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Abstract— This paper introduces a detailed methaulpt for

evaluation of reliability of SPV systems of differertompany to
extract maximum power and it is successfully modeled the

MATLAB/Simulink. The output power of the SPV panel demnon

the solar radiation data and panel tilt angle. Fohis, solar radiation
data is considered for every hour of the day foreopear. For a given
load characteristics and a given solar panel, angatithm is

developed to evaluate the total solar radiation wilte tilt angle and
incident angle for maximum power tracking from SPV stgms.
Maximum power generated to meet the load is calcathby taking
hourly average and monthly average values of powengrated by
each panel and respective tilt angle at that hour.

Index Terms— Direct beam radiation, diffuse radiation, tilt
angle, load curve and reliability.

I. INTRODUCTION

Solar Photovoltaic electricity generation offers bBenefits of
clean, non-polluting energy generation, which hasyJess
maintenance requirement, and of having a very ldagme.
Due to these advantages, today, the photovoltasnésof the
fastest growing markets in the world. However, Rdvpr is
still considered to be expensive, and the costatému of PV
systems is subject to extensive research.

With the penetration of renewable energies into th

conventional energy fields, there are growing congef the

reliability and stability of these systems. Prewoesearches are

available on how to construct alternative energgteys,
combine them into the traditional power grid, amivito size
the storage volume or the energy source capacitypetet the
loads’ needs. The impact of the alternative eneogythe
traditional power grid is also examined in orderingprove
systems’ stability.

But most of the design rules are based on “me¢iiagneed”
strategy, not based on the reliability. This pajpepires its
motivation from the fact that the keen study ofsthexisting
techniques reveals that there is still quite a nieedoptimal
sizing design of a standalone solar PV system timaeix
maximum power. Variation in solar radiation and tiltteangles

gives the more generation of power from each panelease in
the power per panel gives the reliability to mele¢ foad
demand [1].

Il. SOLAR PHOTOVOLTAIC SYSTEM

A. Direct Beam Radiation
The relationship of solar panels and solar positids

illustrated in Fig.1; &' is the elevation angle between sunray
and horizontal plane. The following factors repreghe failure
rate of the systems.

4..--""'Di1'ect beam radiation that
distributed to the panel

Fig. 1: Direct Beam Insolation on the Solar PV Parid1]

i) Tilt angles
Initially, the tilt angle is calculated to maximizke direct

beam radiation, at worst solar insolation cond#iomwhich are
usually around Feb.14 The tilt angle will be changed slightly
I%ter, to find the optimum value. The definition tdf angle is
shown in Fig.2.

Solar noon
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Fig. 2: The tilt angle to maximize the direct norméaradiation in mid of Feb

(1]

The Declination Angle §): Angle made between the line

drawn joining the centre of the earth and the suhthe earth’s
equatorial plane. It is zero at the autumnal amdaleequinoxes.
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The range of declination angle is given by —2%45< +23.4%
as shown in Fig. 3.

Variation of the declination angle
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Fig.3: Variation of Declination Angle [8]

& is the declination angle in degrees given as,
5 =23.450sin[p. (d — 81)]

d is the day of the year from Jafl 1

Case 1: At the time of solar noon tilt angle can bebtained
as,

g=00"—&

a =90"— gl + sign(0).
& is elevation angle,

& is the latitude of a site
“sign” is the symbolic function: ifs = 0, sign{g) =1,
otherwise—1;

Case 2: When it is not the solar noong can be calculated
by,

o = siﬂ'l{siﬂﬂ.siﬂfﬁl + cosb.cos0. cosHRA)
Where,

HRA is the hour angle, used to convert the local dof@ into
the number of degrees,

@)

®3)
(4)

®)

HRA = 15%(LST — 12) (6)
LST = LT + TC (7
TC = 4(—AGMT. 150 — Longitude) + E,T (8)

E.T ;DQ.B'? sin(2B) — 7.53 cosB — 1.5 sinB (9)

B =3 _+(d—81) (10)
Where,

LST is the local solar time
LT is the local time
T'C is time difference
E,T is eccentricity of orbit
AGMT is Greenwich Mean Time differencet5.30 for
Vijayapura, “Longitude” is the longitude, which i$75.68
degreefor Vijayapura [9].
i) Incident angled
Another parameter which determines the solar paostion

Fig.4: Relationships between angles [1]
Calculation of incident angle#8 :
The incident angl@ could be calculated by equation
8 = cos ![sina.cosf + cosa.sing. cus{ﬂg - Ep}]
Where,
8. is sun azimuth angle and is given by,
8, is solar panel azimuth angle.
8. can be calculated by equation
8, = w + sign{HRA)cos ' [sind — sina — sind /(cosa —

cos0)]

(11)

(12)
Fig. 4 describes the relationship among the ariglegjuation
(12).
In fixed solar panel syster is a constant value af
6, = m, (13)
It should be noted that in some application, thiarspanel
rotated constantly, in order to track the positidrsun and to
increase the direct beam insolation. For exampleni axis
rotation solar system changé&s° each hour, th&@ can be
calculated approximated as equation (13):
8, = m+ (LT — 12.4467) = [(15" » 2m)/360°] (14)
In this paper, the rotating solar panel systeneliscted, andp
has been obtained by equation (13)

B. Diffuse Beam Radiation

Fig.5 illustrates how to calculate the diffusiosatation. In
this paper, it is assumed that the global diffusiadiation is
equally distributed from all parts of the sky.

Atmosphere
hemisphere

i
SIS S S
Fig.5: Diffusion radiation on a tilted panel [1]

is the incident anglé. 4 is the angle between solar cell panel's

normal line and incident ray. The determines how much
energy is distributed to the solar-cell from direeaim radiation.

Directed beam radiation collected by the solar-satialculated
by I, *cosé, as show in Fig.4.

The Fig.5 shows that, fraction of hemisphere of plaael
seen by tilted panel i&-g/z, and energy of the panel receives
from diffusion radiation equalg-(1-g/x) [1].

In this paper, the real insolation is given for oyear.
Therefore, there are two ways to model the soldiatin:

« Utilize this specific year’s insolation for all yethroughout
the simulation, or, assuming for every year thearsol
insolation of every hour is all the same. In pregtithese
values may change randomly because of weatherngaryi
and slightly climate changes. But on average, thakees in
a given year will not change considerably.
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* Using the specific year's data as mean values,rgéng new
solar insolation data by adding random differenghich
follows normal distributions.

C. Solar Radiation with a Given Solar Panel Position

Solar radiation is defined as how much energy thamnf
horizontal area can receive. Solar radiation inetudlirect
insolation (energy received directly from sunraydiffusion

in the table.1.

Relaibility (R) = /1)

Wheret is time period.

For the study, 3 different types of SPV systems are
considered. The specifications of these SPV systamdisted

(16)

Table 1: Average Monthly Load in kW at different hours

insolation (energy received from diffused rayste air), and Electrical BP 3150 STP19 FS-PV210WA
ground-reflected radiation [1]. For fixed solar pkm the _ Characteristics 0S T
insolation energy it receives can be expressedjbgteon (1). Pmax 150w 10w 210W
Ip=1I,cos8 +1 (1 —E) +1 1 Pmin 146W (BP
0~ "k d g T @ 3150S); 143W (BP
Where, 3150U)
lo is the total insolation energy on 1horizontal area; Vmp 34.5V 36.5V 30V
Iy is the d!rect_ beam _ra<_j|at|0n; imp 4.35A 520 A 2 03A
14 is the diffusion radiation;
I, is the ground-reflected radiation; Isc 4.75A 5.62A 7.86 A
@ is the incident angle; Voc 43.5V 452V 36.12V
B is the tilt angle. Temperature | (0.065+0.015)%/ (0.065+0.015)
D. Load C coefficient of Isc K %/°C
- Load Curve Temperature -(160£10)mV/K -(160£10)mV/
Average value of monthly load at different houxanir110/11 _ coefficient of Voc °C
kV Substation, Bijapur has been recorded. Sevenshuer day Cc;if’;l‘i’;:?ge +(0.5£0.05)%/K '(0;)5&10-05)%/
load for one year has been considered for calouas given in Pmax
table 1 [9]. Maximum 15A (BP 3150S); 15A
series fuse rating] 20A (BP 3150U)
{ { { I
| | | | Maximum 600V (IEC 61215 600 V 1000V
1 1 | | system voltage rating) DC
350 Module 14.9%
Efficiency
200 NOCT 47+2°C 25+2C
2
p Operating -40 °C
2 250 Temperature to +85 °C
5 Power 0/+5 W
5 Tolerance

IN)
o
oS

Standard test conditions (STC) - irradiance of 1000/m2 at an AM1.5G
solar spectrum and a temperature of 25°C.
NOCT (Air 20°C; Sun 0.8kW/m2; wind speed 1m/s)

—¥— Load curve
T

10 11 12 13 14 15
Timein hours

Fig. 6: Load curve for different hours of the day
Hourly average value of maximum lo&inax iS shown in
fig.6 and average value obtained is equal to 2'87.1&V =

I1l. RELIABILITY EVALUATION &

Failure rate (): —

Failure rate is defined as the ratio of failurepaaticular time
interval to the total number of samples at thatrivdil.

J is the Failure rate and is obtained by the eqnatio

. - Total number of fatlures
Failure Rate {A] " Total number of samples«time mterpal
Reliability (R):

Reliability measures the ability of the system &fprm its
function in stipulated time. Reliability has to dith the quality
of measurement.

(15)

B

»

radiation (o).

Fig. 7: MATLAB SIMULINK model for 150 watt, 190 wat t and 210 watt
SPV panel respectively to calculate power per paneking total solar

The flow chart for the determination of maximum @ovas a
parameter that decides the reliability to meetltizel demand
has been illustrated in fig. 8.
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Implementation of Reliability Algorithm:

START
Select,

¢ Latitude and longitude of a given site

e Solar radiation data direct beam (ly), diffuse (I4) and global
radiation (I,)

¢ Loaddata (P,)

¢ Day of the year (d)

Computation of,
¢ Hour angle (HRA)
¢ Declination angle (8)
¢ Elevation angle (a)
e Solar panel tilt angle (f)

Computation of,
Total Solar Radiationl §) on SPV panel with tilt angle variation

\ 4
Computation of power per panel at each hour

A

Computation of number of panels required to meetadhd demandn(

\ 4
Computation of Maximum power generated fionumber of paneldX,.,)

No

Yes
\ 4

No of Failure =0 No of Failure =1

v !

Computation of total no of failure for finding farki rates

Reliability (R) = e~“/®

A 4

STOP

Fig. 8: Flowchart describing the methodology for tle reliability evaluation
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IV. RESULTS ANDDISCUSSIONS

Case I:Reliability evaluation using hourly average value
The power generated by different types of SPV systat
different hours is shown in the fig.9

450

Power in watts

—%— Power generated by BPSX150W SPV panel
—®— Power generated by STP190W SPV panel
—®— Power generated by FSPV210W SPV panel

150 1 1 1 1 1 1 1
10 10.5 11 115 12 125 13 135

Timein hours

Fig.9: Power generated by different SPV systems Viime
The reliability is evaluated considering the averdurly

values of solar radiation data at different hodrhe day. Table

Reliability for different SPV systems is shown hetfig. 10,
it reveals that at noon the power generated byewdifft SPV
panel is maximum and an appropriate system wilthmsen as
more reliable for the given load.

Case lI: Reliability evaluation using monthly average value
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— = 7 — —| —®—Power generated by STP190W SPV panel |~
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I 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12
Time in months

150 — — = — — — —

100

Fig.11: The power generated by different types of BV systems at different
months

The power generated by different types of SPV systat

2 gives the comparison of reliability for differeBPV systems different hours has shown in the fig.11, it revehé during the

and the graphical representation is shown in tiné i

Table 2: Reliability of different SPV systems at dferent hours
for one year

Time Type of SPV systems
in hours BPSX150 STP190S FSPV210W

10 0.7788 0.7788 0.7788
11 0.6592 0.558 0.558
12 0.7788 0.7165 0.7165
13 0.558 0.6666 0.7165
14 0.558 0.4724 0.4724
15 0.4345 0.3998 0.3998

Avg 0.6278 0.5986 0.6070

The power generated by different types of SPV systand
reliability at different hours is given as showrfign 10

Reliability and Power at different hours for One year
T T T T 600

Reliability of different SPV systems

—»— Reliability of STP190W SPV System

—%— Reliability of FSPV210W SPV System

—4&— Power generated by BPSX150W SPV System !

—&— Power generated by STP190W SPV System !
Power generated by FSPV210W SPV System :

0.2 L L
10 10.5 11 115 12 12.5 13 135 14 145 15

Time in hours

Fig. 10: Reliability and Generated Power of differat SPV systems vs time

4" 5" and 9" month of the year the maximum power generated

by different SPV panels are more.

Reliability of different SPV systems

—— Reliability of BPSX150W SPV system

Reliability of STP190W SPV system

—— Reliability of FSPV210W SPV system

—&— Power generated by BPSX150W SPV system

—&— Power generated by STP190W SPV system
Power generated by FSPV210W SPV system

0.2 L L 0
10 10.5 11 115 12 125 13 135 14 145 15

Time in hours

Fig.12: Reliability and Generated Power of differeh SPV systems vs time

Reliability for different SPV systems is shown firetfig.12, it
reveals that at noon the power generated by diffeBPV

panels is maximum and the SPV system “BPSX150W” has

been chosen as more reliable system for the goe |

V. CONCLUSIONAND FUTURE SCOPE

The selection of solar photovoltaic systems foreen site
based on the reliability is presented in this papbree different
types of solar panels have been considered forystad
methodology for evaluation of reliability of SPV stgm for
maximum power tracking is developed in MATLAB/Sirmk.
In the present work, one year hourly radiation dftam
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Agricultural University, Hitanalli farm, Bijapur isonsidered. research interests include power systems, higlagelengineering and
The values of reliability of each system were coragawith the Power electronics for renewable energy sources.h&ke published
power generated by each SPV systems. many national and international papers.

The methodology presented in the paper can be aeuthp:
with more number of SPV systems for better religbiFurther
the cost evaluation would be the important pointh@ power
systems.
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