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Abstract: A solar panel is made up of solar cells where semiconductors made to react and 

give us a potential difference when solar energy falls on it. However, due to the internal and 

external interferences, many problems are faced by the solar panels like dust, partial 

shading by leaves or mud, etc. This paper aims at trying to find out the best possible solution 

for the partial shading problems when solar energy is harvested using a solar panel. The 

Series-Parallel configuration (SP) and the Total-Cross Tied configuration (TCT) 

connections of PV module have been analyzed using MATLAB.  
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1.  Introduction 
 
In the world today, conventional sources of energy 
faces the probability of dying off, leaving behind 
an extreme situation where we will not have any 
sources of energy if we do not come up with 
alternative ones. Therefore, looking into this 
matter, people have started coming up with various 
sources of energy. One such source is the solar 
energy, efficient and cheap harvesting of which is a 
major challenge around the world. Solar panel 
itself faces many problems. Apart from these, the 
external sources of problem like partial shading and 
dust also need to be considered. So, in order to 
understand and tackle such problems, we decided 
to take up the topic of analyzing and find a really 
good solution to overcome the problems.  

 
Solar energy has been in use for a long 

time by human civilizations. But in the past few 
years, this energy is being used to generate 
electricity in a direct as well as in an indirect way. 
If we are to produce electricity directly from the 
sunrays, then we have to install panels called 
photovoltaic plates. An indirect way to produce 
electricity is by heating up the water or salt. The 
water is turned into steam and this helps in turning 
the turbines that are attached to the generators. The 
salt that is used for producing electricity is heated 
to an extremely high temperature. Then this is used 
to produce steam [4].  
 

2. Partial Shading Problem 
 
The photovoltaic (pv) plates that are used in the 
generation of electricity are made up of 
semiconductors. The semiconductor metal present 
in the cells has electrons and protons present. The 
electrons moves form one point to another creating 
a potential difference. This potential difference is 
what allows the pv plates to generate DC voltage 
and in turn, we can use the electricity produced for 
our own use.  
 
 But, the downside to a pv plate is that 
since it has electrons and protons, the possibility of 
reverse voltage occurring due to not getting enough 
light to excite the electrons is also high. So we need 
to take care of such a situation occurring. This type 
of situation is especially dangerous for the life of 
the pv plate if it is not corrected in time. A hotspot 
forms if the area covered is not uncovered in time. 
Also, the electrical production of the array is also 
affected to a large extent. To overcome this 
problem, we aim at coming up with a new 
algorithm that can decrease both the problems due 
to bad connection and the hotspots formed. The 
new connection will be increase the production 
efficiency of the solar pv panels and reduce the 
effect of partial shading in the pv panels. 
 

The research work by Vaishnavi P. 
Deshpande and Sanjay B. Bodkhe [1] focuses on 
analyzing the outputs of different existing 
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connections of solar panels under different shading 
conditions. This paper gives an analysis of how 
under different shading conditions the module 
output is and how the output is entirely dependent 
on the connections done to the module to create an 
array. In another research H. Samet, S. Kolsi and 
M. Ben Amar [2] focuses on the irradiance and  
temperature  parameters  changes  systematically  
during  the  day,  so  the  MPP (Maximum Power 
Point) also changes. This paper gives us an analysis 
that along with this change if there is any change in 
the mechanics of the module due to PSC (Partial 
Shading Condition), the module also can get 
damaged.  

 

3. Method 

 
The algorithms for partial shading problem that are 
presently in use provide us not even half of the 
total power that can be harnessed from the solar 
rays that is we get. This also in turn gets reduced in 
half due to factors like shading connections that do 
not give good output, etc. We plan to come up with 
an algorithm that can be used to connect the panels 
in such a manner that we can increase the 
productivity of the panels to a much larger extent. 
We analyzed the connections that are in use so far 
and compared the results of all the new type of 
connections that we can make with these existing 
results and conclude a new connection that can 
give us a better result compared to the new one. 
MATLAB application has been used to simulate 
solar cells as well as solar panels to get various 
results that we compared it with the results of the 
existing connection models that have been recorded 
so far. The Series-Parallel configuration (SP) and 
the Total-Cross Tied configuration (TCT) 
connections of pv module have been analyzed 
using MATLAB.  

 

4. Results and Analysis 
 
The MATLAB simulation results of the various 
probable pv panel connections have been listed 
below. 

 
 

 
Figure 1: Circuit diagram of a solar cell 

 
 

 
Figure 2: V-I characteristics of a solar cell 

 
 

 
Figure 3: V-P characteristics of solar cell 

 
 

 
Figure 4: V-I, V-P characteristics of solar cell 

 
 

 
Figure 5: Series-Parallel connection 
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Figure 6: TCT connection 

 
 

 
Figure 7: A TCT connection of pv panel along 

with its graph 
 
 

 
Figure 8: A V-I comparison between the different 

values obtained during different 
conditions 

 
 

 
Figure 9: A V-P comparison between the different 

values obtained during different 
conditions 

 

5. Conclusion and Future Prospects 
 
We concluded the findings by doing various 
simulations for various connections and found that 
there is a huge difference between the result for a 
TCT connection and a series parallel connection. 
 
 To make a more reliable results for a 
better output, we can collect more raw data and try 
to make a model out of the connection we may 
consider as best so that a confirmed physical output 
can be made. 
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