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Abstract
Photovoltaic (PV) systems are among the most important renewable energy sources that can satisfy the world’s energy requirements. Performance of PV solar module is affected by its orientation and its tilt angles with horizontal plane. These two parameters change the amount of solar energy received by the surface of the PV module. In this study, we show the optimum tilt angle and orientation of a solar photovoltaic panel that generates the greatest registered value for electrical energy. Experiments are evaluated during the winter period (from January till April) in the location of measurements (Shoubra, Cairo, Egypt, Latitude 30° 5' 6N and longitude 31° 14' 19E).  The first experimental work when solar modules oriented towards South-East, South, South-West, the module oriented towards the South 45° gives the greatest values of electrical energy for all the chosen angles. The second experimental work when solar modules oriented towards south, south+15°, south-5°, south-10° and south-15°, the module oriented towards the South-10° for the angle of 45° gives the greatest values of electrical energy for all the chosen angles. From the observation data we obtained in our research we recommend that, the best orientation for solar modules in Shoubra, Cairo, during the winter period, is toward the South-10° installed at an angle of 45° that is latitude + 15°.
1. Introduction
The amount of solar energy incident on a solar collector in various time scales is a complex function of many factors including the local radiation climatology, the orientation and tilt of the exposed collector surface. The performance of PV module is highly influenced by its orientation and its angle of tilt with the horizon. This is due to the fact that both the orientation and tilt angle change the solar radiation reaching the surface of the PV collector. It is necessary to calculate the optimum tilt angle which maximizes the amount of collected energy. It is generally known that in the northern hemisphere, the optimum collector orientations south facing and that the optimum tilt depends on the latitude and the day of the year [1]. In winter months, the optimum tilt is greater (usually latitude +15°); whilst in summer months the optimum tilt is lower (usually latitude -15°). Egypt is in advantageous position with solar energy, located in northern hemisphere. In 1991 solar atlas for Egypt was issued indicating that the country enjoy 2900-3200 hours of sunshine annually with annual direct normal energy density 1970-3200 kWh/m2[2]. These data show that solar energy could be used for certain applications espial photovoltaic cells, solar water heating and solar thermal power. In Egypt PV systems are considered one of the most appropriate applications for remote areas away from national grid. Therefore, the goal of this study was to determine optimum panel tilt angle, the orientation and to investigate the effects of panel tilt angles and the orientation on the amount of solar radiation received by a PV panel and the power generation. 

2. LITERATURE SURVEY
There are various devices for absorbing the solar radiation. The Sun rays are to be always focused on to the absorber plate. The collector has to be rotated by tracking system, but the tracking system is very costly so we cannot use this for every system economically. Due to this reason the solar collector is fixed either monthly, seasonally or yearly pattern, based on our requirements. There are many papers in the literature which make different recommendations for the optimum tilt, based only on the latitude [3]. In practice, a collector plate is usually oriented South facing and at a fixed tilt which is set to maximize the average energy collected over the year. Orientation of the collector is described by its azimuth and tilt angles. Generally, systems installed in the northern hemisphere are oriented toward southland tilted at a certain angle [4]. Many investigations have been carried out to determine the best tilt angle for such systems. For example, φ +20°[5], φ +10°[6],φ-10°[7], whereas some researchers suggest two values for the tilt angle, one for summer and the other for winter, such as φ±20° [8], φ±8° [9], φ±5° [10],where φ is the latitude, “+” for winter, and “−“ for summer. Sakonidou E.P. et. al. [11] developed a mathematical model. The model starts by calculating the hourly solar irradiation components (direct, diffuse, and ground-reflected) absorbed by the solar chimney of varying tilt and height for a given time (day of the year, hour) and place (latitude). Moghadam Hamid .et. al. [12] estimated solar global radiation on a horizontal surface using a mathematical model and the results were compared. Ibrahim D. [1] examined for selection of optimum tilt angle of Cyprus. For maximum radiation the results were calculated by varying tilt angle form 0° to 90° with the increment of 10°.
John Kaldelliset.al. [13] Experimental study is currently carried out in the area of Athens, in order to evaluate the performance of different PV panel tilt angles during the summer period. According to the experimental results obtained, the angle of 15 (±2.5°) is designated as optimum for almost the entire summer period. Amit Kumar Yadav, S. SChandel [14] shows that for maximum energy gain, the optimum tilt angle for solar systems must be determined accurately for each location.Yong Sheng Khoo. et.al. [15] modeled results are compared with measured values from irradiance sensors facing 60° NE, tilted at 10°, 20°, 30°, 40°, and vertically tilted irradiance sensors facing north, south, east, and west in Singapore. Using the Perez model, it is found that a module facing east gives the maximum annual tilted irradiation for Singapore's climatic conditions. These findings are further validated by one-year comprehensive monitoring of four PV systems (tilted at 10° facing north, south, east, and west) deployed in Singapore. The PV system tilted 10° facing east demonstrated the highest specific yield, with the performance ratio close to those of other orientations
3. Experimental Setup
3.1. Experimental site and PV module
The experiment was conducted on the rooftop of El-Khalafawy building located at Shoubra faculty of engineering, Benha University in Cairo, Egypt, situated at the 30.07 Latitude and 31.2 Longitude, with moderate and continental climate. Egypt has yearly average of 289 sunny days and yearly average total sunshine duration of 2900-3200 h [2].
A IS4000P Series, with poly crystal silicon solar cells, with dimensions 675×1490×42 mm, with maximum power 150 W, for the normal solar radiation intake intensity of 1000 W/m2, at temperature T = 25°C, was used in the experiment, as shown in Figure 1.
The aim of the experiment was to determine the amount of electrical energy generated by solar - module as a facade element in relation to its tilt angle and orientation.
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Figure1. Solar module, A IS4000P Series, on adjusted stand

3.2. Measuring system
The data is collected daily at an interval of every thirty minutes, from   8 am until 5 pm. During the operation, solar radiation is measured by using a digital solar power meter, which is put at the same level as the solar panels. The PV current and PV voltage are collected during the operation of system to calculate the power output from the PV modules.
A scheme of rotational solar module on a movable stand is shown in Fig.2.
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Figure 2. A scheme of different orientations of solar module 
Solar module was installed on the movable stand, which enables changing of the position of the solar module from south- east to south- west. By means of suitable mechanism a position of solar module can be changed around the axis in relation to horizontal plane for the angle β (from 0° to 90°) as shown in Fig. 3.
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Figure 3. Position of solar module for chosen angles for which current/voltage characteristics and solar radiation intensity were measured
In this experiment the rotational solar module was positioned in the predefined angles. On each full hour, from 8am till 5pm, the solar module was rotated towards the South- East, South and South- West and positioned for the angles 0ᴼ, 15ᴼ, 30ᴼ, 45ᴼ and 90ᴼ. In these positions the values for current, voltage, power and solar radiation intensity were measured.
 
4. Results and Discussions.
Changes in obtained electrical energy during the day, depending on the position of solar module in relation to horizontal plane (angle β), for all the above mentioned angles, for the South-East, South and South-West  are shown in figures 4, 5 and 6 respectively.



 
Figure 4Change in the obtained electrical energy during the day, depending on the position of the solar module in relation to horizontal plane (angle β) for the South-East



Figure 5 Change in the obtained electrical energy during the day, depending on the position of the solar module in relation to horizontal plane (angle β) for the South





Figure 6Change in the obtained electrical energy during the day, depending on the position of the solar module in relation to horizontal plane (angle β) for the South South-west

Values of generated electrical energy for the chosen angles and positions are given in table 1 .Based on Fig. 4, 5 and 6 and Table 1 it can be seen that the solar module oriented towards the South-West at an angle of 45ᴼ generates electrical energy of 1680.613Wh, which is minimal electrical energy for the South-West. Solar module oriented towards the South gives the greatest value for electrical energy for the angle of 45ᴼ of 1961.912 Wh, which is the maximum registered value for electrical energy.
It is visible from Table 1 that for fixed angles of 0ᴼ, 15ᴼ, 30ᴼ, 45ᴼ and 90ᴼsolar module oriented towards the South gives the greatest values of electrical energy. Values of obtained electrical energy for the South-West, South and South-East and positions for the angles 0°, 30°, 45°, 60° and 90°, are given in figures 7. Values of daily solar radiation intensity measured by solar power meter are given in figures 8.

Table 1. Values of generated electrical energy for the chosen angles and positions
	Angle
	South-West (Wh)
	South (Wh)
	South-East (Wh)

	0ᴼ
	1376.089
	1550.818
	1502.3

	15ᴼ
	1471.622
	1522.284
	1505.235

	30ᴼ
	1543.154
	1935.565
	1745.718

	45ᴼ
	1680.613
	1961.912
	1767.875

	90ᴼ
	1380.447
	1651.341
	1363.748




Figure 7. Values of obtained electrical energy, for the south- West, South and south- East for all chosen angles

Figure 8. Values of daily solar radiation intensity measured by solar power meter, for the south- West, South and south- East for all chosen angles

Form the first experiment, it is noticed that, solar module oriented towards the South gives the greatest value for electrical energy so the South is compared with new orientations with different Surface Azimuth Angle, γ  (south+15°, south-5°, south-10° and south-15°) as shown in figure 9 to find the best orientation that gives the greatest values of electrical energy. Values of obtained electrical energy for new orientations and positions for the angles 0°, 30°, 45°, 60° and 90°, are given in figures 10,11,12,13 and 14. 
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Figure 9. A scheme of different orientations of solar module 

Figure 10 Change in the obtained electrical energy during the day, depending on the position of the solar module in relation to horizontal plane (angle β) for the South+150


Figure 11 Change in the obtained electrical energy during the day, depending on the position of the solar module in relation to horizontal plane (angle β) for the South



Figure 12Change in the obtained electrical energy during the day, depending on the position of the solar module in relation to horizontal plane (angle β) for the South-50


Figure 13 Change in the obtained electrical energy during the day, depending on the position of the solar module in relation to horizontal plane (angle β) for the South-100


Figure 14 Change in the obtained electrical energy during the day, depending on the position of the solar module in relation to horizontal plane (angle β) for the South-150

Values of generated electrical energy for the chosen angles and positions are given in table 2 .Based on Figs. 11, 12, 13, 14 and 15 and Table 2 it can be seen that, the solar module oriented towards the South-10° gives the greatest value for electrical energy for the angle of 45ᴼ of 1944.752 Wh, which is the maximum registered value for electrical energy.
Values of obtained electrical energy for the South+15°, South, South-5°, South-10° and South-15° and positions for the angles 0°, 30°, 45°, 60° and 90°, are given in figures 15. Values of daily solar radiation intensity measured by solar power meter are given in figures 16.
	Angle
	South+15°
	South
	South-5°
	South-10°
	South-15°

	0ᴼ
	1541.735
	1594.019
	1674.765
	1747.641
	1684.222

	15ᴼ
	1484.857
	1495.218
	1551.218
	1755.819
	1619.253

	30ᴼ
	1659.486
	1673.082
	1797.046
	1931.094
	1847.082

	45ᴼ
	1807.974
	1812.941
	1902.575
	1944.752
	1909.811

	90ᴼ
	1638.609
	1653.078
	1753.078
	1806.148
	1701.338


 
Table 2. Values of generated electrical energy for the chosen angles and positions
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Figure 15. Values of obtained electrical energy for the South+15°, South, South-5°, South-10° and South-15° and positions for the angles 0°, 30°, 45°, 60° and 90°

Figure 16. Values of daily solar radiation intensity measured by solar power meter for the South+15°, South, South-5°, South-10° and South-15° and positions for the angles 0°, 30°, 45°, 60° and 90°



5. Conclusion
On the basis of the above mentioned one can conclude that:
1. For the first experimental work when solar modules oriented towards South-East, South, South-West, the module oriented towards the South gives the greatest values of electrical energy for all the chosen angles.
2. Solar module oriented towards the South for the angle of 45ᴼgenerates the greatest registered value for electrical energy. 
3. Generated electrical energy for solar module oriented towards the South 45° and South 30° differ by 1.34%.
4. For the second experimental work when solar modules oriented towards south, south+15°, south-5°, south-10° and south-15°, the module oriented towards the South-10° gives the greatest values of electrical energy for all the chosen angles.
5. Solar module oriented towards the South-10° for the angle of 45ᴼgenerates the greatest registered value for electrical energy.
6. Generated electrical energy for solar module is directly proportional to solar radiation.
7. The best orientation for solar modules in Cairo, during the winter period, is toward the South-10° installed at an angle (β) of 45°. That is latitude + 15°.
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power[Wh]

South-West	0ᴼ	15ᴼ	30ᴼ	45ᴼ	90ᴼ	1376.0889999999999	1471.6219999999998	1543.1539999999998	1680.6129999999998	1380.4470000000001	South	0ᴼ	15ᴼ	30ᴼ	45ᴼ	90ᴼ	1550.818	1522.2839999999999	1935.5650000000001	1961.912	1651.3409999999999	South-East	0ᴼ	15ᴼ	30ᴼ	45ᴼ	90ᴼ	1502.3	1505.2349999999999	1767.7180000000001	1745.875	1363.748	Angle [β]

power[Wh]
South-West	0ᴼ	15ᴼ	30ᴼ	45ᴼ	90ᴼ	8714	8767	9476	10290	7795	South	0ᴼ	15ᴼ	30ᴼ	45ᴼ	90ᴼ	9334	10047	11552	12388	10137	South-East	0ᴼ	15ᴼ	30ᴼ	45ᴼ	90ᴼ	9215	9754	10252	9978	6561	Angle [β]
Solar Radiation Intensity [W/m2]
South+15°
0ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	60.31	129.76	203.73999999999998	282.31	372.33	468.72299999999899	569.63599999999997	672.54399999999998	781.16399999999999	891.28500000000054	996.22899999999993	1099.037	1196.7729999999997	1288.2070000000001	1356.9929999999997	1424.5549999999998	1478.1819999999998	1511.0809999999997	1541.7349999999997	15ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	58.64	119.50999999999999	184.16399999999999	260.21899999999869	340.40099999999899	434.50400000000002	530.41399999999999	631.42399999999998	731.61199999999997	828.54199999999946	924.05	1018.026	1114.02	1203.3719999999998	1280.48	1349.21	1398.8609999999999	1444.2060000000001	1484.8570000000002	30 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	47.98	117.72	191.59	271.65999999999997	361.40299999999894	458.41899999999856	559.94899999999996	662.226	765.34999999999798	873.23	981.73	1099.9960000000001	1214.508	1313.35	1410.922	1495.0719999999999	1558.8729999999998	1614.249	1659.4860000000001	45 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	85.3	175.64	271.53999999999894	371.40999999999963	473.27499999999969	578.97500000000002	685.72700000000009	797.07700000000011	915.40300000000013	1034.6689999999999	1156.1090000000002	1271.2980000000002	1380.7580000000003	1483.0300000000002	1569.9700000000003	1650.8539999999998	1718.5040000000004	1768.4140000000004	1807.9739999999999	90 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	43.789000000000001	92.13900000000001	143.589	199.86800000000051	271.45999999999964	349.73499999999899	430.27500000000003	528.09500000000003	638.76300000000003	753.29500000000053	871.43900000000008	979.62700000000007	1082.6090000000002	1193.6139999999998	1288.5639999999999	1380.0939999999998	1470.8590000000004	1558.2890000000004	1638.6089999999999	Time of the day

power[Wh]



South
0ᴼ	0.33333333333333331	0.35416666666666763	0.37500000000000078	0.39583333333333331	0.41666666666666763	0.43750000000000078	0.45833333333333326	0.47916666666666763	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000167	0.64583333333333548	0.66666666666666663	0.6875	0.7083333333333337	68.09	140.07	220.05	303.57400000000001	402.12400000000002	508.97999999999922	614.02499999999998	723.68700000000001	833.84699999999782	950.17499999999995	1068.2570000000001	1163.9150000000011	1259.4649999999999	1350.277	1420.0219999999997	1481.2609999999997	1532.6009999999997	1564.8149999999996	1594.019	15ᴼ	0.33333333333333331	0.35416666666666763	0.37500000000000078	0.39583333333333331	0.41666666666666763	0.43750000000000078	0.45833333333333326	0.47916666666666763	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000167	0.64583333333333548	0.66666666666666663	0.6875	0.7083333333333337	55.7650000000001	119.015	189.33500000000001	267.14099999999996	355.03299999999916	451.04899999999969	550.54699999999946	654.95900000000006	756.59300000000053	860.27400000000193	965.08500000000015	1072.9040000000002	1172.6539999999998	1258.3699999999999	1329.5580000000002	1385.2030000000002	1424.6379999999999	1461.7829999999999	1495.2180000000001	30 ᴼ	0.33333333333333331	0.35416666666666763	0.37500000000000078	0.39583333333333331	0.41666666666666763	0.43750000000000078	0.45833333333333326	0.47916666666666763	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000167	0.64583333333333548	0.66666666666666663	0.6875	0.7083333333333337	79.364999999999995	165.81	255.45000000000007	346.99799999999891	442.34799999999996	542.72799999999938	650.49799999999948	758.70199999999988	863.44999999999948	974.22999999999979	1084.009	1189.1439999999998	1293.3119999999999	1384.7729999999999	1470.3989999999999	1541.472	1593.7529999999999	1639.1849999999965	1673.0819999999999	45 ᴼ	0.33333333333333331	0.35416666666666763	0.37500000000000078	0.39583333333333331	0.41666666666666763	0.43750000000000078	0.45833333333333326	0.47916666666666763	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000167	0.64583333333333548	0.66666666666666663	0.6875	0.7083333333333337	94.53	191.88600000000039	292.11599999999999	395.41599999999903	500.2809999999991	610.221	722.39400000000001	840.625	970.67300000000182	1097.165	1217.5719999999999	1326.3879999999999	1426.229	1523.2739999999999	1605.3239999999998	1676.913	1734.1809999999998	1782.0509999999997	1812.941	90 ᴼ	0.33333333333333331	0.35416666666666763	0.37500000000000078	0.39583333333333331	0.41666666666666763	0.43750000000000078	0.45833333333333326	0.47916666666666763	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000167	0.64583333333333548	0.66666666666666663	0.6875	0.7083333333333337	56.932000000000002	118.00200000000001	184.87200000000001	255.55800000000042	337.21500000000003	431.05500000000006	529.04099999999949	629.33699999999806	746.84099999999819	867.80099999999948	986.03199999999947	1104.2160000000001	1220.1180000000002	1306.6060000000002	1384.2780000000002	1460.2580000000003	1530.3780000000002	1592.5380000000002	1653.078	Time of the day

power[Wh]



South-5°
0ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	63.14	135.12	215.10000000000002	298.62400000000002	397.17400000000032	504.03000000000003	609.07500000000005	718.73700000000008	828.89699999999948	945.22500000000002	1063.307	1168.9649999999999	1264.5149999999999	1355.327	1435.0719999999997	1510.972	1579.903	1631.7190000000001	1674.7650000000001	15ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	55.765000000000128	119.015	189.33500000000001	267.14099999999996	355.03299999999899	451.04899999999969	550.54699999999946	654.95900000000006	756.59300000000053	860.27400000000262	965.08500000000015	1072.9040000000002	1166.6539999999998	1252.3699999999999	1323.5580000000002	1389.2030000000002	1450.6379999999999	1507.7829999999999	1551.2180000000001	30 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	67.98	147.72	231.59	329.65999999999997	429.40299999999894	532.41899999999998	637.94899999999996	740.226	847.34999999999798	965.23	1085.73	1206.9960000000001	1304.8380000000002	1404.9500000000003	1504.7560000000003	1603.5360000000003	1686.7310000000002	1746.7150000000001	1797.046	45 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	94.53	191.88600000000051	291.11599999999999	391.4159999999988	493.28099999999893	603.221	715.39400000000001	830.26400000000001	949.91800000000001	1072.799	1192.079	1300.895	1403.8629999999998	1504.9080000000001	1604.9580000000001	1696.547	1783.8150000000001	1851.6849999999952	1902.575	90 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	56.932000000000002	118.00200000000001	184.87200000000001	255.55800000000053	337.21500000000003	431.05500000000006	529.04099999999949	629.3369999999976	746.84099999999796	867.80099999999948	989.03199999999947	1112.2160000000001	1233.1180000000002	1349.6060000000002	1450.2780000000002	1540.2580000000003	1620.3780000000002	1692.5380000000002	1753.078	Time of the day
power[Wh]
South-10°
0ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	77.098000000000013	159.74799999999999	249.08800000000051	339.76299999999969	441.10499999999996	550.64799999999946	662.01499999999987	776.89099999999939	895.32299999999748	1018.1769999999999	1139.598	1257.3409999999999	1357.7619999999999	1455.1039999999998	1537.56	1608.4680000000001	1668.789	1713.7649999999999	1747.6409999999998	15ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	70.765000000000001	149.01499999999999	235.33500000000001	332.14099999999996	430.03299999999899	535.13599999999997	647.04599999999948	767.45799999999747	890.09199999999998	1007.7730000000028	1123.2809999999999	1235.277	1341.271	1438.971	1530.1589999999999	1615.8039999999999	1675.239	1722.3839999999998	1755.819	30 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	99.098000000000013	199.97399999999999	303.61699999999894	409.49099999999868	517.92099999999948	628.35300000000007	743.11800000000005	861.34899999999948	982.95400000000006	1111.8580000000002	1245.5360000000001	1363.9680000000001	1477.528	1588.9839999999999	1687.9839999999999	1768.8919999999998	1841.989	1894.3139999999999	1931.0939999999998	45 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	95.86999999999999	192.96800000000007	291.72799999999899	392.64800000000002	499.03299999999899	605.24900000000002	715.62400000000002	832.80000000000007	957.91199999999947	1088.242	1219.5619999999999	1355.2619999999999	1469.7739999999999	1578.616	1676.1879999999999	1770.3380000000002	1844.1389999999999	1899.5150000000001	1944.752	90 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	66.986999999999995	137.41899999999998	214.32700000000051	294.75900000000001	382.30200000000002	483.16700000000031	590.62	702.05099999999948	822.59400000000005	946.58100000000002	1072.4570000000001	1191	1306.9070000000011	1411.5609999999999	1509.991	1598.9670000000001	1678.287	1747.6079999999999	1806.1479999999999	Time of the day
power[Wh
South - 15°
0ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	87.34	178.28300000000002	271.37	365.62599999999969	471.402999999999	583.43500000000006	700.48	819.96400000000006	940.22600000000011	1060.326	1162.1279999999999	1257.01	1348.23	1430.1559999999999	1505.924	1571.8239999999998	1620.7550000000001	1652.5709999999999	1675.6170000000002	15ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	63.96	134.39000000000001	213.71099999999998	305.06799999999993	403.06799999999993	504.96599999999899	610.9619999999976	722.60400000000004	837.23700000000008	950.35699999999747	1059.029	1152.0250000000001	1233.0809999999999	1310.7810000000002	1378.8739999999998	1435.7590000000002	1473.6150000000002	1509.5210000000002	1540.3770000000002	30 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	95.86999999999999	192.96800000000007	291.72799999999899	392.64800000000002	494.03299999999899	600.24900000000002	710.62400000000002	822.80000000000007	937.91199999999947	1058.242	1183.5619999999999	1296.2619999999999	1394.1039999999998	1484.2160000000001	1564.0220000000002	1628.8019999999999	1671.9970000000001	1711.981	1732.3119999999999	45 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	100.45	201.77100000000002	310.09099999999899	420.63400000000001	535.49900000000002	652.22	770.94099999999946	891.46400000000006	1013.0690000000001	1131.95	1251.23	1357.268	1460.2360000000001	1550.7929999999999	1628.903	1696.3689999999999	1752.2170000000001	1788.327	1817.7570000000001	90 ᴼ	0.33333333333333331	0.35416666666666796	0.375000000000001	0.39583333333333331	0.41666666666666796	0.437500000000001	0.45833333333333326	0.47916666666666796	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000211	0.64583333333333603	0.66666666666666663	0.6875	0.7083333333333337	74.075999999999979	151.06300000000002	231.495	315.48199999999844	411.13899999999899	520.93099999999947	633.90099999999939	750.48699999999997	873.89499999999998	986.423	1094.9290000000001	1201.0729999999999	1299.6489999999999	1380.3609999999999	1449.7330000000002	1513.7130000000002	1574.1429999999998	1630.0129999999999	1679.0780000000002	Time of the day

power[Wh]



South - 15	0ᴼ	15ᴼ	30ᴼ	45ᴼ	90ᴼ	1541.7349999999997	1484.8570000000002	1659.4860000000001	1807.9739999999999	1638.6089999999999	South	0ᴼ	15ᴼ	30ᴼ	45ᴼ	90ᴼ	1594.019	1495.2180000000001	1673.0819999999999	1812.941	1653.078	South+5	0ᴼ	15ᴼ	30ᴼ	45ᴼ	90ᴼ	1674.7650000000001	1551.2180000000001	1797.046	1902.575	1753.078	South+10	0ᴼ	15ᴼ	30ᴼ	45ᴼ	90ᴼ	1747.6409999999998	1755.819	1931.0939999999998	1944.752	1806.1479999999999	South+15	0ᴼ	15ᴼ	30ᴼ	45ᴼ	90ᴼ	1684.222	1619.2529999999999	1847.0819999999999	1909.8109999999999	1701.338	Angle [β]
power[Wh]
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