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ABSTRACT 

As per the current global energy scenario from renewables, solar energy is going to play a 

major role. Knowledge of solar radiation is essential and pre-requisite for designing all 

solar systems. 

In the opening chapter (Chapter-1), objective of the thesis, solar radiation related terms, 

solar radiation network in India, solar radiation availability in India, literature survey and 

organization of thesis have been described. 

Chapter-2 analyses the temporal and spatial variation of Linke turbidity factor (TL ) at five 

Indian stations; namely New Delhi, Kolkata, Pune, Jaipur and Mumbai. For computation 

of turbidity, eight-year radiation data, (1993 — 2000) of these stations, has been procured 

from Indian Meteorological Department (IMD) Pune. It is seen that turbidity values are 

low in winter, ranging from 4 to 6; and high in summer, ranging from 5 to 9. For post-

monsoon season, turbidity values are intermediate, ranging from 5 to 8. It is also seen that 

turbidity values highly depend on the pollution level of the station; e.g. Kolkata, being an 

industrialized city, has highest value of turbidity, which becomes as high as 10.2 in May. 

For Pune, being pollution free city, the turbidity value is low about 5.5 in May. Diurnal 

variation is small; it is about 14 % in winter and about 11.5 % in summer for Pune. 

Regarding annual variation of turbidity, it is seen that it remains almost constant for all 

the years for two stations; Kolkata (TL  = 7.5) and Pune (TL  = 4.6). For the other three 

stations; Jaipur, New Delhi and Mumbai, the turbidity values are almost constant for the 

first 4 years (1993 — 96) and then there is sharp increase in turbidity values during 1997, 

for Jaipur (TL  = 6.4) and for New Delhi (TL  = 6.8). Frequency distribution of turbidity 
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values shows that most of the turbidity values lie between 3 and 10. For Kolkata 

maximum frequency, 37 %, lie in the range 6.0 — 7.5; for New Delhi it is 46 % and the 

range is 4.5 — 6.0. 

In Chapter-3, three parametric models Code for Physical Computation of Radiation, 2 

bands (CPCR2), Multi Layer Weighted Transmittance Version-2 (MLWT2) and 

Reference Evaluation of Solar Transmittance (REST), have been used to compute direct 

normal irradiance (DNI), for five Indian stations, namely New Delhi, Pune, Jaipur, 

Kolkata and Mumbai. The computed values of DNI have been compared with measured 

values on the basis of percentage root mean square error (RMSE) and percentage mean 

bias error (MBE). It is found that the average percentage RMSE for the year is minimum 

for MLWT2 model for Jaipur followed by New Delhi and Pune and the values are 1.67%, 

2.33% and 2.49%, respectively. But for coastal stations Kolkata and Mumbai, the 

corresponding minimum values occur for CPCR2 model and REST model respectively, 

and the values are 2.62% and 2.76%, respectively. This shows that MLWT2 model 

performs best for most of the Indian stations except the coastal stations. 

In Chapter-4, an attempt has been made to correlate monthly mean daily diffuse solar 

radiation with global solar radiation and sunshine hours. Solar radiation data of five 

stations; namely New Delhi (composite climate), Jaipur (hot and dry climate), Kolkata 

(warm and humid climate), Mumbai (warm and humid climate) and Pune (moderate 

climate), have been used, to develop the correlations. A total of 9 equations, including 

linear, quadratic and cubic polynomials, have been tried for this purpose. Computed 

diffuse radiation, have been compared with the measured values and the performance of 

these nine equations has been evaluated in terms of Mean Percentage Error (MPE), Mean 
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Bias Error (MBE), and Root Mean Square Error (RMSE). It has been found that the 

quadratic equation, correlating diffuse radiation fraction (diffuse / global radiation) with 

global radiation fraction (global / extraterrestrial radiation) and sunshine fraction (actual / 

maximum possible sunshine hours), performs best. The computed values of daily diffuse 

radiation for each of five stations mentioned earlier, have been compared with the 

measured values and it is found that mean percentage error is within ±10%, for most of 

the stations. The measured values of daily diffuse radiation for other five stations: 

Ahmedabad, Bangalore, Bhopal, Jodhpur and Visakhapatnam, are used to test the 

generalization of the selected model. The model is found to be able to predict the 

measured data with MPE below 5.38 %. This shows that the developed model shows 

good generalization and it can be used for any Indian station where global radiation and 

sunshine hour data is available. 

Chapter 5 deals with optimal tilt determination. Generally, Liu and Jordan method is used 

to determine optimum tilts for a given location. Although, it is a classical method but it 

suffers from various errors. HDKR method (which is as good as any of the third 

generation models like Perez model, Muneer model or the Gueymard model) has been 

used, for this purpose, in the present work. This method was developed by Hay, Davies, 

Klutcher and Reindl, known as HDKR Method, and it takes account of elimination of the 

errors like circumsolar radiation and horizon brightening. It has been used to determine 

monthly and annual optimum tilts for two types of surfaces: fixed surface (south facing); 

azimuthally tracking surface (i.e. one-axis tracking surface). The study has been carried 

out for four Indian stations with diverse climates: New Delhi (28.63° N, 77.2° E); Jaipur 

(26.93° N, 88.45° E); Kolkata (22.65° N, 88.45° E) and Pune (18.53° N, 73.85° E). Solar 
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radiation has been computed, by using this method, on normal-incidence tracking surface 

also (i.e. two-axis tracking) and inter-comparison among these various surfaces has been 

carried out. It is seen that difference in optimum tilts, as determined by these two 

methods, as about 4 degrees. The average increase in solar radiation is 13 — 19% in case 

of fixed surface w.r.t horizontal surface. In case of one-axis tracking surface, average 

increase is 36 -59% w.r.t. horizontal surface and 20 — 33% w.r.t. fixed surfaces. For two-

axis tracking surface, the increase is 42 — 67%, 24 — 39% and 3 — 5% w.r.t. horizontal 

surface, fixed surface and one-axis tracking surface, respectively. As the increase in solar 

radiation for a two-axis tracking is only 3 - 5% over the one-axis tracking surface, 

considering the complexity and cost of two-axis tracking system, one-axis tracking 

system is recommended for collecting solar radiation. 

In Chapter 6, direct beam radiation has been computed from global radiation as it has 

strong correlation with global radiation. By using regression technique, based on least 

square method, correlations between the beam ratio ( terrestrial/extraterrestrial ) and 

global ratio, in the form of Kb  = f (Kr ) on hourly basis, and in the form of KB  = f (KT) 

on daily basis, have been determined for three Indian stations namely New Delhi, 

Jodhpur and Bhavnagar. It is observed that seasonal correlations, rather than annual, yield 

better results. The root mean square error, for these stations, is around 15% on hourly 

basis for the three seasons: summer, winter and spring/autumn. On daily basis, the error 

is comparably low (around 5%) for the same three seasons. 
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Finally, important conclusions drawn from this work and recommendations for further 

work are summarized in Chapter 7. 
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