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ABSTRACT
In this work a commercial Solar Photovoltaics (PV) was characterized tsngV/ characteristics in
Chukwuemeka Odumegwu Ojukwu University (COOU), Uli campus. An investigation of the
performance and device parametefsa mono crystalline silicon cell at different conditions of solar
irradiance was studied with a Solar Meter using standard characteustiescto obtain output
parameters. The characterization of the PV was possible by monitoring PVspaedbrmane at
different times of the day and at different weather conditions. The outdoor expestsrevére carried
on in March. For each day of this field experiment, measurements of irradiaaucd the corresponding
values of current I, voltage V and temperafi were made. The corresponding values of I, V, 0 at 8.00
am, 8.30 am, 9.00 am, etc. were added and averaged. The data collected were used forishaf #malys
H, I, V, 0 and power P. The output parameters obtained are Short Circuit Current Isc = 4.2 Amps, Open
Circuit Voltage \bc = 23.55 volts, Optimum Currengd = 3.80 Amps, Optimum Voltageoy= 23.70
Volts, Optimum Output Poweryg, = 98.43 watts, Fill Factor ff = 84.0 %, and Conversion Efficiency n
=16 %. From the averaged weathenditions forthe set of readings, our results indicate that the month
of March is bright with enough solar radiatidrhe intensity of solar energy was highly not invariant. It
increased from zero at sun rise to its peak at 12.30 pm. This peak was 635d¢/nt 476, less than
the solar constant (1353 WAn This figure is dependable because pur 16 % is comparable to that
supplied by the manufacturer, measured at standard test condition. By implica2@&id, Uli, is a
sustainable environment for solar energy conversion and utilization.
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INTRODUCTION

The development of new and sustainable source of energy today is one of the ¢gheleeges facing

the world.Between 1950 and 1987 global enempnsumption increased by 300 &d assuming no
major changes in usé is expected to increase by almost 50 % in the next twenty years (Cgmpbel
1991). Fossil fuels predominateoil (38 %), coal (28 %) and natural gas (22-9%4yith nuclearfission

and hydroelectric power each contributing 6 % (Campbell, 1991). This energy mix pansist for a

long time if man’s continued existence on earth is to be assured. If denprate of civilization is to be
maintained while the world’srgwing population is sustained we must seek an alternative source of
energy supply that is free from global warming

Of all the available energy sources to man’s development, solar or ratkagy @re the most promising
and the oldest. It can be harmegsandused in various application$he earthreceives more energy
from the sun than is consumed by mankind in a year (Ugwuoke, 2000). Thus the solar energy that the
earth receives can meet man’s energy neétle years since the miiB70s have seen the birth of a new
physicsbased industry (Hill, 1991) which involves harnessing solar energy for human degstopm

Solar energy or solar power is simply the energy radiated from thetssira potentially limitless and
environmentally friendly energy source. It is promising because of its sitgph harnessing and the
abundance of the sun’s energy everywhere on the earth. Solar radiation is invdieedliegctly or
indirectly with almost every process taking place in the earitosphere system.
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When solar energy impinges the surface of the earth, some areas get maedslan per yeaiThe
radiation of the sun reaching the earth, distributed over a range of wavelengths from 300 nm to 4 um
approximately, is partly reflected by the atmlesre and partly transmitted to the earth’s surface. The
radiation outside the atmosphere is distributed along the different wathseng similar fashion to the
radiation of a ‘black body’ following Planck’s law, whereas at the surface adéalht theatmosphere
selectively absorbs the radiation at certain wavelengths.

It is estimated that every square centimeter of the sun radiate energyaictcasp rate .8 x 1026 W

per day. Of the total energy radiated, the earth intercepts only a veryfmnﬁﬂn,; or 1.7 x

5.8x10719
1018 J every sec (Williams, 1975; Okeke, 2006).
The most important parameter in the survey of solar radiation measurement is the received
outside the earth’s surface or in outer space. This pararaeteran rate of solar energy that arrive at
the top of the atmospher&hichhas a degree of constancy 1353 W(Dixon and Leslie, 1978), when
compared to that of energy received on the grasnithe rate at which energy is received on a unit
surface or per unit of collector area, normal or perpendicular to the sun’satirectiree space at the
earth’s mean distance from the sun.
Rotationof the earth about its axis brings about changemnergy received from the sun. On a clear
sunshine daythe energythe earth recievemmcreases from zero at sunrise to a max at solar noon and
decreases to zero at sunset. At any moment however, the clouds may intercept the screasel tte
energy to avalue due to the diffuse radiation (Dixon and Leslie, 1978).
The effects of the earth’s atmosphere and ttauittoferabsorption lines modify the solar radiation
reaching the surface of the ear8vlar energy is reduced by various atmospheric conditions which are
not the same all over the world. The quantity of energy received at various points twbthgagies
Solar insolation is required in order to harness solar power or solar radiant energy

This work characterizzea commercial solar PV using theM characteristics in Chukwuemeka
Odumegwu Ojukwu University, Ulkampus which is situated at latitud&° 10" N of the equator and

longitude 6° 45’ E in the Northern hemisphere within the standard sdavel atmosphere with variation in
sunlight, temperature, sun angle and reflections at surfaces.

MATERIALSAND METHOD
The following materials were used in the experimental study in order to determsinsoldr PV
characteristics.
* A photovoltaic mono crstalline solar panel (AA-6020 20W).
* A multi meter (milli ammeter, and voltmeter).
* Insulated wires with alligator clips / other cables.
* SM 206 solar meter.
* Athermometer.
» A stop clock.
The PV module or panel used in this work was monitored using SM Riyehseter
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Fig. 1 Mono Crystalline Silicon Solar Panel with specifications AT-5020, 20WwW

Figure 1shows thepictorial representation of tHeV module used for this work. The outdoor exposure
testscarried out in this work was done in March, from 8.00-am30 pmeach dayl-V characteristics

of thePV panel at certain conditions, e.g. weather, were measihrecexperimental set up for the work
is shown in Figure.

Solar meter brief case
IVIuItl meter Cell Therm eter PV Modul SM206 Solar mete
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Fig. 2 Operational Set up of Instruments

For each day of this field experiment, measurements of irradiance H andrtégponding values of
current I, voltage V and temperature 6 were made. The corresponding values of I, V, 0 at 8.00 am, 8.30
am, 9.00 am, etc. were added and averaged. The data collected were used foydisechtiaé H, I, V,
0 and power P.

RESULTS AND DISCUSSION

By adding together the corresponding values of I, the corresponding values of We aodresponding
values of temperature 6 within the stipulated times of 8.00 am, 8.30 af®.00 am and so orat 30
minutes intervals up to 5.30 pm in fifteen daysMdrch and dividing accordingly by the number of
occurrence within the time intervals, the mean values were obtained. Thesgeaxaues of readings at
particular time of the ifteen different days in March weresed for the analysis of the solar radiation
flux or solar irradiance, current I, voltage V, power P and temperature 6 within daily time intervals of 30
minutes.

Also plots of current against V, power agaimsttage,power against currensolar irradiance against
power, temperature against power, solar irradiance against daily tinpgrégore against daily time, as



well as solar irradiance verses current, solar irradiance verses voltage atenepeersesurrent, and
temperature verses voltagere also plotted
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Fig. 3: Plot of Current | against Voltage &f the PV Module in Sunlight (From 8.00 am - 5.30 am) for
the Months of March
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Fig. 4: Plot of Power P against Voltagedf the PV Module in Sunlight (Fro®am- 5.30 am) for the
Month d March
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Fig. 5: Plot of Power (P) against Current (I) of the PV Module in Sunlight (From8.00 am - 5.36rpm)
the Month & March
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Fig. 6: Graph of Solar Irradiance (H) vs. Voltage (V) Cheteristics of PV Module in Sunlight (From
8.00 am - 5.30 pm) for the Month of March
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Fig. 7: Graph of Solar Irradiance agaiirrentof the PV Module in Sunlight (From 8.00 am - 5.30
pm) for the Month bMarch
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Fig. 8: Graph ofSolar Irradiance (H) against Power (P}loé PV Module in Sunlight (8.00 am - 5.30
pm) for the Month of March
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Fig. 9: Graph ofTemp(6) vs. Current (1) of the PV Module in Sunlight (From 8.00 am - 5.30 pm) for
the Month of March
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Fig. 10: Graph ofTfemp (0) vs. Voltage (V) of the PV Module in Sunlight (From 8.00 am - 5.30 pm) for
the Month of March
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Fig. 11 Plot of Temp (0) against Power (P) of the PV Module in Sunlight (8.00 am - 5.30 pm) for the
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Fig. 12 Plot of Soladrradiance (H) vs. Dayl Time (T) of the PV Module in Sunlight (8.00 am -5.30
pm) for the Month of March
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Fig. 13:Plot of Temperature (0) against Daily Time (T) ofhe PV Module in Sunlight (8.00 am - 5.30
pm) for the Month of March

|-V characteristics of mono crystalline silicon (Si) salall studied is shown in Figu@while that of
power against voltage and power against current is shown in figure 4 and 5. Both the |-V and/Es
are in line with that ofother researchers such as Mukund (19899 Masters (2004)The output
parameters are in line with that of Wenhamal. (2007) and lbrahim (2011ajnder Standard Test
Conditions.

In Figure 3 |-V characteristics of our 20 watts panel floe month of Marchvas illuminated with solar
irradiance H of 630, 635, 570, 528, 360 and 264 ¥\4md six current- voltage curves and the constant
current source, were generated.

The module delivered a maximum output current of 4.2 Amps with voltag23d&b volts and
temperature of 33.5C under full sun, and power output was 97.650 watts. On a cloudy day, it would be
lower than that of dull morning or dusk time, overcast weather, dull, dew, etc. saéd4 &¢/nf. The
conditions shadowed the intenegi



The top left of +V curve at zero voltage is the short circuit curreatz 4.2 Amps. The bottom right of
the curve at zero current is the open circuit voltage=V24.0 volts. The curves have knee points in
between the left and right hand sides.
In the left region of the knee points, the cell worked like a constant current soureratig voltage to
match with the load resistance. In the right region, the current dropped rapidlynaithrise in voltage,
the cell worked like a constant voltage source with an internal resistance. Theuptett was a
maximum under full bright sun (1.0 sun). On a partially sunny day, the photocurrent diminishestt
proportion to sun intensity-V characteristics of PV module shifted down at lower stenisity, with
small reduction in voltage. On a cloudy day, therefore the short circuit curreetsedrsignificantly.
The reduction in the open circuit voltage, however, was small. The maximum power paimteoit c
Impp = 380 A, and of voltage ¥pp= 23.70V. These are in agreement with www.greenrhinoenergy.com
(2013).
Figure4 is the PV characteristics of # PV module in sunlight. It wase plot of the output powerf o
the panel against the voltagehe power terminated downward at 63.96the PV mwer circuits the
modules operate close to the knee point for maximum power. Optimum Output Rgpe©9B.43 W.
The Maximum Power point (MPP) is found on the current / voltage charactenistie at the point
where the gradient is 4 hence, the angle of the gradient is 45 °. At the MPP, the power is at its
maximum.The gradient of the power / voltage characteristic curve equals 0 and the anglaestt gsad
also 0 °. From the graph, the filling factor can be determined as the relgtiofsinea B to area A.
From Figure 4 the plot of Power verses Voltage sanilar to Figure 6the plot ofSolar Irradiance
aganst Voltage, Solar Irradiance reached the maximum range of 606 /685 W/nt where the
graphs depict nohinearity in line with The German Energy Society (2008).
The linear graphs of Power verses Curréigure5, show that the power is directly pragional to the
current. The linear graphs of Figure 7, Solar Irradiance against Current, show thsidtteircuit
current was linearly dependent upon the irradiance (i.e. if the irradianceowlled| the current also
was doubled).
The photo conusion efficiency of the PV cell is given by,

electrical power output

7 solar power impinging the cell out/ Pin

The higher the efficiency, the higher the output power under a given illumination (Mukund, 1999)
Under solar irradiance of 635 Wrand 360 W/t

@y B3252 100
a)n= 635 X 1 = . 0
by p 10770 100

T=7360 * 71 ~— 700

The photo conversion efficiency of the callinsensitive to the solar radiation in the practically working
range. The efficiency is practically the samdéahand (b)which means the same conversion efficiency
is gottenon a bright sunny day arah a cloudy. When irradiance drops by half, the&leity generated
also reduces by half (The German Energy Society, 2008).power output was gotten on a cloudy day
only because of the lower solar energy impinging the cell (Mukund, 1®9Bigure 8 at the least solar
irradiance of 220V//m?, the corresponding power is 60.00 walise power rose to maximum value of
98.43 as the voltage increased to 23.55 V when the temp wa¥3at512.30 pm.

The power output of solar cells was reduced by high temperatures. The effecpefatieme on the
powershown in Figure 9 is quantitatively evaluated by examining the effects on tkeatcamd voltage



separatelyFigures 9 and )0 As Temperature increased, the stoirtuit current of the cell increased,
but the opertircuit voltage decreased. The increaséhe current is much less than the decrease in the
voltage, the net effect is the decrease in power at high operating temperaturesfiarnh388 C when

the power is 86.77%V. The cell produced less current but greater voltage with net gain in wes po
output at cold temperatudie to activities in the band gap energy. The working temperature of the solar
cell 8. depends exclusively on the irradiance H and on the ambient temperéguaecording to the
relation:

0,=6,+CH 1

where the value of Cis taken to be.03 ( °C/Wm?) (Malik and Damit, 2003). Thus, as the Sun’s
brightness increased the output voltage and power decreased as temperatasedncr

Figure 12 and Figure 13, which is a plot of solar irradiance versesaind temperature against time, the
solar Irradiance has maximum value 685 W /m? at 9.30 am and minimum value @#0 W/

m? at 5.30 pm. The highest Temperature recorded was 3E5rom 9.36011.00 am and 12.00 noen
1.00 pm. The lowest temperadurecorded was 26°3C at 2.30 pm. A rise in the solar radiation intensity
is swapped over by an increase in temperature. The performance of a sofaretated with its angle

of tilt with the horizontal. The tilt angle influences the amount of gneofjected by a PV module. The

max conversion efficiency of the celbtained in this work is,

- % x 100 = 16.0% at33.5°C.

16.0 % was recorded as the maximum conversion efficiency, cell temperaturecutetedlas
6, = 6, + (0.03)615

= 33.5+ 18.45

~ 52.0°C

The recorded efficiency of the cell was less than the efficiency measured atT8&Golar cell
efficiency varies as irradiance varies but at a rate different from the vardtiwadiance. Our solar cell
efficiency lies in theange of 15.2 % — 16.1% compared to that of Ibrahim 10.08 % — 12.54 %. Both sets
of efficiencies are comparable to those supplied by the manufacturer, meats8fiec: 14 %- 17 % as

in literature.

CONCLUSION

CurrentVoltage (FV) characteristic of solar PV was determined with the aid of Solar Mieter.
characteristic of PV module shifted down at lower sun intensity in the moiigor evening times.
The cell produced less current and higher voltage at lower temperature, Maych, at 365 W, | =
4.10 A, V=22.80Vand 6 =33.5°C; but at 340 W, | =3.37 A, V =20.75 V anl = 29.0° C. The
voltage drop was very small. This is in agreement with the researcloeesizb (1994), Joshi (1994),
Rummel (1995), Mukund (1999) Elminir (2006), Tiwari and Dubey 2010 and Ibrahim (2011c).
Temperature has a naoregligible effect on the solar cel-V characteristics. With increasing
temperature, the photocurrent (short circuit current) of the cell increasatlyslighere as the open
circuit voltage decreased linearly, owing to the exponential increase imatgatucurrent. The cell
produced less current but greater voltage, with net gain in the power output at colchterapd&he
slight increase in the photocurrent arose from a decrease in the banceggp ehthe material as the
temperature increased.

The cell produced no power at zero voltage or zero current. Rather, it produced the maxinearat pow
voltage corresponding to the knee point of thé turve. The PV power circuits are therefore designed
in such a way that the modules operate close to the knee point for maximum power.
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The output parameters obtained are Short Circuit Cursent4.2 Amps, Open Circuit Voltageoy=
23.55 volts, Optimum Currenkd = 3.80 Amps, Optimum Voltageqy= 23.70 Volts, Optimum Output
Power Rypp = 98.43 watts, Fill Factor ff = 84.0 %, and Converdidficiency n= 16 %.
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