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ABSTRACT - The main aim of this paper is to find the optimum tilt angle for a solar panel in Pune. This is achieved by 

maximizing the annual radiation and finding the corresponding slope for it. This work presents a simple numerical 

model, based on a spreadsheet, to optimize solar panel tilt angle for given panel and solar azimuth angle. First beam, 

diffused and reflected radiations on a titled surface are calculated independently for a given azimuthal angle in a day. 

Then then it is converted to monthly radiation which are then added to obtain the annual radiation. Then by 

implementing spreadsheet’s solver, the tilt angle to yield maximum annual solar irradiation per square area of panel is 

evaluated. 

Keywords- incident angle, tilt angle, beam radiation, diffused radiation, reflected radiation, annual solar radiation   for 
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I. INTRODUCTION 

Renewable energy has become a very important source of 

energy in the current world, as the conventional sources of 

energy are on the brink of extinction as well as extremely 

polluting. There are multiple renewable energy sources but 

very few could actually meet the current world demand for 

energy, solar energy being prominent among them.  

The sun is the only start of our solar system located at its 

centre. The earth and the other planets orbit the sun. Energy 

from sun the in form of solar radiation supports almost all 

life on earth via photosynthesis and drives the earth’s 

climate and weather. Solar energy is a very large, 

inexhaustible source of energy. The power from the sun 

intercepted by the earth is approximately 1.8×〖10〗^11 

MW [1], which is many thousand times than the present 

consumption rate on earth of all commercial energy 

resources. Thus, theoretically, solar energy could supply all 

the present and future energy needs of the world on a 

continuing basis. This makes it one of the most promising 

of the unconventional energy sources. 

Presently the conversion rate of solar energy to usable 

energy is 15%-30% which is very low. In order to aid the 

current method of solar energy collection the slope of the 

solar panels must be such that the solar radiation fall normal 

to the surface so as to achieve maximum energy collection.  

Due to the importance of this problem a number of research 

work on determining the optimum solar panel tilt angles 

have been published. The most prominent among them is 

work by Yin-Ping Chang uses combination of sequential 

neural-network approximation and orthogonal arrays 

(SNAOA) to determine the tilt angle for photovoltaic (PV) 

modules. In this study, seven Taiwanese areas were selected 

for analysis. The sun’s position at any time and location 

was predicted by the mathematical procedure of Julian 

calendar; then, the solar irradiation was obtained at each 

site under a clear sky. Chen et al. used the Genetic 

Algorithm (GA) and the Simulated-Annealing (SA) method 

to determine the optimum tilt angle for the fixed solar-cell 

panels. They utilized the climatic data with GA and SA to 

calculate the optimum installation angle of the solar-cell 

panel for different locations in Taiwan. They found that the 

best monthly and annual installation angles obtained by 

computer simulations are very close to the data obtained by 

experiment.[2] 

The current work uses a model programmed into a 

spreadsheet. It contains the relation between the tilt angle 

and annual radiation per unit area of that panel, then by 

using Excel Solver the radiation is maximized by varying 

the tilt angle. The model is then used to determine the 

optimum tilt angle for Pune. 

II. ANALYSIS 

Solar radiation is received at the earth’s surface in an 

attenuated form because it is subjected to the mechanisms 

of absorption and scattering as it passes through the earth’s 

atmosphere (fig.1). Absorption occurs primarily because of 

the presence of ozone and water vapour in the atmosphere, 

and to a lesser extent due to other gases (like        , 

CO,    and    ) and particulate matter[2]. It results in an 

increase in the internal energy of the atmosphere. On the 

other hand, scattering occurs due to all gaseous molecules 

as well as particulate matter in the atmosphere. The 

scattered radiation is redistributed in all directions, some 

going back into space and some reaching the surface.  

The atmosphere at any location on the earth’s surface is 

often classified into two broad types-an atmosphere without 

clouds and atmosphere with clouds. In the former case, the 

sky is cloudless everywhere, while in the latter, the sky is 

partly or fully covered by clouds. The mechanism of 

scattering and absorption is similar for both types of 

atmosphere. However it is obvious that less attenuation 
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takes place in a cloudless sky. Consequently maximum 

radiation is received on the earth’s surface under the 

conditions of cloudless sky. 

Solar radiation received at the earth’s surface without 

change of directions that is in line with the sun, is called as 

beam or direct radiation[1]. The radiation received at the 

earth’s surface from all parts of the sky‘s hemisphere (after 

being subjected to scattering in the atmosphere) is called as 

diffused radiation. The sum of the beam and diffused 

radiation is referred to as total or global radiation. 

                 

 

Fig. 1 scattered, diffused, and direct normal solar 

radiations  

So the solar radiation falling on a titled plate is divided into 

three parts- 

1) Beam radiation 

2) Diffused radiation 

3) Reflected radiation 

The summation of these three radiation is the total 

radiation on a tilted surface 

Before calculating the solar radiations one must be aware 

of solar geometry for a tilted surface (fig.2) 

               

 

Fig. 2 solar radiation incident on an inclined plane 

Here 

ϴ= incident angle i.e. angle made by the sun with the 

normal of the panel 

α= tilt angle of the panel 

γ= surface azimuthal angle i.e. the angle made by the 

component of the normal to the panel on the                        

horizontal surface with south 

Φ= solar azimuthal angle i.e. angle made by the component 

of solar radiation in the horizontal surface with south 

Β= solar altitude angle 

  = solar zenith angle 

Now  

δ= Declination angle i.e. the angle made by the lines joining 

the centres of the sun and the earth with its projection on 

the equatorial plane 

                                        (          )           
   

   
 

(     )  ...(1) 

L= the latitude of a location is the angle made by the radial 

line joining the location to the centre of the earth with the 

projection of the line on the equatorial plane. 

ω=the hour angle is an angular measure of time and is 

equivalent to     per hour. 

The slope α is the angle made by the plane surface with the 

horizontal. It can vary from          . It can be shown 

that- 

         (                         )

     (            

             )    

                  

                                                                                                                                                                          

…(2)                                                                                                                            

Beam radiation 

The ratio of beam radiation flux falling on a tilted surface to 

that falling on horizontal surface is called the tilt factor for 

beam radiation[1]. It is denoted by   . 

  = 
   

  
  …(3) 

Here  

   = beam radiation flux on tilted surface 

  = beam radiation flux on horizontal surface  

It is generally known that southern facing panels, in the 

northern hemisphere, results in the highest solar 

irradiation[2]. Therefore γ is kept   . 

            (   )             (   )   …(4) 

While for horizontal surface  

                            …(5) 

Hence from equation (4) and (5) 
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  …(6) 

Diffuse radiation 

The tilt factor    for diffuse radiation is the ratio of diffuse 

radiation flux falling on the tilted surface to that falling on a 

horizontal surface. The value of tilt factor depends upon the 

distribution of diffuse radiation over the sky and on the 

portion of the sky seen by the tilted surface[1]. 

   
   

  
    …(7) 

Here  

   = diffused radiation flux on tilted surface 

  = diffused radiation flux on horizontal surface  

Since (      )   is the radiation shape factor for a tilted 

surface with respect to sky  

   
      

 
    …(8) 

Reflected radiation 

As  (      )   is the radiation shape factor for the 

surface with respect to the surrounding ground and 

reflectivity is ρ[1], the tilt factor for reflected radiation is 

given by, 

    (
      

 
)   …(9) 

Also  

   
   

     
  …(10) 

Here  

   = reflected radiation flux on a tilted surface 

Therefore total radiation flux (  ) on a tilted surface at any 

instant is given by [from equation (6), (3) (7), (8), (9) and 

(10)] 

             (     )   …(11) 

III. METHODOLOGY 

To determine the fixed optimum solar panel angle that 

receives maximum annual solar irradiation equation (11) 

must be found for the whole year in terms of tilt angle and 

then    must be maximized by varying the tilt angle. This 

process is complex and quite tedious. A simplified 

approach is to use an Excel spreadsheet to evaluate the total 

annual irradiation per unit area and the use its solver to 

maximize the annual solar irradiation. The daily irradiation 

on the panel at solar time 12pm is calculated at the 21st of 

each month and it is assumed that the same irradiation is 

applicable for fifteen days before and after. The procedure 

for evaluating the daily solar irradiation for 21st of January 

is herein explained in detail. 

 

 Fig. 3 excel spread sheet showing the cakculation for 

optimum tilt angle 

Figure 3 represents the excel spreadsheet. You can observe 

that cell C2 contains the latitude of Pune. Cell C3 contains 

the surface azimuthal angle which is taken as zero as the 

surface is facing south. Cell E3 has ground reflectivity ρ. 

Tilt angle is given in cell C4 for the time being it is 

randomly considered as 30 . Column from cell A6 contains 

the day of the months that is     . Column from cell B6 

contains the months. N is the no of the day in a year. For 

     of January it is 21. Column from D6 contains the 

declination angle calculated by equation (1) the formula in 

the column cell is           ((    ()    )  (    

  ))   

Solar time is taken as 12pm for which hour angle is zero. 

The values of direct normal and diffused radiation for a 

horizontal surface are obtained from radiation book. Refer 

fig. 4 and fig. 5. 

 

Fig. 4 Diffused radiation for a horizontal surface 
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 Fig. 5 Direct normal radiation for a horizontal surface 

Now    is calculated equation (6),The formula in cell I7 is  

In the next column    is calculated by (   (   

(  ()    ))     (     (  ()    )       

(  ()    ))     (   (  ()    ))     (   

(  ()    ))     (     (  ()    )       

(  ()    ))) (   (     (  ()    ))     (   

(  ()    ))     (     (  ()    ))     (   

(  ()    ))     (   (  ()    ))) equation (8) and the 

formula in cell J7 is     (     (     (  ()    )))   

   in the next column is calculated by the equation (9), 

formula for that cell K7 is     (     (     

(  ()    )))        

Now the beam radiation at tilted surface is calculated in 

column L by the equation (3), formula for it in the cell L7 is 

       Then the diffused radiation at tilted surface is 

calculated in column M by the equation (7), the formula in 

cell M7 is       And the last reflected radiation at tilted 

surface is calculated in column N by the equation (10), the 

formula in cell M7 is(     )    . In the next column 

all this radiations are added to find the final radiation on a 

tilted surface. In the next column the total radiation is 

multiplied by no of days in that month. Same process is 

carried out for all other months and then monthly radiations 

are added to get the annual radiation in cell P19.  

After finding the annual radiation excel solver is used to 

maximize the value of annual radiation (P19) while varying 

the tilt angle (C4). So for                the optimum 

tilt angle obtained is         .  

IV. CONCLUSION 

In this paper a simple model based on spreadsheets is used 

to predict the optimum solar collector tilt angle. 

The model utilizes reflectivity and given radiation for a 

horizontal surface to obtain the optimum tilt angle. It is 

observed that from zero as tilt angle increases the annual 

radiation increases and reaches a maximum value (similar 

to bell curve). After that if the tilt angle is further increased 

the annual radiation goes on reducing. Also for the 

optimum tilt angle, the monthly solar irradiation during 

winter months are increased. Conversely, the solar 

irradiations for summer months are decreased. 
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