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ABSTRACT
There is an increasing focus on utilizing the renewable energy resources, especially solar energy as the fossils are expected to deplete in near future. Solar Photovoltaics have remained of particular interest because of their relative lower overall efficiencies .Most researchers are trying to enhance the overall performance of Solar Photovoltaic and trying to study factor that may possible lead to an increase in the overall performance of a Solar Photovoltaic Panels. A thorough investigation was carried out to study the influence of solar power and solar flux on the performance parameters of Photovoltaics (Polycrystalline). The data used in the research was obtained by in-situ measurement approach using an SM206 precision digital solar power meter, a digital solar flux meter, and an M890C+ digital Multimeter. The result obtained shows an interesting correlation for current, efficiency and solar power as well as for solar flux which indicates that high solar power and solar flux positively enhances the performance of the photovoltaic. The results also reveal that once the solar power or solar flux reaching the photovoltaic exceeds 200W/m2 or 20Klux, the voltage from the photovoltaic approaches maximum and remains fairly stable irrespective of the amount of solar power or solar flux reaching the photovoltaic. The data collected for three months, July, August and September shows prediction efficiency of 87 %, 63% and 71% at 11:30am, 12:30 pm and 10:30 am respectively.

Keywords: Solar power, solar flux, efficiency, photovoltaic.

1. INTRODUCTION
The basis for the migration from our traditional fossil fuel to other alternative energies is not far-fetched. The increasing demand for energy and the ever depleting sources of fossil fuel amidst exploration and exploitation that are no longer environmentally friendly has created a paradigm shift to alternative energy of which solar energy plays a significant role. This energy is primarily produced by the sun.
For over 4-billion years now the sun which is not so particularly different from other stars in the universe has been producing enormous amount of energy through nuclear activity in its core and this activity may continue for at least another 4-billion years before it transforms into a giant star (red giant) while swallowing the earth and other planet in the process. For all the different forms of energies available to man on earth, the sun is almost the main source for it. 95% of the sun output energy is been released as light (some of the light cannot be picked up by the human eye) in the process of producing energy [1].
Roughly 99% of solar radiation reaching the earth surface ranges between 0.3 to 3.0 µm. While the vast majority of radiation reaching the earth (long wave radiation) ranges between 3.5 to 50 µm. The intensity of solar radiation which is approximately 1370 watts/metre2 outside the earth’s atmosphere is the power of solar radiation obtained at mean distance between the earth and sun, while the direct beam radiation will be approximately 1000 watts/metre2 for a good number of locations at sea level on a clear day at noon [2]. Energy accessibility is mainly influenced by location (latitude and height), time and season. All of this can be promptly decided. However, the greatest parameters influencing the accessibility of energy are conditions (meteorological conditions) which regularly vary with time, season and location as well.
Solar radiation striking a target or passing through a transmitting medium is mostly reflected and assimilated, while the rest is transmitted. The solar spectrum coupled with the optical properties of the transparent medium determines the relative values of the transmitted radiation [3]. Solar radiation is reduced and weakened as it navigates the layers of the atmosphere, keeping a large segment of it from arriving at the surface of the earth.


Solar radiation (flux) is obviously a deciding component with regards to analyzing the potential of solar energy as renewable power source. The solar flux transmitted from the sun is described by infrared and visible radiation. Their distinctive spectrums are depicted by their different wavelengths ranging between 0.20 to 4.0µm.
Photovoltaic electricity is generated through a process known as the photovoltaic effect which is achieved by converting sunlight into free particles capable of carrying charges within a semiconducting material. Thus it is important it’s very important to note that the performance of photovoltaic panels in real time outdoor conditions is different than the conventional laboratory conditions [4].
Nigeria stands at the threshold of rapid depletion of conventional energy resources [5], as such; renewable energy source (such as solar) should be identified as an attractive area for research and should receive substantial attention for investment purposes. In many rural locations of Nigeria, solar energy could provide a unique and cost effective way of supplying both metropolitan and rural areas with energy. Economic and agricultural activities take place in these areas with little or no access to energy and clean water supply.
Chegaar et al. [6] researched on how illumination intensity affects photovoltaic cells parameters using the one diode model. The study results indicated those parameters such as ideality factor, photocurrent, and output power as well as the short circuit current increases linearly as the intensity of irradiation is increased at room temperature within the range of intensity (160-1000 W/m2).
El-Shaer et al. [7] investigated how light intensity and temperature influences the parameters of crystalline silicon solar modules by using xenon lamp (150W) as a solar simulator. The results of their investigation from the two crystalline modules reveal that current parameters are dominantly controlled by light intensity. Short circuit current and maximum current increases linearly with increasing light intensity. The investigation further reveals that with an increase in light intensity from 0.2 to 1.0 Sun the maximum output power increased by 80%.
Tobnaghi & Naderi [8] researched on how the performances of solar cells are influenced by temperature and solar radiation. Their research shows that current parameters are directly proportional to the intensity of light reaching the cells, while open circuit voltage changes logarithmically with light intensity.
Omubo-pepple et al. [9] carried out a research on how temperature, relative humidity and solar flux affect the production of electricity using PV modules in Port Harcourt. Their result starkly established that direct relationships between solar flux and current and also with efficiency exist.
Ettah et al. [10] using solar photovoltaic panels installed in Port Harcourt, Nigeria established that a positive linear relationship exist between solar radiation and efficiency.
Omubo-pepple et al. [11] carried out a study on photovoltaic panel situated in the Niger Delta region of Nigeria to unravel how meteorological parameters influence the efficiency of photovoltaics. Their study reveals that solar panel efficiency is strongly influenced by metrological parameters including temperature, solar flux and relative humidity.
Hamrouni et al. [12] employed the Simulink tool to unravel how the performances of PV pumping systems are influenced by air temperature and solar radiation. Their simulated results show that large solar radiation increases both the global efficiency and the pump flow.
Touati et al. [13] carried out a research in Qatar to investigate how the efficiency of photovoltaics (monocrystalline and amorphous technologies) in Qatar are affected by environmental and climatic conditions. From their result it was obvious that for both technologies, as the amount of radiation increase the output power increases linearly.
Rani et al. [14] worked on the effect of temperature and irradiance on solar module performance. Their result shows that with increasing solar irradiance the voltage and power output of the cell increases.
Syafiqah Z. et al. [15] reported that as the operating cell temperature increases it triggers a reduction in the output power of the photovoltaic panel.
Leow W. et al. [16] investigated the performance difference in the PV panel subjected to difference in the wind velocity. The results encouraged exposure of the photovoltaic panels to operate in the open atmosphere with considerable wind velocity for achieving better output power.
The novelty and aim of this research lies with the thorough investigation on the influence of solar power and solar flux on the performance efficiency of photovoltaics installed for residential household use in atmosphere close to river which is not yet investigated especially in the Nigeria prospects.
2. MATERIALS AND METHOD
2.1       Materials
A 130 watt polycrystalline solar panel with dimension of 1480*670*35 mm and capacities of 7.18A and 18.10V at maximum current and voltage respectively. Charge controller was utilized to assure smooth charging of the lead acid battery with specification of (12V-75AH). A digital multimeter (M890C+) was utilized to monitor voltage and current values, accompanied by a K type thermocouple for measuring temperature in Celsius. A digital solar power meter (SM206) was also used which is capable of measuring solar power in Watt per square metre (W/m2) and also in British thermal unit (Btu). A mastech digital solar flux meter (MS6616) was utilized to carefully monitor the solar flux.
2.2     Methods
The solar panel was placed horizontally flat facing the sun on a platform one metre high above the ground as can be referred from Figure 1(a). Connecting cables were connected to the output terminals of the photovoltaic panel which ran into the input of the charge controller. The output of the charge controller was then connected to the battery for charging the battery which powered the load through an inverter followed by a Grid connection as can be seen from Figure 1(b)
 Measurements were taken at an interval of 30 minutes from 6.00am to 6.00pm for a period of 90 days (30 days each in the month of July, August and September). During measurements, the voltage and current from the panel were measured using the digital multimeter. The time of day was recorded and the amount of solar flux and solar power reaching the PV panel were also measured using a digital lux (light) meter and a digital solar power meter respectively.
Using the recorded data, the output power produced by the photovoltaic panel was obtained using equation (1), the maximum power that the solar panel can give out can be calculated using equation (2), while the normalized power output efficiency was calculated using equation (3) as shown by [17]. It has been shown by [10] that the efficiency of a photovoltaic module can be determined using equation (4). [17] Also show that the short circuit current and the open circuit voltage are been influenced by parameters like solar power and temperature as indicated in equations (5) and (6).
2.3	Equations

Measured Power:
Pmea = Vmea x Imea 											(1)

Maximum power:
Pmax = Vmax x Imax 											(2)

Normalized power output efficiency:
𝜂p =  × 100 											(3)      

Module efficiency:
𝜂mod =  									(4)     

Short circuit current:
𝐼𝑠𝑐 = bH 											(5) 

Open circuit voltage:
 Voc =    											(6)  
Where Pmea, Vmea and Imea are the measured power, voltage and current respectively.  Pmax, Vmax and Imax are the maximum power, voltage and current respectively that the module can give out. Q is the electronic charge, Io is the saturation current, T is the absolute temperature of the photovoltaic module, b is a constant depending on the properties of the semiconductor junction, K is the Boltzmann constant and H is the incident solar power (light intensity) on the photovoltaic module. Fig. 1 shows how the experimental setup of the photovoltaic system was done.
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                           a). Solar panel on a platform 1m high                 b). Grid connection

Fig. 1: The experimental layout
2.2 Study Area
Calabar which is the capital of Cross River State is located in the southern part of Nigeria, located on Latitude 4057’06’’N and longitude 8019’19’’E at an elevation of 32m above sea level. But the location selected for this study is on Latitude 4057‘38.6161” N and Longitude 8018’58.482” E, it is about 400metre away from the Calabar River as shown in Fig. 2.


[image: C:\Users\ammy\Pictures\map3.jpg]

Fig. 2. Map showing study location
3. RESULTS AND DISCUSSION

Fig. 3 shows how the photovoltaic module responds in terms of voltage production to an increasing amount of solar power received from the sun. It reveals that above a solar power of 200W/m2 the voltage output remains fairly constant irrespective of the amount of solar power received. This shows that maximum voltage can be expected from photovoltaic modules as early as 9am. 


FIG. 3: Voltage (V) against solar power (W/m2)
Fig. 4 reveals the effects of solar power on the current of the photovoltaic module. It clearly shows a very high positive correlation between current and solar power. This very high positive correlation tell us that increasing solar power favors an increase in current; this conforms to our statistical correlation, showing that linear relationship exist between solar power and current. Which is in agreement with studies by Ettah et al. [10].


FIG. 4: Current (A) against solar power (W/m2)

Fig. 5 also clearly shows a very high positive correlation between the efficiency of the module and solar power. This very high positive correlation reveals that the efficiency of the photovoltaic module is enhanced as the amount of solar power reaching it increases, which is also in agreement with studies by Ettah et al. [10].


FIG. 5: Efficiency (%) against solar power (W/m2)

Fig. 6 shows how the photovoltaic module responds to increasing amount of solar flux in terms of voltage production. It reveals that above a solar flux of 20klux the voltage output remains fairly constant irrespective of the amount of solar flux reaching the panel. This further reveals that the photovoltaic module is expected to produce its maximum voltage once the brightness of the sun reaches or exceed 20Klux.


FIG. 6: Voltage (V) against solar flux (Klux)

Fig. 7 and Fig. 8 show how the current and efficiency respectively of the photovoltaic module is influenced by solar flux. These figures clearly show very high positive correlations which indicate that as solar flux increase, a rise in current and efficiency is enabled. This conforms to our statistical correlations showing that linear relationships exist between solar flux and current and also solar flux and efficiency. Both figures are in agreement with studies by Omubo-pepple et al. [9].


FIG. 7: Current (A) against solar flux (Klux)



FIG. 8: Efficiency (%) against solar flux (Klux)
Fig. 9 depicts the way that a photovoltaic module responds in terms of voltage and current production with increasing efficiency. It reveals that from 0% to 20% efficiency, an increase in voltage is observed, from 20% and above, the voltage remains fairly stable, while current continues to increase linearly as efficiency from the photovoltaic module increases.



FIG. 9: Voltage (V) and current (A) against efficiency (%)
Fig. 10 shows the efficiency of the photovoltaic module for the three months in which data was recorded. It shows that in the month of July, a peak efficiency of 87% at 11:30am should be expected from the photovoltaic module. In the month of August, the highest efficiency to be expected from the photovoltaic module is 63% at 12:30pm. While in the month of September, double peaks in efficiency at 10:30am (71%) and 2:00pm (70%) should be expected.





FIG. 10: Efficiency (%) against time of day (mins) for the month of July, August and September

Fig. 11 shows the average efficiency of the photovoltaic module before noon, after noon and for full daytime, for the months of July, August and September. It shows that the photovoltaic module was more efficient before noon in the month of September and less efficient in August, with the efficiency of July lying in between. This was because the average solar power received by the photovoltaic module before noon in the month of September was higher, followed by July and the less in August as shown in Fig. 12. The photovoltaic module was least efficient after noon in the month of September, while reaching the same efficiency in the months of July and August. This was due to the fact that the average solar power received by the photovoltaic module after noon in the month of September was the lowest, while July and August almost had the same level of solar power as shown in Fig. 12. For the average efficiency produced by the photovoltaic module during the day, the photovoltaic module was more efficient (33%) in the month of September due to the high average solar power received.





                                    Before Noon 	            After Noon 	                Full daytime



FIG. 11: Average efficiency produced by the module before noon, after noon and during the day for the month of July, August and September


                             Before Noon 	            		 After Noon 	                        Full daytime



FIG. 12: Average solar power across the module before noon, after noon and during the day for the month of July, August and September

4. CONCLUSION
The output voltage from the photovoltaic approaches maximum and remains fairly stable once the solar power or solar flux reaching the photovoltaic exceeds 200W/m2 or 20Klux respectively. The result also shows a very high positive correlation for current, efficiency and solar power as well as for solar flux which indicates that high solar power and solar flux positively enhance the performance of the photovoltaic. The current produced increases linearly with efficiency but the voltage remains fairly stable above 20% efficiency. For the months in which data was acquired, the photovoltaic module was more efficient in the month of July followed by September and less efficient in the month of August. Applying photovoltaic technology to produce electricity from solar energy conversion in the months of July, August and September within the study location can be said to be favorable.
5. CHALLENGES AND RECOMMENDATIONS
It is recommended that this same research be carried out on monocrystalline and thin film solar photovoltaics installed for street lighting and household use close to the river for the location under study.
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6.7692307692307695E-6	1.9463846153846152E-3	2.6059769230769234E-2	6.5183615384615382E-2	0.10215384615384615	0.19227923076923079	0.20990461538461538	0.29966076923076923	0.36090846153846157	0.44661923076923077	0.52405692307692309	0.67461384615384612	0.58641846153846144	0.50967307692307684	0.4062746153846154	0.43256538461538463	0.47564615384615389	0.5441307692307692	0.39967307692307696	0.3410192307692308	0.38030769230769229	0.19565461538461537	0.13334769230769231	7.9197692307692302E-2	2.2139692307692305E-2	4.6999999999999999E-4	2.0459999999999999E-2	0.20859	0.48932999999999999	0.75	1.3786700000000001	1.5093300000000001	2.1419999999999999	2.5653299999999999	3.1826699999999999	3.71333	4.8126699999999998	4.2013299999999996	3.6353300000000002	2.9060000000000001	3.08467	3.4093300000000002	3.8759999999999999	2.85	2.4620000000000002	2.7066699999999999	1.4246700000000001	0.98533000000000004	0.59933000000000003	0.18274000000000001	Efficiency (%)
Voltage (V)
Current (A)
July	0.25	0.27083333333333331	0.29166666666666669	0.3125	0.33333333333333331	0.35416666666666669	0.375	0.39583333333333331	0.41666666666666669	0.4375	0.45833333333333331	0.47916666666666669	0.5	0.52083333333333337	0.54166666666666663	0.5625	0.58333333333333337	0.60416666666666663	0.625	0.64583333333333337	0.66666666666666663	0.6875	0.70833333333333337	0.72916666666666663	0.75	2.5709538461538463E-6	1.1294828307692305E-3	3.8667513846153849E-2	6.4327384615384633E-2	0.10270384615384615	0.100096	0.161658	0.33108098461538465	0.35210510769230768	0.31715612307692309	0.46379519999999991	0.86592590769230782	0.86326646153846165	0.41016424615384611	0.47742972307692289	0.38038184615384607	0.27227999999999997	0.54670021538461555	0.50482116923076925	0.32890092307692309	0.52267209230769229	0.20049643076923071	0.20683923076923075	0.13252578461538461	2.2447384615384616E-2	Aug	0.25	0.27083333333333331	0.29166666666666669	0.3125	0.33333333333333331	0.35416666666666669	0.375	0.39583333333333331	0.41666666666666669	0.4375	0.45833333333333331	0.47916666666666669	0.5	0.52083333333333337	0.54166666666666663	0.5625	0.58333333333333337	0.60416666666666663	0.625	0.64583333333333337	0.66666666666666663	0.6875	0.70833333333333337	0.72916666666666663	0.75	9.3476923076923076E-6	2.3360611111111107E-3	1.9639017521367524E-2	5.1150000000000001E-2	7.7228974358974356E-2	0.19894852564102561	0.18117061965811965	0.20418431623931621	0.26617499999999994	0.38117572649572651	0.45420378205128192	0.52197756410256402	0.3544275641025641	0.63356388888888904	0.43057884615384612	0.56521846153846145	0.49471871794871797	0.49051564102564099	0.31300961538461541	0.37178271367521371	0.34050042735042729	0.17621730769230767	7.3513888888888879E-2	5.2910576923076921E-2	1.8398538461538463E-2	Sept	0.25	0.27083333333333331	0.29166666666666669	0.3125	0.33333333333333331	0.35416666666666669	0.375	0.39583333333333331	0.41666666666666669	0.4375	0.45833333333333331	0.47916666666666669	0.5	0.52083333333333337	0.54166666666666663	0.5625	0.58333333333333337	0.60416666666666663	0.625	0.64583333333333337	0.66666666666666663	0.6875	0.70833333333333337	0.72916666666666663	0.75	9.0190384615384597E-6	2.4630245192307693E-3	2.0837644230769229E-2	8.7937500000000002E-2	0.14009865384615383	0.30266033653846158	0.31534990384615386	0.40513298076923077	0.51436557692307694	0.70786562499999994	0.70406980769230776	0.66579884615384621	0.59639620192307674	0.45253076923076929	0.28508403846153851	0.3008118749999999	0.69979971153846154	0.62009624999999979	0.40008187499999998	0.30972504807692308	0.26468557692307693	0.21910346153846155	0.13534278846153847	5.4548557692307688E-2	2.7558173076923077E-2	Time of day (mins)
Efficiency (%)
July	Before Noon	After Noon	Full daytime	0.28000000000000003	0.33	0.31	Aug	Before Noon	After Noon	Full daytime	0.21	0.33	0.27	Sep	Before Noon	After Noon	Full daytime	0.34	0.31	0.33	Avg Efficiency (%)

July	Before Noon	After Noon	Full daytime	277.60000000000002	327.8	301.7	Aug	Before Noon	After Noon	Full daytime	220.2	333.6	274.7	Sep	Before Noon	After Noon	Full daytime	345.7	310.5	328.8	Solar Power (W/m2)
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