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Plastic/organic /polymer photovoltaic solar cells are fourth generation cells 
however the efficiency, thermal stability and cost of fourth generation solar cells 
are still not sufficient to replace conventional solar cells. Hybrid solar cells have 
been one of the alternate technologies to harness solar power into electrical 
power to overcome the high cost of conventional solar cells. This review paper 
has focused on the concept of hybrid solar cells with the combination of 
organic/polymer materials, blended with inorganic semiconducting materials. 
The paper presents the importance of nanoscale materials and its shape and 
size, nanotubes, nanowire, nanocrystal, which can increase the efficiency of 
the solar cells. The study shows that nanomaterials have immense potential 
and application of nanomaterials (inorganic/organic/polymer) can improve the 
performance of photovoltaic solar cells. Tuning of nanomaterials increase the 
functionality, band gap, optical absorption and shape of the materials, in multiple 
orders compared to micro scale materials. Hybrid solar cells have unique 
properties of inorganic semiconductors along with the film forming properties 
of conjugated polymers. Hybrid materials have great potential because of their 
unique properties and are showing great results at the preliminary stages of 
research. The advantage of organic/polymer is easy processing; roll to roll 
production, lighter weight, flexible shape and size of the solar cells. Application 
of nanotechnology in hybrid solar cells has opened the door to manufacturing of 
a new class of high performance devices.
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As the demand for renewable energy sources is increasing, many alternative 
concepts have been explored to enrich the prospects. In the solar cell field, 
multi carrier generation, spectrum manipulation, thermo-photoelectric cells, 
hot carrier, intermediate band, and many other techniques have been studied as 
new concepts. In this work, the theoretical limits of multi-carrier generation and 
multi-interface pre spectrum divided solar cells’ efficiencies are analyzed and 
discussed in detail.

The solar cell market is dominated by single p-n junction devices such as Si, 
CdTe, and CIGS cells. The theoretical efficiency of such devices is well set by 
a recent version of the neat Shockley-Queisser (SQ) model. In this model, the 
single junction cell efficiency depends on the energy gap and cannot exceed 
33%. Practically and in support for SQ model, the best lab efficiency is 25% for 
Si solar cell and it has not changed much since the early 1990s. The alternative 
device concepts should be able to surpass this limit. For example, a 43% 
efficient triple junction cell has already been realized. 

Based on the analysis, more than 80% efficiencies are possible; however, such 
high efficiencies are achievable only in ideal cases. So, some of the technical and 
practical difficulties are addressed and discussed. The analysis is based on the 
classical transport approach and assuming the measured 1.5 AM solar radiation 
spectrum. We used the reference National Renewable Energy Lab (NREL) 
measurements. For multi- carrier generation, no distinction is made between 
multi-exciton generation and carrier multiplications, as the multiplication is 
assumed ideal as Heaviside step function of the ratio of photon energy over 
energy gap, where the multiplication happens, is ignored. 
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