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Abstract 

Energy is considered as a prime agent in the generation of wealth and a significant 

factor in the economic development. The development scale of any country is measured 

by few parameters among which per capita energy consumption holds the most 

significant rank. With decrease in conventional energy resources and growing 

environmental concerns it is expected that solar energy is going to play a very significant 

role in future. Over the last three decades a significant research on photovoltaic (PV) 

solar cells and modules has been carried out. Today, the electricity conversion-efficiency 

of a silicon solar module available for commercial application is about 5-25%. More than 

75% of the incoming solar energy is either reflected or absorbed as heat energy. 

Consequently, the working temperature of the solar cells increases considerably after 

prolonged operations and the cells efficiency drops significantly. By cooling the PV 

module with a fluid stream like air or water, the electricity yield can be improved. At the 

same time, the heat pick-up by the fluid can be used to support space heating or service 

hot-water systems. 

Building integrated photovoltaic (BIPV) started to become important in late 

1990s. It has been considered as an attractive technology for building integration. 

Building integrated photovoltaic thermal (BIPVT) system appears as an exciting new 

technology as it merges photovoltaic and thermal systems, providing simultaneously both 

the electrical and the thermal energy onsite. The system integrates roof, photovoltaic, 

thermal and insulation into a single product. Due to sharing of resources like materials 

and functions in the integration, the BIPVT system becomes cheaper than that having 
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four separate products. Moreover, the BIPVT system is installed by a single team which 

results in substantial cost reduction. The BIPVT systems may be either semi-transparent 

or opaque type. The semi-transparent type systems with day lighting can be integrated 

with the walls, roofs and windows of the building. However the semi-transparent type 

systems without lighting and the opaque type systems can only be integrated with the 

walls and roofs of the building. 

In the present research work, analysis of the opaque type BIPVT system 

integrated as the roof top of a building has been made. Considering quasi-steady state 

condition, a thermal model has been developed to predict the cell temperature, 

tedlar/back surface temperature, outlet temperature of the air from the duct and room 

temperature of the system in terms of design and electrical parameters. The electrical and 

thermal energy output of the BIPVT system has been calculated. Analysis shows that the 

PVT system mounted/ integrated over the roof inclined at an angle equal to the latitude of 

the place, gives the higher power output than those mounted/ integrated over the facades. 

A methodology has been developed to optimize the rate of flow of air through the 

duct. For the proposed system, at a constant mass flow rate of air, it is found that the 

BIPVT system connected in series gives a better performance. The roof integrated PVT 

(having mono-crystalline silicon solar cells) over an effective area of 65 m2  produces an 

annual electrical and thermal energies of 16209 kWh and 18062 kWh with an overall 

thermal efficiency of 53.7%. The analysis has been extended to the BIPVT systems with 

different solar cell technologies, commercially available in the market. The economic 

analysis shows that the life cycle cost of BIPVT systems with amorphous silicon (a-Si) 

solar cells is US $ 0.1297 per kWh in the climatic conditions prevailing at New Delhi, 
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which is much closer to that of the conventional grid. Energy payback time (EPBT), 

energy production factor (EPF) on lifetime basis with CIGS solar cells is found most 

suitable followed by the BIPVT system with mono-crystalline solar cells. The CO2 

mitigation from the BIPVT systems with mono-crystalline solar cells is 772.2 tonnes and 

may give maximum earning through the trading of carbon credit. 
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