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Abstract- The temperature at which the PV array
functions acts as a pivotal role in the PV (photovoltaic)
energy transformation process. Efficiency and Output
of a PV Array do not deviate from operating
temperature. Photo Voltaic cell or PV cell exhibits a
different behaviour with a slight increase in
temperature, accountable for the surge in internal
carrier recombination rate, as carrier concentrations
increased by a length. Numerous interdependent
relationships  suggested in composition  depict
clarification for equations which can be claimed for
installation of PV Arrays, free-standing structures, PV
thermal Collectors to building-integrated PV Arrays,
respectively.
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1. INTRODUCTION

Renewable energy sources (RES) offer an
unconventional solution to a new Era where energy
demand continues to grow, and also due to the
location of load in the remote areas. An extreme
requirement of an unconventional source of energy
is quested for electrical power supply till now,
Conventional sources of energy like fossil fuels
were used but Energy demand in the world is rising
day by day which cannot be accomplished only by
the fuel sources. Thus, these days, on the above
subject renewable energy sources is an excellent
solution. [1-5]

A mix of ecological mindfulness, advancing
monetary and international strategies, and general
assessment for issues like Energy crises have driven
the world of Research to connect effectively and
create financing for the promotion of RES on a
different level then the past decade of prior efforts,
Far-reaching concerns in the academicians, civil
servants, and public, at large is additionally
determined  for research and growth of
unconventional source of energy from RES. [6-7]
RES includes several technological fields according
to the source of energy used and generation of
energy. In this paper PV solar cell is studied. PV
(Photovoltaic) energy is considered the most
attractive source of energy among the other types of
renewable energy sources (RES). Electrical energy
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is created by PV Array when solar radiation is
transformed to DC with the help of electro-
mechanical transformation. that is, into direct
current by use of semiconductor materials made of
monocrystalline, polycrystalline, or amorphous
silicon are utilized for the above purpose.[8]

2. PV CELL CHARACTERISTICS

Solar Energy is Free, continuous, and Pollution-free.
PV Arrays use photovoltaic conversion to generate
electricity. It is a transformation of Electrical energy
from photon energy from solar radiations. The PV
cell is designed in such a fashion that the P-N
junction of semiconductor Material, is homogenous
to a diode as shown in Figurel [9-10]

Due to impurity doped in the P-N junction, the
creation of an electric field at the junction happens,
which uses on one side P-doping and on the other
side N-doping. indispensably, when the exposure of
the cell happens to light quanta, the photon energy
creates charge carriers, which were spread across
the electrical field, due to which creation of a new
depletion region exists between the P and N sides of
the junction.[11]
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Fig.1 PV cell

As a result, a voltage is yielded across the external
contacts, creating a current flow to the load as a
response if the circuit is completed [25]. In PV
Array the current flow is directly proportional to the
intensity of luminosity of the sunlight. For the above
PV cell, an Equivalent circuit is shown below which
is comprehended with a current source accompanied
by a parallel diode here Passenger Resistance is
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present the Series Resistance has a small value in  temperature. Therefore, in the graph, a linear
comparison to Passenger Resistance. Here depends  dependent relationship is observed.
on various factors such as junction contacts,
semiconductor material, interconnections. R_SH is Ne = NTref [1-Bres (T — Tres) +
Responsible to hold blemishes and impurities y logyo (1) )
present in P-N junction. [12-14]
| 5 Here nTg.s is electrical efficiency at reference
AN i temperature for Array for and solar radiations used

RS here is 1000% .here Bres is taken as temperature

II K) SZ §RS“ V coefficient and vy is taken solar luminosity

coefficient have material properties of values 0.004
K-1 and 0.12 for crystalline silica Arrays [15] The
second one is normally taken as zero Evans [16] and
equation 2 is reduced to

Fig.2 Equivalent Circuit of PV Array
. . Ne = N1ref[1 = Brer (Te = Trep)]l  (3)
The type of Semiconductor material used affects the ‘ TRes Reyie TR
performance of the PV array to a great extent.  Tpe ahove equation shows the interrelationship for
Numerous interdependent  relationships — are  py n (electrical efficiency) Florschuetz and Evans.
procreated for PV Array temperature problems that  Tha value of temperature coefficient depends on

are used in Iiterature_ which include essen'gial Tres and PV material which is given by following
environment-related variables and Parameters which

are must for the conduction of experiments. [15-17] equation
The power generated from the PV Generator (PVG) .
is dependent on solar shielding and favourable Brer = To-Trer 4)

temperature, usually, a PV array is placed in severe
climatic conditions. The temperature at which the Here T, is extreme temperature at, Garg and

PV conversion process operates plays a pivotal role.  agarwal [20] silicon crystalline arrays have 2700C°
The electrical efficiency and the power output of @ Florschuetz and Evans for many interdependent
PV (photovoltaic) Array is directly Proportional to  relationships the temperature of Array is replaced by

the (operating temperature).[18] Tyocr SO the new equation becomes.
In the conventional method PV array with a direct

connection to a partially shaded Array show low _
output power and efficiency. This paper proposes a = Trer[1 =B [Ta = Ther +

new PV array connection method by which if an (Tyocr — Ta)I(t;(t) ] )
array of PV string is faulty it can be disconnected vocr

and other strings of PV array will work with the
help of NPC inverter. [19-20]

In the conventional method performance of the PV
Array in direct relation to operating temperature is
shown. This paper searches new Probabilities for
PV Array connections by which if an Array of PV
string is faulty it can be disconnected and other
strings of PV Array can work.[21]

3. SCENARIO OF PV POTENTIAL AROUND
THE GLOBE

A new and promising technology PV (photovoltaic)
conversion energy is used for electric power
generation from a renewable energy source of
energy by solar luminosity. However, the PV output
varies very highly concerning its various operating
conditions, hence calculation of PV potential is a
cumbersome task. In addition to that, the data
provided is of a limited period. To achieve accuracy
within available data is a tedious task. Generally, to
calculate PV potential two methods are applied 1)
Energy rating method 2) power rating method.[23]
In the Power rating method, instantaneous PV
power generation is pre-planned with the response
to time, thereby, PV output is dependent on time and
the crucial issue in this method is that it is very
complex to calculate and data is required in a
precise manner.

3. EFFECT OF TEMPERATURE ON
ELECTRICAL EFFICIENCY IN PV ARRAY

PV arrays are largely affected by temperature and
ambiance, this effect can be calculated by using the
following equation.

Bzl * Vi =(FF)sc * Voc M

In above equation FF is fill factor, for short circuit
current, Vycis open-circuit voltage, and here the
maximum power in the PV Array of the I-V curve is
given by subscript m in the above interdependent
relationship. Both F.F. (fill factor) and O.C. (open
circuit) voltage decrease considerably  with
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Fig.3 V-I characteristics of 3 years

Collection of Instantaneous data of ambience at
global level is next to impossible therefore in no
work global PV potential could be estimated in
December 2016 PV solar Energy calculated was
around 303 GW around the globe.

0

Time (H) 0 Voltage (V)

Fig.4 PV characteristics of 3 years

This work studies the effect of variations of
different temperatures and harsh climatic conditions
on PV Array. In this study data set of avg. sun
radiations is taken hourly and daily an hourly
Average temperature for 2001 -2003 is shown in

figure 3 and figure 4.
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Fig.6 NPC Inverter circuit

A Multi stage grid connected PV system is shown in
figure 5. PV arrays are accompanied by DC /AC PV
Inverter and DC/DC Converter and grid works as an
interface. Generally, the DC/DC boost converter is
also used but it can be exempted as per applications
[24].

One of highly desirable topology NPC inverter is
comprised here because of low harmonics
distortion and good efficiency. NPC Inverter are
used both type of configuration 1) string type
inverter  configuration 2) central inverter
configuration [21]

As shown in Figure 6, The NPC Inverter is
comprised of four IGBT’s (Tx;(XU, V,
W), Tx2,Tx3,Tx4) four diodes (Dxy,Dxz,Dx3,Dxa)
and two Clamping Diodes (Dy; ,Dy,). In each
connection here Same rated V-l (voltage and
current) IGBT’s are used.

NPC Inverter’s various temperature distribution
and power losses - In this area NPC inverter’s
different attributes of distribution such as power loss
and corresponding temperature distribution is
evaluated at rated power as shown in Figure 7 below.
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Fig.7 Variation of average solar radiation and NPC Inverter
temperature according to different time.
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Here PV inverter is examined with two control
strategy one is conventionally used control method
and other is space vector modulation method the
related parameters of PV array considered is taken
from [1]

It is comprehensively ensured that PV Array is
always operated in safe operation mode. To make
sure that the cooling system’s capacity is assigned
according to the junction temperature T; which is
comprehensive to take around 70-80% of rated
junction temperature Ty .x [23]. Here Resistance
Rin(n-a) is selected of 0.17 K/W.
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Power loss (P,s) of the device amounts to
addition of switching loss (Psy,) and conduction
10SS (Pzonp) @S

Pioss = Pow + Peonp

1)
The Psy of the IGBT can be calculated as under
Psw = Esw - fsw 2
Here Egy and fg,, comprises energy of switching
and frequency for switching of the device.
The loss in conductivity is calculated by switching
cycle which is calculated as under
Pconp = Veg-Icg- D
Here Ve is the collector -emitter voltage, D is duty
cycle andI, is collector current. It can be taken into
consideration that Vg oy and Eg, of IGBT are
affected by junction temperature when power loss is
accounted.
The temperature of junction can be calculated as
under:
Tueer)(© = Ploss(6BT)(©)- Ztn(j-m)(®© +
Ploss(MOdule)(f)-Zth(h—a)(t) +T, (4)

where Piossaeet ) = IGBT power 10SS, Zingn =
junction to heat-sink thermal impedance, Piosscarray)
IGBT Array power loss, Znn-a heat-sink to
ambient therfmal impedance and T, favourable
temperature.[22]

_The Zw ny of the power devices are represented by
the Foster model as

_t
Zingjony@®) = Ri(1 — e~ (5)

i=1
here T, R C and i shows the different surfaces of the
power Array to enrich layout.

4. CONCLUSION

A major role in the photovoltaic conversion
phenomenon is played by (Operating temperature).
Electrical efficiency and power output both rely
linearly upon the (operating temperature) show
major decrease with increase in temperature.
Numerous Interdependent  relationships  are
formulated in this paper which is shown in literature
are applied to freely mount BIPV installations, PV
arrays, and PV/thermal collectors respectively.
Which include numerical parameters and basic
ambience variables, while they are not only material
but physical attributes too.

In The energy rating method PV potential is
calculated by multiplying the total solar luminosity
for a particular interval of time by a performance
ratio. To calculate PV potential for world scholars,
prefer the energy rating method because of simple
method and availability of global weather. In this
study Performance ratio is also used.

PV potential’s Energy rating is product of total solar
luminosity in a specific interval of time to
performance ratio. The energy rating method is
simple and because data on global weather is not
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available readily. PV potential can be estimated
effortlessly. performance ratio used is constant.
But Practically Constant performance ratio is not
available due to various environmental conditions
due to which variation in results are observed.
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