents that result from atmospheric discharges (lightning). 

In this paper, only the high voltage (HV) electrical power stations are considered, so it is important 
to emphasize that different types of grounding in these facilities are not used separately but for 
all purposes is used one combined, grounding system. 

 


