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Abstract  
  

Solar energy is a renewable source of energy and abundantly available. 

Thereby harvesting solar energy with solar cells is helping the world to deal 

with energy crises in a sustainable manner. The photovoltaic silicon based 

technology is used in solar cells however its high cost is a big issue and this 

drawback is overcome by perovskite material, leading to more lightweight, 

flexible and cost-effective material. The ongoing research advances by 

integrating perovskite solar cell with pseudo super-capacitors to meet with 

the need of high storage capacity and excellent electro chemical behavior. 

This is a new research field and has the future scope to provide the world 

cleaner and efficient energy source. 

 

Keywords: Solar cells, pervoskite, third generation solar cells, 

supercapacitor 

 

1 Introduction 
 

There is high consumption of non-renewable energy resources with the 

increase in population, which lead the researchers to think about an 

alternative source of energy. To cope with the higher energy requirement of 

the world harvesting of renewable energy sources, such as wind and solar 

energy came into play. There is an abundance of these energy forms. As 

compared to the all renewable resources, solar power is the most promising 

source of energy as it is neat, pollution free and can be harvested all most all 

over the world. It is produced from solar radiation with the help of solar 

cells. 
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Initially, Charles Fritts made a solar cell by coating metal coil with 

selenium along with fine layer of gold in 1883 [1].  A device that converts 

sun light into electrical energy by two processes (photo-catalytic and 

physiochemical) is called as a solar cell. Single junction silicon based solar  

cells are made in 1960 which are able to produce up to 0.6v [2]. 

Conventional Silicon wafer type Solar cells are not easy to install at a big 

scale because of its expense and high cost. These days researchers are 

emphasizing on materials having size lesser that 100nm which belongs to 

nanotechnology as they were available at low cost but the issue was to 

resolve its efficiency because nanoparticles based solar cells have less 

efficiency.[3] 

 

2 Generations of Solar Cells  
 
2.1 First generation solar cells 
 

In this generation, solar cells were constructed on the technology of 

silicon wafers. Primarily, the first model with 6% efficiency was made by 

Bell laboratories in 1945. The solar cells manufactured by this traditional 

method were are known as monocyrstalline solar cells. As they contain 

single layer of crystal, which is why they were expensive than polycrystalline 

material. However, early 21% of efficiency was witnessed in polycrystalline 

silicon solar panels [4]. Amorphous silicon and polycrystalline based solar 

cells are better and less expensive rather than monocrystalline solar cells. 

Drawback of solar panels made up of amorphous silicon is its less reliability 

per unit area. Efficiency of 11.8% is seen in amorphous solar cells. 

Advancements in the first generation solar cell raised its efficiency up to 

26.6% [5]. 

 

2.2 Second Generation of Solar Cells 
 

In the second generation of solar cells, thin film technology is used. 

Depositions of one or more than two thin layers of photovoltaic materials are 

done on the substrate. Fabrication of solar cells with thin film includes three 

types of solar cells such as amorphous silicon, Cadmium telluride and copper 

indium gallium selenide (CIGS). CIGS and CdTe solar cells have the higher 

efficiencies. Both first and second generation of solar cells depends upon PN 

junction. Efficiency of CIGS based solar cells is 22.8% which was better 

than the silicon wafer based solar cells. CIGS solar cells are difficult to 

install to get the desired efficiency within a small budget at higher scale [6]. 

Apart from that availability of few materials as a thin layer in this generation 

is the reason that more advancements are required in the field of solar cells. 

 

 

 



 

                                                                                                                  
 

 

 
 

 

Analysis on Pervoskite solar cells as renewable source of energy 8118  

 

 

2.3 Third Generation Solar Cells  
 

This generation solar cell is totally different from the first and second 

generation. To make solar cells, a new approach with materials like 

nanomaterials, polymers and organic dyes are used.  Different approaches are  

used by the scientists to improve the efficiency of power conversion. This 

generation includes dye sensitized solar cells (DSSC), Copper  Zinc tin 

sulphide (CZTS) solar  cell,  Quantum dot solar cell, Organic solar cells etc. 

Perovskite solar cell (PSC) is the advanced version of solar cell which falls 

under the    category of third generation solar cells. It is more important and 

beneficial because of its high efficiency, transparency, easy fabrication 

process, eco-friendly nature, adaptability and economical point of view. 

Process of PN junction is not applicable in this generation as efficiency of 

Perovskite based solar cell is not dependent on PN junction model. 

Perovskite has values of high band gaps and it works like a sensitizer [2]. 

DSSCs and PSCs are gaining popularity because of their handling and 

processing cost [7]. In future more works can be done in this field to get 

better output. 

 

3 Perovskite and Its Structure 
 

It was discovered in the form of minerals by 1839 in Russian mountains 

and after that identification is given to that mineral by Lev perovski who was 

Russian mineralogist. In 1926 its crystal was described and then published in 

1945 by Helen Dick Megaw [8]. Perovskite mineral is obtained from 

compound called calcium titanate (CaTiO3). Because of its unique properties 

and cubic lattice-nested octahedral structure perovskite gained huge attention 

[9]. It has generic molecular structure of ABO3 type having different A and 

B cation sizes and O as anion.  Cation A is bit larger than B with 6 fold 

coordinate number while A has 12 fold co-ordinate numbers. B cation is 

found at corner of cube and A cation is positioned at the center of the body, 

but Oxygen atoms are face centered [10]. Location of A and B can be 

replaced by semi metal or metal but anion is oxygen and any one on its 

position is called anion [11] Structure of Perovskite has very stable structure. 

Perovskite structure can be used interchangeably.  It provides large number 

of combinations with different compounds along with different properties 

and has numerous practical applications. The major role of BO6 octahedral is 

in magnetic attraction and Ferro-electricity. Its solid solution has broad 

formation which leads to optimization of material by structure control and 

Phase transition [12]. In (fig 1) Atom A is lanthanide of large radius or alkali 

earth metals. Structures below depict links of BO3 octahedral three 

dimensional networks. A catoin lies in corner positions (0, 0, 0) while 

Oxygen atoms are positioned at face center of cubic lattice in (1/2, 1/2, 0) 

positions [8]. Simple perovskite cubic unit cell is shown in figures 1. 
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Figure1 structure of ideal cubic pervoskite [8]. 

 

 

3.1 Classification Of Perovskite Materials 
 

Perovskite are classified into two sub groups as Inorganic oxide 

perovskite and the halide perovskite as shown in figure 2. The halide 

perovskite are further divided into organo- metal halide and alkali halide 

perovskites. While doped and intrinsic perovskite are the categories of 

Inorganic oxide perovskite [12]. 

 
                                    

Figure 2 Schematic representation of crystalline perovskite [12] 

 

 

3.1.1 Oxides of Perovskites 
 

There are two main categories of oxide phases, the ternary ABO3 type 

and their solid solutions and (AB’ xB’’y) O3 which is new type of complex 

compound. Here B’ and B’’ defines the different oxidation states of two 

different elements and x+y=1.  Further the oxidation states of ternary oxides 

are classified as A1+B5+ O3, A2+B4+O3 and oxygen and cation deficient 

[13.14]. The alkaline earth metal titanates are typical oxide Perovskites in 

form of colorless solids. Due to many interesting application of photovoltaic 

oxide perovskite lots of researchers were attracted to this area of subject. Yet 

the efficiency was less than 1% [15]. Figure 3 shows Classification of Oxides 

of perovskite. 
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Figure 3 Classification of Oxides of perovskite [8]. 

 

3.1.2 Halide Perovskite 
 

The three dimensional structure of ABX3 lead to the formulation of 2-D 

layered Organic-Inorganic perovskite by slicing one layer of 3-D perovskite 

into thick layered slice <100> direction [16]. The first- principles of study 

showed that in cubic perovskite structures the change of inorganic cation by 

organic cation provides more suitable material. That has fine scope and 

various selections of properties [17]. Organo-metal halide perovskites are 

designed for thin film devices such as solar cells [18], [19]. 

Perovskites showed better absorption over wide band gap as the 

perovskite structure was improved by the usage of electronegative halide 

anions. Further the band gap was decreased by minimizing the Pauling 

electornegativity between halide anion and metal cation. Usage of mixed 

halides on place of pure halides along with change in ratio of organic metal 

halides provides advance recombination properties and increases tuning 

capabilities [16]. The halide perovskite are further classified into two groups: 

Alkali-halide and organo-metal halide provskite. Organo-metal halide 

perovskites are advantageous for photovoltaic cells, due to the presence of 

superior superconductor properties. Alkali-halide perovskite is a mixture of  
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alkali metal cation, halogenide anion and a divalent metal cation. Methyl 

ammonium lead halide (MAHL) is an example of alkali halide perovskite 

and solar cells its power conversion efficiency is more than 19% [19], [20]. 

 

3.2 Method of Data Collection 
 

Our purpose was to take date based upon solar cells, which is why we 

took numerous keywords to gather data. When we searched paper from 

internet sources after putting the keyword “solar cell”, then we saw a 

plethora of papers pop up on screen which actually belong to the solar cell 

but thing is that we need only those papers which have pervoskite material. 

So we have to discard those research papers which do not have presence of 

perovskite material. When we searched by using keyword “pervoskite” then 

we saw some papers belonged to solar cell and some were for photodetectors 

and which were not useable for us. We also collected papers with the use of 

some other keywords like “third generation of solar cells”, “supercapacitors” 

etc.   

For this systematic review, we are interested in those papers that have 

development and analysis of pervoskite solar cell which have better 

capabiulity to store energy and have good adapatability. When we entered 

our keywords into Google scholar and PubMed search engines then they 

resulted into diverse number of papers and articles. Therefore, we selected 

our time frame from 2000 to 2020. According to our aim we took 500 

research paper from Google scholar and 200 from PubMed. From these 700 

papers, 600 were excluded based upon their abstract and their title. After that 

we left with 100 papers, from them 10 were rejected as they were written in 

some other language rather than English, 40 were those which were not 

available in full access and 25 were have different background such as in 

solar cells different materials are used like silicon, thin films. In the end we 

have only 25 research papers. We read them briefly and extracted  useful 

information for our review paper. 

 

3.3 Perovskite Solar Cells 
 

The evolution of perovskite solar cell came from dye-sensitized solar cell 

(DSSC). Initial perovskites solar cells are dye-sensitizers solar cells in which 

CH3NH3Pbl3 worked as sensitizer. Using mesoporous Tio2 photoanode, 

Miyasaka et al experienced efficiency of 3.81% [21], [22]. Then the power 

conversion efficiency (PCE) was revised up to 6.45% by improving Titania 

surface. M. Gratzel and his co-workers used Spiro-MeO-TAD as a hole 

transport material instead of liquid electrolyte and gained the maximum PCE 

of that period as 9.7% for dye-sensitized solar cells (solid state). It happened 

because of high absorbance and external quantum efficiency over high range 

[23]. Immediately H. Snaith along with T, Miyasaka showed that inert  
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scaffold like Al2O3 can replace the TiO2, which proved that perovskite can 

act as N-type semiconductor [23], [24]. Researchers also came to know that 

perovskite can behave as p-type semiconductor. Thus, the combination of 

TiO2/CH3NH3PbL3 is proved to be of great use. So, this technology 

provided an advanced perovskite solar cell which is different from DSSC in 

many manners [25]. 

The structure of perovskite was the task that requires great efforts, 

because the refinement in the structure leads to better properties. When in a 

high boiling solvent, PbX2 and CH3 NH3X (X= Halide) are dissolved and 

then coated on a substrate is called One step Precursor deposition. It had low 

reproducibility and in this method morphology was very difficult to control 

[21],[22]. Another method was invented for hold over crystal growth and it is 

called as a sequential deposition method. In this PbX2 is coated over the 

material of device and after annealing it was put in contact with CH3NH3X 

solution. By sequential deposition method morphology is better controlled 

rather than One Step precursor deposition method [21],[22]. Further, in 

planer heterojunction solar cell the thin films are prepared by dual source 

deposition method which acts as an absorber layer. By this method the thin 

films on nanometer size are produced and lead to the PCE of 15.4% 

[26].Although toxicity of lead and other hazardous elements provoked the 

scientist to substitute them with group 14 metals such as Tin [27]. When the 

perovskite materials with high stability along with substitutes of toxic 

materials are found, then they can be produced on a large scale for 

commercial production. 

 

3.4 Structure and Working Principle of Perovskite Solar Cells  
 

Lots of research from past few years leads to the origin of numerous 

structures of perovskites solar cells along with mesoporous and planar 

hetero-junction. These two are explained below along with advancement in 

research and main features. 

 

3.4.1 Mesoporous Structure 
 

Porosity and Large specific area of Mesoporous material lead the 

researchers to its deep study and the wider application. By using mesoporous 

material in perovskites solar cells, the absorbing quality is maintained and 

allowed the mesoporous metal oxide to be used for the purpose of increasing 

the efficiency of device and enhancing light receiving area. Most suitable 

material for mesoporous frame work is TiO2. It allows perovskites 

nanocrystals to pass through the pores of TiO2 Mesoporous material by 

solution spin coating and builds interlinked absorbing layer. TiO2 plays a 

versatile role by providing blocking holes, transporting electrons etc. Overall, 

it improves the PCE of the device. Along with TiO2,  
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ZnO and ZrO2 which are metal oxides that can also be used as mesoporous 

material for frame work [9]. Fabrication of one dimensional TiO2 nanoarray 

mesoscopic structure with MAPbL2Br used as light absorbing layer 

produced a Voc of 0.82 V with PCE of 4.87% [29]. Qiu et al. narrated that 

PCE of perovskite first increased then it dropped with the increase in length 

of one dimensional TiO2 nanowire. This makes it clear that the balance of 

electron transport and perovskite loading is required. High temperature and 

sintering is necessary in TiO2 supported perovskite solar cells [28]. 

Researchers worked with Al2O3and obtained MAPbl3 perovskite solar cells 

and gained the PCE of 10.9% [29], which is raised up to 12.3% after some 

refinements [30]. 

 

3.4.2 Plane Heterostructures 
 

In planar heterostructure, the porous material is replaced and an interface 

is formed between the two layers and perovskite material. Hence, the 

electron transport layer (ETL) and hole transport layer (HTL) separates holes 

and electrons rapidly. Due to the extensive study on planer heterojunction 

perovskite solarenergy cells, the absorption of light and the process of 

separation of electron & holes were understood able, which leads to a highly 

efficient perovskite solar cell device .The perovskite solar panel made up of 

MAPbL3 using poly (3, 4 ethylenedioxythiophene), polystyrene sulfonate on 

the place of TiO2 and it had obtained PCE of 12% [31].    

    

3.5 Integrated Solar Cell Devices 
 

From last decade the more emphasis is given to have best version PCE. 

While, storage devices and solar harvesting devices are also important, they 

gained less attention from research point of view. The supercapacitors and 

nanogenerators are the devices that can be integrated on rigid or flexible 

substrate in the form of one complete unit which can harvest and store 

energy. New innovations are going on to produce the best integrated device 

[32]. 

For example, a planer shaped integrated DSSC/SC (dye-sensitized solar 

cell and super capacitor) device can be operated at 0.72 V with 84% 

efficiency of energy storage and overall 5.12% of storage and photoelectric 

conversion efficiency. 

 

3.5.1 Integrated Tandem Devices 
 

Tandem devices are advance devices with broader bandgap, having 

silicon at bottom cell and PSC as top cell which can provide 26.4% 

efficiency. This work gained huge interest of researchers. Then chalcopyrite 

came into existence and when it combined with PSC as a bottom cell, it  
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results into more tunability and have very low bandgap values of 1.0 eV. 

Further there fabrication on flexible substrate is easy and is cost effective too. 

This integration of CIGS/PSCs with charcotyprite bottom cells achieved 

efficiency more than 22.1%. This is very near to single junction CIGS 

efficiencies at 22.6% [32].  

 

3.5.2 Integrated Energy Harvesting and Storage Devices  
 

Due to wide research on the development of advance photovoltaic (PV) 

and storage devices, some integrated devices are made. However, something 

outstanding is expected in new research. The integration of storage devices 

with PV can have best properties for commercial utilization. The high energy 

densities of lithium ion batteries and high power densities of super-capacitors 

(SC) when integrated can lead to versatile applications. But the voltage 

change of supercacitor and constant operating voltage of Lithium ion battery 

(LIB) is to be considered, as it hinders the overall efficiency. The success in 

integrated devices has lead to the lightweight and portable devices and many 

other multiple functions though initially it faced many challenges. 

Combination of different energy units such as DSSC or PSC with LIBs may 

provide best energy harvesting and storage devices. For small size and high 

densities requirements the integration of LIBs and SCs provided many 

applications. All this is gained by the hard work of researchers by putting 

emphasis to generate best architecture, performance and stability along with 

many other factors. Yet there are some critical things to be taken care of so 

that it can have practical applications. 

 

4 Conclusion and Future Scope 
 

In this review, a thorough study has been made about the progress which 

has taken place in PSCs. The basic information, structure, classification and 

advancements regarding the perovskite solar cells have been discussed 

thoroughly. As compared with early generation solar cells, PSCs have made 

impressive improvements in term of fabrication, efficiency and economy-

wise. Perovskite is a low-priced material and has a high light harvesting 

tendency that is why it has gained popularity in solar cells. Because of fast 

growing developments in this field, they gained high efficiency and in future 

perovskite materials can take solar industry towards new direction. The 

hindrance arises in perovskites solar cells is due to toxic nature of lead, 

which is removed by replacing lead with non toxic material such as tin etc. Ti 

is required to set up an intellectual model which can describe the logics for 

the rise in the efficiency. The Theory oriented study will assist to boost the 

production of perovskite sensitized solar cells and it may deliver ingenuity to 

develop new coherent material and structure. This field has future scope  
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because its stability performance and overall efficiency need more 

improvements. Hopefully, it will be commercialized at large scale. 
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