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Abstract: The article discusses the use of waste tempered glass from damaged or 

decommissioned thermal solar collectors to produce polymer concretes. The waste 

underwent mechanical recycling to obtain powders of alternative grain sizes: below 2.0 mm 

and below 0.5 mm. To produce the polymer concrete, ground glass waste served as the fine 

fraction, and sandstone gravel as the coarse fraction. An epoxy resin acted as the binder for 

the resulting composite. The research conducted has demonstrated that glass waste from solar 

collectors can be successfully utilised as a fine fraction in polymer concrete technologies. It 

was observed that there are no significant differences between the grains at 0.5 mm and 2.0 

mm, and both fractions yield the desired results. The resulting polymer concretes are 

characterised by high mechanical strength, significantly surpassing the properties of typical 

cement concretes. The compressive strength is at 110.7 MPa, and the flexural strength is at 

41.2 MPa. The proposed recycling method allows for the effective management of waste that 

is difficult to reuse on an industrial scale. 

Keywords: polymer concretes, waste, recycling, epoxy-based composites, solar 

thermal collectors 

1. Introduction

Photovoltaic panels and solar collectors are increasing in popularity due to significant 

environmental benefits. However, the rising use of such solar systems presents a new 
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challenge: recycling after damage or decommissioning. Despite the many similarities 

between photovoltaic systems and solar thermal collectors, their recycling processes differ 

fundamentally due to variations in material composition, manufacturing processes, and 

continuous technological development. Some components of solar collectors are easily 

recyclable, but the problematic tempered glass on the collector surface is typically landfilled 

[1–2]. 

A solar collector is used to convert solar energy into the thermal energy of a fluid, such 

as water. It comprises several components: a frame, solar glass, a solar absorber, copper 

tubes, and an insulation layer. A schematic of the construction of a solar collector is shown 

in Fig. 1. 

 
Fig. 1. Construction of a thermal solar collector (1 – frame, 2 – solar glass, 3 – solar radiation absorber, 

4 – copper pipes, 5 – insulating layer) 

The role of the frame in a solar collector is to stabilize the shape of the collector and to 

protect against the ingress of impurities. The glass panel is positioned at the top of the solar 

collector. Typically, a single glass layer or multilayer glass bonded by an adhesive is used. 

The glass exhibits high transmittance of short-wave radiation while blocking long-wave 

radiation. Glasses with reduced iron content are typically used due to their near-zero long-

wave transmittance and high short-wave transmittance. Anti-reflective coatings are applied 

to the surface of the glass. A solar absorber is a component designed to absorb as much 

thermal energy as possible. It usually has a black surface to increase the absorption of solar 

energy. It absorbs short-wave radiation while allowing long-wave radiation through. Copper 

tubing is used for fluid flow and must exhibit high thermal conductivity. The insulation layer 

is located at the base of the collector and serves to minimize the heat loss of the solar collector 

[1–5].  

Traditional cement concretes, geopolymer concretes, or polymer concretes allow for 

the extensive use of waste materials, which often consist of waste that is difficult to reuse 

and poses a significant environmental problem. Waste materials can replace both aggregates 

and binders – cement [6] or polymer [7]. The use of waste in concrete production may be 

beneficial due to minimizing the amount of waste in landfills and limited consumption of 

natural raw materials (sand, gravel, cement, etc.). Numerous scientific publications describe 

the use of glass waste [8–11], polymer materials [12–14], rubber [15–17], sanitary ceramics 

[18], bricks [19], concrete [20–21], or agricultural and organic waste [22–23] in concrete 
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production. Waste materials added to concrete should demonstrate no negative 

environmental impact or should be efficiently encapsulated within the concrete mass. It is 

important to conduct intensive aging tests that demonstrate the durability of the material and 

its tendency to release substances (including hazardous substances) into the environment 

[24–26].  

Polymer concretes are a relatively new group of construction materials compared to 

traditional cement-based concretes. The development of polymers in the 20th century and the 

popularization of synthetic polymer resins led to the modification of traditional solutions. 

Polymer concretes, which replace the cement binder with resins, exhibit a set of favourable 

properties, often significantly better than those of traditional concrete. Bedi et al., in a review 

article [27], described polymer concretes as having superior mechanical properties, such as 

tensile strength and compressive strength. A large part of the research incorporates waste and 

local aggregates. They noted that epoxy polymer concretes have more favourable properties 

than polyester polymer concretes and concluded that the addition of fibers to the polymer 

concrete structure improves strength. Nodehi M., in another review article on polymer 

concretes [28], identified three basic types: polymer-impregnated, polymer-coated, polymer-

modified, and ordinary polymer concretes, which use polymer resin instead of ordinary 

Portland cement (OPC). The authors also highlighted their higher mechanical properties and 

significantly better chemical and corrosion resistance compared to traditional cement 

concrete. 

The topic of recycling thermal solar collectors has rarely been described in the literature 

due to the limited issues related to the management of these wastes. The average usage time 

of collectors is estimated at several decades, so the current problem with recycling is minimal, 

but interest is expected to increase in the future as the number of waste solar collectors grows 

following their end of use. Ardente et al., in their publication [29], discussed the effectiveness 

of using thermal solar collectors, addressing problems and challenges related to the 

production and supply of energy and raw materials, production processes, assembly, 

maintenance, disposal, and transport. They estimate the average product lifetime at 15 years. 

The novelty of recycling solar glass from thermal solar collectors has motivated further 

research in this area. 

Waste photovoltaic panels and waste thermal solar collectors pose challenges to the 

current and future environmental situation. One component that constitutes difficult waste is 

tempered solar glass, which includes additional layers on the surface such as solar radiation-

absorbing layers, self-cleaning coatings, and others. Using waste from thermal solar 

collectors in concrete significantly reduces the volume of this waste in landfills. This article 

presents an initial study on the mechanical recycling of solar glass and its subsequent use in 

polymer concretes as a fine aggregate fraction. The research considered the impact of grain 

size after grinding on the final mechanical properties and investigated the presence of 

potentially hazardous substances in the grist that could be released into the environment 

during use. The research has demonstrated that mechanical recycling of glass from thermal 

solar collectors is feasible and enables the production of polymer concretes with favourable 

properties. The resulting epoxy polymer concretes, with a 70% volume addition of ground 

solar glass and 30% resin content, are characterized by high compressive strength 

(approximately 100–110 MPa) and high flexural strength (approximately 35–40 MPa). 

2. Materials and methods 

Glass waste from a thermal solar collector was used to produce polymer concrete in the 

research. The glass was untreated. Solar glass typically has a multi-layered structure, with 
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external anti-reflective coatings characterized by high solar light transmittance (>95%) while 

minimizing reflectivity. Anti-reflective coatings are produced on an industrial scale using 

acid etching or sol-gel technologies, including roller-coating or dip-coating. The inner layer 

of solar glass consists of one or two layers of glass bonded by an adhesive layer. Typical 

solar glass is tempered glass, composed of silicon dioxide (SiO2) and calcium oxide (CaO), 

and is characterized by a reduced iron oxide content. The construction diagram of typical 

solar glass used for the production of thermal solar collectors is shown in Fig. 2. 

 

Fig. 2. Scheme of solar collector glass: 1 – anti-reflective coating, 2 – tempered glass, 3 – adhesive layer 

Solar glass waste was milled without additional cleaning using a Retsch SK300 cross-

beater mill at a rotational speed of 3000 rpm. Milling was carried out using 0.5 mm and 

2.0 mm separating sieves. The morphology and chemical composition of the obtained 

powders were characterized using a Hitachi S-3400N scanning electron microscope with a 

Thermo Noran X-ray spectrometer (EDS). The test was performed in low vacuum mode 

without applying additional conductive coatings. The particle size distribution (PSD) was 

described using the laser diffraction technique with a Mastersizer 3000 particle size analyzer. 

Ground solar glass was considered as a minor fraction in the production of polymer concretes. 

For the coarse fraction (gravel), the particle size distribution was determined by sieve analysis 

using a Multiserw LPzE-2e mechanical shaker. 

The dry aggregates were mixed with Havel LH 288 epoxy resin and H505 Hardener 

(Havel Composites, Czech Republic) in a weight ratio of 100:27, following the designations 

contained in Table 1. The tests maintained a constant resin volume of 30%. The amount of 

resin is related to the size of the powders and their surface area, the larger the grains, the 

smaller the required resin volume. For the materials tested, a resin volume above 30% would 

constitute an excess, while a volume below 30% would result in the formation of porous 

polymer concrete. Adding the resin at 30% by volume ensures the tightness of the concrete 

and accurate reproduction of the shape and dimensions of the moulds. The composition was 

then homogenised and poured into silicone moulds. Samples were prepared in five series for 

mechanical testing. For each series, three samples were produced to determine the flexural 

strength and another three to measure the compressive strength. The sample preparation 

scheme is shown in Fig. 3. Three-point bending tests and compressive tests were performed 

on samples measuring 40 x 40 x 160 mm, in accordance with the PN EN 196-1 standard, 

using the INSTRON 4469 testing machine (tensile strength) and the MTS-810 testing 

machine (compressive strength). 
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Table 1. List of samples 

Sample 

Fine fraction Coarse fraction Binder 

solar glass waste  

< 0.5 mm  

[vol%] 

solar glass waste  

< 2.0 mm  

[vol%] 

gravel 

 

[vol%] 

epoxy resin 

 

[vol%] 

PC_1 - - 70 % 

30 % 

PC_2 70 % - - 

PC_3 - 70 % - 

PC_4 35 % - 35 % 

PC_5 - 35 % 35 % 

 
Fig. 3. Scheme of producing polymer concrete samples 

3. Results and discussion  

Figure 4 presents the results of the particle size distribution (PSD) for solar glass waste 

and gravel. Solar glass after grinding through 0.5 mm sieves has an average particle size 

(Dv(90) parameter) of approximately 466 μm, while after grinding through 2.0 mm sieves, 

the average particle size is approximately 624 μm. During the grinding process in a cross-

beater mill, glass particles quickly fragment into powder. Grinding collector glass waste after 

separation through the smaller (0.5 mm) sieves requires approximately 30% more time than 

grinding the same mass of waste using 2.0 mm sieves. For economic reasons, it is more 

advantageous to carry out the grinding process using larger separation sieves. Gravel, which 

is a coarse fraction used in polymer concrete, consists of over 50% of the 2-4 mm fraction 

and about 35% of the 4-6 mm fraction. Particles larger than 6 mm constitute less than 10% 

of the weight. 
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Fig. 4. Grain size distribution (PSD) A) ground solar glass waste, B) gravel 

After the grinding process, solar glass waste was inspected using scanning electron 

microscopy, and its chemical composition (elemental mapping) was assessed, as shown in 

Fig. 5. The glass particles vary in size from very fine particles below 5 μm to those 

approximately 500 μm in size. The surface of the glass particles exhibits features typical of 

brittle materials. No contaminants or materials other than glass were detected in the SEM 

images. The chemical analysis showed that the solar glass is composed mainly of silicon 

dioxide (SiO2) and calcium oxide (CaO). Small amounts of sodium, magnesium, and 

aluminum, present in the form of oxides, were also detected. 

 

Fig. 5. Solar glass waste particles after grinding A) SEM image, B, C) chemical composition analysis 
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Fig. 6. Mechanical test results of the prepared specimens A) flexural strength test, B) compressive 

strength test 

Based on Fig. 6A, it was observed that Series 2 and 3 achieved the highest flexural 

strengths of 41.2 MPa and 35.7 MPa, respectively. Series 1, 4, and 5 produced similar results 

relative to each other (23.3 MPa, 20.0 MPa, and 22.2 MPa respectively), which is almost half 

the bending strength of Series 2 and 3. Figure 6B indicates that the highest compressive 

strength was achieved by Series 2 at 110.7 MPa. Lower compressive strengths were recorded 

for Series 3 and 4, achieving 101.7 MPa and 102.1 MPa, respectively. The lowest 

compressive strengths were noted in Series 1 (84.4 MPa) and Series 5 (87.2 MPa), 

approximately 30 MPa lower than Series 2. Figure 7 illustrates the relationship between the 

compressive strength and the flexural strength of the tested series of polymer concretes. The 

most favourable results were observed in Series 2 and 3, which did not include the addition 

of gravel. The series with added gravel showed a similar pattern, where the gravel negatively 

impacted the correlated values. 

 

Fig. 7. Graph of the compressive strength - flexural strength relationship 
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The fracture of sample series 1 (Fig. 8) indicates a strong interfacial bond in the 

resulting polymer concrete between the filler (gravel) and the matrix (epoxy resin). On the 

plane of the fracture, it is evident that the fracture did not progress at the resin-gravel 

interface, but directly through the gravel aggregates, as indicated by the visible multiple 

destroyed gravel grains. 

 

Fig. 8. Cross-section of a polymer concrete sample at the fracture area 

Comparing the results of the flexural and compressive strength tests, the highest 

strength was achieved by Series 2 and 3, in which the glass from solar thermal collectors 

served solely as the filler. Among these series, samples containing smaller filler grains 

displayed superior strength properties. This suggests that using filler in the form of tempered 

glass with smaller grain sizes increases the contact area of the fillers with the resin matrix, 

thereby enhancing the integrity and strength of the material. Similar conclusions were 

reached in the publication by Y. Li et al. [30], although the mechanical strength of the 

material obtained by their team is approximately 50% lower than that achieved in this study. 

The compressive strength of the polymer concrete produced with tempered glass is about 25 

MPa higher than that of the steel-fibre-reinforced HSC concrete tested by A. A. Shah et al. 

[31]. Additionally, when comparing the strength of the produced polymer concrete with the 

HSC concrete produced by T. Drzymała et al. [32], the polymer concrete with collector glass 

shows a 13.5 MPa higher compressive strength and an almost 35 MPa higher flexural 

strength. 

4. Conclusions 

The following conclusions were drawn from the research: 

• Milling tempered glass from solar collectors using a cross-beater mill poses no 

problems. The use of a 0.5 mm mesh separation sieve resulted in a material with an 

average grain size of approximately 466 µm; with a 2.0 mm mesh separation sieve, 

the average particle size was 624 μm. For economic reasons, the use of sieves with 

larger mesh sizes is more justified. 
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• The workability of mixtures containing ground solar glass is slightly worse than 

those containing only a coarse fraction of aggregate (gravel), due to the size of the 

particles used. 

• Chemical analysis has shown that tempered glass from solar thermal collectors 

consists mainly of silicon dioxide (SiO2), calcium oxide (CaO), and smaller amounts 

of oxides of sodium (Na2O), magnesium (MgO), and aluminium (Al2O3), and does 

not contain hazardous compounds. 

• Analysis of the crack in the material shows that the interphase connection (between 

the aggregate and the binder) is satisfactory, and the crack propagates through the 

aggregates. 

• In terms of flexural and compressive strength properties, the most optimal samples 

are Series 2 and 3, where the filler was solely glass, with different grain sizes. Series 

2 specimens with a smaller grain size filler showed higher strength values, indicating 

that the smaller the grain size of this type of filler, the higher the strength of the 

material. 

• The production of polymer concrete is an effective method of mechanically 

recycling tempered glass from solar thermal collectors. Moreover, the strength 

values of such material are higher than those of traditional concrete or, in some 

cases, reinforced concrete. 
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