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The solar energy that reachesthe Earth isfree, but ingallations to convert solar energy into heat, as
well asequipment for transporting and storage that heat, require some investment. A sgnificant part of the
components of these sysems are metals. Pipelines in solar collectors and heat exchangers are made of
copper, aluminum is used for the absorber and housing, and the stedl is often used in heat storage tanks.
One of the options to reduce the cost of solar collectors and increase their efficiency is to use polymeric
materials insead of metals. The main advantages of usng polymeric materialsin solar thermal collectors
are their codt, especialy if you are taking into account the growth of the renewable energy market and
rising prices for metal. The use of polymers also reduces the costs of production, transportation and
ingallation for the user.

Keywords: solar thermal collectors, polymeric materials, renewable ener gy sources, solar radiation,
thermal efficiency, absorber.

Introduction

Now on the market there are numerous examples of polymer solar thermal collectors. Maost of them
are used without glazing and insulation especially for pools heating in the warm season. Some of them are
more advanced and are able to achieve better performance at higher operating temperatures, either as
built-in storage collectors or as glazed flat collectors with absorbers made of highly efficient polymers.

Although there are a large humber of solar thermal systems where polymers are already used, the
number and variety of possible applications of polymer combinations is much greater. For greater
integration of polymers into this industry, purposeful research of relevant materials and compounds is
conducted, as well as a detailed consideration of their characteristics, special advantages and weaknesses
(Kohl, 2015).

Systemic problems with the use of polymer materials are the limitation of the maximum
temperature of the absorbers during stagnation (when heat is not used from the heliosystem) to a value of
about 120 ° C and the increase in coolant pressure, which should be avoided. Another problem is the
degradation of polymers during operation, if their service life is compared with conventional solar
thermal collectors (Weif3, 2014).

When compared to other materials, polymeric materials are characterized by their versatility,
extremely flexible ability to process complex components and low weight. Based on these and other
benefits, the increased use of polymeric materials in solar thermal collectors leads to the following
improvements (Reiter, 2014).

Components based on polymers in solar thermal collectors demonstrate improved functionality and
significantly reduce the number of individual parts compared to conventional metal-based structures
(Zhelykh, 2012).



Prospects of using polymeric materials in the construction of solar collectors

Callectors and heat accumulators made of plastic lead to a significant reduction in installation costs
dueto their lower weight, aswedl as aresult more innovative methods of connection and installation.

Using plastics in the components of solar thermal collectors gives much more freedom of design
and better satisfaction of aesthetic needs. For example, colors and shapes can be varied so that future solar
panes are not necessarily flat or cylindrical, but can also have a free shape according to the architecture
of theroof surface and facade.

A feature of polymer processing technologies is the simplicity of production of a large number of
complex parts. Asin other areas, these technologies offer mass production opportunities combined with a
high degree of integration. This, in turn, at the same time reduces costs by ensuring high market growth
rates, which are needed to cover the significant needs of low-temperature heating systems.

One of the key innovative aspects is related to advanced technologies for processing polymers,
which are less energy-intensive than metal processing.

Target of thisarticle

This article discusses the current state of solar collector structures and methods of their manufacture.
The main attention is focused on the study of the use of polymeric materialsin the design of solar thermal
collectors in order to reduce the cost of manufacturing and installation of solar thermal systems

Techniques used

The absorber is the main element of the solar collector and in most cases is made of copper. It
absorbs solar radiation, which consists of direct and scattered radiation, and converts the energy of
sunbeams into heat. The largest number of absorbers have a flat construction with tubes. The plate with a
black surfacereceives solar radiation. On thereverse side of the plate, theliquid pipes absorb heat energy.

Glazing over the absorber reduces heat loss of the absorber plate by convection and radiation.
Glazing is usually made of special impact-resistant glass with very good light-transmitting characteristics.
Insulation, usually consisting of mineral wool, it reduces heat loss at the back of the collector and on the
sides. Thethickness of the insulation is 40-60 mm at the back and about 15 mm at the edges.

The absorber, glazing and insulation of the collector are built into the housing to protect against
environmental influences.

Fig. 1. Flat solar collector: 1 —housing; 2 —transparent protection;
3 —channelsfor the heat carrier; 4 —absorbing pane; 5 —thermal insulation
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The operation of the solar collector is based on the greenhouse effect: the sun’s rays of the visible
part of the spectrum (short waves) pass fredy through the glass and heat the coolant inside the solar
collector, and infrared radiation of the heated body (long waves) does not come out through the glass.

In recent years, numerous development projects have been implemented in the field of flat solar
collectors, which have mainly focused on improving the efficiency of the collector: improving the
transparency of glass, the use of highly selective absorbent coating (Reiter, 2014). This has led to an
increase in production costs and eventually to an increase in the price of collectors. Figure 2 illustrates the
mass percentage of materials of the modern collector.
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Fig. 2. The percentage of mass of materials of a modern flat collector

In addition, the cost of commonly used raw materials is growing, mainly copper and aluminum.
Theflat solar thermal collector has a very high mass percentage of copper, aluminum and glass. Figure 3
shows the distribution of the cost of the elements of solar collector (Reiter, 2014).
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Fig. 3. The cogt of production costsfor flat solar panels
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One way out of this dilemmais to use polymeric materias instead of metals. Good energy performance
is achieved by using solar collectors made of polymeric materials in appropriate systems. These favorable
systems have low or medium temperature low pressure, optimized coolant flow, protection against
overhegting, appropriate surface coverage of collectors. Examples of such systems are pool heating systems,
combined hot water and space heating systems, systems with high consumption of hot water (sports
centers, hotels, hospitals, apartment buildings, etc.) and air heating systems in commercial or educational
buildings.

Various production technologies such as extrusion, thermoforming, vacuum forming and injection
molding can be used to manufacture solar collectors. Polymeric materials give freedom for the production
of collectors with large geometric dimensions, flexibility in the integration of such structures in the
external protection of buildings with greater aesthetics.

Solar absorbers for outdoor pool heating have been made of polymeric materials since the early
1970s. This technology is simple and ideal for the use of plastics in solar systems with low material costs
and high production volumes. Solar collectors for swimming pools exist in different designs and are
produced using different polymer processing technologies. These polymer collectors without glazing are
currently being promoted for domestic hot water supply systems in the sunny regions of the world.

Such unglazed solar absorbers can supply the system with low temperature (3040 °C). Therefore,
high thermal and mechanical stability is not required for such absorbers. In addition, water from the pool
circulates directly through the heat absorber of the collector, and therefore, resistance to glycol is not
required. Inexpensive polymers such as polyethylene (PE), polypropylene (PP) and EPDM are mainly
used. These inefficient unglazed and uninsulated pool heat absorbers cannot be used for hot water and
space heating in the European climate (Reiter, 2014).

There are two types of absorbers available on the market - absorbers of volume construction and
absorbers with parallel channels.

Volume absorbers are made of black polyethylene by extrusion blow molding. Figure 4 shows the
products of OKU Obermaier GmbH.
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Fig. 4. Unglazed and uninsulated solar collector for pool heating

The Hdiocol pool heater is a bundle of parallel PP pipes joined together. Fig. 5 shows a solar
collector for pool heating.
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Fig. 5. Solar collector for the pool from Heliocol

About 50 % of final energy consumption is used for low-temperature heating systems, therefore
this energy market has the greatest potential to replace fossil fuels with renewable energy, especially solar
thermal energy. The need for greater use of solar thermal energy is also becoming increasingly apparent
dueto rising prices for traditional fuds and the threat of future shortages.

Many existing collectors use a protective coating made of transparent polymers. The following
types of polymer glazing are mainly used: flat plates, bent plates and multilayer plates. The simplest
option consists of flat sheets similar to standard tempered glass. When it is necessary to achieve higher
mechanical stability, the bent plate is an alternative to single-layer glazing. In particular, it is possible to
make collectors of the big sizes without losing durability of a covering. British company Imagination
Solar Ltd. uses this type of polycarbonate plates for collectors. Thermosyphon solar collectors
manufactured by Stibetherm S.A., as well as ICS collectors manufactured by Solarpower GmbH consist
of bent polymer glazing. Figure 6 shows the glazing with a curved structure.

Fig. 6. Flat collector from Solarpower GmbH (Meir, 2008)
with dome-shaped glazing
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Polycarbonate cellular sheets, a huge selection of which is available on the market, are also used as
polymer glazing of solar collectors. Most of these plates are found in carports or on the roofs of terraces.
Transparent plates are extruded from polycarbonate, which combines both light weight and high stability,
and therefore have excellent potential for lightweight structures.

For example, Solar Twin, a solar collector equipped with a double-walled polycarbonate sheet 10 mm
thick (Fig. 7). Polymeric solar collector from the Solar Twin company can be integrated into an existing
heating system.

The pratective coating is an extruded double-walled polycarbonate profile, flexible absorption pipes are
made of silicone rubber. This absorber is resistant to temperatures in the range from -60 °C to 200 °C.
Expansion of the liquid volume when freezing inside the absorber can’t bregk the dastic tubes. Therefore,
thanksto theflexible absorber, the system is also frost-resistant.

Fig. 7. Solar collector with polycarbonate double-walled sheet

Solar collectors which are made entirdly of polymeric materials, with high performance, are the
most technologically complex and the most interesting because of the potential market size. Components
made of polymeric materials have already been implemented for usein solar thermal collectors, wherethe
unique advantages of polymers exceed the properties of conventional materials and their cost.

The extrusion process can provide significant benefits for the production of heat absorber. The
design of flow channels can be improved in order to achieve high efficiency, despite the low conductivity
of polymeric materials. This process also allows you to produce absorbers of any length that can be
adjusted to the required size to integrate them into the structure of buildings.

Most of the previous examples of the use of polymers were limited to individual parts of the
collectors. Currently, there are researches on how to apply polymeric materials not only for individual
parts, but also in integrated polymer collectors. The Norwegian manufacturer Aventasolar AS proposed
the design of a solar collector almost entirely made of polymers (Fig. 8).

Fig. 8. Sectional view of a polymer solar collector (Aventasolar n.d.)
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The transparent protection of the collector is an extruded double-walled polycarbonate sheet with
an additional protective layer against ultraviolet light. The absorber consists of an extruded sheet with
double walls with fixed end caps made of high quality polyphenylene sulfide.

Fig. 9. The design of the solar collector:
a — pipelinesfor supply and removal of heat transfer fluid;
b — polycarbonate absorber; ¢ — pipeline connectors.

One of the options for the construction of solar collectors, which would reduce the cost of their
manufacture, installation and maintenance, increase the service lifeis a solar collector made of three-layer
honeycomb polycarbonate plate, the upper layer of which acts as a transparent protective coating, the
middle layer is an absorber of solar energy, through which the coolant circulates, the lower layer serves as
thermal insulation (Zhelykh, 2011). To ensure even circulation of the coolant in the individual cells of the
polycarbonate plate, the solar energy absorber is connected to the pipes for supply and discharge of
coolant. The solar absorber is made of polycarbonate by extrusion.

Conclusions

The potential of polymeric materials for use in solar thermal collectors mainly consists of two
aspects: the production process and the technical properties of materials.

The processes of production of polymeric materials are significantly different from most known
production processes in the solar thermal industry, where mainly metals are used. These production
processes allow to apply an innovative approach to the design of products and components, which can
lead to significant benefits.

Components with a complex shape can be easily manufactured based on injection molding
processes. This can be a mgjor advantage for the production of most of the required components (and a
significant reduction in fittings and components as well as weight minimization.
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Hanionanpuuii yHiBepcuteT JIbBiBChKA MOJTITEXHIKA,
Kadenpa TeruIora3onocTayaHHs Ta BEHTUIISIIT

HEPCIIEKTUBU BUKOPUCTAHHS ITIOJIIMEPHUX MATEPIAJIIB
B KOHCTPYKIIIi COHAYHUX KOJIEKTOPIB

O Jlabaii B. 1., IMisnax B. 1., T'vnaii B. ., Cyxonosa I. €., 2021

Xoua COHSYHA EHepris, siKa MOTpaIlisie Ha 3eMITto, € OE3KOIITOBHOK, YCTAaHOBKH JUIs TIEPETBOPEHHS
€Heprii COHSYHOrO BHIIPOMIHIOBAHHS Ha TEIUIO, a TAKOX Ul TPAHCIIOPTYBAaHHs Ta 30epiraHHs LBOrO Teruia
NOTpeOyIOTh MEBHHUX IHBECTHIi. 3HAYHY YAaCTUHY KOMIIOHEHTIB IMX CHCTEMH CTaHOBITH MeTamd. Tpyoo-
MPOBO/IM B COHSYHHMX KOJIEKTOpAX i TEIIOOOMIHHMKAX BUTOTOBJIEHI 3 MiJli, ajFOMiHIH BUKOPHCTOBYETHCS [UIS
TOIVIMHAYa Ta KOPIYCY, a CTajb YacTO BHKOPHUCTOBYETHCS Y €MHOCTSAX Ui 30epiranHs Tteruiotd. OmHuM i3
BapiaHTIB 3MEHIIEHHs BapTOCTI COHSYHHMX KOJIEKTOPIB Ta MiJBHIIEHHSA iX €(EeKTHBHOCTI € BUKOPUCTAHHS
MOMIMEPHUX MaTepiaiB 3aMicTb MeTalliB. COHSYHI KOJEKTOPH BUTOTOBJICHI MOBHICTIO 3 TOJIMEPHHX Ma-
TepiaiB, sKi O MaJld BUCOKY MPOMYKTHUBHICTh, HAUCKJIAMHIII Y BUTOTOBJICHHI 3 TEXHOJOTTYHOI'O MOTJIAIY 1
HaMIiKaBinm Ui BUPOOHUIITBA Yepe3 MOTeHHiHHUN o0car puHKy. OCHOBHMMH TlepeBaraMyd BUKOPUCTAHHS
MOMIMEPHUX MaTepialliB y COHSYHHUX TEIJIOBUX KOJIEKTOpax € iXHS BapTICTh, OCOOJHMBO 3 ypaxyBaHHSIM
3pOCTaHHSM PHHKY BiJIHOBJIOBAJIbHOI €HEPreTHKH Ta 3POCTAaHHS IiH HAa MeTalid. 3 BUKOPUCTAHHSIM IO-
JiMepiB 3HIDKYIOTBCS TaKOXX BUTPATH Ha BUPOOHUIITBO, TPAHCIOPTYBAHHS Ta MOHTaX JUIS KiHIIEBOTO
criokuBaya. Pi3HOMaHITHI TEXHOIIOTT BUPOOHHIITBA, TaKi SIK eKCTPY3is, TepMO(OpMYBaHHsI, BAKyyM-(hOpMYBaHHS
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Ta JIUTTS Ml THCKOM MOXXHAa 3aCTOCOBYBATH JUIsi BUT'OTOBJICHHS COHSYHHMX KoJIeKTOpiB. [Ipomecu BupoO-
HUITBA MOJIMEPHUX MaTepialliB iCTOTHO BiAPI3HSIOTHCS BiJl OUTBIIOCTI BIIOMHUX BHUPOOHHYMX HPOLECIB Y
COHSYHIN TEIIOBil MPOMHUCIIOBOCTI, JIe TIEPEBaXKHO BUKOPUCTOBYIOTh MeTaiu. L{i BUpOOHMYI IpoLIecH JaroTh
MOXUIUBICTh 3aCTOCOBYBATH 1HHOBALiMHMI MiJXiJl A0 NMPOEKTYBaHHS IMPOAYKIIl Ta KOMIOHEHTIB. [lomimepHi
varepiarn JAFOTb CBOOOMY I BUPOOHHIITBA KOJEKTOPIB 3 BETMKUMH I'€OMETPUYHHMHU PO3MipamMy, THYUKiCTh Y
iHTerpauii TakuX KOHCTPYKIH y 30BHIIIHI 3axXHIIEHHS OyIiBeNb 3 OUTBIIOI ecTeTHdHicTio. [lopiBHSIHO 3
IHIIMMH Matepianamu, ITOJIMEpHI MaTepialli XapaKTepU3yIOThCs CBOEID 0araTto(yHKIIOHAIBHICTIO, Hal-
3BHYAHHO THYYKOO 3/IaTHICTIO J0 ONpPAIIOBaHHS CKJIaHUX KOMIIOHEHTIB Ta MAJIOIO Baromw.

Ki104o0Bi c10Ba: cOHSIYHI TEIJIOBi KOJEKTOPH, NOJiMepHI MaTepianu, BiTHOBIIOBAJIBHI TKepeJia
eHeprii, COHsIYHA pajialis, Tenao0Ba e)eKTUBHICTH, aGcopoep.
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