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 The photovoltaic system tilt angle is one of the more significant factors for 

obtaining the maximum solar energy that will fall on the PV panel. 

Consequently, then obtain maximum power output, the solar array needs to be 

angled properly. The analysis for a stand-alone system is simulated and 

modelled using PVsyst software version-7.2 for system power 3,120 Wp to 

obtain the optimum value of the tilt angles of maximum solar irradiation in 

the center of Babylon Governorate, Iraq. The ideal tilt angle for the south has 

been found for both yearly and the seasons. Different tilt angles were taken 

which were (29°, 30°, and 31°) annually, azimuth angle for all is (0°). The 

incident global irradiation in the collector plane, Incident beam irradiation in 

the collector plane is maximum at tilt angle (29°) that produces maximum 

available energy 5,132 kWh/kWp/year. same processing for annual different 

tilt angle was taken for seasonally; the results show that the angle (49°) for 

summer and (13°) for winter are the optimum tilt angle which obtains the 

maximum incident global irradiation in the collector plane, maximum incident 

beam irradiation in the collector plane at this angle then product maximum 

available energy 5,343 kWh/kWp/year. 
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Nomenclatures 
GlobHor. global horizontal irradiation 

GlobEff. effective global irradiation  

E_Avail energy at the output of the array when producing-converter loss+Unused energy 

DiffHor. monthly diffuse horizontal irradiation 

GlobInc. incident global irradiation in the collector plane 

𝜃 incidence angle 

∅ zenith angle 

 surface tilt angle from the horizontal 

𝑍𝑠 surface azimuth angle 

 

 

1. INTRODUCTION 

The sun is a globular object made of highly burning gaseous substances with a diameter of 1.39×109 

m. In reality, in the sun planet’s permanent fusion reactor, hydrogen is converted to helium. The overall sun's 

energy output is 3.8x1020 MW that is tantamount to 63 MW/m2 of the surface of a sun. This energy spreads 

https://creativecommons.org/licenses/by-sa/4.0/
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outwards in all orientations. Only a small portion, 1.7x1014 kw of the overall energy radiated, is interrupted by 

the earth. Despite this tiny portion, it is considered that the amount of solar energy that falls on earth for 30 

minutes would be sufficient to provide the global energy needs for a whole year. The tilt of a solar array with 

respect to the horizontal has a significant impact on its performance [1]. Because of the inclination angle, which 

is knew as the angle of photovoltaic (PV) arrays with regard to horizontal, is a main factor determining the 

collected energy of a fixed PV array, it changes the solar energy arriving the surface of the PV array. 

Generally, the optimum static PV array tilt angle is associated to the domestic climate state, the period 

of using geographical latitude. As a result, in various locations for a solar PV array that is used annually, several 

optimal tilt angles will exist. Up to the present time, there have been several investigations on the best tilt angle 

for PV arrays [2]–[6], and the literature contains several empirical correlations for determining the ideal tilt-

angle [3], [5], [7], [8]. The literature states that the ideal PV array orientation should face south in the northern 

hemisphere, directly towards the equator, and that the ideal tilt angle solely relies on latitude. Numerous 

methods to improve the tilt angle have evolved. The best approaches involve increasing solar radiation or 

energy gathered from the surface, genetic algorithm (GA) technique, the method of an artificial neural network 

(ANN), the optimal scheme of particle swarm optimization (PSO) technique, and simulated annealing (SA) 

algorithm. The following formulae compute the ideal tilt angle. Table 1 illustrates chronology of arithmetic 

equations of an ideal tilt angle with consideration of altitude calculations for numerous researches. 

Ideal tilt angle equations with respect to altitude calculations. The summer season is used the minus 

mark, and the positive mark for the winter time season. The work, moreover, consists of the study and 

performance of the scheme with tilt and orientation of the PV Panel, which provides better simulation outcomes 

at related latitudes for any possible sizing.  

The rest of this study is organized as surveys: section 2 covers the modelling of the tilted surfaces 

total radiation and angle at solar midday for the system. In addition, while in section 3 the in this analysis, by 

using PVsyst 7.2 program a stand-alone system is modelled and simulated, the central goal of this investigation 

is to limit the optimal tilt angle by maximizing and section 4 controlled to the conclusions and future work of 

this study. 
 

 

Table 1. Optimum tilt angle relations in some publications 
Optimum tilt angle [Ref.] Optimum tilt angle [Ref.] 

𝛽𝑜𝑝𝑡 = 𝜑 − 𝛿 [9] 𝑆𝑢𝑚𝑚𝑒𝑟 ; 𝛽𝑜𝑝𝑡 = 𝜑 − 21𝑜; Winter 𝜑 + 13𝑜 [10] 

𝛽𝑜𝑝𝑡 = 𝜑 + 17𝑜 [11] 𝛽𝑜𝑝𝑡 = 𝜑 [12] 

𝛽𝑜𝑝𝑡 = 34.783 − 1.4317𝛿 − 0.0081𝛿2 + 0.0002𝛿2 [13] 𝛽𝑜𝑝𝑡 = 𝜑 − 3.5𝑜 [14] 

𝑌𝑒𝑎𝑟𝑙𝑦 , 𝛽𝑜𝑝𝑡 = 𝜑 [15] 𝛽𝑜𝑝𝑡 = 𝜑 ± 8𝑜 [16] 

𝑌𝑒𝑎𝑟𝑙𝑦 , 𝛽𝑜𝑝𝑡 = 𝜑 − (17𝑜 → 120) [15] 𝛽𝑜𝑝𝑡 = 𝜑 ± 11𝑜 [17] 

𝛽𝑜𝑝𝑡 = 𝜑 − (1𝑜 − 10𝑜 [18] 𝛽𝑜𝑝𝑡 = 𝜑 ± 15𝑜or 𝛽𝑜𝑝𝑡 = 0.9 𝜑 [6] 

𝛽𝑜𝑝𝑡 = 0.917𝜑 ± 0.321 [19] 𝛽𝑜𝑝𝑡 = (𝜑 ± 15𝑜) ± 15𝑜 [20] 

𝑌𝑒𝑎𝑟𝑙𝑦, 𝛽𝑜𝑝𝑡 = 𝜑 [21] 𝛽𝑜𝑝𝑡 = (𝜑 ± 15𝑜) [22] 

𝑆𝑢𝑚𝑚𝑒𝑟, 𝛽𝑜𝑝𝑡 = 𝜑 − 60 

𝑊𝑖𝑛𝑡𝑒𝑟 , 𝛽𝑜𝑝𝑡 = 𝜑 ∗ 90 

[23] 𝛽𝑜𝑝𝑡 = 𝜑 + (−10𝑜 → 15𝑜) [22] 

𝛽𝑜𝑝𝑡 = 𝜑 − (26𝑜, 27𝑜, 28𝑜) 

Where 𝜑 varies from 36𝑜 𝑡𝑜 46𝑜 

[24] 𝛽𝑜𝑝𝑡 = 𝜑 ± 5𝑜 [14] 

𝑆𝑢𝑚𝑚𝑒𝑟 𝑜𝑟 𝑊𝑖𝑛𝑡𝑒𝑟 𝛽𝑜𝑝𝑡 = 𝜑 ± 15𝑜 

𝑀𝑎𝑟𝑐ℎ 𝑎𝑛𝑑 𝑆𝑝𝑒𝑡𝑒𝑚𝑝𝑒𝑟; 𝛽𝑜𝑝𝑡 = 𝜑 

[25] 𝛽𝑜𝑝𝑡 = 𝜑 + 10𝑜 [26] 

𝑆𝑢𝑚𝑚𝑒𝑟 ; 𝛽𝑜𝑝𝑡 = 𝜑 − 34𝑜; Winter 𝜑 + 90𝑜 [25] 𝛽𝑜𝑝𝑡 = 𝜑 + (10𝑜 → 30𝑜) [27] 

𝛽𝑜𝑝𝑡 = 𝜑 ± 15𝑜 [28] 𝛽𝑜𝑝𝑡 = 𝜑 + 20 [29] 

𝛽𝑜𝑝𝑡 = (𝜑 ± 15𝑜) ± 15𝑜 [11] 𝛽𝑜𝑝𝑡 = 𝜑 − 10𝑜 [30] 

𝛽𝑜𝑝𝑡 = 𝜑 ± (4𝑜 → −10𝑜) [31] 𝛽𝑜𝑝𝑡 = 𝜑 + 10𝑜 [32] 

𝛽𝑜𝑝𝑡 = 𝜑 − 3𝑜 [33] 𝛽𝑜𝑝𝑡 = 𝜑 +20 [34] 

 

 

2. METHODS AND MATERIALS  

2.1.  Solar radiation calculation 

The diagram of solar angles as shown in Figure 1 the angle between the vertical to the surface as of 

correct south, west is designated as positive, the angle between the sun’s rays and the normal on a surface is 

solar incidence angle in a horizontal plane θ, ∅ are same. The angle of incidence can be expressed generally as 

(1):  
 

cos 𝜃 = sin 𝐿 sin 𝛿 cos 𝛽 − cos 𝐿 sin 𝛿 sin 𝛽 cos 𝑍𝑠 + cos 𝐿 cos 𝛿 cos ℎ cos 𝛽 +
sin 𝐿 cos 𝛿 cos ℎ sin 𝛽 cos 𝑍𝑠 + 𝑐𝑜𝑠 𝛿 𝑠𝑖𝑛 ℎ 𝑠𝑖𝑛 𝛽 𝑠𝑖𝑛 𝑍𝑠 (1) 

 

for a sloping surface facing south, Zs=0°. In (1) will be decreases to (2). 
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cos ( 𝜃) = sin 𝐿 . sin 𝛿 . cos 𝛽 − cos 𝐿. sin 𝛿 . sin 𝛽  + cos 𝐿. cos 𝛿. cos ℎ . cos 𝛽 

+ sin 𝐿. cos 𝛿 . cos ℎ. sin 𝛽 (2) 

 

 

 
 

Figure 1. Diagram of solar angles incidence 

 

 

2.2.  Tilted surface’s total radiation 

Measured or approximated solar radiation data are required to design solar systems; however, these 

data are typically only available for horizontal or normal incidence surfaces. Consequently, these data must be 

converted to radiation on slanted surfaces. The orientation and slope of the surface affect the amount of 

insolation on a terrestrial surface at a specific location for a specific period. Solar radiation (𝐺𝑡) absorbs the 

beam at a flat surface (𝐺𝐵𝑡), diffuse (𝐺𝐷𝑡), and ground reflected (𝐺𝐺𝑡) can express [35]. 

 

𝐺𝑡 =  𝐺𝐵𝑡 + 𝐺𝐷𝑡 + 𝐺𝐺𝑡 (3) 

 

The beam radiation acting on a horizontal and tilted surface is depicted in Figure 2. From Figure 2(a) 

the beam radiation acting on the horizontal surface (GB) is equal to: 

 

𝐺𝐵 =  𝐺𝐵𝑛𝑐𝑜𝑠 (𝜙) (4) 

 

similarly, from Figure 2(b) can obtaining the beam radiation acting on a tilted surface (GBt) and equal to: 

 

 𝐺𝐵𝑡 =  𝐺𝐵𝑛𝑐𝑜𝑠 (𝜃) (5) 

 

 

  
(a) (b) 

 

Figure 2. Beam radiation (a) horizontal surfaces and (b) tilted surfaces [35] 

 

 

the beam radiation tile factor is (6). 

 

𝑅𝐵 =
𝐺𝐵𝑡

𝐺𝐵
=

cos(𝜃)

cos(𝜙)      
 (6) 

 

2.3.  The sun’s altitude angle at solar midday  

East and west are where the sun rises and sets, as everyone is aware, and peaks during the middle of 

the day. Knowing exactly where the sun will be in the sky at any given moment, in any place, on any given 
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day of the year is important in many situations. With such knowledge, we may, for instance, build an overhang 

that lets the sun shine through a window during the winter to assist hotness a house while blocking the light 

during the summer. The choosing the ideal tilt angle for our photovoltaic modules that must consider the most 

exposure to the sun’s rays, we may use our understanding of solar angles. Figure 3 accurately depicts the earth's 

rotation around the sun; nevertheless, using it to find different sun angles as seen from the surface of the earth 

is difficult. 
 

 

 
 

Figure 3. The earth’s rotation round the sun which causes our seasons 

 

 

In Figure 4 depicts a different viewpoint in which the earth is stationary and revolves about its equator 

while the sun be seated out in galaxy and gently rises and sets as the seasons change. The sun reaches its zenith 

on June 21 (the time of summer solstice), and a beam traced at that moment from the sun's midpoint to the 

earth’s center produces an angle of 23.45° with the equator. At latitude 23.45° on that day, the sun is directly 

overhead the Tropic of Cancer. The sun is directly overhead the equator at the two equinoxes. The Tropic of 

Capricorn is the latitude at which the sun is 23.45° below the equator on December 21. The solar deviation (δ) 

is the angle produced between the plane of the equator and a route drawn from the sun's center to the earth’s 

center, as shown in Figure 4. It ranges between 23.45° and a straightforward sinusoidal connection that 

supposes a 365-day year and places the equinox a springing on day n=81 offers an accurate estimate. The 

American Ephemeris and Nautical Almanac (AENA), a yearly publication, contains exact declination numbers, 

which change somewhat from year to year [36]. 

 

𝛿 = 23.45 𝑠𝑖𝑛 𝑠𝑖𝑛 [
360

365
(𝑛 − 81)] (7) 

 

 

 
 

Figure 4. The view when earth fixed and moves of the sun up and down that create solar declination angle δ 

 

 

The completely competent for depicting different latitudes and sun angles, despite the fact that it does 

not accurately depict the nuances of the earth’s orbit. For instance, it is simple to see how the length of the day 

varies over the year. The summer solstice brings 24 hours of sunshine to the whole of an earth's surface over 

an earth latitude “66.55°” (90°-23.45°), however, under latitude in the southern hemisphere of the earth 

“66.55°” it is perpetually night. This is seen in Figure 5. 
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Figure 5. The earth sun system and define the planet’s major latitudes 
 

 

Those latitudes, naturally, match to the Arctic and Antarctic hemispheres. Figure 4 makes it simple to 

develop some sense of what could be a suitable for a solar tilt angle accumulator. Figure 6 depicts a collector 

whose are facing south. That is tilted upward at an angle the same to the domestic latitude, L, on the surface of 

the earth. As is evident, the collector is parallel to the axis of the earth at this tilt angle. At solar noon on an 

equinox, when the sun is specifically overhead the domestic line of longitude (meridian), the sun's beams will 

impact the collector at the optimal angle, that is, vertical on a collection surface. The sun appears to be tilted 

at a good angle on average, but during other periods of the year, it is either too high or too low for normal 

incidence. Almost all solar measurements need a reference point, which is solar noon. When the sun is directly 

south of the observer, solar noon occurs in the northern hemisphere at latitudes above the tropic of Cancer. It 

happens when the sun is directly overhead, for instance, in New Zealand south of the Capricorn tropic. And 

the solar noon in the tropics, the sun may be above, straight to the north or south, or anywhere in between. 

 

 

 
 

Figure 6. Solar noon occurs on equinoxes when a south-facing collector is perpendicular to the sun’s beams 

and slanted up to an angle equal to its latitude 

 

 

A decent general rule-of-thumb for yearly performance is to face a collector in the direction of the 

equator (this implies orienting it south for most northern hemisphere residents) then tilt it at an angle equal to 

the latitude of the area. Of course, you can desire a slightly higher angle to emphasise winter collecting and 

vice versa for better efficiency of the summer. It is simple to establish a crucial solar angle, explicitly the 

altitude angle βN of the sun at solar noontime, by drawing the earth-sun system as illustrated in Figure 4. The 

altitude angle is the angle formed by the sun and the horizon in the area directly underneath it. From Figure 7 

the resulting equation thorough review:  
 

𝛽𝑁 = (900) − 𝐿 + 𝛿 (8) 
 

where: L is represented the location’s latitude. For the figure word zenith is announced, which denotes to an 

axis depicted straight above at a site [37]. As illustrated in Figure 8, the tilt angle needed for the sun to be 

vertical on the module at midday is (9).  
 

𝑇𝑖𝑙𝑡 =  900 − 𝛽𝑁 (9) 
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Figure 7. The sun’s angular position at solar noon 

 

 

 
 

Figure 8. The sun’s beams are perpendicular to the module at noon due to the tilt angle 
 

 

3. SIMULATION AND ANALYSIS USING PVSYST SOFTWARE 

In this analysis, by using PVsyst 7.2 software a stand-alone system is modelled and simulated. The 

central goal of this investigation is to limit the optimal tilt angle by maximizing the straight solar incident on 

the collector. 

− Location: the center of Babylon Governorate, Iraq. (latitude 32.468191° N, longitude 44.5501935° E, and 

elevation: (29 m). 

− Different tilting angle and azimuth angle as shown in Figure 9. 

In order to choose the optimum tilt angle to get maximum solar radiation effected to PV panels than 

obtain maximum power output. Different tilting angle taken which were (29°, 30°, and 31°) annually and 

(49°and 13°) tilt angle for winter (W) and summer (S) respectively. The azimuth angle for all is (0°). 

 

 

 
 

Figure 9. Simulation different tilting angle and azimuth angle 

 

 

4. RESULTS AND DISCUSSION  

The simulation model produced the findings of 3120 Wp, (6 Stringsx2 in series) solar PVsystem is 

modeled in PVsyst for different tilt angles (29°, 30°, and 31°). Incident global irradiation in the collector plane 

are (2076.1 kWh/m², 2075.3 kWh/m², and 2074.0 kWh/m²) respectively and according to this tilt angles and 

it’s irradiation the energy at the output of the array will be (5151.9 kWh, 5150.7 kWh, and 5148.3 kWh) and 

the virtual available energy at the maximum power point (5335.1 kWh, 5334.2 kWh, and 5332.1 kWh) 

respectively the other main annual results as shown in Table 2 and Figure 10. 
 
 

Table 2. The annual main results different tilt angles 
Tilt angle GlobEff GlobInc BeamInc E_Avail EArrMPP Available energy 

degree kWh/m² kWh/m² kWh/m² kWh kWh kWh/year 

29o 2022.2 2076.1 1350 5151.9 5335.1 5132 

30o 2021.4 2075.3 1348 5150.7 5334.2 5131 

31o 2020.1 2074.0 1346 5148.3 5332.1 5128 
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Figure 10. Incident beam and global irradiation in the collector plane for different tilting angle 

 

 

From PVsyst software the suggested optimum seasonal tilt angle is (50°) for winter and (20°) for 

summer. As shown in Figure 11. Several tilt angles have been tested to get the maximum solar radiation to PV 

collector to obtain optimum seasonal tilt angles and then get maximum output energy for the solar system. the 

seasonal tilt angles are for winter (49°) (Oct.-Nov.-Dec.-Jan.-Feb.-Mar) and (13°) for summer at this angles 

the incident global irradiation in the collector plane is (2158.9 kWh/m²) and according to this tilt angles and 

irradiation the energy at the output of the array will be (5342.5 kWh) and the virtual available energy at the 

maximum power point (5547.0 kWh) as shown in Table 3 and Figure 12 the comparing of main results for 

choosing the optimum adjustment tilt angles. 
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Figure 11. Seasonal tilted adjustment angle 

 

 

Table 3. The seasonal main results for optimum tilt angle 
Tilt angle GlobEff GlobInc E_Avail EArrMPP Available energy 

W S kWh/m² kWh/m² kWh kWh kWh/year 

49o 13o 2109.4 2159 5342.5 5547 5343 

50o 20o 2101.8 2150 5341.2 5525 5341 

 

 

 
 

Figure 12. Incident beam and global irradiation in the collector plane for seasonal tilting angle 

 

 

5. CONCLUSIONS AND FUTURE WORK 

In this paper, using different tilt angles to optimize the solar system that increases the amount of 

incident solar irradiation on the surface of PV panels to get the maximum amount of generated output by the 

panels, the angles must be appropriately and accurately determined. For fixed tilt, angle the optimum yearly 

tilt angle is determined by changing the angle from (29°, 30°, and 31°). The PVsyst software gives an optimum 

yearly tilt angle of (30°) for this location. The study tests one angle before and after (30°). The results found 

that the maximum incident global irradiation in the collector plane, maximum incident beam irradiation in the 

collector plane, the maximum specific production energy at the output of the array and the virtual available 

energy at the maximum power point at a tilt angle (29°). According to the high cost of a tracking system. The 

seasonal tilted adjustment angle is used to obtain the seasonal tilt angle for winter and summer.  

The PVsyst software gives winter tilt angle (50°) and summer tilt (20°); after testing different angles 

about these angles the simulation was found to get the maximum amount of incident solar irradiation which 

led to a maximum specific production, energy at the output of the array and the virtual available energy at the 

maximum power point at tilt angle (49°, 13°) for winter and summer respectively. Also, after comparing the 

results in this location for yearly and seasonal tilt angle and according to the low cost of tilted adjustment angle 

(winter and summer) tilt angle the results showed using seasonal tilted adjustment angle is best to get maximum 

output power. 
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