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Abstract
The performance of a photovoltaic system (PV) caa b
characterised by many parameters like latitude biemb
temperature, module temperature, long term degmdat
irradiance , wind speed, wind direction, air gapsMeen modules,
dust, rainfall, corrosion, water vapour intrusiomumidity,
mechanical load, salt mist, partial shading, surawiater climate
change, clearness of sky, ageing and componentirdgrpanel
orientation and shading, inverter sizing, accur@csatings, impact
of actual operating conditions on equipment perforoe,
equipment reliability and durability. The use of pagpriate
performance parameters facilitates the comparigghotovoltaic
(PV) systems that may differ with respect to destgnhnology, or
geographic locatiaRurther electrical derating factors such as
mismatch, component derating, wiring losses, dirdarating also
causes reduced PV performance. The goal of a stimné- system
designer is to assure customer satisfaction byigiray a well-
designed, durable system with a 20+ year life edgray. This
depends on sound design, specification and proaneaf quality
components, good engineering and installation mext This
paper describes the design of a stand alone P\émy#ir the
geographic location, Kolkata in India, with field osk
considerations and the simulation of the systemguétVsyst, a
software package for the study, sizing, simulatiod data analysis
of a complete PV systems.

Keywords. component derating, PVsyst, Depth of discharge,
system loss flow chart.

. INTRODUCTION

The factors potentially affecting the PV systemf@enance
are , geographic location ( latitude, climate g foover,
ambient temperature, wind), system design like pane
orientation and shading, inverter sizing, mounstiicture,
equipment quality- accuracy of ratings, impact ctual
operating conditions on equipment performance, ggait
reliability and durability, Installation workmanght system
faults caused by improper installation, excesselgshue to
undersized wiring etc. A model developed basedield f
data may not be useful for a design engineer aimbiigy
analyst to design and assess the performance défsydem
for some other climatic conditions in a differeat&tion[4],

which may in the same country or at a differentticmmt.
Performance varies with the environmental factorg,
module temperature, ambient temperature, long term
degradation, spectral issues, irradiance , wineédpeind
direction, air gap between modules, dust, rain&atrosion,
water vapour intrusion, delamination of encapsulant
materials, Thermal expansion, ultraviolet radiation
humidity, mechanical load, salt mist, partial simagliglobal
climate change, summer-winter climate change, Géss

of sky, urban heat island (UHI) effect, ageing and
component derating
Temperature Irradiance
¥ ¥
Mechanical .| PVModule | Humidity
Stress, Wind . B
F &
Atmosphere Moisture,
Salt, dust Rain, Frost

Figure 1: Various environmental stresses on PV rieodu

Further, the PV performance depends on material
technology, production and manufacturing process.

The use of appropriate performance parametersitédes
the comparison of photovoltaic (PV) systems thay differ
with respect to design, technology, or geograpb@ation
The goal of a stand-alone system designer is toress
customer satisfaction by providing a well-designéukable
system with a 20+ year life expectancy. This desigior a
stand alone PV system for tigeographic location, Kolkata
in India, with field loss considerations and theglation of
the system using PVsyst [4], a software packdgethe
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study, sizing, simulation and data analysis of mglete PV
systems|[1].

II. PV PERFORMANCE FACTORS

The Factors affecting PV performance are summarged
follows. Temperature: Photovoltaic cell efficienoyproves
producing higher currents in cold temperatures.tags
improves by 0.3 - 0.5% for every degree Celsiuspwet5°
C. Seasonality: (hours of light per day) The neartm of
Ontario receives about 3.7 hours of sunlight per tdinter
average in our area is about 2 hours per day with t
summer peaking during the longest days with anamespf
more than six hours per day. Weather: Even an hiazy
will affect performance adversely. On an overcasf the
solar module may generate as little as one tenits ohted
power. System Voltage: PV cells operate at a redbti
stable voltage while the direct current (amps) theyduce
varies with light intensity. The current and powertput of
photovoltaic modules is approximately proportional
sunlight intensity.

I[I1. DESIGN PROCEDURE

Stand-alone PV system design procedure is as felldare
a few steps that need to be taken when designistgrad-
alone system and the following steps are preferred.

(1). Determine the Load. Calculation of load can be down
in two ways: either calculated on a daily basisneekly.
Regardless of which you choose you need to be asae

as possible.

(2). Decide Battery Storage to be able to handiddhd and
allowing for additional days of battery storage, 8w
battery capacity requirement is as follows. BattStgrage

is usually expressed in Amp hours. However, itlsamiven

in Watt hours. For the load the battery storage) (buld

be calculated as: Ampere rating x hours x additidags of
back up power required in absence of solar irraaiat

(3). Determine solar radiation for the site locatio

(4). Approximation of Array Size - If the systemgsing to

be used all year round and the energy requirensefatirly
constant then the design month will be December or
January, that is when the weather is at its worst.

Array Size (Wp) = Daily energy requirement in Watt
Hours [Wp] / Average Daily Peak Sun Hours in the
design month / System Efficiency.

V. COMPONENTSOF PV SYSTEM

Solar Panels (PV) Modules : Most stand alone Pafesys

need to be managed properly. Users need to know the

limitations of a system and tailor energy consuoppti
according to how sunny it is and the state of chg®0C)

of the battery. The solar panels need to be cordijuo
match the system DC voltage, which is determimgdhle
battery . System voltages are typically, 12V DC a4/
DC.

Charge Controllers : A charge controller is desifjho
protect the battery and ensure it has a long wgrkfe
without impairing the system efficiency. Battergwuld

not be overcharged and the function of the charge
controller is to ensure that the battery is notrararged.
Charge controllers are designed to function aovest
Protect the battery from over-discharge, normally
referred to as low voltage disconnect (LVD) that
disconnects the battery from the load when theebatt
reaches a certain depth of discharge (DOD).

Batteries : The power requirements of stand al@ye
systems are rarely in sync with the battery chargin
Appliances and loads need to be powered when there
sufficient solar radiation, during overcast weatlaed
during the night. Under ideal conditions a new deep
cycle battery would be 90% efficient. The important
characteristics to look for are: Capacity, cycle,lprice /
performance, size and space requirements, Ah iy,
self-discharge rate, installation, environmentaliwil
batteries be placed near water supplies etc.

Cables and Accessories : Cables need to be Ustars
and suitable for outdoor applications. It is vanpbrtant
to keep power losses and voltage drop in the cabke
minimum.

V. DESIGN AND SIMULATION

Design input data is as follows. Location : KolKatdia),
Plane : tilt = 36, azimuth = 6.
Required autonomy 4 days, Loss of load 5%,

Battery/system voltage : 12V. Results : Array ndrp@awer
: 563Wp, Battery capacity :770Ah, Energy cost :61.9
EUR/KWh. (€ 1 =1 69.8812).i.e., Rs.137/kWh.

Design steps for battery sizing required for PVteysis
given below.

1. Determine total watt-hours per day required froour
load calculation.

2. Determine the number of days of storage (backup
required.

3. Multiply line 2 by line 1. (storage x watt-hojrs

4. Determine depth of discharge (DOD) of the bgtt80%
should be considered the maximum for deep cyclefias.

5. Ensure that the batteries incorporate low teatpegs by
multiplying the answer in line 4 by the factors ngsithe
lowest expected weekly average temperature.
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Shading of photovoltaic modules is one of the most
significant causes of losses in a pv system[5]fast, the
shading of 10% of the area of a system could cauess of
50%.

This disproportionate effect is caused by stringigie If
there is one shaded module in the string, the whtilag
underperforms. There are a number of technicaltisolsi
that involve inverters finding a new maximum poweint

Required Paramelers Results
Array nom: power
Battery capacity

Input Data
Calcutta = IR 563 Wp
Requied autonomy (4.0 days ?J
i = 770 Ah
Required LOL 10z 2|

Battew/systemvokage [12. V2

Plane: filt = 30, azimuth =0°

8360 EUR
1.96 EUR/KwWh

Investment cost

Ay, daily use 1.68 kwh/day Energy cost

T T T T T T T
Available Solar energy 2.3 KWhiday

Enargy [(Wiiday)
I

Figure 2 : Battery sizing requirement

or having one inverter per module. The best satio
however, is to avoid partial shading wherever paesiA
shadow falling on a group of cells will reduce ttotal
output by two mechanisms:1) by reducing the enémgut
to the cell, and 2) by increasing energy losseténshaded
cells. Problems become more serious when shadksdges!
reverse biased. Figure 3 shows the effect of patiading
on one cell in a module.

Array IV Characteristics with partial shadings on 1 cells in one diode-group  HEE|

Closa Print Export Format PA curves Help

Partial shadings on 1 cells in one diode.group - for One moduls

PV module A10-30GET AK of Selarwatt: 70 cells

—— Cellwith 80% of shading
—— Diode-protected group of cets
—— Resutant for the moduie

0z

o1 Protection by diode:
F=0W, Tesdg'C
Y

vatage V]

Figure 3 : Partial shading in 1 cell in one digneup for one module

Figure 4 gives the module solar watt resultant.ufgg5
shows the theoretical nature of |-V characterisitsve
with and without bypass diode[6] and the simulated

characteristics is shown in figure 6. The effecadbypass
diode on an IV curve can be determined by firsdlifig the

IV curve of a single solar cell with a bypass di@ohel then
combining this curve with other solar cell IV cusvelhe
bypass diode affects the solar cell only in revéiiss. If the
reverse bias is greater than the knee voltageeofdlar cell,
then the diode turns on and conducts current. Bhebined

IV curve is shown in the figure below.

Figure 7 shows the simulated block diagram of acstone
PV system consisting PV array, battery and end waéar

# WV Characteristics of two different PY fields in parallel
Close Print Export Format Hel
Madule SolarwanOA1030GET AKOPhoton Mag. 2004

O1A11 4200, Gincid. 12 =1645 | 1046 Wi, Module Temp =43 49°C
T T T

e :

Comet (4

| —— Fietd #1_ 1 branchs of 1 rodues, Pirop = 10W
—— Fiskd #2, 1 branches of § modes, Frpp = 10W
—— Resutart. Prpp =20 W, Loss -0.0 %

(] 10 0

20
Vobage V]

Figure 4 : Module solar watt resultant as §riNbvember 2011

4

cell with
ypass diode

cell without

|
|
|
ypass diode |

L

V=06 to0.77

Voo = 0.6V y

Figure 5 : Module |-V characteristics with andhvatt bypass diode.
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Module without ypass diode
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Figure 6 : Module I-V characteristics without bgpaliode ( Simulated
result)

relevant defined parameters. The simulation is wath
standard back up generator of 1.5kW and the battery
temperature is assumed to be constant and locakterture
20°C is taken into account. Figure 8 gives the sinadat
effective energy output versus global incident aéidn for
Kolkata based on generic meteo data for the PV ieodu
with nominal power of 0.26kWp, Maximum power point
(MPP) voltage 36V and current of 0.3A.The open witrc
voltage VOC must be calculated for the operating
temperature (TC), for each cell it drops by aba@t®/ for
each °C over 25°C.

#Stand alone system - Further parameters @@@

System summary

PV array System User (load)
' Battenes voltage 12V
5 1 Arcay Regulstor i Numberof bateizs 9
E Array U Array s :
— i EUser
E Back-up T
E Dperating battery temp.
! 1Batt. ; k
| Back- Fuse H ¢ " Fised (tempered local v
B T U Batt. +T Chiisch. A Uer
i ; Fixed o
g Batteries E User
Back-up H Fixed Opesating mode
penerator ‘l)‘d'nw i | Eresds o
| | j :
: & i

Regulats

ulatod | DefauliReguiDCOC. : Undefined, Generic Defaull with DC-DC converter =] [ Open I

I” Defaull rgulsiod
Back-up Generator
v 'With generator |StdGeneraton _5.G : Back-up generator, 1.5 kw =] ® Open
< Back X Cancel ' OK ‘ Aunay losses I ‘

Figure 7 : Generated stand alone system with peterm

2 Results, variant VCO "New simulation variant"
Simulation parameters

Praject Stand Alone Project at Calcutta [Estam
38 el PV odules A10-30GETAK  Ballery: Enersol 50
System type Stand slone Nominal Powes 025 kwp  Balery voltage 12y
Simuation 01/t 3142 MFFPVoltage EOV Total capacity 333 Ah
(Generic meteo data) MPP Current 03 A
Main results
Systern Poduction 308 KWhiyr Nomaizedpiod .06 KWh/kWp/day
Specific prod 1185 Kwh/EwWndn duay losses 1.58 KWwh/kWoiday
Pesfosmance Rato 0.605 System losses 0.42 Kwh/kWwWp/day
15 Daily Input/Output diagram Dstidiod rusubs
Vales from 0101t 3142 B Repait [ Tables ‘

N

BZ Predel graphs [ 15 Hout graphe

=
—_—
\
.

€ Economic evalustion ‘

L2 & Frin [ ¢ ‘

{
¥
T

o

EMective energy at the output of the armay fAihiday]
o o o
s m @
R T |

B save ‘

Gichal incidert in col, plane ﬁmon'.gayl L L 0 Back [

Figure 8 : Daily input output diagram.

For a panel withn cells connected in series:

dVI:IC — VDC _VDE(ZSD)

dt T.—25"
The short circuit current ISC is directly proporn#d to
irradiance (G). Therefore the short circuit currentthe

given irradiance Isc (G)) is given by:
I (G) I (at 1kW/m2 ) G (in kW/m2 )

The cell temperature will normally be higher thdme tair
temperature because they are black and sittingpanstin.
The cell temperature under different conditions dam
estimated using thé&lormal Operating Cell Temperature
(NOCT), which is defined as the cell temperaturdairthe
following conditions: irradiance of 0.8kW/m2, spexdt
distribution AM1.5, ambient temperature 20°C andiad
speed < 1m/s.NOTC is normally in the region ofd26°C.
The following equation can be used to calculate the
difference between the cell temperature TC andathbient
temperature TA (ambient temperature is the air teatpre
measured in the shade):

_ NOTC-20

T.-T

iy

- * GlinkWim?)

Figure 9 shows the simulation result of differerddiance
parameters and ambient temperature per day asSon 1
November, 2011.
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Simul. variant: New simulation variant

1200 (=

= |
—— Horizontal global irradistion, 4 668 Kwhim® day
—— Ambiert Temperature, Aver=2352
1000 - Global incident in col, plane, 6.521 2
—— Effective Global, corr, for 1AM and shadiigs! 835
Incidence angle, 2693 f

B00 |- —— GlobHor, clear sky model, 4.89
—— Globing, clear sky model, 710

T T T T T T T

i
2 B0 -1
H
3
E
400 - B
200 |- —
i i
o 3 2 9 12 15 18 ) P

Figure 9 : Irradiance and ambient temperatureatiari as on 1
November, 2011.

Figure 10 shows the simulation result of array mhi
energy at standard test conditions (STC), charge an
discharge duration, normalized system productiod BN
loss due to temperature. Figure 11 shows the stetilaVvV
system loss flow chart /loss diagram based on the
environmental loss factors and system factorsltkses due

to temperature, module quality, mismatch , rasist

change , loss in respect of maximum power point

Simul. variant: New simulation variant
=l
0T T T T T T T T T T T
Array nominal energy (st STC effic.), 469.1 KAh
——— Charge duralion, 2871
e DigCharge duration, 5889

500
Normaizy Production, 3.0 ]
—— | P loss fue to terpperature| 27 25 1%h

a0 b 7

300 B

200

Fower feiih]

100 - B

1 —

o L L L ! L I L L I L L
Aan Feb har Apr hay Jun Jud Aug Sep et Mo Dec

Figure 10 :Annual Power variations, charge — disga durations

(MPP) running, unused energy loss, global convdadss,
battery global loss etc.

# System Loss Flow Chart !Eﬂ
Close Print Export Format Monthly values Help

4.4% Loss by respect to the MPP running
-0.3% Unused energy (full baltery) loss
330359wW Effective energy at the output of the array
Back-up generator -7 0% + Global Converter losses
131% 306965 W Converter losses (effic, overload)
436821 kvh Battery Storage
ect u Stored -05% Battery Stored Energy balance
Ba% % 52% + Battery gioballoss
Energy supplied to the user
333975W Energy need of the user {Load)

Loss diagram for "New simulation variant” - year

1762 % Horizontal global irradiation
+4.6%

Global incident in coll. plane

L.a 1% 1AM factor on globsl

]

1790 Kvhin® * 5 m? Effective irradiance on collectors
efficiency at STC = 5.05% PV conversion

469125\ Array nominal energy (at STC effic.)

-26.14  Array Losses (Temp, Mod. Gual., Mism., Res.)

A

Figure 11 : PV System loss flow chart.

For the given design specification, the normalipexiver

production and loss factors were shown as histogram

22

figure 12 with percentage of unused energy, PV yarra

collection loss, system losses and battery chang@ngear (

As on 2011). The histogram shows that the PV array
collection loss is same during all seasons wherea®es
during summer and rainy season. Figure 13 shows the
performance ratio (PR ) and solar fraction (SF)RMf
system during the entire year . The term “perforoearatio
(PR)” refers to the relationship between actualdyiand
target yield. The PR of a photovoltaic system the
quotient of alternating current yield and the naahiyield of
the generator’s direct current.

Production normalkized factors

Normalized Production and Loss Factors: Nominal power 260 Wp

Lu: Unused energy (full battery) 02%
Lc: Collection Loss (PY-array losses) H%
Ls: System losses and baltery charging  -08%

Jan Feb Mhar Apr May Jun Jul Aug Sep Oct Hloy Dec

Figure 12 : Normalized production and loss factors

Solar fraction (SF) is the amount of energy prodithy the
solar technology divided by the total energy regglirThe

1JCSM S
WWW.ijcsms.com



1JCSM S International Journal of Computer Science and M anagement Studies, Vol. 12, I ssue 01, January 2012

ISSN (Online): 2231-5268

WWW.ijcsms.com

solar savings fraction thus is zero for no solaergy
utilization, to 1.0 for all energy provided by sol&igure 14

Performance Ratio PR and Solar Fraction SF

12— T T T T T T T T T T

PR : Performance Ralio (Y1 7Yr): 0696
SF : Solar Fraction (ESal / ELoad) 1.000

Performance Ratio PR

Jan

Figure 13 : Performance ratio and solar fraction.

Daily Array Output Energy

3|
1815 T T T T T T T T T T T
——— Effective energy at the output of the array

141 1 .

|

k'hsday
o
)

Figure 14 : Daily array output energy.

shows the simulation result of the effective egeat) the
output of the array.

VIl. CONCLUSION

Losses in a PV system simulation may be determimed
specific models(shadings), Interpretations of med@V
module  behaviour),User's  parameter  specifications
(soiling, wiring, etc). The PVsyst software proide
detailed analysis of all losses with each simuratibhis is a
valuable tool for checking the pertinence of tmpuit
parameters, comparing several simulation rémssyst
tries to use suited models for all parts of the $étem,
including all identified sources of losses. It pdes a
detailed and quantified analysis of each loss gianone-
sight evaluation of the sizing and system-compari®ol.
The main uncertainties of the PV production remaifhe
meteo data (source, and annual variability) tdem®dule
model, and the validity of the manufacturer's sieations.
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