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Abstract 

  

In the present thesis, the analytical expressions for temperature dependent electrical 

efficiency of an opaque and a semitransparent type PV modules has been developed and are 

experimentally validated for New Delhi, India climatic condition. A good agreement has 

been observed between theoretical and experimental results. The average electrical efficiency 

is increased by 2.29% from opaque PV module with water flowing over the PV module (case 

I) to opaque PV module with air flowing below the PV module through air duct and water 

flowing over the PV module (case III). The average electrical efficiency is increased by 

4.17% from semitransparent PV module with water flowing over the PV module (case II) to 

semitransparent PV module with air flowing below the PV module through air duct and 

water flowing over the PV module (case IV).  

Analysis of hybrid photovoltaic thermal (PVT) water collector has been carried out for 

constant collection temperature mode unlike constant flow rate mode. Two different 

configurations namely case A (collector partially covered by PV module) and case B 

(collector fully covered by PV module) has been considered. The characteristic equations for 

both the cases have been developed by using regression method. The annual analysis of the 

present system has been carried out by considering all types of weather conditions namely (a) 

Clear day (blue sky); (b) Hazy day; (c) Hazy and cloudy; (d) Cloudy day. The annual overall 

thermal energy gain is decreased by 9.48 % in case B as compared to case A and exergy gain 

is increased by 39.16% in case B as compared to case A. It has been observed that the energy 

payback time (EPBT) is lower for case A. Total carbon credit earned in both the cases has 

been evaluated. 



 vi

Hybrid PVT water collector have been analyzed with five different types of silicon and non-

silicon based PV modules namely mono crystalline silicon (c-Si), poly crystalline silicon (p-

Si), thin film of amorphous silicon (a-Si), Cadmium Telluride (CdTe) and Copper Indium 

Gallium Selenide (CIGS). The net annual electrical, overall thermal energy and overall 

exergy outputs from the hybrid PVT water collector with different PV modules has been 

calculated for New Delhi (India) climatic condition. The sustainability assessment of the 

system, based on the sustainability index method has been conducted. The maximum annual 

electrical and overall thermal energy of 880.73 kWh and 13968 kWh respectively is obtained 

for crystalline silicon (c-Si) PV module. The maximum and minimum value of annual overall 

exergy gain of 1621.89 kWh and 1098.25 kWh is obtained for c-Si and a-Si PV modules 

respectively. An attempt has been made to evaluate and compare the energy matrices of a 

hybrid PVT water collector with five different types of PV modules. Annual average overall 

exergy efficiency is maximum (14.72%) with c-Si and minimum (5.96%) with a-Si PV 

modules. The highest sustainability index of 1.17 has been obtained with c-Si PV module 

which means that the systems with c-Si PV module will be the most sustainable system. 

Exergoeconomic and enviroeconomic analyses of two different types of photovoltaic (PV) 

modules namely semitransparent and opaque have been performed. The enviroeconomic 

analysis is based on the carbon dioxide emission reduction by the system. The annual 

electrical energy produced by semitransparent and opaque PV modules has also been 

evaluated for composite climate of New Delhi, India. On the basis of exergoeconomic 

analysis it is found that the semitransparent PV module gives better performance in terms of 

energy saving. Environmental cost reduction is found to be 128.7 � /year and 125.95 � /year 

for semitransparent and opaque PV modules, respectively. 
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