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Chapter 5

Indoor Experimental Characterisation of a Three
Trough 50° Effective Acceptance Half-Angle Line-Axis
Concentrating Asymmetric Compound Parabolic
Photovoltaic Concentrator Using a Continuous Solar
Simulator

162



PhD Thesis: Tapas Kumar Mallick

5.1 Introduction

For photovoltaic applications power output is dieproportional to the incident solar radiatioensity.
Increasing the incident radiation level using conicion effectively increases the power outputrfrine
photovoltaic, decreasing the production cost otteldty and thus the energy pay back time if btita
manufacturing cost and embodied energy is comparatith the standard non-concentrating system.
Extensive indoor experimental characterisation tfrae trough ACPPVC-50 was undertaken for a wide

range of incident solar radiation intensities usingpntinuous solar simulator.

52 Pulsed or Continuous Solar Simulation?

A solar simulator is a device that should producectrum similar to that of the solar spectrume Th
solar intensity and other ambient conditions vaontmuously in outdoor conditions and are non-
controllable, it is therefore difficult to deterneincause and effect when a PV system is tested under
outdoor conditions. An indoor solar simulator altowhe applied conditions to be controllable and
therefore cause and effect are identifiable cledigjor concerns in the design of a solar simulaterthe
spectral intensity, angular distribution and théarmity of the illuminated area. Solar simulatatestailed
in the literature use a multi-stage re-imaging pescbefore the radiation is incident on the testesy
(Bennett and Podlesny, 1990; Kuhn and Hunt, 19%haxine et al., 1993; Kilmer, 1994; Thomas et al.,
2000). Solar simulators may be categorised as
® Pulsed, or
(i) Continuous.
Pulsed simulators provide a desired intensity withia very short period of time, generally in treer
of 1ms. Because the flash from the light sourciiisa short period of time, the power consumptién o
this type of simulator is less compared to a camtirs simulator. The major advantages of the pulsed
simulator are:
* agood spectral match to insolation can be obtaiNadamine et al., 1993)
* alow mean power consumption due to the short duraf the flash
» +1% uniformity can be achieved using flash xenanlamps over a 0.2 m x 0.2 m illuminated
area (Thomas et al., 2000)
» the heating effect on the test system is low.
The major disadvantages of pulsed simulators are:
» data has to be acquired in a very short periodnoé,tless than the flash duration (Sheila et al.,
1997)
» the PV system has to have a fast response
» temperature effects on PV system performance carnmivestigated.
A continuous solar simulator provides a constdatrination on the test area for the desired pedabd

time. This type of simulator is suitable for slo@sponse solar cells and has several advantages:
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» the measurement equipment required to determineotitput voltage and current is less
sophisticated (Nagamine et al., 1993)

» temperature effects on the PV system can be imatst

» using custom software dark |-V measurements mayngertaken to determine series resistance,
shunt resistance, and diode parameters (Thoméas 20@0)

» the module |-V characteristics can be determinedr @n extended range, under reverse or
forward bias conditions (Thomas et al., 2000)

» with suitable collimation PV systems can be chaéstd for a wide range of solar incidence

angles.

521 Continuous Solar Simulator Lamp Selection

For the asymmetric compound parabolic photovol@acentrator designed for indoor experimental
characterisation a minimum illuminated area of 40 x 300 mm is required. Three types of light
sources were considered, a single long arc lam@riaay of compact iodide daylight (CID) lamps and
stage lighting equipment using high colour tempemahigh intensity discharge (HID) lamps.

Figure 5.2.1.1 shows the continuous solar simulaised for the indoor experimental
characterisation analysis of a three trough ACPB@CThe manufacturer’'s lamp spectrum indicates that
the use of OSRAM HMI lamps or Philips MSR lampsnast suitable for solar simulation (Anon, 2001i).
These lamps are available in the range from 12869 W and can provide insolation levels up to 1000
Wm? over the test area with a colour temperature tfieen 5000 and 6000 K. Follow spot units used for
theatre lighting have an adjustable lens to vaeyftital distance of the lamp and can be used tageo
the necessary compromise between collimation, tmifg and intensity. Such units also include exaérn
filter holders and allow suitable spectral filteéosbe included for fine adjustment of the spectr@uch
systems allow the area of illumination to be insezhin a modular way by the addition of more uwith
a suitable iris and barn doors.

The solar simulator used in this work had theofwlhg features: a 1200W halogen lamp, a zoom
optical system, a high light output and uniformudsing, a cooling fan and iris diaphragm. OSRAM HMI
lamps are used in this simulator. These lamps &@perated discharge lamps in which the luminoas ar
burns in a dense vapour atmosphere comprising meend rare earth halides. The main benefits are
(Anon, 2001i):

* Very high luminous efficacy of up to 100 Im/W
» Daylight colour temperature of approximately 6000 K
» High colour rendering index CRI of >90

e Hot restart and dimmable.
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Figure 5.2.1.1 The continuous solar simulator usedhe indoor experimental characterisation of
the developed asymmetrical compound parabolic plotiic concentrator unit.

The lamps illustrated in figure 5.2.1.2 are singteled with an external bulb that makes the lampg &a
handle and provides optimum noise suppression velpemated with electronic control gear. The outer
jacket improves the dimming characteristics anoved| the lamp to be used in any position. Lamp numbe

6 in figure 5.2.1.2 was used for this work.
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Figure 5.2.1.2 Physical and geometrical charatiesisf lamps used in the continuous solar
simulator (Anon, 2001i).

For tungsten-halogen lamps a 5% drop in voltage double the lamp life and reduce the colour
temperature as the power decreases (Anon, 200&Dh&rge lamps behave in a similar way for theahit
dimming stage with dimming causing a drop in lunisdlux. The colour temperature however, increases
(i.e. the lamp appears more bluish), while colaemdering deteriorates for the red component in the
spectrum. The result is that light from such larappears more bluish. These effects can be reduyced b
regulating the amount of light using grey scaléef$ or mechanical shutters. The OSRAM HMI lamp

continues to operate at full load, so its photorogiroperties remain more or less constant for yever
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intensity. If the lamp is dimmed by reducing thdtage it will not reach its optimum operating stated,
unlike tungsten-halogen lamps, will have a reddidedpan.

The temperature of the bulb wall is lower for a pamith no outer bulb than on a lamp with an
outer bulb in which the discharge tube can onhinfieenced by the ambient temperatures surrounding
the lamp indirectly or at least with a significaithe lag. For dimming outer bulb lamps are not as
sensitive and a reduction in wattage does nottra@salgnificant changes in their colour qualitprihese
types of lamps forced cooling can reduce, but chefiminate temperature-related problems. The in-
house solar simulator allowed;

* Characterisation under controlled conditions.

» Comparison of two panels simultaneously under odlett conditions.

» Testing independent of diurnal and seasonal vaniati

» Fast and accurate characterisation of panels.

» Temperature effects to be investigated.
Figure 5.2.1.3 shows a schematic diagram of theiraoous solar simulator used for the experimental
characterisation of the developed ACPPVC-50. Thema ddluminated by the solar simulator can be
adjusted depending on the area of device undefD&s$T). The focal length adjustment and illuminated
area adjustment screws change the light intensitye illuminated area. The change in incident fiuth
the distance from the centre of the illuminatedaai@ differing focal lengths (f1) is shown in figu
5.2.1.4. As expected the flux intensity increasesmthe illuminated area is reduced. The maximum fl

is 400 Wn¥ for an area of 0.2m x 0.2m.

Focal Ieryth adjustment llluminated area adjustment

7 — O

Power input \

llluminated area

Height adjustable Screw

Base

Figure 5.2.1.3 Schematic diagram of the contintsmlar simulator.
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Incident solar flux (Wm?)

[llumination flux (Wm?)

(b)

Figure 5.2.1.4 The incident solar flux intensity fhe continuous solar
simulator when illuminating different areas (a)ikontally, (b) vertically.

522 Spectral Characteristics of the Solar Simulator

Figure 5.2.2.1 shows that the spectral distribut@rdimmed HMI 1200 lamps used in the simulatar. A
100% of rated wattage, the spectral distributiomvédl matched to the solar spectrum (compare figure
1.4.1in page 23 and figure 5.2.2.1).
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Figure 5.2.2.1 Spectral distributions for HMI 120@/GS lamp used in continuous solar
simulator for 100% and 60% rated wattage (Anon,1200

5.3 Experimental Set up for the ACPPVC-50 System

Concentrating solar cells operate at greater iitteasof solar radiation compared to flat non-
concentrating solar PV panels. The current gengfaden the concentrator panel is linearly proparéib

to the solar irradiance although the open circaitage will change by a small amount. For concéiniga
systems, the cell temperature will increase detrgabe output power and thus electrical conversion
efficiency of the system. The standard measuregisit for testing a PV panel is shown in figur8 3.
This consists of an Ammeter connected in serigadasure the current produced by the PV along with a
Voltmeter connected in parallel to measure the agglt developed by the photovoltaic when it is
illuminated. A variable load (R is connected in parallel across the voltmetee Vériable load changes

the internal resistance of the circuit and eleatnmarameters (voltage and current) being measured.

(A=
N N
8 (g _
= N
8 T +
T
T

Figure 5.3.1 Standard circuit diagram for I-V curve
characterisation of PV system (Komp, 1995).

This simple loading circuit is replaced by an alecic Keithley source meter that performs at a lsimi
desired frequency and accuracy. The circuit diagsdrawing the equipment used to measure |-V
characteristics is shown in figure 5.3.2, a KI2'd&@a acquisition system measures the current,galta
temperature, solar insolation and air velocity. Blotual values of temperature, solar insolation \aimadi
velocity are computed from the measured voltageyeded by the sensor calibration. The KI2400 seurc
meter is connected with the data acquisition cardugh an IEEE488 interface to a PC (Koutroulis and

Kalaizakis, 2003) on which the data is stored.
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Figure 5.3.2 Modified circuit diagram for continlmollV measurement of photovoltaic
system under illumination conditions.

54 Equipment Specification and Sensors Used in the Experiments

Apart from |-V measurements, temperature, solaratemh and wind velocity were measured for the
indoor and outdoor experimental characterisatidre €quipment specification and sensors used in the

experimental characterisation are discussed in AgligeB.

5.5 Indoor Experimental Characterisation of the ACPPVC-50 System

Experiments were performed using a continuous sifaulator to produce the instantaneous voltage and
corresponding current along with temperatures aoiént radiation. From each set of measured veltag
current data, maximum power point, efficiency ailldfdctor were determined. Figure 5.5.1 shows the
ACPPVC-50 system under test using the solar simuldthe pyranometer measures the solar radiation at
each and every set of measurements of output o#ad current. The pyranometer was set off centre f
the test cell, a measurements where based updurm deference for the cell test area. Figure Sshdwvs

an enlarged view of the ACPPVC-50 undergoing expenital characterisation. As seen in figure 5.5.1,
the output from the ACPPVC-50 is connected diretdlyhe Keithley data acquisition and source meter
through the IEEE488 interface linked to a PC. Eemimplete set of voltage, current, solar radiatiod a
temperature measurements took approximately 1dscé-or each “single” measurement, 100 readings

were taken and averaged, a complete set of |-V unea®nts therefore corresponds to 8000 readings.
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Figure 5.5.1 Experimental characterisation of arPREC-50 using the solar simulator.
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[ector 2

Figure 5.5.2 Enlarged view of the ACPPVC-50 used ifaloor
experimental characterisation.

The bi-polar source meter can source and measut@geoin both positive and negative directions. A
small negative voltage of magnitude -0.2V was aupfrom the source meter to measure short circuit
current accurately for all the measurements. Thanagircuit voltage was taken by sending a “switffh o

command to the source meter while the upper liriithe sweep point was 0.5V higher than to its
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approximate open circuit voltage. The sweep voliage increased by 0.2V increments up to the reduire
voltage level depending on the PV panel voltagegRrmming was implemented in “Visual Basic” and
“Test Point” (Anon, 2001j) with the driver routineempiled and linked with the main program before
execution. For a simple sweep generation by theceometer, a linear sweep was programmed on the
source meter output and the corresponding curnetitvaltage data read into the PC through the read
channels of the data acquisition system.
The indoor experimental test was carried out foumber of panels as described below:
1. Pane 1: a flat non-concentrating panel with three 50-midemBP SATURN solar cell (Anon,
2001e) connected in series.
2. Pand 2: a concentrating three trough ACPPVC-50 panel gith solar cells (Anon, 2001e)
connected in series as described in chapter 3.
3. Pand 3: a flat non-concentrating panel with ten 9-mm wiefe SATURN solar cells connected in
series (Anon, 2001k).
4. Pand 4: a flat non-concentrating solar panel with 25 BRTBRN solar cells of 3-mm width

connected in series. (Anon, 2001l).

55.1 |-V Characteristics of the ACPPVC-50 System with Different Incident Solar

Radiation Intensities

The 1-V characteristic oPanel 1 is shown in figure 5.5.1.1. The measurements wakert over a period
of several days. Ambient room temperature was 28%@jows and doors were closed to avoid unwanted
air flow and temperature variations. The radiafimcidence angle was 0° (perpendicular to the P\tlwnhi
was mounted on a wooden board). Figure 5.5.1.1 shbeat the current and voltage generated by the
panel increases as the solar radiation intensityeases. The rate of current generation increase wa
significantly larger than that of the voltage apeoted from the solar cell characteristic. The sbiocuit
current increased by 78% when solar radiation amzd from 150 Wihto 300 Wn¥, compared to an
increase of 62% when the solar radiation incredised 200 Wn¥ to 400 Wnf. However, as shown in
figure 5.5.1.1 the maximum power increased by 100B&n the incident solar radiation increased by
100%.

The |-V characteristic of the three trough asyminetompound parabolic photovoltaic system
Panel 2 is shown in figure 5.5.1.2 for a range of incidesdiation intensities. The measurements were
taken under the same conditions as for the flatp&ach complete set of measurements took 10 decon
Because of the larger size it was not possiblake theasurements at higher solar radiation integsit

The |-V curve for the ACPPVC-50 panel exhibit a k@mpattern to that of the flat panel. A 0.72
A short circuit current was measured for a soldiation intensity of 250 Wihfor Panel 2 compared to
the 0.42 A short circuit current produced Bgnel 1 at the same insolation level. As expected the open
circuit voltage was nearly double thatRdnel 2 since it has six solar cells connected in sehsimum

cable lengths were used for both systems to mieirttie resistive power loss in the power cable. This
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loss is more significant fdPanel 1 compared tdPanel 2, this loss can be reduced by having a PV panel

which produces higher voltage but lower current.
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Figure 5.5.1.1 |-V characteristics for a non-conrating flat panel with three solar cells
connected in series for different incident radiatiotensities. The ambient room temperature
was 20°C for all measurements and the solar incelangle was 0°.
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Figure 5.5.1.2 |-V characteristics of the ACPPVCfsd0Odifferent incident radiation intensities. The
ambient room temperature was 20°C for all measumtsvand the solar incidence angle was 0°.

Figure 5.5.1.3 shows the measured I-V curvedtorel 1 andPanel 2 for incident radiation intensity of
250 Wn¥’. Both panels use the same type of solar cellbbaause double the number of solar cells are

connected in series Panel 2 compared tdPanel 1, the open circuit voltage is nearly doubled.
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For Panel 1 the ideal maximum powerskV,o) is 0.615 W where as for the concentratiPane 2 it

becomes 2.41 W.
0.8

1]
11
1]

lsc ACPPVC panel

Current (Amp)

Voltage (Volt)

Figure 5.5.1.3 |-V characteristics for flat non-centrating panel and the ACPPVC-50 for
incident radiation intensity of 250 WmRoom temperature was 20°C for all the measurement

and the radiation incidence angle was 0°.
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Figure 5.5.1.4 I-V characteristics for the ACPPVEZfar inclination angles of 0, 5 and 10°. The
ambient temperature was 20°C for all the measuresmand the radiation incidence angle was
perpendicular to the wooden mounting stand.

As detailed in chapter 2, 100% collection efficigme predicted for a wide range of solar incideangles
for the ACPPVC-50 system. The I-V characteristimsthe ACPPVC-50 are shown in figure 5.5.1.4 for
three different inclination angles. The incidentlisdion intensity was 250 Wfperpendicular to the
wooden mounting board. As seen in figure 5.5.1é,ghort circuit current increased by 59% when the
inclination angle changed from 0° to 10°. This ecduse at 10° inclination angle 100% collection
efficiency is achieved and the predicted opticdiciecy at this inclination angle achieves its hegt
value of 85.25% as detailed in chapter 2.
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Laboratory experiments were undertaken for thraé flanels Panel 1, Panel 3 and Panel 4) under
identical conditions using a switching relay cartle panel configurations along with the data adtjois
system and source meter are shown in figure 5.5Ea6h full set of measurements of current, voltage
solar radiation and temperatures took approxime@6lgeconds to complete for all the three panels. A

second time interval was required to reset theunsnt for intermediate measurements.

Panel 1 Panel 3 Ponel 4

T type
Thermocouples

Pyranometer

e { 4

Switching relay cord
L ——KI2700 doatao

ii ocquisition system
~—K12400

source meter

\IEEE488 interfoce

O 0 00000000
4{ O 000000000
Figure 5.5.1.5 Indoor experimental characterisatibrthree flat non-concentrating PV
panels using a relay switching card.

The I-V characteristic oPanel 1 with 50-mm wide solar cells is shown in figure 8.5 for an incident
radiation intensity of 200 Wth Figure 5.5.1.7 and figure 5.5.1.8 show the |-\Aralcteristics oPanel 3
andPanel 4 for the same solar radiation intensity. The sbiduit current is as expected higher Ranel

1 compared tdand 3 andPanel 4. This is because the effective solar cell are®gmel 1is 0.01875 rh
compared to 0.009 rand 0.00825 fmfor Panel 3 andPanel 4 respectively. The short circuit current to
open circuit voltage ratio fdPanel 3 andPanel 4 are 0.008 and 0.0016 A\tompared to 0.266 AVof

Panel 1 and therefore the power loss is more significanPhnel 1 compared téand 3 andPanel 4.
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Figure 5.5.1.6 I-V characteristics Bénel 1 for solar radiation intensity
of 200 Wn¥’. The ambient room temperature was 20°C and thatiem
incidence angle was 0°.
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Figure 5.5.1.8 I-V characteristics Bénel 4 for solar radiation intensity
of 200 Wn¥. The ambient room temperature was 20°C and thatiem
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55.2 Effect of Incident Radiation Intensity on the Power Output

The maximum power point increases linearly with ifngident solar radiation for each solar panel. The
variation of output power with output voltage isosim in figure 5.5.2.1 foPanel 1 while figure 5.5.2.2
shows the variation of output power to the outpoitage forPanel 2 for a range of incident radiation
intensities. From figure 5.5.2.1 and figure 5.5.i2.€an be seen that output power increased lipewth

the incident radiation intensities. FBanel 1 a 141% increase in power can be seen when theeimci
solar radiation intensity increased by 250% whefea$anel 2, a 94% increase in power can be seen
when the solar radiation increased by 150%. Theepowariations for both the flat non-concentrating
panel and the ACPPVC-50 panel are thus similath&tshort circuit and open circuit conditions thé P
produces no power output although the current afihge attain their maximum values. The maximum
power point is shifted towards higher voltage as #iovlar radiation increases for both the flat non-

concentrating panel and the ACPPVC-50.
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Figure 5.5.2.1 Variation of instantaneous powelhveitveep voltage for different radiation
intensities ofPanel 1. The ambient room temperature was 20°C and thati@al incidence
angle was perpendicular to the PV surface.
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55.3 Temperature Dependency of Fill Factor Response for the Three Trough
ACPPVC-50 System

The effect of temperature on the ACPPVC-50 perforceavas investigated by exposing the ACPPVC-50
to continuous solar radiation of 250 Wifor 10 hours. Thermocouples were located on thenialium
back plate as shown in figure 5.5.3.1 and temperateasurements were taken at 20 sec intervalgsDoo
and windows were closed during tests to avoid utedhair flow that may cause additional heat transfe
from the external surfaces.

The variation of temperature with time is presdnie figure 5.5.3.2 for radiation incident
perpendicular to the PV surface with an intensit2s0 Wni”. The maximum solar cell temperature of
42.6°C was reached in the central region of the R@®-50 (thermocouple positiory &s shown in figure
5.5.3.1). A 1.5°C temperature difference occurretivieen thermocouples in positiong dnd . The
temperatures initially increased exponentially heeveafter 150 minute of exposure (i.e. from 1.3@.p.
onwards) the temperatures vary linearly until itdo@es constant. Steady state is attained whenetie h
input to the PV surface and the heat loss fronmettiernal surfaces become equal. The |-V charattayis

of the ACPPVC-50 at different solar cell temperasuare shown in figure 5.5.3.3.

Aluminium back plate
\

Thermocouple

/

'Tl T4o

Solar cell

. T, °T; T,

. T, T,e

Figure 5.5.3.1 Frontal view of the location of teemgture sensors on the rear
aluminium back plate of the three trough ACPPVC-50.
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Figure 5.5.3.2 Measured temperatures for the tireegh ACPPVC-50 with time of
exposure to a constant incident radiation of 250%Wm
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Figure 5.5.3.3 |-V characteristics of the ACPPVC-&ane 2) for different solar cell
temperatures at solar radiation intensity of 250 %Wm

It can be seen from figure 5.5.3.3 that the shiocuit current increases by 40 mA and the openudirc

voltage decreases by 0.32 V when the solar celpéeature increases by 15°C, representing a 6.8%

reduction in maximum power output generated byciecentrator. The |-V characteristics for different

solar cell temperatures fdanel 4 are shown in figure 5.5.3.4. The solar radiatias\@50Wrif incident

perpendicular to the PV surface. It is observed shart circuit current increased by 17.4 mA anérop

circuit voltage decreased by 1.67 V but the fiitta decreased from 67.5% to 62.56% when solar cell

temperature increased from 20°C to 50°C.
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Figure 5.5.3.4 |-V characteristics of the 9-mm wi@ane 4) solar cell hon-concentrating
flat panel for different solar cell temperaturesdasolar radiation intensity of 250 Wm

554 Variation of Fill Factor with Incident Radiation Intensity and PV Cédll

Temperature
The fill factor is defined as (Partain, 1995):

v
ff =_Max max (5.5.4.1)

IV
SC OC

The fill factor for the two panels are (for soladiation of 300 W) 47.3% forPand 1 and 61% for
Panel 2 (ACPPVC-50). The fill factor is low for both systerhecause of power loss in the connecting
cables (the Keithley equipment was within a onereneinge as shown in figure 5.5.1). The connecting
cable has a resistance @ Which implies the power loss of the connectingleabi’ Watt (wherd is the
instantaneous current of the PV system). Sincefldtepanel has a higher current to voltage ratio
compared to the ACPPVC-50 the relative power lossHe flat panel is more significant comparedn® t
ACPPVC-50. The variation in fill factor with incidesolar radiation is shown in figure 5.5.4.1 Ranel

1. The solar cell temperature was 25°C and forralidient radiations the solar incidence angle was 0°
(perpendicular to the PV surface). The fill facteaches a maximum value of only 0.5 because of the
resistive loss across the connecting cable aseaedn from the corresponding |-V characteriskagure
5.5.4.2 shows the variation of fill factor with aolcell temperature fdPanel 3 at an incident radiation
intensity of 250 Wri. It can be seen from figure 5.5.4.2 that theféiditor decreased by 0.002% for every

degree rise in solar cell temperature.
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5.6 TheEffect of Incident Radiation Intensity on Measured Efficiency

The PV system efficiency was calculated as (Pari£85):

P
_ max

n=——max__ (5.6.1)

Gl * Aett

or

|V

n=ffxo—sle (5.6.2)
Cool * Actt

Figure 5.6.1 shows the electrical conversion edficy of the non-concentrating flat systePariel 1) and
the ACPPVC-50PRand 2) for different incident radiation intensities. Th#fective area for the flat panel
was X50x125 mni (Pane 1) whereas for the ACPPVC-5@4ne 2) the effective area was<600x125
mn? and the solar radiationGwas 200 Wnid. The solar cell efficiencies are therefore 6.53% ffat
Panel | and 6.96% for concentratBanel 2. From this it appears that an efficiency improvatred 6.53%

was achieved the PV concentrator panel comparttktiiat panel.

8.53 B Panel 10 Panel j

Efficiency (%)

100 150 200 250
Incident solar radiation intensity (W

Figure 5.6.1 The variation of electrical conversgsficiency ofPanel 1 and
Pand 2 for different solar incident radiation intensities
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5.7 Variation of Maximum Power Point

It is important to use a PV system at its maximwwer point (MPP). The change of maximum power
point leads to a change in the efficiency of thetayn. The ACPPVC-50 with a theoretical concentratio
of 2.01 effectively increases the solar radiatibrthe PV surface and thus the short circuit cureerd
open circuit voltage. However the increase in ogiecuit voltage and short circuit current are nbtre
same magnitude. The increase in the solar cell¢estyire due to concentration decreases the oparitcir
voltage and thus the output power from the PV panel
The power curves with output voltage feanel 1 andPane 2 are shown in figure 5.7.1 for solar
incident radiation of 250 Wih The short circuit current of tHeanel 2 is increased by 60% whereas the
maximum power increased by 117%. This is due tdahewing reasons:
» Pand 1 has fill factor of 47.3% whered&ane 2 has fill factor of 61%.
* Active PV cell area was half fdfand 1 compared td?anel 2 otherwise it was not possible to
achieve such solar incident radiation from therssilaulator.
The figure 5.7.2 shows the variation of output powdth voltage ofPane 2 for different solar cell
temperatures. The incident radiation intensity @8 Wn¥ perpendicular to the PV surface. Ranel 2
the maximum power decreased by 18% when the selatemperature increased from 27°C to 42°C
compared to a decrease of 12% of the maximum pewken the solar cell temperature increased from
20°C to 40°C foPand 4. This power variation with voltage output is shounfigure 5.7.3. For this
measurement the solar radiation was 250 ¥imident perpendicular to the PV surface. Fottal power
curves it is obvious that the open circuit voltalgeps in a significant manner compared to the imert

of short circuit current.

Solar Radiation = 250 W

ACPPVC pane

I
RN M O
| | | |

e

Power (Watt)
© o
[e)} [0}

041 Flat panel
0.2+
0 L } } \—L } L L L L } L L L L } L L L L } \. L L L }
0 0.5 1 1.5 2 2.5 3 35

Voltage (Volt)

Figure 5.7.1 Variation of power with instantaneaadtage for non-concentrating flat PV panel
(Panel 1) and ACPPVC-50 systerPgnel 2) at incident solar radiation intensity of 250 V¥m

As detailed in chapter 2, the angle of incidencaypla major role in the optical performance of
concentrating systems and their collection efficienThe power variation with output voltage for the
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ACPPVC-50 inclined at different angles is shownfigure 5.7.4. The solar radiation was 250 Wm
incident perpendicular to the wooden board. At 4sk@tem inclination angle the maximum power output
is achieved from the concentrator, the predictdtéction efficiency is 100% and the predicted ogtic
efficiency is at its highest value of 85.5% as ghdted in chapter 2. A 10° inclination angle inse=sathe
output power by approximately 70% compared to &6fnation angle. Although the available power
from the panel increased for a 10° inclination enghe voltage corresponding to the maximum power

point (MPP) remains constant.
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Figure 5.7.2 Variation of power with instantaneeoffage forPanel 2 (ACPPVC-50) for different
PV cell temperatures with radiation intensity oD2&mni” incident perpendicular to the PV surface.
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Figure 5.7.3 Variation of power with instantaneoustage for Panel 4 for different PV cell
temperatures with radiation intensity of 250 Wincident perpendicular to the PV surface.
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Figure 5.7.4 Variation of output power with outputitage for different inclination angle of the
ACPPVC-50 system with solar radiation of 250 &m

5.8 Conclusions

Four different PV panels were constructed and cbaraed using a continuous solar simulator. The
systems were illuminated with different solar raidia intensities for several hours to determine the
temperature effects on the |-V characteristicshaf systems. A 94% increase of maximum power is
observed for ACPPVC-50 when the incident solar atiolh intensity increased by 150% whereas the
output power increased by 117% for the ACPPVC-5thmared to the flat panel at same level of
intensity. The power output of ACPPVC-50 was meeguior 0, 5 and 10° inclination angles. A 10°
inclination angle increased the maximum power pbinapproximately 70% compared to a non-inclined
ACPPVC-50. The maximum power output from the ACPPAMCis decreased by 1.2% for every °C
increase of solar cell temperature but the filltdaalecrease by 0.002%*CThe maximum fill factor

achieved was 0.68 for a PV panel using 9-mm widi sells.
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