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ABSTRACT 

The measurement of solar radiation is not possible at many stations because of high 

instruments cost, limited spatial coverage and limited length of record. So there is need of 

theoretical models based on measured solar data so that data of one climatic zone can be 

used to get information of solar data for all those other places (having similar conditions) 

where measurement is not done. 

This thesis presents a study of methods of estimation and computation of solar radiation 

over India. It includes mainly three models, viz. parametric, artificial neural network and 

fuzzy logic for computing the solar radiation. This study also includes the computation of 

hourly values of global and diffuse solar radiation from daily data and variation of 

atmospheric turbidity over Indian region having different climatic conditions. Wherever 

possible the model results have been compared with measured data. In the first chapter. 

an  overall view of availability of solar radiation. its measurement and data analysis are 

given along with the literature review, scope and organization of the thesis. 

In order to evaluate the monthly mean hourly global and diffuse solar radiation from 

daily data for Indian climatic conditions new quadratic equations were obtained on the 

basis of regression technique (best — fit curve method). In this analysis different equations 

have been suggested for each hours of the day measured from true solar noon. It has been 

found that there is good agreement of computed values using new model with measured 

data for those Indian stations that are not included in the regression analysis. The result 

obtained using new model is also compared with existing models and minimum error is 

reported in new models. 
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The study of turbidity is very important to know the actual amount of solar radiation 

reaching on the earth's surface. Therefore, it becomes necessary to study the temporal 

and spatial variation of atmospheric turbidity. In the present thesis variation of 

atmospheric turbidity has been studied during a period of 10 years 1993 — 2002 by 

computing Angstrom's turbidity coefficient, 13. The diurnal, 'monthwise, yearwise and 

seasonal variations of113 have been studied at five Indian stations having diverse climatic 

conditions. The yearwise variation shows that 13 increases @ 5.5% per year at Kolkata, 

while for other four stations variation is almost negligible as compared to Kolkata. 

Solar radiation consists of mainly three components direct solar radiation at normal 

incidence and global & diffuse solar radiation at horizontal surface. In this thesis three 

methods have been used to compute solar radiation components. First is the parametric 

model, in which three broadband models are selected out of various existing models and 

tested for Indian climatic conditions at four stations, New Delhi, Mumbai, Pune & Jaipur 

under cloudless sky. The study reveals that REST model is more suitable for Indian 

locations. A new approach has been applied with REST model to compute diffuse solar 

radiation component. The application of this new approach shows very less error in the 

computation of diffuse and enhance in global solar radiation as compared to other 

models. Since the use of parametric modeling is limited only for cloudless sky, therefore, 

thrust is towards the new approach. This new method is artificial neural network (ANN). 

It has been used to compute solar radiation components under all sky conditions. The 

ANN model shows maximum 5% error in the computation of monthly mean daily global 

& diffuse solar radiation. This shows that ANN model is more accurate and versatile as 

compared to other existing regression models. 



The computation of monthly mean daily global solar radiation is also done using Fuzzy 

inference system (FIS) and considering cloudiness index as fuzzy random variables. In 

first case total amount of cloud covers are tried to relate with global solar radiation, 

cateorizing into five subsets using MATLAB Toolbox FIS. In the next case, cloudiness 

index is represented by fuzzy random variable, which in turn depends on four other fuzzy 

random variables characteristic of climatic and weather phenomenon. These two methods 

are used to estimate global solar radiation at five Indian stations and the results of both 

methods are compared with measured data. The study shows that considering cloudiness 

index as fuzzy random variable is best option because of comparatively low error. 

The study of different modeling methods of solar radiation shows that ANN model has 

less error and suitable for all the months of year to compute solar radiation components. 

The hourly & daily values are needed for the mathematical simulation and designing of 

solar systems and therefore, the computation of solar radiation components are necessary. 
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