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Abstract- For electric power generation, solar technology is the preferred trend. Solar photovoltaic systems

SPV system degraded.
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connected to the grid are a cost-effective way to generate electricity on a large scale. Such large power
systems operate effectively on the grid. A 150KW grid connected solar photovoltaic system was designed and
modelled in this study, and the results were compared to real-time data. Renew System Cells is the model used
for real-time data. It's a Silicon Polycrystalline Module. We looked at the design and annual performance of a

grid connected solar photovoltaic power plant in this paper. We also looked into how the output power of the

I. INTRODUCTION

Solar energy is an area of electric power generation
that is rapidly expanding. It is completely eco-
friendly as this method of generating electric power
relies solely on the photovoltaic effect, which
produces no emissions. In the last decade, renewable
energy technologies (solar and wind energy) have
rapidly replaced conventional energy technologies.

Renewable energy is directly linked to our economic
development of the country [1] and pollution-free
climate, while non-conventional energy sources have
their own set of limitations, including being limited,
expensive, polluting, and contributing to global
warming. Solar energy is the basis of our analysis.
Solar photovoltaic (PV) modules are having 80% cost
reduction than conventional energy sources. This
data has been analyzed by International Renewable
Energy Agency in 2009 [2].

The cost of generation of electricity form solar
energy has reduced to one third in last decade and is
constantly reducing. The motive of our study is to
design solar photovoltaic system and to compare its
performance with real time SPV system. For this
purpose, real time data of 150KW power plant
installed on the roof top of new girl's hostel of the
Integral University. The material used in the module
is poly-crystalline silicon.

It is a 320 watt module containing 72 cells. To
generate 150KW, 460 modules are connected in
series and parallel with 3 inverters of 50 KVA each.
This model is designed and simulated on
MATLAB/Simulink with the help of standard module
parameters.

The main objectives to install 150 KWp are to supply
non-stop electricity in the campus with pollution free
environment. It is also the biggest source to provide
real-time data for study. This study is done at
Integral University, Lucknow, capital of Uttar Pradesh
in India. According to map the standard latitude and
longitude coordinates are 26°50'21.41"N,
80°55'23.27"E.

The Ministry of New& Renewable Energy has
targeted solar power i.e., ground mounted 10000
MWp and has achieved 24582 MWp as on 31
December 2018. Roof top solar generation target
was 10000 MWp, however, the achievement was
reported 1443 MWp [3], with a 15otilt to position the
module w.r.t. ground.

In this paper we have designed the model using
MATLAB and the simulation result of the model is
compared with the real time 150 KW solar power
plant at the roof top.
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II. CONSTRUCTION AND WORKING
OPERATION OF SOLAR CELL

The solar cell diode is not the same as a p-n junction
diode. On top of a thick layer of n-type
semiconductor, a thin layer of p-type semiconductor
is fabricated. As shown, light can pass through a thin
electrode on top of a p-type semiconductor and
reach the p-type semiconductor.inFig.1.
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Fig 1. Cross-sectional view of solar cell diode.

A pn junction diode is a basic solar cell. When the
sun's rays strike the solar cell's pn junction, photons
enter the junction and the thin p layer supplies
enough energy to the pn junction to generate an
electron hole pair. The n region is heavily doped and
thin, allowing light to easily pass through. Because
the p region is lightly doped, the p side contains the
majority of the depletion region.

The wavelength affects penetration, and the
absorption coefficient rises as the wavelength
decreases. In the depletion region, electron hole
pairs (EHPs) are formed. Electrons move to the n
region and holes to the p region due to the built-in
potential and electric field. This happened once [4].
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Fig 2.1-V and P-V characteristic of solar cell.
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I-V and P-V characteristics shown in Fig. 2 [5]. During
night, when there is no sun light, the solar cells are
inactive. It simply behaves as p-n junction diode and
remains connected to the external load, producing
reverse saturation current or also called the dark
current [6].

III. FABRICATION OF CRYSTALLINE
SILICON PHOTO VOLTAIC CELL

Metallurgical-grade is silicon with a purity of 98
percent or higher that is used in the metallurgical
industry. Because MSG with a purity level of 98
percent is insufficient for use in the fabrication
industry, it is further processed to achieve extremely
pure electronic-grade silicon. Solar cells and liquid
crystal displays are made from slightly purer
upgraded metallurgical-grade silicon.

High purity silicon metal is classified into three
grades: metallurgical grade (LN-2N), high purity and
special grade (3N-4N), and solar grade (5N+), where
N refers to a figure of 9's with a decimal part for 99
percent purity. As a result, 5N = 99.999 percent.
Through the carbo-thermal reduction process,
metallurgical grade silicon (MGS) is produced from
silica with a purity level of 2N-3N. The MGS is then
passed on to the next stage.
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Fig 3. Fabrication of Crystalline Silicon Photo Voltaic
Cell.

The polycrystalline material is further produced into
mono crystalline and polycrystalline silicon as shown
in Fig. 3 (a) and (b). Mono-crystalline silicon is
produced by czochralski (CZ) method and multi-
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crystalline Si through solidification (brick casting)
method. Mono-crystalline silicon is sliced into wafers
but multi-crystalline Si is melted into a brick, diced
and then sliced.

Wafers may be square or hexagonal in shape. The
efficiency of multi-crystalline silicon is less than
mono-crystalline  silicon byl.5%to 2%but the
fabrication cost of poly-crystalline is less than mono-
crystalline silicon.

The photo voltaic cell is made from crystalline silicon
fabricating on a thin layer of the wafer with
phosphorous—-doped N-type layer on the boron-
doped P-type layer. Due to low cost, a multi-
crystalline silicon photovoltaic module is more
preferred than mono-crystalline. Due to multi-grain
crystallization orientations and grain boundaries, it is
difficult to passivity. The crystallization defects and
contamination reduce conversion efficiency. Cross
sectional view of crystalline silicon solar cell
isshowninFig.3c.

III. DESIGNING AND MODELING OF THE
SOLAR PHOTO VOLTAIC SYSTEM

In MATLAB/SIMULINK, the model is created. Model
Renew Sys DESERV 3M6 72 Cells-320 Watt,
manufactured by Renew Sys, was chosen for the
development of this model. It's a silicon module with
multiple crystals. It's a grid-connected photovoltaic
generation system with a capacity of 150 KW,
installed on the roof of our university building.

The 150KW Renew Sys DESERV 3M6 power
generation system is made up of 460 modules and
three 50KVA inverters. Simulink is used to create a
mathematical model of the solar photovoltaic
system. The internal architecture of a 150 KW solar
photovoltaic power generation system is depicted in
Fig. 4.1s shown in Fig.5.

The equation used to model the SPV system are
mentioned while modeling the sy
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The total current at the load is equal to the sum of
photon current multiplied by the number of parallel
cells, current across the diode, and current across the
shunt resistance, as shown in equation 1.

The PV array is divided into two sub-systems: Vcell
(voltage across the cell) and Icell (current across the
cell), as shown in Fig. 6. It is made up of two models:
Vcand Ic.
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Fig 4. Designing and Modeling of the Solar Photo
Voltaic System.

The internal architecture of the model Vcell to get
open circuit voltage (Voc) is shown in Fig. 7. The
open circuit voltage is given by

Voc =

mktop

Iph
( IO ) (iii)

Iph = (g [Isc K (TOP B Tref )](iv)
Vcell= Voc Ic . RS

Where,

ISC= Short circuit current (9.06A)

K =Boltzmann Constant

TOP=Operating value of temperature
TREF=Reference value of Temperature (250C)
GK=Solar irradiance ratio N=No. of cells
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Fig.5. Internal architecture of 150 KWSPV.
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Fig 7. Internal architecture of the model Vcell to get
DC/DC AC/DCor DC/DC AC/DC L
open circuit voltage (Voc).
Converter Converter converter
y ! OC Bus Conditionl, 2145 modules (Approx. 22 modules)
\/ v and 215 modules (Approx. 22 modules) are
o DC/AC Bidirectional connected in series and parallel respectively.
Loads Converter Converter Condition 2, 52.8 (Approx. 53 modules) modules are
connected in series and 9 modules in parallel
3 3 respectively. Condition 1, show 55% of 1 module in
AC Loads Storage system series and 50% of 1 module is parallel are partial

shading. In condition 2, show 20% of a single
module in series is partially shaded. Shading affects
the performance of SPV system [8].

Fig 6. Block diagram.

The internal architecture of the model of cell current
is shown in Fig. 8. In the given model we have taken
alpha (o) as +0.50%/ °, beta as-0.30%/ °C and
gamma as -0.40%/ °C the cell current is given as
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Where Ggp is the actual irradiance and G, is the |
nominal irradiance. The SPV system is simulated by '
varying the modules in series and parallel shown in |
the simulation Table2.

Condition 1: series (22modules) and parallel Fig 8. Internal architecture of the model of cell
(22modules) current.

Conditionl: series (53modules) and parallel

(9modules) There are many reasons of shading. Shading may

occur due to feces of birds [9, stains due to water
drops in a rain [3, 2], dew drops, sticky dust
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accumulated on the module [10, 11] dew drops,
dead leaves [12, 13], and shadow of trees [14].
Shading may also result in overheating of module
causing hotspot [15]. Hotspot damages the junction
of the diode hence affecting the performance of SPV
system. Performance of SPV system is also affected
by high temperature [14], humidity, moisture, snow
fall [16], ultra violet radiation and also environmental
gases [5] and exhibit characteristic degradation [17].

IV. CONCLUSIONS

We observed that power varies by varying number of
modules in series and parallel. In our study we
analyzed that by varying numbers of series and
parallel combination, simulation value of output
power remains same i.e, 150 KWp (under partial
shading). In condition 1 when 21.45(22) and 21.5(22)
modules are connected in series and parallel
respectively and in condition 2 when 528 (53)
modules in series and 9 modules in parallel
respectively gives 150 KW output power.

This shows that in condition 1, one module in series
and one module in parallel are 55 % and 50 %
partially shaded where as in condition 2, shows that
only one module connected in series with 20%
partially shaded. Though the number of modules in
series and parallel vary output power remains the
same. We also observed the percentage error
between theoretical power and simulated power.

It is seen that percentage error is very small and is
0.65 % and 0.75 % for condition 1 and condition 2
respectively. The degradation in output pOwer is
observed as 4.6% in condition 1 and 0.33% in
condition 2. From this analysis we also analyzed that
in series connection output power degradation is
very less compared to parallel connection. From real
time data analysis, we observed that three inverters
are connected to get 150 KW power at the load
though different numbers of modules are connected
in series and parallel.
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