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Abstract

Throughout the recent centuries, the limits of using energy resources due to the cost and
environmental issues became one of the scientists’ concerns. This article discusses the design and
characteristic properties of solar flat panel and concentrator photovoltaic converters. The principle of
operation of these two systems is presented. The advantages and disadvantages of the systems are
presented. The comparative analysis of two mentioned transformers of solar energy is conducted.
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Introduction

One of the important directions of energy efficiency growth in the leading countries of the world
is the development of alternative energy or renewable energy sources (RES). The most popular
renewable energy sources currently are: solar energy, wind energy, hydro energy, tidal energy,
geothermal energy, biomass energy. Sunlight is one of our planet’s most abundant and freely available
energy resources. The amount of solar energy that reaches the earth’s surface in one hour is more than
the planet’s total energy requirements for a whole year. Although it sounds like a perfect renewable
energy source, the amount of solar energy we can use varies according to the time of day and the
season of the year as well as geographical location.

Conlflict setting

There are two main types of solar energy technologies — concentrator photovoltaics (CPV) and
flat photovoltaics (PV) converters. The latter provide a direct conversion of solar energy into
electricity. Solar photovoltaic converters are environmentally friendly, silent, do not require high
operating costs, and serve for many years. Currently, flat photovoltaic converters are widely used.
This is due to the great achievements in this field in recent years with the use of the latest technologies
for the production of flat panel converters.

Large-scale work is also underway on the development of CPV converters and the construction
of power plants. This approach is based on the fact that the efficiency of CPV is quite high, which
allows them to get more energy per unit area than when using flat panels. The efficiency of the
photovoltaic module with concentrator at the moment is 50%, and the efficiency of the module with a
flat panel is approximately 20%. However, when using CPV other problems arise, such as the problem
of accurate solar tracking or cooling of photovoltaic converters. Thus, PV converters with a flat panel
and concentrating solar panels have their advantages and disadvantages. Therefore, for the purpose of
further research and applied work, it is necessary to study the characteristics of these two types of
converters, to carry out their comparative analysis, to which this work is devoted.

34



NATURAL SCIENCES
Research results
Flat photovoltaic converters of solar energy are composed of solar cells, which are
semiconductor wafers with a thickness of about 0.5 mm, made mainly of silicon. When light strikes a
solar cell, part of it is reflected, part of it is absorbed, and part of it passes through the cell. The
absorbed light excites the bound electrons into a higher energy state, making them free electrons.
These free electrons move about in all directions within the crystal, leaving holes where the electrons
used to be, and the holes also shift around the crystal. The electrons (-) collect in the N-layer, the holes
(+) in the P-layer (Pic.1). Thus, a potential difference arises on the metal electrodes located on the
upper and lower surfaces of the battery and when the outside circuit is closed, electricity flows [1].
Solar panels are connected in series by lamination and placed under protective glass. After placing in
an aluminum frame and connecting the contacts, a flat solar panel is created (Pic. 2). The higher the
required output power, the more solar panels will be required, connecting them in series or in parallel,
depending on the required output voltage and current values.
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Pic. 1 The structure of the solar battery Pic. 2 Solar cell and solar module view

Concentrator photovoltaics consist of optical devices that concentrate sunlight, and
semiconductor solar panels installed in focus. The most common concentrators are reflectors lenses
(Pic. 5) and refractors mirrors (Pic. 4), which modify and redirect the incident sunlight beam. These
devices can be point or linear focusing. Concentrator photovoltaic systems usually consist of several
p-n junctions. Multijunction (MJ) concentrator solar cells are primarily constructed of 3-5
semiconductor materials [2]. The high solar-conversion efficiencies of these devices are dependent on
precise control of growth conditions using one of several techniques such as molecular beam epitaxy,
metal organic chemical vapor, or metal organic vapor-phase epitaxy deposition. The use of several
junctions in an MJ tandem stack allows these devices to achieve efficiencies that are not possible for
single-junction devices. In a simple description, the idea of CPV is using optical devices with cheap
and suitable technology to concentrate the light on small and highly efficient photovoltaic solar cells.
Hence, the cost will be reduced by means of replacing the cell surface with cheaper optical devices.
However, it is necessary to use devices with one or two coordinates that follow the course of the sun
(solar tracker), which leads to additional costs.

Advantages and Disadvantages of flat PV and CPV. The advantages of flat PV systems (Pic. 5)
are as follows [3]:

- rather low cost (While panels themselves cost $0.70 to $1.50 per watt, the price to install solar
panels costs $3.20 per watt),
- easy production process (low risk),
- opportunity for reliable and long-term service,
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- very low operating costs,
- great opportunities for integration on the roofs and walls of buildings,
- can be used not only for direct sunlight, but also for diffuse radiation.

Based on the above, flat photovoltaic panels have many strengths, which is why they are widely
used all over the world.

However, photovoltaic converters with a flat panel have their disadvantages, including:

- relatively low conversion efficiency of solar energy (efficiency of the module with a flat panel
is approximately 20%),

- relatively high temperature coefficient (Loss of 0.5% of power with each 1°C increase in
temperature).

The high temperature coefficient of flat panels leads to the undesirable situation where at high
operating temperatures the power of the panels is significantly reduced. This fact is important in
countries with hot climates. For example, in Armenia, during the summer months, the ambient
temperature reaches 40°C, and in this case the temperature of the photovoltaic panel can reach 100°C.
In this case, the efficiency of solar modules decreases from 20% to 14,5%.
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Pic. 3 Fresnel lens concentrator Pic. 4 Parabolic concentrator

Due to the relatively low efficiency mentioned above, it is necessary to use relatively large areas
to obtain high power. Thus, given that the standard solar power at the Earth's surface is 1000 Watt, it
is clear that a flat solar panel with 20% efficiency per square meter will provide only 200 Watt, and
for the construction of stations with a capacity of hundreds MW, will be required fairly large areas.
There are some advantages and disadvantages solar concentrator systems have over flat PV systems
for large installations. Lets shows some advantages of CPV (Pic. 6):

- Superior efficiency (Concentrators are the only option to have system efficiencies over 20%.
This reduces land utilization as well as area related costs),

- Higher annual capacity factor (Tracking provides for improved energy output. Once the
expense of tracking is incurred with flat-plates, the leap to installing concentrator modules is
small),

- low temperature coefficient,

- High local manufacturing content (Aside from the cells, the remaining content of concentrator
systems can be manufactured worldwide, and close to the final point-of-use),

- Dual use of area without compromising the environment.

However, CPV converters have their disadvantages, such as:

- It can only function properly under direct beam radiation,

- requires an accurate, reliable solar tracking system,

- could be required individual cleaning system depending on the location,
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- CPV cannot be installed on rooftops, easily,
- new generation products (high risk),
- Lack of technology standardization.

Pic. 5 Flat PV power station
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Pic. 6 CPV power stations

To get a relatively complete picture of solar photovoltaic converters with flat panels and
concentrators, consider their cost. The table 1 shows the values of electricity generated by flat panels
and solar photovoltaic concentrators [4].

Table

The cost of electricity generated by various types of solar photovoltaic converters

. . The cost of electricity produced
Cost of installed solar stat /W
Type of technology ost of installed solar station ($/W) ($/kWh)

2020 2030 2020 2030
Flat PV converter. 3.1 2 0.081 0.05589
Monocrystalline removable
Flat PV converter.
Polycrystalline fixed 2.5 1.2 0.091 0.062
CPV 1.8 0.8 0.06108 0.047559

According to the table, as of 2020, the cost of 1 W of CPV is relatively high. However,
according to forecasts, in 2030 the cost of 1 W of CPV and the cost of electricity produced by them

will be much more less than that of flat panel converters.

Conclusion

Comparing the characteristics of flat and concentrator photovoltaic converters, it can be
concluded that at present the use of concentrator photovoltaic converters is inferior to flat. However,
due to the above advantages and price forecasts of concentration photovoltaic converters in the near
future (2025-2030), the use of concentration photovoltaic converters will be economically feasible.
Taking into account the peculiarities of the use of flat and concentrator photovoltaic converters, such
as the possibility of embedding into buildings, the presence of direct rays in a given geographic
location, it can be concluded that these technologies will have separate segments of their application.
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P.O. ABosin
Hayuonanvuwiii norumexnuueckuti ynugepcumem Apmenuu

Ha npotskeHnn nociaeaHux CTOJIETHH OrpaHUYEHNs UCTIOIb30BAHMSI SJHEPTETUYECKUX PECYPCOB
U3-32 CTOMMOCTH M OKOJIOTMYECKHX MpoOjeM CTaaud OAHOM U3 mpoOieM, BBI3BIBAIOIINX
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OpuHIMI paboThl ATUX ABYX cucTteM. [IpencraBineHbl MpeuMyliecTBa M HEJOCTaTKH CHUCTEM.
[TpoBonuTCS CpaBHUTEIBbHBIN aHATU3 JBYX YKa3aHHBIX MpeoOpazoBaTesiell COTHEUHON YHEPTUH.

Knroueevie cnosa: KoHUEHTpaTOpPHBIM (OTOIIEKTPUUCCKUN TMPeoOpa3oBaTesie, TUIOCKUNA
dorosnexTpuueckuil mpeodpazoBaTeneil, sHeprus, mpeodpazoBaTeib, 3hHEeKTUBHOCTS.

Lbywjwgynid £ nnywgpnipjuu’ 07.06.2021p.
Qpwlunudwt £ ninupyyb;’ 07.06.2021p.
Gpwatuwynpyb) £ inwwgpniejuu’ 12.07.2021p.

38



