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Abstract 

 

Renewable energy (RE) resources have enormous potential and can meet the present 

world energy demand. They can enhance diversity in energy supply markets, secure long-

term sustainable energy supply, and reduce local and global atmospheric emissions. They can 

also provide commercially attractive options to meet specific needs for energy services, 

especially in developing countries and rural areas).  

Photovoltaic is the field of technology and research related to the application of solar 

cells as solar energy. A solar cell or photovoltaic (PV) cell is a device that converts solar 

energy into electricity by the photovoltaic effect. Sometimes the term ‘solar cell’ is reserved 

for devices intended specifically to capture energy from sunlight, while the term 

‘photovoltaic cell’ is used when the source is unspecified. Photovoltaic generation of power 

is caused by radiation that separates positive and negative charge carriers in absorbing 

material. In the presence of an electric field, these charges can produce a current for use in an 

external circuit. Such fields exist permanently at junctions or in homogeneities in materials as 

‘built-in’ electric fields and provide the required EMF for useful power production. 

A photovoltaic (PV) cell or solar cell is a device that converts solar energy into 

electricity by the photovoltaic effect. A photovoltaic module is a packaged interconnected 

assembly of photovoltaic cells. An installation of photovoltaic modules or panels is known as 

a photovoltaic array or a solar panel. Photovoltaic cells typically require protection from the 

environment. For cost and practicality reasons, a number of cells are connected electrically 

and packaged in a photovoltaic module, while a collection of these modules that are 

mechanically fastened together, wired, and designed to be a field-installable unit, sometimes 

with a glass covering and a frame and backing made of metal, plastic or fiberglass, are known 

as a photovoltaic panel or simply solar panel. A photovoltaic installation unit typically 
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includes an array of photovoltaic modules or panels, an inverter, batteries (for off grid) and 

interconnection wiring. The final cost of any PV system ultimately depends on PV array size, 

battery bank size and on the other components required for the specific application. Hence, 

the lack of PV system design results in high design costs for PV power system projects 

The performance of the PV system depends upon several factors, especially the 

meteorological conditions such as solar radiation, ambient temperature and dust along aging 

effect. 

In present thesis, an attempt has been made to study the effect of environmental 

degradation and dust on the performance of PV modules in outdoor and indoor conditions. In 

order to show the dusting effects on PV modules in indoor conditions, four PV modules M1
 

(CEL: A-0286, Opaque, 1990), M2
 
(CEL: P-15292, Opaque, 2008), M3 (SIEMENS: 020854, 

Opaque, 2008) and M4 (CEL: S-6224, Semitransparent, 1010) have been considered and 

tested with the help of a solar simulator at various dusting levels and solar intensities. In 

indoor experiments, it has been observed that the efficiency of PV modules decreases by 

5.33% to 45.23% for increased thickness of dust layer (0.08µm to 0.55µm) for all PV 

modules. Later on, dusting effects on PV modules in outdoor conditions are also examined. 

The experiments in this study have been carried out for a standalone PV (SAPV) system 

installed at Solar Energy Park, IIT Delhi for both summer and winter season. It has been 

observed that efficiency of PV module is more sensitive in summer season as compare to 

winter. 

Further, an analysis has been made to evaluate performance of PV Module with and 

without air duct in terms of energy and exergy. Along with, a comparative study has been 

carried out for summer and winter seasons. In this regard, four different cases, case A 

(semitransparent PV module without duct), case B (semitransparent PV module with duct), 

case C (Opaque PV module without duct) and case D (Opaque PV module with duct) are 
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considered for the study. Outdoor experiments have been conducted for all cases. It has been 

observed that electrical efficiency is higher for cases B and D (with air duct) respectively in 

comparison to cases A and C (without air duct) respectively. 

An attempt has been made to study the effect of aging on the performance of solar hut 

at CEL, Sahibabad (UP) and the SAPV system at Solar Energy Park, IIT Delhi. For present 

study, an experimental data collected in the past have been used. It is found that electrical 

efficiency of Solar Hut has been decreased by 61.18% in its operational life of 28 years and 

average annual rate of decrease in efficiency is 3.6% per year. Also, it has been observed that 

the rate of decrease in efficiency is constantly slowing down. The performance of SAPV 

system installed at Solar Energy Park also has been evaluated. For this purpose, experiments 

have been carried out for two years. It is found that electrical efficiency of SAPV System has 

been decreased by 5.3% in 3 years of operational life and average annual rate of decrease in 

efficiency is 1.8% per year. It has also been observed that the rate of decrease in efficiency 

has lowering trend. 

 

In the last part, life cycle assessment studies aim at comparing and analyzing 

environmental impacts and services of the systems. The life cycle cost analysis and energy 

matrices namely, energy payback time (EPBT), electricity production factor (EPF) and life 

cycle conversion efficiency (LCCE) based on electrical energy output from the SAPV and 

roof top PV system have been evaluated for outdoor conditions. As per the norms of Kyoto 

protocol, the annual carbon credits earned by both the systems have been calculated. It has 

been found in this study that EPF and LCCE are higher and EPBT and cost of electricity 

produced is lower for the roof top system. 
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