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The use of alternative energy sources, in particular solar energy, has gained rapid growth in recent
years. This trend is prompting manufacturers of equipment for solar power plants to increase production
volumes. At the same time, the question arises of the disposal of used modules, because each material has
its service life. According to technical specifications, the average life of solar modules and batteries is 25-
30 years. Decommissioning may occur earlier than this time due to the following reasons — moral and
physical deterioration, mechanical damage, replacement of obsolete equipment with new, modernization
of solar power plants. Already in 2030, it will be necessary to replace the solar modules installed in 2000.
Therefore, there are acute questions not only regarding the development of technologies for processing
waste equipment from solar power plants but also organizational and economic methods. This article
discusses the main problems that arise during the utilization and recycling of solar modules, analyzes the
experience of countries in resolving these issues. After all, the use of renewable energy sources should
minimize the negative impact on the environment from energy production at all stages — from the
production of equipment for a power plant to the disposal and recycling of this equipment.

Keywords: solar panel, recycling, economic method, solar power, natural resource, economic problem,
environment, renewable energy.
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Introduction. Since then, the problem of the exhaustibility of natural resources has arisen
in society. The question arose from finding an alternative. However, not only the fullness of
resources prompted the development of alternative energy sources. The costs of extracting non-
renewable resources are constantly growing due to their exhaustion. The development,
extraction, and processing of natural resources lead to disastrous consequences for the
environment and humans in particular. The use of alternative natural resources and energy
sources was aimed at reducing the devastating consequences of the negative impact on the
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environment and contributing to new development. Therefore, a promising source of renewable
energy is the energy of the sun. To obtain and use it, special equipment is used, which has its
life cycle. Moreover, in the end, the next question arises - what to do with waste equipment.

Analysis of recent research and publications. Both foreign and domestic scientists, in
particular M. Jacobson, M. Schellenberger, S. G. Artemyev, D. Mulvan, paid attention to the
problem of disposal and recycling. Scientists have studied the environmental impact of e-waste,
nuclear waste, and others. The issues of determining the economic damage from environmental
pollution are the works of O. F. Balatsky, L. G. Melnyk, O. M. Matsenko and others [1; 2; 3; 4].

The purpose of the article is to study the socio-environmental and economic problems of
the processing and disposal of solar panels and batteries, to analyze the experience of the leading
countries in the production of solar energy, to propose economic methods for solving these
issues.

Research results. Solar modules PV modules consist of the following components: glass,
plastic, metals (aluminum, a small amount of copper, silver, tin, lead), and polymers.

The presence of hazardous materials in the end-of-life panels can result in significant
pollution and health issues if released into the environment. To close the loop in the energy
cycle, the next mission of the solar panel industry is the safe disposal or recycling of end-of-life
products. In the waste management hierarchy, however, re-use or value-added recovery/re-
purposing is considered preferable to recycling.

Lead and tin, if leached into soil and groundwater it causes health and environmental
concerns, while copper, silver, and silicon present a value opportunity if recovered
efficiently. So, the landfill option should be fully replaced with recycling to prevent
environmental pollution and retrieve the valuable materials present in the panel [5].

In 2016, a joint report was published by the International Renewable Energy Agency
(IRENA) and the International Energy Agency (IEA) on the strategy for utilizing spent solar
modules. According to the forecast presented in this report, by 2030 the global waste of PV
modules (cumulative) will amount to 1.7-8 million tons, depending on whether it is a regular
loss or early loss. By 2050, the waste volume of PV modules will amount to 60-78 million tons
(Figure 1). In Figure 2 the accumulated waste of photovoltaic panels (million tons) in the context
of the leading countries is shown.

In Ukraine, the number of private solar power plants in the IV quarter of 2019 amounted
to almost 22,000 (Figure 3). Over time, the problem of recycling and disposal of solar modules
will come on a large scale. In the absence of organizational and economic mechanisms for
creating a recycling and recycling system, this can lead to significant environmental and
economic losses.

Some countries are already actively working to solve this problem. The European Union
was the first to introduce waste management rules for solar power plants - the modules must be
disposed of in accordance with the Waste Electrical and Electronic Equipment Directive
(WEEE) (2012/19 / EU). Since 2012, the provisions of the WEEE Directive have been
incorporated into national legislation by EU member states, creating the first market in which
the processing of solar modules is mandatory [6]

The Americans developed a technology for processing thin-film CdTe modules in the
2000s. It was first used by the photovoltaic company First Solar. Thanks to the developed
technology, 95 % of semiconductor materials and 90 % of glass can be reused. All dismantled
elements of PV modules are processed in a single cycle [7].
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Figure 1. Global PV panel waste projection, 2016-2050 [8]
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Figure 3. Dynamics of private solar power plants in Ukraine [9]

In 2018, Germany launched the Geltz Umwelt-Technologie solar battery recycling
company, funded by the European ELSi project. German engineers have developed an energy-
saving pyrolysis process that allows the extraction of various valuable materials from solar
panels with an efficiency of up to 95 % [10].

To solve this problem in Ukraine, it is necessary to improve the existing legislative
framework for waste processing and disposal. The government should encourage citizens to
comply with laws on the decommissioning, storage or recycling of solar panels so that they do
not end up in landfills. Citizens now have the right to sue government agencies and corporations
to enforce various environmental laws, including laws that protect people from toxic waste.
Given the decentralized nature of solar energy production and the lack of technical knowledge
at the local level, it is especially important that the whole society is involved in protecting itself
from exposure to hazardous toxins.

Creating a favorable investment climate for the development of processing and recycling
technologies, as well as for creating a secondary market for equipment for solar power plants.

The introduction of fees for the purchase of solar panels, as a guarantee that the cost of safe
disposal, processing or storage of waste solar panels is included in the price of solar panels. The
obvious solution would be to introduce a new fee for solar panels, which will go to the disposal
and decommissioning fund. Then, funds will be distributed in future between local authorities
to pay for the removal and disposal or long-term storage of solar panel waste. The advantage of
this fund over producer responsibility is that it will ensure the safe decommissioning, disposal
or storage of solar panels for a long time, even after manufacturers of solar panels go bankrupt.

Conclusions and prospects for further research. The analysis showed that the problem of
disposal and recycling of solar modules exists and will eventually be large-scale. This issue will
soon be faced by Ukraine, given the growth rate of solar power plants. The creation of economic
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and legal instruments to solve these problems will be one of the directions for the sustainable
development of Ukraine.

Improving the existing legislative framework for waste processing and disposal, overcoming

political misunderstandings, and fixing technical problems are important and urgent challenges,
which need to be solved to provide strong opportunities for the development of the green energy
sphere in Ukraine. Ukraine must introduce waste management rules for solar power plants and
provide governmental support to promote solar panel recycling. Where the problems with solar
panels recycling were identified, it is important to continue researching and provide
recommendations to overcome possible barriers.
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Hcnonp3oBanue albTepPHATUBHBIX MCTOYHHUKOB YHEPIHH, B YACTHOCTH COJHEYHOW SHEPIHH, PACTET
OBICTPBIMH TEMIIAMH B IIOCIIEIHUE TOIBI. DTa TEHCHIMS MO0YKaeT IPON3BOAUTENEH 000pyTOBAHUS IS
COJIHEYHBIX 3JIE€KTPOCTAHLHUH yBEIMYMBATh 0OBEMBI MPOU3BOACTBA. B TO k& BpeMsl BO3HMKAEeT BOMPOC
YTUIIN3ALUH HCIOJIB30BAaHHBIX MOJYJEH, MOCKONBbKY KaKIbIi MaTepHall MMeeT CBOH CpPOK CITy>KOBI.
CornacHO TEXHHUYECKUM XapaKTepPHCTHKaM, CPEJHUI CPOK CITy>kKOBl CONHEYHBIX MOJIYNEH M maHeneit
cocrapnser 25-30 sier. BrIBox M3 SKCIUTyaTalMd MOKET MPOHM30MTH paHBIIE 3TOr0 BPEMEHH IO
CJISIYIOIUM TIPHYMHAM: MOPAIBHBIA M (pu3MUeckuil M3HOC, MEXaHHYeCKHe ITOBPEXJCHHS, 3aMeHa
ycTapeBIIero o0OpyIOBaHMS, MOAEPHH3AIMS CONHEYHBIX JJIeKTpocTaHimid. Yxke B 2030 roxmy
HeoOxoauMo OyJeT 3aMEeHUThH COJIHEYHBIe MOXyiH, ycraHoBieHHEIe B 2000 roxy. [TosTomy BO3HUKAIOT
OCTpBIC BOIIPOCHI HE TOJNBKO OTHOCHTEIBHO pa3pabOTKH TEXHOJIOTHH IepepabOTKH OTXOIOB
000pyIOBaHUS C COMHEYHBIX EKTPOCTAHIMH, HO M OTHOCHUTENIBHO HCIOJIB30BAHUSI OPTaHU3ALHOHHO-
IKOHOMHYECKHX METOJIO0B B 3TOH c(epe. B maHHOW cTaThe paccMaTpHBAIOTCS OCHOBHBIE MPOOIIEMBL,
BO3HUKAIOIINE MPHU UCIOIb30BAHMN M YyTHIN3AIMH CONMHEYHBIX MOJIYJIEH, aHATM3UPYETCs OMBIT APYTHX
CTpaH B pemIeHnH 3Tux npobiaem. IIpu ucrnonp30BaHNN BO30OHOBIAEMBIX HCTOYHUKOB SHEPTUH HY)KHO
MUHHMMH3HPOBATh HEFATUBHOE BO3JCHCTBHE HA OKPYKAIOIIYIO CPelly Ha BCEX dTalax — OT IPOU3BOJCTBA
000pyI0BaHUS ISt HJIEKTPOCTAHIMHN JI0 YTHIN3AUH U IIepepadoTKH 3TOro 000pyJOBaHUs.

Knrouesvie cnoea: conHedHasl MaHENlb, YTHIM3aLUSA, SKOHOMHYECKHH METOH, COJHEYHAs DHEpPIusd,
MIPUPOJHEIN pecypc, SKOHOMHYECKask IpobiIeMa, OKpyXKarolasi Cpesia, BO30OHOBIIsIeMast SHEPTHsI.
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BukopucTaHHsl ajJbTepHATHBHHUX [DKepesl eHeprii, 30KpeMa COHSIYHOI eHeprii, 3pocTae LIBUAKUMHU
TEeMIIaMH B OCTaHHI poku. llg TeHJeHIis CIOHykae BHPOOHWKIB OOJTamHAHHS UL COHSYHHX
@JICKTPOCTAHI[I 30LIbIIyBaTH OOCSTH BHPOOHHIITBA. Y TOH )K€ 4Yac BHUHUKA€ INUTAHHS YTHIIi3amil
BUKOPHUCTAHUX MOJYJIB, OCKUIBKM KOXKEH Marepial Mae CBilf TepMiH ciryxOu. 3rigHO 3 TeXHIYHUMU
XapaKTepUCTUKaMH, CepelHiil TepMiH CITy)KOM COHSYHUX MOJYIIB i mmaHeneil craHoBUTH 25-30 poOKiB.
BuBenenns 3 exciuryaranii Moxe BifOyTHCS paHille IIbOTO 4acy 3 HACTYIHHX IPHIMH: MOPAIBHHI 1
¢bizuuHMil 3HOC, MEXaHiYHI MOUIKO/KEHHS, 3aMiHa 3acTapilioro oONaJHAaHHS, MOJEPHI3allis COHIYHHX
enektpoctanuiid. ¥Yxe B 2030 poui HeoOXigHO Oyae 3aMiHUTH COHSYHI MOy, BcTaHoBeH1 y 2000 pori.
ToMy BHHHKAaIOTh TOCTPi MUTAHHS HE TINBKU LIOJ0 PO3POOKH i BIPOBAKEHHS TEXHOJOTIH mepepoOKu
BiIXO/iB 00JIaIHAHHSA 3 COHSYHHX €JIEKTPOCTAHIIIH, a i 11010 BUKOPUCTAHHA OPTraHi3alliifHO-eKOHOMIYHHUX
METOMIB B Wil cdepi. Y HaHill cTaTTi pO3IISNAIOTBCS OCHOBHI NMPOOJIEMH, IO BHUHHUKAIOTH TMPH
BUKOPUCTaHHI ¥ yTmmizamii COHSYHHMX MOJIYJNIB, aHANI3YeThCs JOCBIJ IHIIMX KpaiH y BUPIMICHHI IUX
npo6iuieM. IIpy BUKOpUCTaHHI BiHOBIIIOBAJIBHUX JDKEpeT eHeprii MoTpiOHO MiHIMi3yBaTH HEraTHBHHI
BIUTMB Ha HaBKOJIUIITHE CEPEJIOBUIIE HA BCIX eTarax — BiJl BAPOOHUIITBA 00Ia{HAHHS TS €IeKTPOCTAaHIII
10 yTHITi3amii Ta mepepoOKu bOTo 00IaJHAHHS.

Knrwouosi croga: COHsYHA IaHENb, YTHIi3allis, CKOHOMIYHHH METOJ, COHSYHA CHEpris, IPUPOIHHMIT
pecypc, eKoHOMIuHa pobiiemMa, HaBKOJIUILHE CEPEIOBHUILE, BiIHOBIIOBAIbHA CHEPT .
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