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Anomauis.

This article explores the state of Solar Energy Systems (SES) in Ukraine, focusing on their popularity, efficiency,
affordability, and impending disposal problem. Currently, the country boasts a total installed capacity of 8.4 GW of
Renewable Energy Sources (RES), with industrial solar power plants (SPPs) contributing 6.1 GW and domestic SPPs
0.8 GW. The most popular are grid-tied SES, which generate and deliver electricity to the power grid, and their
payback times are inversely related to their power capacity. Solar panel prices in Ukraine have dropped significantly
due to market structure changes and technological advances, with monocrystalline solar panels emerging as the most
popular choice despite their higher cost. However, with solar panels’ lifespan exceeding 30 years and limited options
for their disposal, Ukraine faces an impending environmental problem. As the composition of solar panels evolves with
advancing technology, experts predict the challenge of solar waste will worsen. This issue is further complicated by the
nascent state of solar panel disposal legislation worldwide. Despite these challenges, Ukraine, like the EU, is taking
steps to develop waste management policies for photovoltaic waste, driven by its energy strategy and international
climate commitments. The article concludes by underscoring the urgent need to address the issue of SES component
disposal as solar energy takes up an increasingly significant role in everyday life.

KirouoBi cjioBa: BiIHOBIIOBaJIbHA CHEPreTHKA, COHSIYHI MAaHETi, PUHOK, MOHOKPHCTAIIYHI MaHeNi, CyJacHi
TEXHOJIOTI1, CITIOCOOU YTHITI3aIlii.

Abstract.

Y emammi oocnioosicyemovcs cman consunux enepeemuunux cucmem (CEC) 6 Vkpaini, 30cepedacyrouucs Ha ix
nonynapuocmi, egexmusHocmi, Odocmynwocmi ma MauOymuini  npooaemi ymunizayii. Hapasi Kpaina mooice
NOXBANUMUCS 3A2ANbHOI0 8CMAHO08AeH0I0 nomyoichicmio 8,4 I'Bm gionogntoganux Oxcepen ewepeii (BAE), 3 saxux
npomucnosi conauni enekmpocmanyii (CEC) ckraoarome 6,1 I'Bm, a no6ymosi CEC — 0,8 I'Bm. Hatinonyaspriviumu €
mepedcesi CEC, ski supobnsioms i nOCmauaroms eieKmpoeHepeito 8 e1eKmpomMepedxtcy, a mepMmin OKYRHOCMI 00epHeHO
nponopyitinui ix nomyscnocmi. Llinu na consuni naneni 6 Ykpaiui 3uauno enanu uepes 3MiHu CIMPYKMYpU punKy ma
TNEeXHONOSIUHULL  Npocpec, NPUYOMY MOHOKPUCMANIYHI COMAYMI NAHeNi Cmaiomov HAUNONYAAPHIWUM  BUOOPOM,
Hesgadcarouu Ha ixuio euwy gapmicms. OOHAK, OCKINLKU MEPMIH CAyHCOU coHauHUX nanenell nepesuwyc 30 poxis i
obmednceni moxcausocmi ix ymunizayii, Yxpaina cmuxacmocs 3 HeMUHY4010 eKON02iuHoI0 npobremoro. OcKinvku ckiad
COHAYHUX NAHenel 3MIHIOEMbCA PA3OM i3 PO3GUMKOM MEXHON02Il, eKChepmu NPOSHO3YI0Mb, WO NpodaeMa COHAYHUX
8i0x00i8 nocipwysamumemovcs. Lle numanns we Oinbuie YCKIAOHIOEMBCA 3APOONCEHHAM 3AKOHOOABCMBA NPO
VMULizayilo conaunux naueneu y ecoomy ceimi. Hezeaocarouu na yi euxauxu, Yxpaina, ax i €C, eaxucusac 3ax00ie 011
PO3POOKU NONIMUKU NOBOONCEHHS 3 8I0X00aMU  (DOMOeNeKmMPUYHOL eHepell, KepyIuUcb CB0€H eHepeemuyHo
cmpamezicio ma  MiJCHAPOOHUMU KAIMamuuHumu 30006 ’a3annamu. Ha 3aeepuwenmss cmammi HA2OR0ULYEMbCA HA
2ocmpomy eupiwenni numanns ymunizayii komnonenmie CEC, oCcKinbKu cOHAUHA enepeemura 3aimMac 6ce 0iibuLy poib
Y NOBCAKOEHHOMY HCUMMI.
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Introduction

The Ministry of Energy indicates that the total installed capacity of RES facilities is 8.4 GW, of which
industrial SPPs — 6.1 GW, and domestic solar power plants — 0.8 GW.

The so-called network SES are currently the most popular on the market. They not only generate
electricity, but also deliver it to the grid. The station is a whole complex of equipment: network inverter,
protection and monitoring system, energy storage systems, etc. But the most important element is the solar
panels. The payback time of the SES and the ability of the farm to meet its own energy needs depend on their
efficiency. A low-power 5 kW station has a payback of 5.5 years, a medium-power (10 kW) — 4.7 years, a
high-power (30 kW) — a little more than 4 years.



Research results

In recent years, solar panels have become much more affordable for Ukrainians. Their price fell 2.5-3
times. The reason lies not only in technology, but also in the structure of the market. If earlier solar panel
manufacturers were many small enterprises all over the world, now this profitable business is 80%
concentrated in the hands of TOP-10 large companies. They are actively increasing the pace of production,
and gradually the leaders are taking control of the entire production chain, which reduces the cost of
production.

The market offers consumers three types of solar panels: silicon (monocrystalline and polycrystalline) and
thin film. The first have a number of advantages (more productive, reliable, durable, save space). Their cost
is higher than polycrystalline panels, but they are currently the most popular. In addition, with the
development of technology, the price gap is gradually reducing.

The efficiency of monocrystalline solar panels is 19-21%. Over the past few years, it has grown by 3%,
which shows the progress in the quality of production. The power of solar panels is also increasing, the upper
limit of which already reaches 650 W and above.

As a rule, manufacturers give a 10-year warranty on solar panels, but they can successfully perform their
function for 30 years. And even after that they are used, but with less efficiency. However, sooner or later,
all SES owners will have to face the problem of disposing of solar panels. And the state did not do anything
to outline ways to solve it.

The most common monocrystalline panels contain 76% glass, 10% polymer, 8% aluminum, 5% silicon,
1% copper, less than 0.1% silver and other elements. Modern technologies make it possible to achieve up to
90% recycling rate. However, it is still economically unprofitable. That is why, for example, in the USA,
most of the used panels are sent to landfills. By 2050, they will make up 10% of all electronic waste in the
world and will be a real threat to soils and groundwater.

The development of disposal methods is complicated by the fact that over time the production technology
and composition of the panels themselves changes. Experts predict that the share of silver, silicon and
aluminum in them will decrease.

Legislation on the disposal of solar panels in most countries of the world is in its infancy, because trouble
has not yet knocked on the door. So far, solar energy waste accounts for only 0.6% of global electronic
waste.

The best system is formed in the European Union. The Electrical and Electronic Equipment Directive
2012 places extended responsibility for disposal on the manufacturer. To implement the directive, a whole
department called "Stiftung EAR" was created in Germany, which registers manufacturers of solar panels
and coordinates waste collection.

In Ukraine, the first step towards the settlement of this issue is draft law 2350 "On waste electrical and
electronic equipment” (WEEE). It includes photovoltaic panels in the category of WEEE and also introduces
a system of extended liability. But, unfortunately, the draft law cannot be adopted before the final vote on the
framework bill 2207-1-d on waste management. It is preparing for the second parliamentary reading.

The Ministry of Energy has already announced the need to form a comprehensive policy for the
management of photovoltaic waste from SPPs. This will fully correspond to the Energy Strategy of the state,
which envisages a share of renewable energy of 25% by 2035 (today - 11%).

The incentive to worry about the disposal of solar panels is also the Paris climate agreement. In order to
fulfill its obligations, Ukraine needs to increase the share of RES in electricity generation to 30%. And,
accordingly, its base will be solar energy, which is based on the operation of solar panels.

That is, the whole logic of the development of the energy sector prompts us to think about the issue of
disposal of SES elements. After all, every year the energy of the sun will have more and more weight in our
everyday life.

Conclusion

Solar Energy Systems (SES) have undoubtedly revolutionized the energy sector in Ukraine, providing an
affordable, efficient, and renewable alternative to traditional energy sources. The swift technological
advances and market structure changes have made solar power increasingly accessible, contributing
significantly to the nation's energy mix.



Despite the benefits, it is crucial to recognize and address the challenges posed by the end-of-life
management of solar panels. While the technology and production methods for solar panels continue to
evolve, effective disposal and recycling strategies lag. This disconnect could lead to substantial
environmental problems as the number of expired panels rises.

As such, it is commendable that Ukraine is proactively addressing this issue, as demonstrated by the
initiation of draft laws concerning the management of Waste Electrical and Electronic Equipment (WEEE),
which includes photovoltaic panels. This aligns with international efforts, like those in the EU, to implement
extended producer responsibility for solar panel disposal.

In conclusion, while solar energy represents a significant opportunity for Ukraine to meet its energy needs
sustainably and fulfill its international climate commitments, it is paramount that the country continues to
develop and implement comprehensive policies for photovoltaic waste management. This will ensure that
solar energy's growth doesn't become a source of environmental harm but remains a truly sustainable, long-
term solution for Ukraine's energy future.
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