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Abstract 
The article deals with fundamental parameters of solar cells – conversion efficiency of solar radiation into electricity 

and price of solar cells. These two aspects affect each other, so it is important to deal with both at once. In 

introduction are described the theoretical solutions about efficiency analysis. Furthermore the article is focused on a 

description of materials used in the photovoltaic cells. In addition, the article shows the price trend of photovoltaic 

cells for the last year. Finally, these two aspects are evaluated for return on investment in photovoltaic power plants.        

Keywords 

Efficiency, price, solar cells, polycrystalline silicon 

1 INTRODUCTION 

Photovoltaic, as a one of the renewable energy sources, recently has achieved a dramatic development and 

expansion in the form of larger or smaller photovoltaic power plants building worldwide. Photovoltaic  

technology converts one form of energy (solar radiation) into another form of energy (electricity) using no 

moving parts, consuming no conventional fossil fuels, creating no pollution, and lasting for decades with very 

little maintenance.   

Based on semiconductor technology, solar cells operate on the principle that electricity will flow between two 

semiconductors when they are put into contact with each other and exposed to light (photons). This 

phenomenon, known as the photovoltaic effect, was first discovered by Edmund Becquerel in 1839. Actual 

development of PV technology began in the 1950s. Research continues today at national laboratories and within 

private industry, focusing on increasing conversion efficiencies and mass production strategies to further lower 

the cost of producing PV modules. Also are developed new photovoltaic cells based on various semiconductors 

and structures in order to increase the photovoltaic cells efficiency and improve the status of photovoltaic in the 

energy mix. 

2 EFFICIENCY OF DIFFERENT TYPES OF PHOTOVOLTAIC CELLS 

The photovoltaic cells efficiency can be divided into thermodynamic efficiency, reflectance efficiency, carrier 

separation efficiency and conductive efficiency. The overall efficiency is then the result of these particular 

efficiencies. Due to the difficulty in measuring these parameters directly, there are measured following 

parameters: thermodynamic efficiency, quantum efficiency, integrated quantum efficiency, open-circuit voltage 

UOC, short-circuit current ISC and fill factor FF. 

The overall photovoltaic cells efficiency is calculated from the following relation 
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where Pmax is a photovoltaic cells output, PL is a solar radiation power, U0C is a open-circuit voltage, ISC is a 

short-circuit current and FF is fill factor, which describes a curvature of I-V characteristic (for common 

commercial photovoltaic cells is FF > 0,7 and for quality B cells in interval 0,4 > FF > 0,7). 

Theoretical efficiency limit for photovoltaic cells with one P-N junction was calculated at level 37, 7% by 

Shockley-Quissler in 1961. For multijunction photovoltaic cells is determined limit at level 86%. [1] 

Naturally, if one efficient solar panel can provide as much energy as two less-efficient panels, then the cost of 

that energy will be reduced. For comparison, the earliest photovoltaic devices converted about 1% - 2% of solar 

radiation into electricity. Today's this devices convert 7%-17% of light energy into electric energy. On the other 

side there are the costs to manufacture the PV devices. In fact, today's PV systems produce electricity at a 

fraction of the cost of early photovoltaic systems.  

[1] 

Tab.1 shows the commercial and laboratory efficiency of different types of photovoltaic cells.  
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Tab.1Table of some commercial available photovoltaic cells [4] 

Type of photovoltaic cell
Maximum 

cell efficiency

Commercial 

efficiency
Note

Crystalline silicon

Mono-crystalline 24% 11-17% 35% of world production in 2007

Poly-crystalline 20% 11-15% 45% of world production in 2007

Thin films photovoltaic cells

Amorphous silicon 13% 4-8% initial degradation in performance

Multijunction amorphous silicon 12% 6-9% similar to amorphous silicon

CdTe 17% 7-8,5%

CIGS 19% 9-11%

Organic photovoltaic cell 12% 3-5% relatively uncommon

Other types

Hybrid HIT 21% 17% combination of amorphous and crystalline silicon  

2.1 Aspects affecting efficiency of photovoltaic cells 

Solar radiation intensity and temperature influence in the largest extent on photovoltaic cell output from the 

external factors. Current generated by photovoltaic cell is increasing proportionally with the solar radiation 

intensity and mathematically stands: 

xII LL .1                                                                                                                                     (2) 

where IL1 is current equivalent to solar radiation intensity and x is concentration factor, what means that for 

concentrated solar radiation is possible to get even more generated power. Impact of change in solar radiation 

intensity to voltage is not very significant. Impact of temperature change on the photovoltaic cell output is not 

negligible, what is evident in the Fig.1, where the I-V curve is changing with temperature impact in significant 

way. [5] 

 

Fig.1Temperature impact on photovoltaic cell [4] 

In general, the output and conversion efficiency of solar radiation into electricity depends on solar radiation 

intensity, the angle of solar radiation on the cell surface, photovoltaic cell temperature and voltage, when the 

load consumes power from photovoltaic cell. 

But there exist also other impacts which limit the efficiency, i.e. necessary physical factors, but some of them are 

possible to optimize and increase the overall efficiency this way. Among the main factors limiting the 

effectiveness include: 

 Photons of solar radiation have no needed energy to generate electron-hole pairs, 

 Photons of solar radiation have higher energy as needed to generate electron-hole pairs, 

 Reflectance on the surface of photovoltaic cell, 

 Narrow absorption area, 

 Absorption spectrum, 

 Series resistance causing Joule losses. 
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3    PRICES OF PHOTOVOLTAIC CELLS – PAST AND PRESENT 

Since the first PV panel was developed in 1954 at a truly astronomical cost, the efficiency of solar cells has risen 

steadily. At the same time, prices have fallen consistently from $70 a watt in the 1970s to less than $1 a watt 

today. (Note that this cost does not reflect the total system cost, which will vary widely based on the 

application).  

There are many producers of solar cells on the market, which reduce production costs and final price of solar 

cells. At this price trend respond national governments to reduce subsidies for producers of electricity from 

photovoltaic. The question remains whether the reduction of subsidies is justified and whether it is directly 

proportional to the price of solar panels. Parts of the solar system to generate electricity are inverters, combiner 

boxes and many other facilities, whose cost must be taken into account. The fall of prices mentioned facilities is 

not significant and therefore they are not considered. [2] 

We focus on the price trends of solar cells from February 2011 to February 2012 and we compared crystalline 

silicon cells (with 13% efficiency) and thin film CdTe cells (with 7% efficiency). Fig.2 shows the price trends of 

solar cells. They take into account the average prices of cells in countries. The figure shows a downward price 

trends of solar cells and we can see that the lowest crystalline silicon cells are produced in China, while the most 

expensive in Germany. Thin film cells are about 30% cheaper than high quality crystalline silicon cells. 

 

Fig.2Price trends of solar cells [2] 

Fig.3 shows decline in prises from February 2010 to February 2012. As we can see, prices of polycrystalline PV 

cells has fallen an average by 50%. 

 

 

Fig.3Comparison prices of polycrystalline PV cells – years 2010 - 2012 [2] 

Tab.2 shows the percentage decline of prices of solar cells. It is seen that the cells based on crystalline silicon 

produced in China are the least expensive, but prices of Japan production has dropped most dramatically, by up 

to 56, 04 %. The prices of thin film CdTe solar cells has dropped by up to 40, 65 %. 
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Tab.2Percentage decline of prices of solar cells [2] 

  
Crystalline 

Germany 
Crystalline China Crystalline Japan Thin film CdTe Thin film a-Si 

February 2010 (€/Wp)   1,98 1,52 1,82 1,55 1,36 

February 2012 (€/Wp) 1,03 0,77 1,02 0,63 0,57 

Decline (%) 52,02 50,66 56,04 40,65 41,91 

 

3.1 Support of electricity from photovoltaic power plants 

If we watch the decline in prices of solar cells and we are interested in return on investment to the solar system, 

we have dealt with the development of redemption prices of electricity in Slovak Republic. Currently, electricity 

from photovoltaic is supported by Act No. 309/2009 about support of renewable energy sources and high 

efficiency cogeneration. The basic parameter of support is redemption prices.  By reducing redemption prices 

legislation flexibly responded to demand for installations and the decline in prices of solar cells on the market. 

By the end of 2010 the redemption price was 430,72 euro/MWh [12] for power plants with total installed 

capacity up to 100 kW. If that installation was put into operation between 1 January 2011 and 30 Jun 2011, the 

redemption price was 387,65 euro/MWh. After this date the redemption price was 259,17 euro/MWh for power 

plants with total installed capacity up to 100 kW placed on the roof or cladding of a building.  

When we compare the redemption prices of 2010 with current redemption prices we find that decreased about 

39,83 %. Such a decrease approximately follows the decline in prices of solar cells. If the prices of solar cells 

will continue to decline which is a very likely, state will further reduce the redemption prices or limit of installed 

capacity. 

4 RETURN ON INVESTMENT FROM SOLAR POWER PLANT 

This part deals with the estimate of electricity generation from solar power plant and the rate of return on 

investment of solar power plant. The calculation of estimate was made in PVGIS (Photovoltaic Geographical 

Information System) for one year. Program PVGIS contains a vast database of solar and thermal conditions 

throughout Europe and Africa. Based on these data, we provide an estimate of daily, monthly and annual total 

solar radiation, temperature and electricity generation. The program can calculate the distance of sun above the 

horizon, diffuse and direct radiation, global radiation in cloudless and cloudy sky, optimum panel inclination and 

many other applications useful in determining the estimated production of electricity. A comparison was made 

for two solar power plants, with crystalline silicon panels (with 13% efficiency) and thin film CdTe panels (with 

7% efficiency). 

Parameters of photovoltaic power plant with polycrystalline silicon: 

 Nominal power of the PV system: 99,9 kWp 

 Inclination: 35° 

 Fixed system 

 Orientation: -1° (optimum) 

 Estimated losses due to temperature: 13,0% 

 Estimated loss due to angular reflectance effects: 2,8% 

 Other losses (cables, inverters...): 11% 

 Combined PV system losses: 24,7% 

Parameters of photovoltaic power plant with polycrystalline silicon: 

 Technology: Thin film CdTe 

 Nominal power of the PV system: 99,9 kWp 

 Inclination: 35° 

 Fixed system 

 Orientation: 0° (optimum) 

 Estimated losses due to temperature: 2,7% 

 Estimated loss due to angular reflectance effects: 2,8% 

 Other losses (cables, inverters...): 11% 

 Combined PV system losses: 15,8% [13] 

This application calculates the monthly and yearly potential electricity generation E (kWh) of a photovoltaic 

configuration with defined modules inclination and orientation using a formula: 

 iHrPE hpk ....365                                                                                                                      (3) 
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where Pk (kW) is the peak power installed, rp is the system performance ratio (typical value for roof mounted 

system with modules from mono- or polycrystalline silicon is 0,75) and Hh, i is the monthly or yearly average of 

daily global irradiation on the horizontal or inclined surface. The calculator can suggest the optimum 

inclination/orientation of the PV modules to harvest maximum electricity within a year. 

The next table (Tab.3) shows the estimate of electricity generation from crystalline silicon panels and thin film 

CdTe panels. It is clear that due to lower looses of system with CdTe panels increased estimated annual 

electricity generation of 13,000 kWh to 120,000 kWh value. 

 

Tab.3Estimate of electricity generation from Si and CdTe panels [13] 

Month Average daily electricity production (kWh) Average monthly electricity production (kWh) 

 
Si CdTe Si CdTe 

January 124,00 133,00 3840 4110 

February 200,00 216,00 5590 6060 

March 292,00 320,00 9050 9940 

April 408,00 455,00 12200 13600 

May 411,00 465,00 12700 14400 

Jun 416,00 475,00 12500 14200 

July 412,00 471,00 12800 14600 

August 392,00 447,00 12100 13900 

September 325,00 367,00 9740 12000 

October 249,00 278,00 7710 8620 

November 175,00 192,00 5260 5770 

December 100,00 108,00 3110 3350 

Total for year - - 107000 120000 

 

To calculate return on investment we need in addition estimated generation of electricity and redemption prices 

of electricity, the estimated finally price of installing solar power. We take into account the following items and 

parameters: 

 Installation type: roof installation  

 Roof installation for a sloping roof (800m2): 20500 € 

 Inverter, AC = 100kW: 21900 € 

 Combiner boxes 20ks: 6000 € 

 Protective, grounding: 900 € 

 Installation: 31100 € 

 Review report : 800 € 

 Project, application form: 900 € 

Finally price: 82300 € + price of solar panels. 

The next table (Tab.4) shows calculation of return on investment, together with the cost of construction solar 

power plants with different solar panels. Purchase costs were determined from the price offer of Solarvolt, s.r.o.  

Tab.4 Overview cost and the return on investment of solar power plant 

Month Purchase costs of solar panels (€) Total purchase costs (€) Return on investment (years) 

 
Si CdTe Si CdTe Si CdTe 

February 2010 180819 153846 315743 283375 6,86 5,49 

February 2012 128871 83916 253405 199459 9,13 6,41 

 

Purchase costs and the rate of return on investment were made for two months, February 2010 and February 

2012. Let´s assume that the solar power plant has put into operation in these months and we assume 100% 

purchase of solar electricity. Calculations for these months we have taken into account purchase price of 

electricity, which applied in 2010 and it is applicable today. It is evident that the downward trend in purchase 

price of electricity is higher than the downward trend in prices of solar cells. 
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Fig.4 and Fig.5 shows the ratio of the total cost of 99,9 kW photovoltaic power plant  and it include prices from 

February 2012. 

 

 

Fig.4 Ratio of the total cost of PV plant with polycrystalline silicon [2] 

 
 

Fig.5 Ratio of the total cost of PV plant with thin film CdTe [2] 

5 CONCLUSION 

Support of the electricity generation from photovoltaic is declining, which can be observed in several countries. 

This is due to high demand for this technology by investors. Government of the Slovak Republic has argued a 

reduction of purchase prices mainly due to continued decline in prices of solar cells on the market, thereby begin 

to advantage of electricity from solar cells over the other energy sources.  The average decline in prices of solar 

cells since February 2010 is 36,58%. This number is only average value of decline in prices and it does not 

dismiss the ratio of different types of solar panels installed in Slovakia. Purchase prices in the same period 

decreased by 39,83%. Was this reduction in purchase prices justified? From these results it is clear that yes. In 

the absence of reduction, the generation of that electricity would be a huge advantage, and even today remains 

this purchase price on high level among the purchase prices of electricity from renewable energy sources. 

Despite a significant reduction in purchase prices, there is still scope to reduce the support of electricity from 

photovoltaic. One proposal envisages a reduction of installed capacity limit for taking over the responsibility for 

deviation by the regional distribution system operator and also the limitation of installed capacity, which is 

supported by the purchase prices. 
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