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Abstract: The optimal power generation from a solar power system for a detailed loading and irradiation scenario 

prevailing at a specific location in India has been determined. Three different types of loads reflecting economic and 

residential activity at the location has been considered. Daily global and diffuse solar irradiation data corresponding to 
two different seasons of the year have been used in the radiation model for the solar panel.  The optimal operation is 

being determined through optimal choice of the tilt angle for the solar panel in order to collect the most concentrated 

solar irradiation. The mathematical technique used is a modified version of the conventional genetic algorithm (GA) 

termed Tuned Genetic Algorithm (TGA). TGA is robust against the above discussed variations by virtue of 

metaheuristic nature and is more reliable in avoiding a local minimum of the objective function than GA. The TGA-

evaluated total solar power generations for each loading system in India utilizing different values of tilt angles of solar 

panel have been compared.  The solar power generation is found to exceed demand by the largest margins for all three 

loads in summer season during optimal power operation. For most economic operation of the solar power system 

during the summer season, a 60 degree angle of tilt was found to be optimal for residential loads, whereas 50 degree tilt 

angle was optimal for the other loads studied. 
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I. INTRODUCTION 

World electricity generation is going to touch 39 trillion 

kWh by the year 2040 which is almost a 100 %  jump 

from total generation of 20.2 trillion kWh in year 2010[1]. 

This very perpetual demand of energy, depleting stock of 

fuels, increase in fuel prices, environment concerns have 

called upon all stake holders to depart from convention 

way of energy generation and distribution. The new 

energy paradigm must have attributes of decentralization, 
diversification on fuels, environment friendliness and 

integration of DERs at its core for its sustainability in 

future [2-3]. Solar power is poised to occupy centre stage, 

as the chief contributor for energy security. The insolation 

received from sun in one hour is more than the energy 

consumed by all human population in one year [4] 

 

In context of India, all condition seems to favours large 

scale exploitation of solar power. Despite of India being 

world fifth largest electrical power generator installation 

capacity of 243028.95MW as on March 2014[5], there is 

power deficit. Secondly, geographical location of India 
ensures that India receive solar energy equivalent of more 

than 5000 trillion kWh/year [6] average intensity of solar 

radiation remains at an average value of 200 MW/km2. 

With 58% of land area receiving annual average Global 

insolation above 5 kWh/m2/day, having no of sunny days 

250 to 325 over an year, India is standing at dawn of solar 

revolution [7-8]. 

 

Currently two approaches are being employed to generate 

electricity from solar energy, namely solar thermal and  

 

photovoltaic (PV). PV system which directly converts 

solar power in electricity with photoelectric effect are 

preferable for local small scale power generating utilities. 

Moreover PV systems have suitability for both off and on 

grid operation. Several factors affect the power output of 

PV panel namely intensity of solar radiation, temperature, 

materials used in solar panel. Literature abounds with vast 

amount of research articles addressing these factors. K. 
Daisuke et al have given comprehensive treatment on 

photovoltaic materials in solar cells and investigated the 

potential of thin film of silicon cell [9]. Y. Hamakawa et al 

indicated cost effectiveness of thin film solar cells [10] G. 

brown et al have explored the third generation 

photovoltaic and demonstrated its potential of combing 

advantages of both first and second generation 

photovoltaic [11]various techniques employed in third 

generation of solar cells viz. multifunction cells, 

intermediate-band cells, hot carrier cells and spectrum 

conversion have been analysed [12-15].  

 
It has been observed that both fill factor and open circuit 

voltage of PV cell decrease with temperature while short 

circuit current increases [16]. Bergene et al. and Siegel et 

al. have explored PV array efficiency as function of 

temperature[17-18] E. Skoplaki et al Solar   have compiled 

exhaustive list of correlation equations in literature dealing 

with operating  temperature and PV array power output  

[19].Optimal operation of Solar photovoltaic system in a 

hybrid power generation system have been studied by 

Som. et.al [20]. The maximum output power can be 
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obtained by ensuring sunlight always falls perpendicular to 

surface of solar panel thus having maximum intensity of 
solar radiation. Auto tracking mechanism is not suitable 

for smaller, standalone pv units having drawbacks like 

complex installation, operation and maintenance cost. 

Therefore it is imperative to evaluate optimum tilt angle 

for such installations.Lunde.et al and Garg et al have 

proposed latitude angle based methods [21-22]. These 

methods were simple but were prone to 

discrepancies.Kern et al and Hartley et al have evaluated 

tilt angle on basis of maximization of extra-terrestrial 

radiation,beam radiation and global radiation falling on the 

solar panel respectively. [23-24].Various algorithms exist 

in literature for Maximum power point tracking (MPPT).It 
has been well established that selection of an appropriate 

MPPT Algorithm is a trade-off between True MPPT, 

Convergence speed and Implementation complexity [25-

26]. 

 

Elsayed included latitude angle and monthly average 

clearness index for optimal tilt angle [27].Angstrom et 

al.[28]  have used  number of sunshine hours to evaluate  

monthly average daily global solar radiation . However 

this suffers from drawback of specific area locality. 

Hammer et al proposed use of pixel data of the satellite 
image for global horizontal radiation [29]. Supit et al have 

introduced temperature based method for evaluation of 

Global radiation using the atmospheric transmittance and 

difference of the maximum and minimum daily 

temperatures [30-31].However, maximum solar power 

generations through optimal placement of solar angle for a 

specific load based area are rare in literature.  Despite 

having number of empirical based methods for optimal tilt 

angle very few articled have explored heuristic methods 

for simultaneous operations and features of solar 

photovoltaic or thermal system. However, such optimized 

operation considering Indian context are sparse in the 
literature. 

 

The present work determines maximum solar power 

generation through an optimal choice of the mirror tilt 

angle for solar panel. The choice of the tilt angles are 

made for collecting the most concentrated solar irradiation 

varying with time. The above optimization problem has 

been formulated for a daily load variation of a specific 

area in India. Further, different values of daily global and 

diffuse solar radiation of that particular place at India have 

been considered for the case study performed in the work. 
Modified genetic algorithm, has been developed and 

implemented for the above mentioned optimization 

problemAn electronic copy can bedownloaded from the 

conference website.  For questions on paper guidelines, 

please contact the conference publicationscommittee as 

indicated on the conference website. Information about 

final paper submission is available from the conference 

website. 

 

II. PROBLEM FORMULATION 

The present work depicts the optimal power generation in 
consideration with optimal design for solar photovoltaic 

system as a decentralized or distributed power delivery 

system integrated with loads forming a microgrid. The 

optimized model for solar power distributed generating 
system has been developed employing a tuned form of the 

genetic algorithm implemented using MATLAB® 

considering load demand scenario for a locality in India. 

With regard to photovoltaic, the optimum electric power 

for a certain period is of economic interest. The electric 

power of a solar cell is defined as the product of electric 

current and voltage (P = I*V) that is a function of the 

irradiance and the temperature P = f (I,T). Although P 

increases in higher irradiances, it decreases in higher 

temperatures. In general, higher irradiances lead to higher 

temperatures of the solar collector and, hence, the 

performance is reduced. Furthermore, the reflection 
characteristics of the collector surface should be taken into 

account. As presented by [32], diverse surface covers 

behave differently according to reflection losses. Keeping 

all the parameters in consideration, the present work dealt 

with the variation of tilt angle in producing maximum 

power. 

 

The real time data for outdoor performance of a stand-

alone photovoltaic (SAPV) system in New Delhi (India) 

for two types of climatic loading condition have been 

considered. The daily power generated from the existing 
SAPV system was optimally generated depending on the 

prevailing sky conditions and the time of irradiation that 

reaches the earth. The number of days and daily power 

generated corresponding to two weather types is used to 

determine power generation from the existing SAPV 

system for loads of specific place. The objective function 

has considered  Power  generation which is dependent on 

many factors. 

 

A. Objective function 

Power difference between the load demand and the power 

generation from solar photovoltaic has been considered as 
the main objective function, which has to be minimized as 

shown in equation (1) for summer season and equation (2) 

for winter season 
 

 Pd =9
n=1 Pl − PSo        (1) 

 
 Pd =7

n=1 Pl − PSo        (2) 

 

WherePd, Pl, and PSoare the power difference, load demand 
and power generation respectively. Pd is minimized by 

optimally generating solar power in correspondence to the 

respective load demand for different hours. The optimal 

power generation, i.e.PSo is done on the basis of design of 

optimal tilt angle for varying irradiance with varied 

time.The optimal power generation, i.e.PSo is done on the 

basis of design of optimal tilt angle for varying irradiance 

with varied time. 

   T
SO PV

S

I
P Df RC

S

  
   

                    (3) 
where, Df is the derating factor, RCPV is the rated capacity 

of the solar array, IT and SS are global solar radiation 

incident on the surface of solar array and standard solar 

radiation for the rated capacity. 
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Generally, the total solar radiation on a horizontal surface 

is called global irradiance, and is the sum of incident 
diffuse radiation and the direct normal irradiance projected 

onto the horizontal surface. While, if the surface under 

study is tilted with respect to the horizontal, then the total 

irradiance is the incident diffuse radiation, and the direct 

normal irradiance projected onto the tilted surface, and the 

ground reflected irradiance that is incident on the tilted 

surface. Thus for a surface tilted at a slope angle from the 

horizontal, the incident total radiation is given by the 

relation [33]: 

𝐼𝑇 =  𝐼𝐵 +  𝐼𝐷 +  𝐼𝑅                                                 (4) 

 
Where, IT is the monthly average daily total radiation on a 

tilted surface, IB is normally estimated by individually 

considering the direct beam, and ID is the diffuse 

component and IR is the reflected component of the 

radiation on a tilted surface. The daily beam radiation 

received on an inclined surface can be expressed as [33]: 

𝐼𝐵 =  𝐼𝑔 −  𝐼𝑑 𝑅𝑏                                                       (5) 

 

Where, Ig and Id are the monthly mean daily global and 

diffuse radiation on a horizontal surface, and Rb is the ratio 

of the average daily beam radiation on a tilted surface to 

that on a horizontal surface.The daily ground reflected  

radiation  can  be written as [33]: 

𝐼𝑅 =   
1−𝑐𝑜𝑠 𝛽

2
 𝜌𝐼𝑔                                                     (6)  

 

Where,β is the tilt angle of the solar panel. Liu and Jordan 
[34] have suggested that Rb can be estimated by assuming 

that it has the value which would be obtained if there were 

no atmosphere. For surfaces in the northern hemisphere 

(i.e. India, in this case study), sloped towards the equator, 

the equation for Rb is given as below [34] and is used in 

the present study. 

𝑅𝑏 =
𝑐𝑜𝑠  ∅−𝛽 𝑐𝑜𝑠𝛿𝑠𝑖𝑛 𝜔𝑠𝑠+𝜔𝑠𝑠𝑠𝑖𝑛  ∅−𝛽 𝑠𝑖𝑛𝛿

𝑐𝑜𝑠∅𝑐𝑜𝑠𝛿𝑠𝑖𝑛 𝜔𝑠𝑠+𝜔𝑠𝑠𝑠𝑖𝑛∅𝑠𝑖𝑛𝛿
                    (7) 

 

where𝜔𝑠𝑠  is sunset hour angle for tilted surface for mean 

day of month, Ф is latitude  angle and  δ is declination. 

The relation for sunset hour angle and declination can be 

expressed as [35]  

𝜔𝑠𝑠 = 𝐴𝑟𝑐𝑐𝑜𝑠(𝑡𝑎𝑛(∅)𝑡𝑎𝑛𝛿)                                   (8) 

 

The declination of the sun is the angle between a plane 

perpendicular to a line between the earth and the sun and 

the earth‟s axis. The relation for declination angle is given 
in [14],[35]. 

𝛿 =
23.45

180
𝑠𝑖𝑛(

2𝜋[284+𝑛]

365
)       (9) 

Where n is nth day of year. 

 

The sky diffused radiation can be expressed as [12],[34] 

𝐼𝐷 =   
1+𝑐𝑜𝑠 𝛽

2
 𝐼𝑑                                          (10) 

 

B. Constraining function 

The constraining function is the maximum and minimum 

load demand over a day, of a typical location in India. 

These ranges of load variation for both summer and winter 

season are mentioned in the equations (11) and (12). 

𝑃𝑙𝑠𝑚𝑖𝑛 ≤ 𝑃𝑙𝑠 ≤ 𝑃𝑙𝑠𝑚𝑎𝑥                                     (11) 

𝑃𝑙𝑤𝑚𝑖𝑛 ≤ 𝑃𝑙𝑤 ≤ 𝑃𝑙𝑤𝑚𝑎𝑥                                (12) 

 

The solar irradiation on that particular location over 

defined hours for winter and summer season gives the 

following constraining factors as shown in equation (13) 

and (14); 

𝐼𝑑𝑠𝑚𝑖𝑛 ≤ 𝐼𝑑 ≤  𝐼𝑑𝑠𝑚𝑎𝑥      (13) 

𝐼𝑑𝑤𝑚𝑖𝑛 ≤ 𝐼𝑑 ≤  𝐼𝑑𝑤𝑚𝑎𝑥     (14) 

 

III.  NUMERICAL METHOD OF SOLUTION 
GA is based on the concept of gene mutation theory [36]. 

The GA generally operates through the following steps, 

where at first a population of solutions is randomly 

generated by covering the entire constraining ranges. As 

the solutions in the population are randomly generated, all 

of them may not be equally competent in terms of their 

fitness value. An operator probabilistically selects a group 

of good solutions from the original pool of population on 

the basis of their fitness values relating to each row and 

thus forms a mating pool of new solutions. 

 
 Then the parent variables of the objective function goes 

through a probabilistic check and participate in crossover 

using crossover operands [37-40]. This results in 

producing better children solutions. In the last step 

mutation is performed to bring a local change over the 

current solutions [41]. A modification is done over the 

conventional GA by comparing the best fitness value 

between two consecutive iterations to have a better 

population set of solutions.  

 

The modified algorithm is named as TGA. This tuning for 

choosing better population set for the next iteration 
evaluation is done by replacing the individuals of the 

population with the row of individuals corresponding to 

the better fittest value between two consecutive iterations.  

 

This procedure continues until the difference between the 

fittest values as computed at the end of every generation 

from that of its previous one reaches the defined tolerance 

value. The above stated algorithm considered for the 

solutions in the present problem has been developed. An 

optimal power operation of DERs has been performed to 

have the minimum cost of power delivery system by the 
application of TGA. This TGA method has been 

efficiently utilized to have the optimal value for the above 

mentioned problem.  

 

The above stated algorithm considered for the solutions in 

the present problem has been developed. An optimal 

power operation of SAPV has been performed to generate 

maximum power through different variations of solar 

angle and load by the application of TGA. 

 

Input Parameters 
Temporal variations of load during a day in a small 

residential locality are considered. The load variations for 

different types of consumers in an Indian village are 

shown below in figure 1[42]. 
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FIG.1. Four Types of Load demand in Rajmele village 

 

The solar irradiations over a day, for summer and winter 

season, of the given locality in India are given in table 1 

[43] 
 

TABLE. I. Hourly Solar Irradiation in watts/metre2 

Time 
Irradiation in 

summer 

Irradiation in 

winter 

9.00 AM 530 ---- 

10.00 AM 680 620 

11.00 AM 840 710 
12.00 PM 820 820 

13.00 PM 800 760 

14.00 PM 700 530 

15.00 PM 540 420 

16.00 PM 360 280 

17.00 PM 220 ---- 
 

Different values of solar irradiation for both summer and 

winter season have been considered for generating power 

corresponding to the above mentioned consumer load. 
 

IV.  RESULTS 

In the present work, analysis of optimal operation of solar 
power angle has been made pertaining to minimum power 

deviation between the load and generation from solar 

photovoltaic system. Power delivery systems for two test 

cases have been made by the application of TGA. Optimal 

power distributions as computed by TGA have been 

analysed through maximum solar power generation. 
 

Three types of consumers have been considered for 24 

hours during both summer and winter loading condition. 

Three types of consumer load constitute residential, 

industrial and agricultural load, as shown in figure 1. The 

place considered for the optimal solar power generation 

corresponds to 9 hours and 7 hours of irradiation for 

summer and winter load scenario respectively.  
 

The optimal power distribution for residential, industrial 

and agricultural demand during summer loading condition 

are shown in terms of power deviation over 9 hours in 

figure 2, figure 3 and figure 4 respectively. The power 

deviations are calculated as positive where the demand is 

more than the generation; while negative when the 

generation is more than demand. The maximum powers 

generated over the 9 hours, corresponding to the optimal 

solar angles are given in figure 5, figure 6, and figure 7 

respectively for residential, industrial and agricultural 

load. 

 
FIG.2. Power deviation for residential load in summer 

 

FIG.3. 
Power deviation for industrial load in summer 

FIG.4. 

Power deviation for agricultural load in summer 

 

 
FIG.5. Maximum power generated over 9 hours for 

residential load in summer 

 
FIG 6. Maximum power generated over 9 hours for 

industrial load in summer 
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FIG.7. Maximum power generated over 9 hours for 

agricultural load in summer 

 

It has been observed from figure 5, 6 and 7 that the, solar 

power angle achieved for maximum power generation 

over 9 hours are 50 degree, 60 degree and 50 degree 

respectively. Further, the power deviation occurred in the 

residential load is about -1.052 kW, while that in 

agricultural load and industrial load is about -1.906 kW 

and -1.856 kW respectively. Hence, it has been observed 

that for summer season for all the three loads the power 

deviations are negative, i.e. it can provide power for other 
night hours or charge some backup supply system. 

However, residential load delivered maximum power 

among three loading scenario. Similarly, the optimal 

power distribution for the same load considering 

irradiation during winters for 7 hours, has been modelled 

and simulated as shown below. 

 

The optimal power distribution for residential, industrial 

and agricultural demand during summer loading condition 

are shown in terms of power deviation over 24 hours in 

figure 8, figure 9 and figure 10 respectively. The power 

deviations are calculated as positive where the demand is 
more than the generation; while negative when the 

generation is more than demand. The maximum powers 

generated over the 9 hours, corresponding to the optimal 

solar angles are given in figure 11, figure 12, and figure 13 

respectively for residential, industrial and agricultural 

load. 

 
FIG.8. Power deviation for residential load in winter 

 

 
FIG.9. Power deviation for agricultural load in winter 

 
FIG.10. Power deviation for industrial load in winter 

 
FIG.11. Maximum power generated over 7 hours for 

residential load in winter 
 

 
FIG.12. Maximum power generated over 7 hours for 

industrial load in winter 

 
FIG.13. Maximum power generated over 7 hours for 

Agricultural load in winter 
 

It has been observed from figure 11, 12 and 13 that the, 

mirror angle achieved for maximum power generation 

over 7 hours are 50 degree for all three types of loads. In 
winters earth receives relatively lesser amount of 

irradiation than in summer. The effect of lesser irradiation 

accounts for reduced generation in solar panel thus 

bringing power demand and generated output close. 

Further, the power deviation occurred in the residential 

load is about 0.8962 kW, while that in agricultural load 

and industrial load is about -0.5982 kW and -0.35214 kW 

respectively. Hence, it has been observed that for winters 

season the power deviations is positive for residential load 

while for agricultural and industrial load it is negative. i.e 

the residential load requires battery backup supply to meet 

the shortfall in power generation. Moreover, these 
negative deviations are much lesser than those obtained in 

summer season. 
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V.  CONCLUSION 
A mathematical simulation has been performed for 
optimal power generation variations in solar power angles 

using TGA in the context of an Indian scenario. It has 

been observed from the present work that, for optimal 

power generation corresponding to different loads have 

been achieved for 50 degree of solar power angle, while 

for residential load during summer the optimal operation 

occurred for 60 degree of angle. Thus it can be inferred 

that, with same irradiation the variation in solar power 

angle can produce optimal power generation. Further, the 

maximum negative power deviation has been obtained in 

the case of residential load for winter season. So, it can be 

concluded, that the solar photo-voltaic system during 
summer can provide excess power than other loads for 

both the summer and winter seasons which can be used for 

other charging battery back-up systems. 
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