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ABSTRACT 

In this thesis artificial neural network based computational models for the estimation and 

prediction of solar radiation in Indian zone are developed. An effort is also made to widen 

the usability of the models for a larger cross-section of users. This approach may be 

referred to as the expert system approach. The expert system is a software tool on the 

computer that is envisioned to provide general user the power of an expert. The thesis 

starts with direct solar radiation and considers that the major portion of direct solar 

radiation reaching the earth’s surface is governed by Sun-Earth geometry and 

atmospheric transmittance factors which are exactly calculable by clear day model. 

Additional variations are due to climate and weather phenomena characterized by relative 

humidity, mean duration of sunshine per hour, and rainfall, etc., in the atmosphere. These 

variations are taken into account with the help of a composite parameter referred to as 

atmospheric clearness index (CI) which is determined using artificial neural network 

analysis. The contour maps of CI as a function of latitude, time of the day, and month of 

the year are then prepared using the meteorological data of eleven stations. Model 

simulation and test results of the trained network for two typical locations (not used in 

training the network) are presented and compared with measured values. The deviations 

are well within acceptable error limits (percentage root mean square error values for 

Ahmedabad and Nagpur are 3.34 and 2.06 respectively). The methodology, for predicting 

the direct solar radiation at an arbitrary location using the well known parameters such as 

altitude, latitude, time of the day, day of the year, and CI values derived from the contour 

maps, is discussed. The outcome of the artificial neural network based computational 

models for four arbitrary locations is compared with NASA SSE data sets. Subsequently a 

neural network model based on explicit approach using the interrelationship 
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characteristics of direct, diffuse and global solar radiations is developed. The 

computational algorithm includes the estimation of global, diffuse and direct components 

through clear sky conditions. The deviations of these estimates from measurements are 

considered to be due to random weather phenomena characterized by clearness indices. 

The clearness indices corresponding to direct, diffuse and global components of solar 

radiation are then mapped with long term monthly mean hourly data of weather-related 

parameters such as mean duration of sunshine per hour, relative humidity and total 

rainfall in the artificial neural network analysis.  

The RMSE (%) values of the estimates of the ANN model for  global, diffuse and direct 

components for dry months (January, February, March and April) are 5.28, 2.56 and 4.47 

respectively; for wet months (July, August, September and October ) these values are 9.2, 

29.42 and 23.62 respectively. The overall RMSE (%) and MBE (%) values of the present 

ANN model for global radiation are 5.19 and -0.194 respectively as against 7.37 and -

0.42 reported by earlier researchers.  

The simulated target values of atmospheric clearness index achieved as a result of the 

above simulation and test process can be used to evolve a methodology for the prediction 

of direct, diffuse and global components of solar radiation as function of time of the day, 

month of the year and geographical coordinates of the location (e.g. latitude and 

longitude) in Indian region. The simple approach could be through the contour maps of 

the clearness indices corresponding to direct (CIb), diffuse (CId) and global (CIg) 

radiations which upon multiplication with the corresponding values calculated from the 

simple clear day sky model will yield the values of direct, diffuse and global solar 

radiations compatible with observed values. Illustrative contour maps for clearness 

indices of direct , diffuse and global solar radiations as a function of month of the year,  

latitude of the location at various hours of the day are presented. In practice using simple 
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extrapolations the contours can be used to predict solar radiation even for an arbitrary 

location in Indian region. However the process of estimation of CI at an arbitrary location 

involves errors in those regions where the contours are widely spaced. To overcome this 

problem a methodology for the polynomial representation of extensive atmospheric 

clearness data is presented and demonstrated for the prediction of solar radiations using a 

graphical user interface. 

The total radiation incident on tilted surfaces is investigated. It involves the diffuse 

radiation estimates based on the sky as an isotropic and or anisotropic source. We have 

carried out an explicit evaluation using the isotropic and anisotropic models for diffuse 

radiation at New Delhi a composite climate location in low latitudes. The results seem to 

favour an isotropic model.  

The total radiation on south facing variously tilted surfaces has also been investigated 

assuming the sky as the isotropic radiator. From the extensive data generated and 

tabulated in the thesis, it is clearly noted that on south facing tilted surfaces the solar 

radiation exhibits considerably large variation which followed the monthly apparent 

position of the sun characterized by the angle (φ - δ).  Monthly mean total solar radiation 

is maximum at an angle equal to (φ - δ) ± 20 .The annual mean total solar radiations is 

maximum at tilt angle of latitude (φ) ± 20  . 

Solar heat flux on the walls and roof of building has been estimated and its variation with 

azimuthal orientations has been investigated. Subsequently trapezoidal opaque 

honeycomb insulation and variable emittance roof have been considered for evaluating 

the space conditioning requirement of the building for energy efficiency.   
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   roof of building (azimuth angle -600) at New Delhi. 
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NOMENCLATURE 

A altitude of location above mean sea level in km 

ao empirical constant 

1a  empirical constant 

ANN Artificial Neural Network 

BSRN  baseline surface radiation network 

0C degree Celsius 

CI Atmospheric Clearness Index  

CIb atmospheric clearness index (direct) 

CId atmospheric clearness index (diffuse) 

CIg atmospheric clearness index (global) 

0E degree east 

Gm arithmetic mean of measured values 

IMD India Meteorological Department 

Io extra-terrestrial radiation 

Isc solar constant 

k empirical constant 

ks constant related to sky conditions 
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km kilometre 

K Kelvin 

MLP multilayer perceptron 

MSE    mean square error 

N number of day of the year (January 15, N=15)  

n number of measured or predicted values 

NASA  National Aeronautics and Space Administration 

0N degree north 

ppm parts per million 

RMSE root mean square error 

r correlation coefficient 

R regression value 

Rb beam radiation tilt factor 

Rd diffuse radiation tilt factor 

Rr ground reflected radiation tilt factor 

Rt total radiation tilt factor 

Sbn beam solar radiation at normal incidence  

Sbh beam radiation on horizontal surface 



xxix 
 

Sdh  diffuse radiation on a horizontal surface 

Sgh global radiation on horizontal surface 

St total radiation on a tilted surface 

SSE  surface meteorology and solar energy 

t solar time 

xi  ith measured value  

yi ith  calculated  value 

θ the incident angle of beam radiation on a tilted surface 

θz solar zenith angle  

α  solar altitude angle 

δ declination angle 

ϕ latitude angle 

ω hour angle 

β surface tilt angle with horizontal (deg) 

ρ ground reflectivity 

ϒs solar azimuthal angle 


