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Summary 

While the role solar industry plays in the global 

energy mix is too evident−it is necessary for the 

implementation of Paris Agreement, 

Sustainable Development Goals and, in general, 

for “green” transition, the further destiny of 

ended PV panels is quite unclear. Solar panels 

are essentially very big and complicated 

devices. They are manufactured with durability 

in mind and when their life is coming to the end, 

they become an electronic waste, that is hard to 

disassemble. Taking into account current rates 

of solar energy deployment, the more solar PV 

panels will be installed, the more quantities of 

solar PV waste will emerge in the next decades.  

For today, there is a certain number of projects 

initiated mainly by private companies aimed to 

deal with solar PV waste disposal. However, 

they are not commercially beneficial to a large 

extent. Even though, some countries have 

established legal regulations regarding this 

issue, there is still a lack of decisions on 

integrating solar PV waste management into 

their economic systems. That is why it is 

important to provide an efficient and sustainable 

supervision on treatment end-of-life PV panels 

now, until solar waste become a real threat.   

 

Introduction 

The development of solar energy has passed a 

long way from the middle of 20th century till 

now to become one of the most demanded clean 

energy generation sources. Compared to the 

traditional energy resources, solar energy has 

not “polluted” the environment yet, as it is 

relatively young industry. As any other 

electronic goods, solar PV panels cannot last 

forever, having a lifespan about 20-35 year. And 

landfill is not a place where the world wants to 

see solar panels after the end of its exploitation 

term. Currently, total annually addition of the 

solar PV waste is not too significant. It accounts 

41.8 million metric tons each year, which 

represents only 0,6 % of the total e-waste. But it 

is expected, that the rapid growth of solar 

industry will generate big volumes of 

decommissioned solar PV panels. Moreover,  

according to IRENA and IEA research after 

2050 solar PV waste volumes are going to reach 

and even overtake the total quantity of installed 

capacities. This is the very new emerging 

challenge for the whole RES industry and for 

the world Governments to address. Otherwise, 

the issue of end-of-life panels will be added to 

the global problem of waste in the world and 

could worsen ecological situation. 

The composition of solar PV panels 

To better understand how solar PV waste 

management can be exercised, it is essential to 

make out its composition. Figure 1 and 2 

represent the c-Si PV and thin-film panel 

components. Generally, solar PV panels contain 
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composition. Generally, solar PV panels contain 

nearly 90% of glass, aluminum, copper and some 

polymer. When solar panels end up and transmit 

to the traditional recycling plant, all that the 

recycler is able to do is to take off the aluminum 

, 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2016/IRENA_IEAPVPS_End-of-Life_Solar_PV_Panels_2016.pdf
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Figure 1. c-Si panel composition. 

 

 

Figure 2. Thin-film panel composition. 

 

 

frame, the box with a copper wiring, that 

transmits the electricity, and shred the glass. All 

the received commodities can be sold, but not 

for a big money. The other problem is, that the 

process of taking them apart is quite expensive 

to cover the cost. The other mass of solar panels 

is trace materials represented in silver, silicon, 

tin and lead, which can create some difficulties. 

Lead, for example, can cause environmental 

problems, if it leaches out into the soil and 

groundwater. Silver is just a valuable metal, 

aluable 

which is very important not only for solar 

industry, but also for many other electronic 

manufacturers. Moreover, there are limited 

deposits of silver in the ground. This metal 

needs to be recovered after the device 

containing silver is disposed. That is why solar 

PV waste management requires very 

specialized methods and approached to deal 

with. 

Approaches to the solar PV waste 

management 

Traditionally, when somebody hears the phrase 

“waste management”, the first thing that comes 

to the mind is the “recycling”. But the waste 

management is not limited only by the recycling 

issues. Basically, to the any waste management 

can be applied the principle of “three Rs”: to 

reduce, to reuse and to recycle. The options for 

solar PV waste management regarding this 

principle are represented in the figure 3, where 

the first option is most preferable, and the last 

one is least accordingly. 

Figure 3. 3Rs approach pyramid 
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Resource: End-of-life management: Solar 

Photovoltaic Panels 

Resource: End-of-life management: Solar 

Photovoltaic Panels 

https://euea-energyagency.org/en/
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Reduce. Speaking about solar panels, “reduce” 

does not mean the action to stop using and 

producing these devices at all, as well as the 

contribution of solar industry is hard to 

overestimate nowadays. However, it means that 

the quantity of hazardous and toxic materials 

should be reduced or substituted. This also 

implies the development of new generation 

solar PV panels with the longer lifespan and 

higher electricity production ability. 

Reuse. Decommissioning of solar panels after 

the expiration of their exploitation term does not 

mean, that these panels can’t no longer produce 

the electricity. On the condition of properly 

exploitation, solar panels can serve longer and 

be resold to the countries with lower financial 

abilities. Moreover, reusing also supposes the 

repairing of panels, that early broke and can be 

exposed to the secondary usage or reselling by 

the lower prices. 

Recycle. Recycling methods are considered to 

be the last resort according to 3Rs approach, 

although it has its own benefits. Solar panels 

recycling may help to avoid thoughtless usage 

of materials necessary for solar panels 

production and can also provide secondary 

applying these components to create new solar 

cells or other electronic goods, to create an 

efficient circular economy and to reduce 

production cost. For instance, because of silicon 

is highly in demand, the recovery of high purity 

silicon wafers would be more economically 

viable, if there were methods allowed to do this. 
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Already existing initiatives 

Despite the fact, that solar waste threat seems to 

be so far now, the branch of initiatives aimed to 

deal with that problem are already being 

emerged. Basically, these projects are initiated 

by private companies or volunteers on 

noncommercial basis. There are given the most 

successful examples on exercising solar waste 

management. 

American company First Solar creates, 

produces and sells PV panels with thin 

semiconductor technology and designs, 

develops and builds solar PV farms. They have 

shown, that clean energy should be clean in all 

levels of its existence, including all lifecycle 

stages from creation to disposal. Such “green” 

attitude allowed First Solar to become the 

company with lowest rates of carbon footprint. 

First Solar has been a pioneer in PV recycling 

industry. The organization developed the first 

voluntary global module recycling scheme, 

which was founded in 2005 and remains the 

only producer able to provide global 

photovoltaic recycling services. First Solar 

recycles almost 90% of solar PV’s glass. 

Modern recycling facilities of the First Solar 

now are available in the USA, Germany and 

Malaysia. 

 

 

 

 
Read more about photovoltaic 

recycling technologies in 

“A Review of Recycling Processes 

for Photovoltaic Modules” 
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https://www.intechopen.com/books/solar-panels-and-photovoltaic-materials/a-review-of-recycling-processes-for-photovoltaic-modules
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SolarWorld AG is a German company, which 

produces solar PV technologies with a 

headquarters in Bonn. This company is 

exclusively interested in production of premium 

quality solar PV panels on the basis of 

monocrystalline solar modules. SolarWorld has 

a special department, which is called 

SolarMaterial specialized on recycling stage of 

solar panels. Their program is developed to 

recycle all types of solar PV panels. 

SolarWorld's environmental leadership has 

taken a place of the first organization, in terms 

of its environmental and social success, to be 

listed by crystalline PV manufacturers in a 

Silicon Valley Toxic Coalition survey.   

PV Cycle – a program created by European 

solar industries was founded in the 2007 in 

order to satisfy the requirements, regarding the 

creation of voluntary recycling program by PV 

industries. Manufacturers are free to withdraw 

from the scheme without oversight of this form 

of initiative. In 2016, PV Cycle has reached a 

new record, showed 96% rate of recycling. 

Their waste disposal activities are dominated by 

technical advancements and innovations. PV 

Cycle is now involved in many R&D ventures 

as a part of the company’s strategy on active 

development and fostering investment in new, 

creative waste processing technologies.  

What about legislation? 

For today, legal basis responsible for 

conducting solar PV waste management exists 

only in a short list of countries. The most 

prominent and well-designed legislative basis 

for photovoltaic waste management presents in  

 

the EU. European Union can boast great and the 

most well-designed legal regulatory framework 

for solar PV waste management. It has 

elaborated a large comprehensive basis for 

exercising control of electric and electronic 

waste. WEEE Directive firstly came in 2003, 

but later was exposed to improvement in 2012. 

EU noticed, that financial implementation of 

WEEE Directive 2003 was applicable only to e-

waste, sold in little amounts. It is turned out, that 

financial strategy for collection, treatment and 

processing solar PV panels wasn’t 

economically beneficial. Thus, a newly revised 

Directive set a principle of “extended-producer-

responsibility” by which all producers shall be 

responsible for collecting, treatment and 

monitoring goods they sell and distribute, with 

no regard where their factories are located, if 

they are acting on the territory of the EU.  

Germany has adopted WEEE Directive in 2015 

and it resulted in modification of its Electrical 

and Electronic Equipment Act. Thus, from this 

date all new requirements concerning solar PV 

collection and recycling issues have entered into 

force officially. The country has also 

established the new department, which is called 

Stiftung EAR, entrusted by the Federal 

Environmental Agency to be responsible for 

registration of e-waste producers. Stiftung EAR 

coordinates all waste collecting processes in the 

whole Germany, but it is not responsible for this 

activity by itself. Such operations, as collecting, 

processing, treatment, dismantling, recycling, 

are fallen under the provisions of Electrical and 

Electronic Equipment Act (2005). 
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Other countries with high rates of solar industry 

growth do not have a clear established 

regulatory framework. For example, in 

February 2009 China has drafted the Waste 

Electrical and Electronic Product Recycling 

Management Regulation that came into force in 

2011. The provisions of this document obliged 

companies to conduct a collection, processing 

and recycling of e-waste goods, but solar PV 

panels are not mentioned in this document. The 

same situation is presented in the USA: the 

country has Resource Conservation and 

Recovery Act (1976), under provisions of 

which all e-waste should be disposed, but do not 

have a direct mentioning of solar PV panels. 

However, the legal basis of the USA does not 

preclude the states to elaborate their own 

policies regarding solar PV end-of-life 

management. For example, such states as 

Washington and California draft their own 

policies on solar waste management.  

Ukraine and solar PV waste 

management 

Association agreement between Ukraine and 

EU does not provide the implementation of 

WEEE Directive, but it lays down the 

provisions related to this issue. Thus, in 2019, 

on the basis of the Chapter 6 "Environment" of 

Part V "Economic and Sectoral Cooperation" to 

the Association agreement, namely Articles 361 

and 263, the draft law on “Electronic and 

Electric Waste” was prepared and applies to the 

Committee on Ukraine’s Integration into the 

European Union.  According to the conclusions 

of the Committee on European Integration, the 

draft law "generally meets obligations of 

Ukraine under the Association Agreement and 

European Union Legislation, but needs to be 

finalized." Thus, the draft law has not been 

adopted, and its future fate remains uncertain.  
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         Recommendations 

 To raise the role of R&Ds centers in the issues regarding solar PV industry and provide 

financial assistance for the researches. The development of new technologies and 

methods of recycling would significantly improve the expecting situation with waste in 

the future due to the reduction of materials used in the solar panels production and raising 

of its durability. 

 It is also necessary to follow 3Rs principle and carry out regular assessments and 

monitoring on PV waste, especially in the countries with high rates of solar growth, as 

they are to become main “solar polluters” in the future.  

 The Governments also have to create some subsidy schemes for the solar PV producers. 

While there are no well-designed solutions on integration solar waste management into 

the economy to make this activity beneficial, the subsidies could become a “transitional” 

decision.   

 On the basis of abovementioned examples, states should elaborate the national regulatory 

framework concerning solar PV panels or improve the present legislation, including the 

clear definition of “solar PV waste”.  

 To continue strengthening the national solar PV industry in order to attract more investors 

and stakeholders. Well-developed solar market has more chances to create profitable and 

stable PV waste management. Thus, the countries with high developing rates have more 

reliable conditions for investments. It can help the countries to set its own rules for 

investors regarding solar PV waste management and stimulate solar industry in all levels.   

 Countries also have to encourage the society to the problem of solar waste and carry out 

educational activity on the issues regarding ecological problems in general; the 

authorities also have to promote private solar PV owners to bring their ended panels into 

the collecting point, recycling plants or give back to the producers.   
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