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Abstract 

In Spite Of The Fact That The Amount Of Waste 

Photovoltaic (PV) Panels Is Estimated To Increase 

Exponentially In The Subsequent Decades, Little Studies On 

The Resource Efficiency Of Their Recycling Has Been 

Conducted Up Until This Point. The Article Examines The 

Presentation Of Various Procedures For The Recycling Of 

Crystalline Silicon PV Waste, In A Life Cycle Viewpoint. The 

Life Cycle Effects Of The Recycling Are Analyzed, Under 

Various Situations, To The Environmental Advantages Of 

Secondary Raw Materials Recuperated. 

Base-case recycling has a low proficiency and, in some 

situations, not even in accordance with authoritative targets. 

On the other hand, high-productive recycling can meet these 

objectives and permits to regain top notch materials (as 

silicon, glass and silver) that are for the most part lost in 

base-case recycling. The advantages because of the 

recovery of these materials balance the bigger effects of the 

high- efficient recycling process. Considering the full life 

pattern of the panel, the vitality delivered by the energy 

concedes the most noteworthy ecological advantages. Be 

that as it may, benefits due to high-productive recycling are 

applicable for some categories, particularly for the asset 

consumption indicator. The article additionally brings up that 

thermal treatments are commonly important to give the high 

proficiency in the recycling. All things considered, these 

treatments must be painstakingly evaluated since they can 

be answerable for the outflows of air contaminations (as 

hydrogen fluoride conceivably discharged from the ignition of 

halogenated plastics in the panel's back-sheet). 
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The article additionally distinguishes and surveys likely 

adjustments to the high-effectiveness recycling process, 

including the delocalization of a few treatments for the 

streamlining of waste transport and the presentation of 

pyrolysis in the thermal handling of the waste. At long last, 

proposals for product designers, recyclers and policymakers 

are talked about, so as to improve the resource proficiency 

of future PV panels. 
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1. INTRODUCTION  

Sun powered photovoltaic (PV) innovations, which 

were first applied in space, would now be able to 

be utilized universally where power is required. 

Photovoltaic (PV) energy generation is one of the 

most promising and advanced technologies for 

sustainable power generation. PV innovation is eco 

friendly and has gotten well known methods for 

producing power. Sun oriented energy innovation 

is at present the third most utilized sustainable 

power source on the planet after hydro and wind 

power, which possess the first and second position, 

individually [81]. In addition, PV energy sources 

produce power with low degrees of carbon 

discharges that cause an Earth-wide temperature 

boost [80]. Likewise, fossil fuel-produced power 

represents CO2 outflows of between 400 g and, 
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1000 g CO2 eq/kWh, while CO2 outflow from 

silicon-based sun powered panels are unimportant 

[79]. Sunlight based power is protected, 

productive, non-contaminating and reliable. Along 

these lines, PV innovation has an energizing 

possibility as a method of satisfying the world's 

future energy needs. During the previous years, 

the usage of sun based PV power has expanded. 

There is currently an enormous market for PV 

panels which can possibly comprehensively 

deliver clean energy. Besides that, it is supposed in 

the current century, PV-produced power will turn 

into the essential worldwide energy source [78]. 

The year 2017 was particularly prominent for solar 

PV division, with the level   of sunlight based PV 

production capacity installed worldwide, matching 

other energy producing innovations [77]. Indeed, 

sun oriented power has included the more 

capacities than both atomic and petroleum based 

energy generation capacity as appeared in Fig. 1. 

The introduced limit of sunlight based and wind 

power innovation has nearly multiplied, with an 

extra of 99.1 GWh of sun powered PV energy  that 

became grid connected in 2017 [77]. Huge area sun 

based PV plants help to lessen production costs. 

Saudi Arabia put out tenders for a 300 MW plant 

in February 2018, which would create sun based 

energy at the world's least cost of 0.0234 USD/kWh 

[76]. Sun oriented energy costs have quickly 

diminished in light of improvements in sunlight 

based innovations. China drove the world in 

sunlight based power creation in 2017 and 

introduced half of the world's new sunlight based 

power producing capacity [77]. and, around the 

same time, Europe had a more slow pace of 

increment in its sunlight based power creation, 

which developed by just 30% when compared with 

the earlier year [77].Nevertheless, by the end of 

2022, worldwide sun based energy producing 

capacity may develop to as much as 1270.5 GW 

and sun based produced power will in this manner 

surpass 1 TW (TWh) [76].It may be noted that with 

the expansion in pv power plants, the quantity of 

pv panels arriving at their EOL stage will rise 

consistently [79]. Pv panels will become a type of 

unsafe waste when the productive life is finished 

and may hurt the environment on the off chance 

that they are not recuperated or discarded 

appropriately.The recycling of waste pv panels 

was not a matter of concern during the initial 25 

years of its advancement [78]. Notwithstanding, a 

proper management of pv panels EOL is 

progressively turning into a significant issue of 

environment. Therefore, a proper recycling of PV 

waste will turn out to be increasingly critical, 

considering the developing number of pv plants 

and increase in production [74,64]. The usage of 

significant resources and the potential for waste 

production at the EOL cycle of PV advancements 

has forced a legitimate arrangement for a PV 

recycling infrastructure [78]. To confirm the 

maintainability of PV in huge sizes of installations, 

it is urgent to set up cheaper recycling innovations 

for the advancing PV industry in corresponding 

with the fast commercialization of these new 

advancements. As of late, the European Union 

(EU) has included PV waste into the new Waste of 

Electrical and Electronic Equipment (WEEE) 
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mandate to limit the negative impact of the 

determined development in PV waste volume also, 

to actualize pv module recycling [64]. This order 

(2012/19/EU) is currently enforced to the 

administration of waste pv panels, both domestic 

and industrial in Europe [78,75,74]. The regular 

assets utilized in assembling pv panels qualify as 

secondary raw materials inside the appropriate 

guidelines [73]. However, PV waste must be 

appropriately treated and disposed. In Europe, the 

pv waste export is disallowed. Quite apart from 

the monetary, ecological and social ramifications of 

this prohibition, it encourages the recycling of solar 

modules [81]. Additionally, in accordance with the 

EU strategy on the treatment of waste, it offers 

need to the recuperation and recycling of 

materials. Subsequently, solar PV panel EOL 

administration is a developing field that requires 

further innovative work. The key point of this 

investigation is to feature a refreshed survey of the 

waste generation of pv panels also, a sketch of the 

current status of recuperation endeavors, strategies 

on solar panel’s EOL administration and recycling. 

The review additionally foresees the base of solar 

panel recycling suggesting future guidelines for 

open policymakers. 

2. OVERVIEW ON LARGE SCALE PV 

INSTALLATION 

There are different kinds of sunlight based PV 

cells, whereby the c-Si sunlight based cell 

commands 80% of the market worldwide [81, 

75,74]. Thin film sunlight based cells are second 

generation, semiconductor-controlled sunlight 

based cells produced using materials, for example, 

cadmium telluride (CdTe), and copper indium 

gallium (di) selenide (CIGS). In 2017, the net 

installed capacity was 99.1 GW,roughly equivalent 

to net installed capacity up until 2012 (100.9 GW) 

[77]. Before the finish of 2017, the net introduced 

capacity surpassed 400 GW, with the capacity in 

2015–2016 increasing from around 200 GW–300 

GW [77]. The total introduced sun based power 

capacity expanded by 32% somewhere in the year 

2016 and 2017 from 206.5 GW to 404.5 GW, as 

appeared in Fig. 2. In 2007, Germany was the main 

nation to endorse the business association of sun 

oriented power to their national grid initiating a 

tariff scheme [76]. In 2007, the installed worldwide 

production was 9.2 GW. Toward the finish of 2017, 

the total installed capacity expanded by around 

43% [76]. Asia is bounded on the east by the Pacific 

Ocean,on the south by the Indian Ocean.It covers 

9% of the earth’s total surface area (or 30% of its 

land area),and has the longest coastline,at 62,800 

km (39,022mi) and the Pacific Ocean is the largest 

and deepest of earth’s oceanic divisions.The Pecific 

Ocean encompasses approximately one-third of the 

earth’s surface,having an area of 165,200,000km2 . 

In 2017, the Asia-Pacific part turned into the main 

zone for sun based power having expanded its 

ability by 73.7 GW to arrive at total installed 

capacity of 221.3 GW [77,76]. It spoke to a 55% 

portion of the worldwide installed capacity as 

obvious in Fig. 3 [76]. In the interim the European 

countries were the sunlight based power pioneers 

and still together involve second place in the 
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world's capacity ranking dependent on an 

aggregate PV installed capacity of 114 GW, while 

their share has slipped to 28%. The United States of 

America is in third place with a net installed 

generating capacity of 59.2 GW, or around 15% 

[77]. The contribution of Africa and the Middle 

East was decreased in 2017. Even though they 

added 2.1 GW, the net solar power generating 

capacity of 6.9 GW was only of 1.7% of the 

worldwide capacity [77]. Right around 33% (32.3%) 

of the world's sun based power generation 

capacity was worked by China based on a 

considerable increment from 2016 [71]. China just 

because turned into the world's biggest sun based 

power generating country in 2017, having 

expanded its contribution from around 25% in the 

earlier year, trailed by Japan and USA. In 2017, 

USA generated more solar power than Japan yet 

the net contribution to total worldwide solar 

power generation of both these countries fell [75]. 

The contribution of Japan to the global capacity 

was 49.3 GW , diminished to 12.2% in 2017, when 

compared with share of (13.9%) to global capacity 

in 2016 [76]. None of the European individual 

country was among the best three sun based 

power generating countries. Just Germany had the 

fourth biggest capacity accomplishing in twofold 

digit to the worldwide share, because of a low rate 

of installation of 1.8 GW in 2017, which brought 

about a drop-in worldwide share to 10.6% from 

13.4% in 2016 [76]. Further, without precedent for 

2017, India was among the best five nations, 

having included more than 10 GW of sunlight 

based generation capacity to expand its 

contribution to worldwide installed capacity by 

4.7%, and multiplying its complete PV capacity in 

2017 to 19 GW [77]. Toward the finish of 2017, the 

United Kingdom and Italy were the main other 

two nations with more than 10 GW to introduce 

sunlight based capacity, with Italy at 19.4 GW 

furthermore, the United Kingdom at 12.7 GW [71].  

 

Fig.1 Power generation in 2019 [85] 

 

 

Fig. 2 Global solar installed capacity in 2018 [84] 
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Fig. 3 Top countries by installed solar capacity in 

2017 [83] 

3. GLOBAL PHOTOVOLTAIC MARKET 

AND WASTE GENERATION 

The piece of the overall industry of sun light based 

panel by technologies is shown in Fig. 4. Presently, 

the volume of PV panels is rising steadily. Fast 

development is foreseen in the coming times with 

the average efficiently life of a sunlight based pv 

panels of 25 years [81, 70]. In any case, it is 

expected that the all out amount of PV panel EOL 

will reach at 9.57 million tons by 2050 [78]. In 2014, 

the market was ruled by silicon-based c-Si boards, 

which represented a 92% portion of the market 

with those in light of CdTe technology at 5%, 

copper indium gallium (di) selenide (CIGS) at 2%, 

with 1% represented by those fabricated from 

other materials (color sharpened, CPV, natural half 

and halves) [78,68,67]. The market portion of c-Si 

PV panels is anticipated to diminish from 92% to 

44.8% somewhere in the range of 2014 and 2030 

[69,68]. The third-age PV panels are anticipated to 

arrive at 44.1%, from a base of 1% in 2014, over the 

equivalent period [78,67,69]. Sun based PV panel 

will most likely lose effectiveness after some time, 

whereby the operational life is 20–30 years at any 

rate [75,69,66]. The International renewable Energy 

Agency (IRENA) assessed that toward the finish of 

2016, there were around 250,000 metric huge 

amounts of sun oriented panel waste all around 

[70]. The sun based panels contain lead (Pb), 

cadmium (Cd) and numerous other unsafe 

chemicals that couldn't be evacuated if the whole 

panel is broken [63,65]. In November 2016, the 

Environment Minister of Japan feared that Japan's 

solar panel waste per year is supposed to increase 

from 10,000 to 800,000 tons by 2040 and the nation 

has no plans to discard them securely and 

effectively [62,65]. An ongoing discussion 

discovered that the Toshiba Environmental 

Solutions will take around 19 years for 

reprocessing all sun powered gigantic waste of 

Japan delivered by 2020 [61]. The yearly waste will 

be 70–80 times higher by 2034 than the year till 

2020 [61]. China with a bigger number of sunlight 

based plants, as of now operates around two times 

the number of solar panels as USA and does not 

seem to dump the entire old panels. California, 

another world pioneer in sunlight based panels, 

likewise has no waste removal plan. Toward the 

end of their efficient life, just Europe requires the 

fabricators of sun oriented panels to gather and 

dump solar panel waste. Although sunlight based 

panels were discarded on ordinary sites, it isn't 
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prudent in light of the fact that the modules can 

corrupt, and destructive chemicals can drain into 

the ground causing drinking water pollution 

[60].Currently, two kinds of PV recycling 

innovation are monetarily accessible yet different 

advancements are likewise under research. Panels 

fabricated by utilizing c-Si innovation involve the 

significant piece of the pie with thin film 

innovation by utilizing either CdTe or CIGS 

innovation as the second biggest market segment 

[59,63,69,]. The recycling technique for c-Si PV 

panels is not the same as those applied to thin film 

PV panel on the grounds that of their distinctive 

module structures [77]. One significant difference 

is that the aim of discarding the encapsulant from 

the layered structure of compound PV modules is 

to recuperate the reinforced glass and the substrate 

glass that contain the semiconductor layer [59,63]. 

In this way, the reason for recycling c-Si modules is 

to separate the c-Si glass and to recoup the Si cells 

and different metals. The technique consolidated in 

recycling Si-based PV panel is to isolate the layers, 

which requires evacuating the encapsulant from 

the panels and the Si cells to recoup the metals [59]. 

The process of  removing the encapsulant from the 

overlaid structure is complex and numerous 

potential methodologies exist, including thermal, 

chemical, and mechanical procedure. Concoction  

techniques recover metals from Si cells, for 

example, by etching and different procedures. The 

substrate glass and the metals in the 

semiconductors are isolated, recuperated and can 

be disconnected and cleaned [69, 77]. The vast 

majority of the waste is normally produced during 

four essential life cycle periods of any given PV 

panel. These are 1) Panel manufacturing 2) 

transportation 3) Installation  4) EOL removal [69]. 

In this article, the waste analysis covers all life 

cycle stages with the exception of manufacturing 

because it is assumed that manufacturing waste is 

well treated by waste treatment department at the 

manufacturing sites and so is not an environmental 

or social issue..  

4. REASONS FOR SUN BASED PV 

PANEL DISAPPOINTMENT  

From Fig. 5, different reasons for panel’s failure 

have been oveserved to be because of electrical 

hardware, such as fuse boxes, junction boxes, 

charge controllers and cabling just as issues with 

earthing [57,58]. In the earlier times, sunlight based 

panel experienced issues with EVA coating and 

inconsistency   due to the cracked cells [56].  

 

Fig. 4 Market share of solar PV panel by 

technology type (2014-2030)[68,69,78]  
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Fig.5 Complaint rate of solar panel failure [82] 

5. CURRENT STRATEGIES FOR THE 

RECYCLING PROCEDURE 

 

5.1   RECYCLING PROCEDURE  

These days, Japan, Europe and the US are centered 

on research and advancement identified with sun 

powered module recycling [50,54]. Most endeavors 

identified with sunlight based panels recycling 

focus on Si modules and plan to recuperate and 

reuse the most significant parts. As expressed 

above, there are three unique kinds of recycling 

processes applied to sun powered PV modules 

which are thermal, physical, and chemical as 

represented in Fig. 6 [78].  

5.2  PHYSICAL REMOVAL   

In this procedure, panels are fundamentally 

destroyed by evacuating the encircled Aluminum 

frame, as well as the intersection boxes and 

implanted cables [56,57]. The single piece of the PV 

modules (panel, intersection box and cables) are 

destroyed and crushed to assess the toxicity of 

each part and total toxicity of the module for 

removal [57]. Casing is the last segment to be 

appended to the module.It acts as a holding 

component, separates the module edges from the 

outside (to dodge water invasion, for example) and 

gives a mechanical strength while keeping the 

whole structure light [46,47,59]. After the edge part 

is isolated from the module, it very well may be 

recuperated through an optional metallurgy. 

Different components present in little amounts 

(iron, silicon, and nickel) are regular parts of 

aluminum compounds [47,59].  

The substitution of components in sun based cells 

to repair module is kept limited to replace 

electrical parts and excludes material detachment 

or cell treatment [44,45]. There are two broadly 

utilized sorts of procedures to check for and repair 

the intersection box flaws. By fixing the 

intersection box flaws, it can increase output of  

sun powered modules. However, this technique is 

utilized for outside intersection boxes situated 

outside the primary body of the sunlight based 

panel.  

5.3.  CHEMICAL AND HEAT TREATMENT  

Fiandra et al. [74] applied thermal operation to 

recoup the polycrystalline silicon by utilizing a 

high temperature Lenton cylindrical heater. 

Specimens were taken from the PV module by 

manual dismasting of the outer Aluminium casing. 
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Each specimen was acquired by cutting a bit of 

about 10 x 10 cm followed by module cutting. The 

gas supplied was regulated to mix the nitrogen 

and oxygen in required proportion at the rate of 24 

L/hr, the furnace temperature was maintained at 

5000C for 1 hr [64]. Pagnanelli et al. [43] adopted 

mechanical crushing to obtain the glass pieces of >1 

mm and further smashing was done to recuperate 

various sizes of the glass pieces, which were all <1 

mm. Heat treatment, with an air circulation of 30 

L/hr was then applied to recuperate the glass and 

metal. The heating rate was step by step increased 

until it arrived at 650 0C at a rate of 10 0C/min. The 

heater was then kept up at that temperature for 1 

hr. The recovery rate of  glass of 91% was achieved 

by this method. 

 Orac et al. [44] utilized heat pretreatment followed 

by corrosive filtering to recoup copper and tin 

from the circuit sheets.  

Shin et al. [79] recycled 60 multi-crystalline Si chips 

(156 mm x 156 mm) which were made in South 

Korea by JSPV Co. Ltd. Heat treatment was first 

applied to isolate the layers of the sun powered 

panels [42,49] as appeared in Fig. 7. The heat 

treatment was led in a K-Tech. Co (South Korea) 

heater (1500 mm wide x 1700 mm high x 2000 mm 

long). The chips were first covered with a 

phosphoric corrosive glue and afterward heated 

for 2 min at five temperatures running from 320 0C 

to 400 0C. The subsequent recouped chips were 

effectively utilized in producing sunlight based 

panels and the effectiveness of the cells was found 

to be equivalent to that of the original panels. 

 Doi et al. [51] applied different natural solvents to 

crystalline-silicon sun oriented panels to expel the 

EVA layer, which was seen as liquefied by various 

sorts of natural solvents, of which 

trichloroethylene was found to be the best. The sun 

oriented panels (125 mm x 125 mm) were treated in 

a procedure by mechanical weight, which was 

necessary to stifle the expanding of EVA during 

absorbing trichloroethylene for 10 days at 80 0C. 

The recovered Si boards could be utilized 

productively after the recycling process.  

Kim and Lee [41] gave an account of improving the 

pace of EVA layer disintegration by utilizing 

various sorts of natural solvents (trichloroethylene, 

O-dichlorobenzene, benzene, and toluene) 

supported by a ultrasonic procedure. Diverse 

dissolvable blends, temperatures, ultrasonic power 

and radiation times were tested. After 1 hr, the 

EVA layer was completely broke up in 3 mol/Ltr of 

toluene at a temperature of 70 0C with introduction 

to ultrasound at an intensity of 450 W. However, 

an issue was noted with this procedure ,the lead 

was found to be found as a by-product which is 

toxic and threatens human and enviornment. 

First Solar declared 95%–97% recuperation rate for 

both Cd and Te which were fit for being reused in 

First Solar items [35,36]. Wang and Fthenakis [34] 

led Cd and Te partition by utilizing different 

charged particle exchange resins on the metals in a 

sulphuric corrosive arrangement over various 
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timeframes [31,33]. The recuperated metals were 

eluted from their charged particle 

exchange/corrosive arrangements, and a high 

recuperation of above 90% was recorded. In 

another examination, the recuperation of Te from 

arrangement was noted to be quickened by the 

utilization of sodium carbonate and sodium 

sulfide.  

Dattilo [30] revealed the wet-compound extraction 

of metals from CIGS boards. The technique reliant 

on desalinizing of composites, recouping the Cu 

and isolating different metals, for example, In and 

Ga. CIGS materials were straightforwardly 

deteriorated by electrolysis with the Cu and Se 

choosing the cathode plate, which were then 

evacuated and isolated by oxidization and refining 

to deliver Cu, Se with ZnO and InO being 

aggravated by exhalation. 

 Table 1 and Table 2 sums up the right now 

accessible sunlight based panel recycling 

advancements. While a significant number of these 

strategies have been the subject of lab based 

examination, there are presently just two 

industrially accessible treatments. The US-based 

sunlight based modules producer First Solar 

applies both mechanical and synthetic treatment 

techniques to thin film sunlight based panels. Then 

again, c-Si sun powered board modules have been 

reused by an organization in Germany [31,76]. 

China has very few companies for recycling 

including segment fix and panel dissociation and 

enlists an outer innovation to lead the partition 

and recycling of individual materials. Also, 

different nations have issues in applying recycling 

innovations. Physical or mechanical procedures 

create a gigantic measure of residue which 

contains glass. Therefore, it is poisonous, and the 

procedures are also a source of sound pollution. 

The partition of the EVA layer by inorganic 

solvents prompts nitrogen oxide discharges and 

other unsafe gases [26], and their inward breath 

establishes a wellbeing hazard. Also, the way 

toward recycling the silicon wafers includes frame 

separation  and it is hard to discard the remaining 

fluid. Moreover, the time required for EVA 

disintegration by natural solvents is long, yet it 

tends to be quickened by utilizing ultrasound. 

However, the procedure additionally delivers a lot 

of natural melted waste, which is hard to treat. The 

heat and chemical strategies are accordingly a 

consolidated and trend setting innovation but with 

the detriment that they produce poisonous gases 

and devour high measures of energy. Table 1 
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TABLE 1 

SILICON SOLAR MODULE RECYCLING PROCESS 

Technology Process Advantages Disadvantages Ref. 

Delimitation  Physical 

Disintegrati

on 

 Thinner 

Dissolution 

 

 

 

 

 

 

 

 

 Thermal 

treatment 

 Efficient waste 

handling 

 

 Organic layer 

removal from 

glass 

 

 Waste 

chemical reuse 

 

 Simple 

removal of 

EVA 

 EVA removed 

 

 

 Damage to solar 

cell 

 

 Delimitation 

depends on area 

 

 

 Costly 

equipments 

 

 

 Hazardous for 

human health 

 

 High energy 

required 

[28,29,79] 

 

 

[27,47] 

 

 

 

 

 

 

 

 

 

[24,25,35] 

Separation of 

materials 

 Dry and wet 

mechanical 

process 

 

 

 Etching 

 

 Simple process 

 Less energy 

required 

 

 Simple and 

effective 

process 

 

 High purity 

materials 

recovered 

 Dissolved solids 

not removed 

 

 

 

 High 

temperature 

needs high 

energy 

 Chemical usage 

 

[37] 

 

 

 

[23] 
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TABLE 2 

THIN SOLAR FILM MODULE RECYCLING PROCESS 

 

Technology Process Advantages Disadvantages Ref. 

Delimitation  Physical 

Disintegration 

 

 

 

 

 

 

 

 

 

 Thinner 

Dissolution 

 

 

 Fesible to obtain 

more wastes by 

treatment 

 

 

 

 

 

 

 

 Organic layer 

removal from 

glass 

 

 Reprocessing 

solutions 

 

 

 

 Simple removal 

of EVA 

 Mixing of 

many material 

fractions 

 Loss of each 

material 

fraction 

 Damage to 

solar cell 

 

 

 

 Delimitation 

depends on 

area 

 

 EVA still 

adheres to 

glass surface 

 

[28,29,79] 

 

 

 

 

 

 

 

 

 

 

[28,51] 

Separation of 

materials 

 Dry and wet 

mechanical 

process 

 

 

 

 

 Non-chemical 

process 

 Simple 

procedure 

 Needs less 

energy 

 Equipment 

 No removal of 

dissolved 

solids 

 

 

 

 

[37] 
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 Etching 

 

generally 

available 

 

 High purity 

materials 

recovered 

 

 Effective and 

low cost process 

 

 

 

 Chemical 

usage 

 High demand 

of energy due 

to high 

temperature 

 

 

 

[23] 

 

Material 

purification 

 Hydrometallurg

ical 

 

 

 

 

 

 

 

 Pyrometallurgic

al 

 

 Commercially 

applicable 

 Less and 

controlled 

emission 

 Easy water 

management 

 

 Established 

industrial 

process 

 

 Feedstock may 

contain different 

materials 

 Many 

absorption and 

separation 

steps 

 Chemical 

usage 

 

 Heavy 

materials 

 

 Some materials 

are lost in slag 

[22,33,35] 

 

 

 

 

 

 

 

[22,27,33,35] 

 

6. DIFFERENT VIEWPOINTS OF 

RECYCLING 

Inside the European Union, the primary nation to 

embrace the EU's WEEE order that identify with 

the removal and recycling of sun oriented PV 

materials was the UK [19]. At that point, the 

second EU nation to sanction the mandate was 

Germany, which presently additionally follows the 

WEEE guidelines [18]. Under the mandate, all 

makers or merchants of sun powered PV materials, 

including sun oriented panels, need to enroll under 

an item assent plan in which all information about 

the panels must be given by the makers [17,19]. 

Furthermore, the makers and shippers need to 

acknowledge obligation for the EOL treatment of 
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their items or they are oppressed to huge fines. In 

addition, the European Union and the Czech 

Republic have gone into a joint endeavor for the 

recycling and recuperation of sun oriented PV 

panels EOL, following the WEEE mandate [17]. 

Around the world, the recycling of PV items 

expects makers to utilize waste management 

methods or non-benefit associations also, sun 

oriented PV waste the executives consultants to 

assist them with managing the issue of EOL panels 

[19]. In Europe, the WEEELABEX association 

which works out in Czech Republic is answerable 

for the readiness of measures and the granting of 

confirmation in regard to assortment, capacity, 

handling and reprocessing of WEEE and the 

checking of waste handling organizations [17]. In 

Italy, a huge drive towards the responsible 

administration of the EOL PV modules were the 

Legislative Pronouncement No. 49 of 14 March 

2014 that actualizes the Directive on WEEE 

(Directive 2012/19/EU) [16].  

 

Fig. 6 Different types of solar panel recycling 

processes [48, 49] 

Outside of Europe, a couple of nations have tended 

to the issue of sun oriented panel waste guidelines. 

Some nations, for example, India, North Korea, 

Thailand and so forth are yet to think about any 

waste administration guideline for sun powered 

PV waste recycling [69]. South Korea has now 

started the conversation about PV waste. PV waste 

is incorporated as one of mechanical waste in 

Annex Table 4 of Article 4.2 of South Korea's 

Authorization Rule of Wastes Control (Act No. 

14783). Article 4.2 identifies all possible waste and 

recyclables materials [15]. In 2017, the Ministry of 

Trade, Industry, and Energy chose to set up facility 

to reuse PV module waste in North Chungcheong 

Province, South Korea [15]. In Japan, sunlight 

based panel reusing is under the control of the 

Japanese ministry of enviornment and sunlight 

based panel makers take an interest with regional 

organizations in research on reusing innovation 

that identifies with reusing innovation in Europe 

[69]. Also, the European PV association and Shell 

Oil Company (Japan) have gone into an affiliation. 

NPC, a sunlight based product producer , has gone 

into a joint endeavor with Hamada (a modern 

waste handling organization), to reuse sunlight 

based waste. In 2016, the two organizations 

mutually settled a PV preparing improvement 

venture through the New Energy Industrial 

Technology Development Organization (NEDO) 

[14,78]. In USA, the province of California 

Department of Harmful Substances Control 

(DTSC) offered to assume liability for sunlight 

based waste treatment, when Europe’s ability 

diminished and the DTSC has now expanded its 
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recycling ceiling and overhauled their plants for 

the removal of dangerous materials after treatment 

[13]. USA-based sun oriented product producing 

organization, First Solar has built up production 

lines in the Germany, United States, and Malaysia, 

which moreover utilize reusing strategies with 

recuperation rate of 95% for Cd and 90% for glass 

[12,69]. Indeed, even China doesn't yet have solid 

arrangements relating to reusing and even its 

envionment insurance authority has not yet 

concentrated on waste reusing [11,18]. However, 

Both Yingli Solar and Trina Solar are 

contemplating sun powered PV advancement and 

reusing. Additionally, the territory of Victoria 

(Australia) government have set up the framework 

to manage the issues identified with sunlight based 

PV waste [10]. The choice of Australian service 

would lead spearheading frameworks diminishing 

the ecological effect caused during the lifecycle of 

sunlight based PV procedures [10,24]. These 

endeavors are a piece of an industry-drove selfless 

creation association organization to concentrate on 

the capacity creating perils of sun powered PV 

structure and their waste. The sun based PV 

segments are recorded under the National Product 

Administration Act as a sign to the target to accept 

a program in contracting sunlight based waste 

[9,58]. Various kinds of waste, especially electronic 

waste, are being viewed as a risk which ought to 

be overseen by the maker of the items [69]. Making 

producers obligated for PV boards EOL would 

support a practical administration of PV materials 

[6,8]. Besides, makers ought to be urged to receive 

eco friendly structures by upholding suitable 

guidelines. This would help to decrease the 

ecological effect of PV items.  

7.   SOCIAL AND ECOLOGICAL 

FAVORABLE CIRCUMSTANCES  

Toward the finish of 2016, different appraisals of 

the volume of sun oriented PV waste was run 

somewhere in the range of 43,000 and 250,000 tons 

around the world. Relatively, the limited quantity 

that is presently being delivered renders 

reprocessing not financially practical with the 

anticipated development of waste PV panels up to 

2050 with various projections dependent on 

normal and early loss situations [68]. In view of the 

expansion in the introduced PV age limit in the 

current decade, the quantity of EOL panels will 

require a system for reusing and recuperation. The 

around the world proportion of sunlight based PV 

waste to new installations is relied upon to 

increment impressively after some time as 

appeared in Fig. 8. It will reach among 4% and 14% 

of all out age limit by 2030 and around ascend over 

80% by 2050. By reusing sun powered PV panels 

EOL and reusing them to make new sun powered 

panels, the genuine number of waste (i.e., not 

reused panels) could be significantly diminished. 

Situations that include reusing were investigated 

by Cucchiella and Rosa [1] dependent on net 

present worth and discounted investment return 

period rubrics with the point of supporting 

administration methodologies in regard to reusing 

plants, with specific reference to the monetary 

feasibility of plants of different sizes. A 2.6 MW 
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regular power station causes a yearly volume of 

1480–2220 tons CO2 eq emanations furthermore, 

this could be avoided by reusing 186 tons sun 

oriented PV waste [68]. Such a practices would 

have a significant positive effect on the 

enviornment, would decrease discharges from 

power production by around 49470 tons CO2 eq 

over the 20-years of a power station [68]. It has 

been assessed that the yield from a 1903 MW 

regular power plant would be proportionate to 

recycle 1480 tons sun based PV waste. It would 

diminish outflows by around 11840–17760 tons 

CO2 eq over the lifetime of the plant, a saving 

emission equivalent to 396770 tons CO2 eq [68,69].  

  

Fig. 8. The estimated cumulative worldwide solar 

PV module waste (tonnes) 2016–2050 [68,69]. 

8. CONCLUSION  

In view of the quick development in the 

introduced PV generation limit, we recommend 

that the quantity of EOL panels will require a 

ethodology for reusing and recuperation which 

should be set up by 2040. CO2 emanations could 

likewise be diminished by reusing sun powered 

PV waste which will therefore present generous 

positive effect on the environment. In this manner, 

this audit examined the need for sunlight based PV 

reusing approaches by investigating the current 

reusing conventions. Ongoing examinations have 

discovered that it was hard to survey the future 

outcomes of current exploration, advancement and 

testing endeavors for PV board reusing 

procedures. There are as of now insufficient signs 

on strategies to deal with these issues. Especially in 

China, there is an absence of guidelines on sun 

oriented panel recycling. Moreover, in Asia, 

nations should help to secure their regular habitats 

by building up a naturally amicable reusing 

industry and authorizing guidelines to empower 

reprocessing and the safe removal of waste. This 

examination adds to writing on assessing the 

manageability of EOL of PV  panels, and prepares 

for future analysts to fathom the issues associated 

with the manageable improvement of the PV 

division. We suggest that reusing ought to be 

made industrially essential by making producers 

answerable for recouping materials from sun 

powered PV panels EOL. In outline, the 

administration of panels EOL and other perilous 

waste is mandatory. Moreover, governments must 

adopt firm stance approaches to force the makers 

of sun based PV materials to think about the 

outcome of their items on the enviornment. It is 

imperative to force producers to act in trustworthy 

manner and to broaden the obligations of maker in 

the sun oriented PV producing area, yet 

additionally all through the whole energy 
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industry, to be answerable for the possible removal or reuse of the items. 
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