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ABSTRACT: The purpose of this study is the development of an algorithmic tool to automate the process of analyzing 

monitoring data of partially shaded PV systems. The approach is to compare long-term and high resolution yield data of a 
partially shaded Photovoltaic (PV) system (investigated PV) with the yield data of an unshaded PV system or the tilted 
irradiance (reference  PV system)  and automatically detect the energy loss due to the expected shadow, caused by any  
surrounding obstacles and distinct it from any additional energy loss due to other malfunctions. 

Keywords: see enclosed list of keywords 
 
I. INTRODUCTION 
 
The majority of the installed PV systems in the 

Netherlands are relatively small-scale installations, with an 
average capacity of 3.5 kWp[1]. About 70% of them is placed 
on residential rooftops[2], where different objects might 
obstruct the irradiance reaching the PV module and affects its 
energy output. Such small-scale, low-cost PV installations are 
mostly monitored through relatively simple, low-cost, data 
loggers of AC power, without any further equipment for solar 
measurements, i.e., pyranometers. 

The ultimate aim  of our research is to find an effective 
manner that allows monitoring large numbers of such 
installations in an automated manner. The proposed method 
offers the possibility to monitor partly shaded systems by 
excluding the effects of constant and unavoidable shadow 
from the performance evaluation and to detect faults that 
might occur during their operation. 

 
 
II SCIENTIFIC INNOVATION 
 
The innovation of the proposed method is its 

independence from the use of irradiance data. The 
performance evaluation is not based on the estimation of the 
energy generation/production of the studied PV systems and 
simulation of the losses due to shading (with the use of 
irradiance data and models) and its comparison with the real 
production[3]–[5] or the comparison of the production with 
the tilted irradiance, through the calculation of the 
performance ratio[5], [6]. It is based on the performance 
comparison and the detection of repeated or non-repeated 
errors/malfunctions between neighboring PV systems with 
similar characteristics (tilt and orientation). 

 
III. METHODOLOGY 

 
The basic principle of the proposed method/algorithm, is 

to study the daily persistence of any occurred  error between 
the investigated PV and the reference PV system and identify 
these daily repeated errors, characterize them as shadows and 
create the “shadow profile” of the studied PV, i.e. a table 
with the starting and ending dates of the shadow(s) during the 

year and the expected starting and ending times of the 
shadow(s) during each day. Any difference between the yield 
of the investigated PV and the reference PV system, outside of 
the limits of these shadow profile time intervals is 
characterized as a malfunction and within these limits as 
shadow. An example of the shadow profile is presented in 
table 1. In this case, 5 different shadow periods are forming 
the shadow profile of the studied PV system. 

During the analysis, the fluctuation of the Mean Absolute 
Error (MAE) between the production of the systems is studied 
(|Preference - Pshaded|). Every timestamp with MAE higher than 
the normal is characterized as error and it is studied, in order 
to be characterized as shadow or malfunction. In order to set a 
threshold between the normal and the not normal operation, 
the iterative method Ran.Sa.C. (Random Sample Consensus) 
[7] is used. 

Due to the nature of earth’s orbit around the sun, the time 
interval of each shadow effect is varying from day to day. 
Additionally, due to the nature of the diffuse irradiance, the 
shadow is not present on cloudy days, where 5 days in row 
without any effect of shadow could appear. These facts are 
making the shading detection more difficult than a simple 
pattern recognition problem since different groups of hours 
and dates are forming the shadow profile. The clustering 
method D.B.S.C.A.N.[8] (Density-based Spatial Clustering of 
Applications with Noise) is used in order to identify shadows 
during different periods. 

Thereafter the continuity of all the shaded periods of the 
“shadow profile” table is studied and presented in a “Date vs 
Time” plot, which demonstrates the change of the shadow 
effect during a long time studied period. We denote this as the 
“Shadow story”. An example of the shadow story is 
presented in figure I. 
 
IV. RESULTS  
 
As mentioned above, an example a partially shaded PV system 
is compared with a non-shaded PV system and their “shadow 
window”, i.e. the shadow periods of the system during the 
year (table I) and its Shadow Story (figure 1), i.e. the day vs 
time plot, are presented. The green marks in figure 1 indicate 
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the measurements without a presence of error between the 
studied (partially shaded) and the reference (non-shaded) PV 
system. A shading obstacle was placed from August 10 to 
November 11 and impacts the PV system’s performance 
during the morning hours. Since this error is repeated for long 
period, it is identified by the algorithm as shadow (black – 
higher than threshold difference – and blue – lower than 
threshold difference – marks) and not as malfunction. The 
shadow from the neighboring rooftop also affects the system 
in the late afternoon is also recognized as shadow. 
 
N. Start 

day 
End 
day 

Start 
time 

(HH:MM) 

End time 
(HH:MM) 

Cause 

1 Aug 8 Oct 13 9:05 12:05 Pole 
2 Oct 18 Nov 11 9:15 13:55 Pole 
3 Jun 1 Jun 29 18:40 19:40 Roof 
4 Jul 16 Aug 22 18:50 19:40 Roof 
5 Aug 28 Sep 20 19:25 19:40 Roof 

 
Table I: shadow windows example, where every row is a 

different shadow 
Major remarks on the plot: 
• At June 12 for external reasons, an obstacle was placed in 

front of the system, from 11:35 to 14:30. It is clearly within 
the hours were the pole is affecting the system (when it is 
placed). However, the algorithm recognized this incident as 
malfunction, since it is the only performance reduction, 
which occurred in that period and it is not in the table 1. A 
similar incident (roof maintenance) occurred for some days  
between October 26 and November 6. These dates are in 
shadow profile (shadow 2 in table I), however bigger part of 
the error was outside of the time intervals of the shadow 
profile, thus they marked as red. 

• As depicted in figure 1, the shadow is shifting from August 
to November and impacts the system in later hours, due to 
the fact that the day is becoming shorter. In this case the role 
of the date clustering through  DBSCAN is important, since 
the shadow period is separated in two smaller periods 
(shadows 1 & 2, Table I) and each one has different start 
and end time. 
 

V. FURTHER DISCUSSION OF THE RESOULTS 
 

As depicted in figure 1, within the time intervals  of the 
shadow profile (Blue points) there is a large numbers of  
measurements without error. It can be assumed that the reason 
of this fact is the high defuse irradiance, which, in contrast 
with the direct, doesn’t obstructed by the shade causing object. 
This assumption is proved in this paragraph, where the blue 
points of figure I are further studied. 

In Figure II, the plot of figure I is replotted with one major 
difference. The blue points of figure I are further studied and 
colored depending on the solar irradiance and specifically on 

the ratio of the diffuse horizontal  irradiance (DHI) to the 
global horizontal irradiance (GHI) or RDHI. 

As depicted in figure II, in the majority of the points, RDHI 
is higher than 0.5 (lighter blues) i.e. the DHI is higher than the 
direct normal irradiance (DNI). Further analysis of the blue 
points is presented in the scatterplot of figure III. In this 
scatter plot the three red lines are the 3 quantiles and the green 
line is the percentile where the RDHI is 0.5. As it is clear in 
figure III, the 87% of the sample is above 0.5 thus the DHI is 
higher than the DNI, the irradiance which causes the shadow. 

However it is very interesting that the upper right shadow 
(September, 18:00 to 19:00) of the plots I & II has still only 
dark blue dots in figure II. This fact is explained in figure IV, 
where the blue points are studied again and recolored. In this 
figure the blue dots are colored depending on the global tilted 
irradiance (GTI) and there are colored yellow if GTI < 100 
W/m2.  Under this filter, all the blue marks of the specific 
profile are colored yellow, thus the irradiance is very low, in 
order to create any shadow effects. 

 
 
VI. SUMMARY OF THE WORK 
 

The proposed method is offering a monitoring solution to 
small residential PV systems, without the use of high-cost 
monitoring equipment which is completely cost ineffective 

Shadows 

Malfuncti
 

Malfunctions 

Shadows 

Figure 1: Shadow Story 
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for this kind of installations. It only uses the PAC of two 
neighboring PV systems, with similar tilt and orientation 
and not necessary similar capacity (since the production can 
be normalized by divided with the Wpeak of the system). The 
developed algorithm automatically isolates the timestamps 
with the non-normal operation and studies their 
concentration during the hours of the day and their 

continuity during the studied period and provides the owner 
of the system with the shadow story, a plot which 
demonstrates the effect of the shadow on his PV system 
during the year 

 

  

Figure II:  Shadow story with measurements 
without fault inside shadow profiled colored 

depending on the ratio DHI/GHI  

Low 
diffuse & low 

 

High diffuse 
thus, No shadow 

 

Figure III – Further analysis of the non 
fault measurments of shadow profiles 

High diffuse 
thus, No shadow 

 

Figure IV: Shadow story with unshaded 
measurements inside shadow profile colored depending 

on the GTI 
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