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Abstract 

Energy demand is increasing day-by-day due to population 

growth, changed life styles of people and rapid 

industrialization. As a consequence, energy crisis is going to 

be one of the major issues that mankind has to face in the next 

50 years. The present energy scenario of using fossil fuels is 

unsustainable as these fossil fuel energy resources are 

exhaustible, limited and also causes environmental problems. 

Sun provides a huge amount of energy to earth and is directly 

or indirectly responsible for nearly all energy forms available 

on earth. Solar energy is available everywhere as free and is a 

non- exhaustible resource. Even people of remote areas can 

utilise it by producing their own supply of electricity with the 

help of solar cells. Solar energy provides the most suitable 

solution to increasing energy crisis except the high solar cell 

installation cost. Here the nano- technology provides aid by 

reducing the manufacturing cost and increasing the efficiency 

of solar cells. In this study, the nanotechnological implications 

which help to improve the performance of the solar harvesting 

technology have been thoroughly studied. 

Keywords: Nanotechnology; Solar cells; Solar energy; Solar 

systems 

 

Introduction 

To fulfil the increasing energy demand which is supposed to 

be about 30 terawatt (TW) by 2050 [1, 2] there are mainly 

three alternatives available [3]: (a) burning of fossil fuel (b) 

nuclear energy, and (c) renewable energy. The first alternative 

is associated with emissions of greenhouse gases (GHGs), 

especially CO2. The second alternative is very attractive 

because it is a clean type of energy, with high production 

efficiency and zero GHG emission [4]. However, the risk of 

accidents is an important issue of concern [5,6]. Energy 

production from renewable sources especially solar energy is 

undoubtedly the most promising alternative.  

The energy provided by sun in just one minute is sufficient to 

supply the world's energy needs for one year. It radiates about 

95% of its output energy as light, some of which cannot be 

seen by the human eye. The peak of its radiation is in the 

green portion of the visible spectrum. Every hour the energy 

absorbed by the atmosphere of earth from the sun is sufficient 

to satisfy global energy needs for an entire year. Electricity 

generation from solar energy can be done basically by two 

methods- photovoltaics and concentrated solar power system 

[7]. In Photovoltaics (PV), voltage or electricity is generated 

from the photons of sunlight. It is a direct method, in which a 

semiconductor substrate generates the electrons, upon 

excitation with photons of sufficient energy. The second 

method, a concentrated solar power system is an indirect 

method, in which large amount of concentrated heat is 

generated by focussing sunlight into a small beam. This 

concentrated heat is used to heat the working fluid in a 

conventional power plant. 

 

Solar Energy harvesting using Solar Cells 

A solar cell, or photovoltaic cell, is an electrical device that 

converts the energy of light directly into electricity by the 

photovoltaic effect, which is a physical and chemical 

phenomenon [8]. The physical phenomenon, responsible for 

converting light to electricity-the photovoltaic (PV) effect-was 

first observed in 1839 by a French physicist, Edmund 

Becquerel [9].The PV effect was first studied in solids, such 

as selenium, in the 1870s. In the1880s, selenium photovoltaic 

cells were built that exhibited 1%-2% efficiency in converting 

light to electricity [10]. 

A solar cell is a form of photoelectric cell, defined as a device 

whose electrical characteristics, such as current, voltage, or 

resistance, vary when exposed to light [11].They are a 

promising and potentially significant technology and are the 

future of sustainable energy for the human civilization. Solar 

cell technologies have evolved into three generations [12]:  

 

First-generation PV technologies: crystalline silicon cells 

The first generation cells are also called as conventional, 

traditional or wafer-based cells. Bell Laboratories developed 

the first silicon solar cell in 1954 [13, 14]. They had converted 

solar light to electricity by using p–n junction silicon strips 

and achieved an efficiency of 4% [14]. Silicon solar cells are 

based on a single crystalline semiconductor wafer and are the 

most efficient in terms of single cell photovoltaic devices. 

Silicon, a semiconductor material with an energy band gap of 

1.1eV is suitable for PV applications. It is present in huge 

amount on earth, only second to oxygen.   
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Figure.1: Structural layout of a silicon solar cell, adapted 

from [15]. 

Crystalline silicon cells have been categorized into three main 

types depending on how the Si wafers are made [13]: 

 Monocrystalline (Mono c-Si)- made from a single 

silicon crystal 

 Polycrystalline (Poly c-Si)- cut from a block of 

silicon that is made up of many crystals and 

 Amorphous Silicon Cells. 

The highest efficiency reached by a monocrystalline Si solar 

cell was 24% [16]. Polycrystalline Si shows a lower 

efficiency, of around 19.5%. The reason for the lower 

efficiency in polycrystalline solar cells compared to 

monocrystalline solar cells is attributed to the crystal defects 

[17]. Polycrystalline silicon and amorphous silicon are much 

less pure than the single crystalline silicon, and most common 

because they are least expensive [13]. 

 

Second-generation PV technologies: thin-film solar cells 

Second-generation solar cells are made up of a few 

micrometers thick layers therefore also known as thin-film 

solar cells. They are less expensive to produce than traditional 

silicon solar cells as they require a decreased amount of 

materials for construction. The promising semiconductor 

materials for thin film technologies include cadmium telluride 

(CdTe), gallium arsenide (GaAs) or copper indium (gallium) 

selenide (CIS/CIGS), etc. These solar cells use small amounts 

of material (generally 1–2 mm thick) and they can be grown 

sequentially on cheap substrates, like glass/plastics, etc [17].  

 

Third-generation PV technologies 

To resolve the challenge of high cost associated with first 

generation solar cells and toxicity and limited availability of 

materials for second-generation solar cells, a third generation 

of solar cells emerged. These solar cells replaced the CdTe, 

GaAs and CIS/CIGS semiconductors by using wide band-gap 

semiconductors, such as metal oxides, like TiO2, ZnO, SnO2, 

etc. Nanomaterials are also used for improving efficiency of 

the third generation solar cells [17]. Dye-sensitized solar cells 

(DSCs) and quantum dot-sensitized solar cells (QDSCs) are 

the two major variants in this approach [18–20]. The 

structural layout of third generation solar cells is different 

from the previous two generations because they do not rely on 

the p-n junction design of the others [13]. Figure 2 gives an 

outline of the various PV technologies and concepts under 

development. It is considered that both current and emerging 

technologies will exist together. 

 

 

Figure 2: Status of Photovoltaic technology [21] 

 

Challenges faced by solar power 

Solar energy is a sustainable and freely available energy 

source but solar power production is facing so many 

challenges which need to be solved by further innovations in 

material science and technology. The land required for solar 

power plants is more than other power plants for the same 

amount of power produced. The disposal of solar cells at the 

end of their life time has also to be considered. The materials 

used in solar cells pose to be hazardous as the solar cells are 

disposed to the soil and environment after end of their life. 

Solar cells using silicon may cause dangerous threats, which 

are due to the processing complexities of silicon [22]. 

Figure 3 exhibits the changes in cost of PV devices with time. 

The balance of system (BOS) gives an idea about all the 

components of a solar PV device, except the module. The cost 

is decreasing day-by-day but the cost per kWh of electricity 

produced by solar power is still higher than conventional 

sources, like coal and nuclear [24]. Considering these 

challenges, steps must be taken to develop a safe, efficient and 

cost-effective method of harvesting solar energy. 

 

 

Figure 3: Cost Reduction of photovoltaic devices[23] 
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Nanotechnology implications for solar energy harvesting 

Nanotechnology deals with the study and control of matter at 

dimensions of approximately 1-100 nm [25]. The possibility 

of synthesis of nanosized products for the first time was 

connected with the well-known lecture called “There is a lot 

of space down there” of Mr. R. Feyman, delivered in 1959 at 

the conference of the American Physical Society [26]. The 

term “Nanotechnology” was introduced for the first time by 

N. Taniguchi at the international forum on industrial 

production in Tokyo in 1974 [27]. Nanomaterials are the 

substances having size less than 100 nm in at least one 

dimension. Nanoparticles differ from large-sized materials as 

the number of atoms at the exterior surface is very high and 

have unique physical properties differing from corresponding 

bulk materials [28]. Nanoscience and nanotechnology may 

provide the researchers with a wide variety of materials 

including nanoparticles [21,29,30] one-dimensional (1D)[31-

33] and two dimensional (2D) [34,35] carbon materials, and 

metallic and semiconductor 1D nanowires [36-38]. A large 

percentage of atoms reside on their surfaces rather than in 

their interiors. Therefore, surface phenomenon governs the 

behaviour of nano particles.  

The important components of a photovoltaic power generation 

system are - cells, mechanical and electrical connections, 

mountings and a system for regulating and or modifying the 

electrical output. The production is measured in terms of peak 

kilowatts (kWp) which is an amount of electrical power that a 

system is expected to deliver when the sun is directly 

overhead on a clear day.  

Nanostructures can be utilized to decrease the cost of solar 

cells in three ways (Shockley and Queisser,1961): (1) reduce 

the consumption of materials, for example fabrication of the 

thin film solar cells; (2) improving the efficiency, for example 

fabrication of the multi-junction solar cells; (3) increase the 

durability and life cycle of the device. These methods can 

greatly influence cost of the solar energy either applied 

individually or in combination. Nanomaterials incorporation 

into the films shows special promise to both enhance 

efficiency and lower total cost [40]. Now-a-days many 

nanostructured materials are being investigated for their 

prospective applications in photovoltaic. The main advantages 

of incorporation of nanomaterials in the solar power plants are 

as follows [41]: 

a) Nanomaterials may easily pass through pumps and 

plumbing without adverse effects owing to their 

extremely small size. 

b) High absorption in the solar range can be achieved 

due to optically selective nature of nanofluids. 

c) A more uniform receiver temperature can be 

achieved inside the solar collector which may reduce 

the material constraints. 

d) Performance of receiver may improve because heat 

transfer is increased by higher convection and 

thermal conductivity. 

e) By optimizing the nanoparticle size and shape in 

accordance with the requirement of application, the 

absorption efficiency may be improved. 

Recently many novel solar cell technologies which utilize 

quantum dots/wires, quantum wells, or superlattice 

technologies are under the fundamental materials research 

phase [42, 43]. It is possible to match the band-gap of a 

single-junction device with a broad range of the solar 

spectrum by spectral tuning in semiconductor quantum 

confined nanomaterials which allows the efficient production 

of photon-generated charge carriers [44]. Many nanomaterials 

based technologies may provide a range of novel approaches 

to harvest ultraviolet and infrared (IR) photons with high 

efficiencies and break the Shockley–Queisser limit set for a 

single junction solar device[39] by Multi-exciton generation 

[45] singlet exciton fission [46] plasmonic-induced light 

trapping [47,48] as well as photon up-conversion and down-

conversion [49–51]  

 

Quantum-confined nanomaterials  

Semiconductor quantum confined nanomaterials, such as 

Quantum Dots (QDs), and quantum rods (QRs), have 

capability to harvest the whole AM 1.5G spectrum mainly due 

to their band-gap tuning features[52–55]. The band gap 

energy of quantum dots is inversely proportional to its size. 

U.S.A National Renewable Energy Laboratory applied the 

concept of multiple electron generation or carrier 

multiplication (MEG) using lead selenide (PbSe) QDs to 

develop a new device in 2011 and it was also able to fabricate 

very efficient solar cells [56]. The basic concept of the 

quantum dot solar cell was discussed for a practical p–i–n 

quantum dot solar cell which was synthesized on the base of 

the self-organized Indium arsenide/ Gallium arsenide 

(InAs/GaAs) system [57]. In this study, the use of quantum 

dots in the active region for photon absorption in the long 

wavelength part of the spectrum and an increase in the solar 

conversion efficiency was reported. Theoretical and 

experimental problems of quantum dot solar cells were 

discussed. A quantum well (QW) is a potential well with only 

discrete energy values and formed in semiconductors by 

materials such as gallium arsenide (GaAs) sandwiched 

between two layers of a material with a wider band gap, like 

aluminum arsenide (AlAs) [58]. 

The quantum confinement effect helps to manipulate the 

dynamics of charge separation by supporting the adjustment 

of the absolute positions of quantized energy levels [59, 60] 

 

‘Smart' coatings 

Nanomaterials can provide promising and smart components 

such as electrochromic and photochromic coverings for the 

purpose of darkening screens. They are very effective to 

reduce inside heating during summer, therefore power 

consumption is reduced owing to lesser requirement of air-

conditioning to maintain the temperature [61,62].  

Nanomaterials can also be utilized as an efficient 

antireflection coating (ARC) which can enhance solar cell 

performance through increased light coupling into the active 

region of the devices [63]. By varying the width and material 

composition, screens/ coatings for specific purposes can be 
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fabricated and could be used to produce intelligent windows 

that can be used both in summer and winter [62,64]. 

 

Nanofluids  

Nanofluid or suspensions of nanoparticles in liquids is defined 

as a mixture of a normal fluid such as (water, oil, ethylene 

glycol and molten salts) with a very small amount of solid 

metallic or metallic oxide nanoparticles or nanotubes which 

was first suggested by Choi [65]. Nanofluid exhibit very 

specific properties such as good radiation absorption and high 

thermal conductivity [66]. Actually they absorb appreciably 

the solar radiation passing through them because they are not 

transparent to solar radiant energy [67, 68]. Due to these 

characteristics the researchers has analyzed nanofluids for 

their suitability as the working fluid in direct absorption solar 

collectors [69, 70]. In many studies, scientists have 

established the rise in heat transfer for nanofluids compared to 

conventional fluids [71-73]. Lee etal. [74] reported the 

intensification of thermal conductivity owing to Cu-water, 

Al2O3-water and CuO-ethylene glycol nanofluids. 

 

Carbon Nanostructures 

In recent years researchers are exploring applications of 

carbon with reduced dimensions starting from fullerenes (zero 

dimensional), followed by carbon nanotubes (one 

dimensional), and graphene (two dimensional) [75, 76]. 

Fullerenes are very promising acceptor component for 

polymer-based solar cell devices due to their high electron 

affinity and superior ability to transport charge [77]. Carbon 

nanotubes (CNTs) and graphenes, support to improve 

significantly the efficiency of Dye Sentisized Solar Cells. 

Single- and multiwall CNTs/graphenes were used in 

combination with TiO2 for this purpose [78-80] Graphene, a 

layer of two-dimensional graphite, is suitable candidate for 

applications in optoelectronic devices due to its remarkable 

electronic properties [81]. Wang etal. fabricated transparent, 

conductive, and ultrathin graphene films from exfoliated 

graphite oxide, followed by thermal reduction. The obtained 

films exhibit a high conductivity, high chemical and thermal 

stabilities as well as an ultra smooth surface with tunable 

wettability [82]. 

 

Conclusions and prospects 

Solar energy is an efficient and potential renewable source of 

energy. Researchers and industry has been involved in solar 

energy utilization through photovoltaic technologies over 

many decades. Now, the focus is on the third generation PV 

technology which can provide economic and high efficiency 

devices. The first generation of solar cell technologies is fully 

commercialized and available for use, the second generation is 

an early market deployment; however the third generation is 

still under research and display stage. There are so many 

technical challenges which need to be resolved in order to 

develop and make commercially available nanomaterials-

based solar devices. The support of nanotechnology for 

energy production can improve the developed countries ability 

to reduce the environmental impact of burning fossil fuel.  
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