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Abstract

Owing to technological advancements and energy-saving policies, the demand for LED is increasing, leading to rapid
industry expansion. Consequently, efficient recycling of accumulated LED waste has become a growing social concern, and
current recycling status of LED waste resources and future directions were reviewed. Currently, waste LED recycling is focused
on Ga recovery. Therefore, the development of integrated recycling technologies such as pre-treatment and concentration/
recovery of high valued materials is necessary. In this study, we investigated the status and recycling technologies of waste LED
and presented prospects.
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Fig. 1. (a) Schematic of light emission from a LED and (b) typical structure of LED*'?,
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Fig. 3. Upstream and downstream industries of LED lighting'®.
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Table 1. Waste LED lamp EPR systems in major countries

Korea Taipei Eu
Section ibili
Extended Producer Responsibility Waste Management Act WEEE
(EPR)
- Straight fluorescent lamp
- Compact fluorescent lamp
Target | 4 packing ma.terlals - General lighting (intuitive, bulb) ) Fl.u orescent llghts.
oods | Fluorescent light - LED (compact, intuitive, loop) - High-pressure sodium lamp,
& -LED ? ’ metal-halide lamp
- Low pressure sodium lamp
-LED
Table 2. EPR target fluorescent lamp and LED
Classification Image
[FL] [FCL]
Intuitive fluorescent lamp (FL),
Annular (circular) fluorescent lamp (FCL)
Fluorescent
lamp [CFL] [FPL]
Stabilizer Built-in Lamp (CFL)
A compact lamp (FPL) \%
Product [Bulb] [EL] [MR16]
Bulb type i ;
(Bulb, EL, MR16) i u i
W -, =
v W
LED
[Intuitive] [flat]
Intuitive type o
(Intuitive, flat) & =

. 7

LED m£go] EPR A|&of Z3H= o] ¥kl 3low,
8ol golstil fado] B ATF} PRt &
4] EPR A2 HYSAE. Table 2= EPR tiA I35 ¢
LED 29& Uehd Zlog, 359 4%, AHIJ(FL),
LF(FCL), FF7] YPGB (CFL), FHEF(FPL)O] 23
22 gRlg 4= Qltk. EPR thd LED 212 2A W73
(Bulb)Z Z ¥ (Intuitive) O 2 EHE|0] AF-Fo]= Bulb,
EL, MR167} =™, Z#goll= 2339, YAtgo] =
Stk Al Al Sl FAIS] FE 4ot}
9150 g -2 12%= Bl A UHA| APg5tglon

Tz AE-E-sAIZRt ol ¢ EPR 29 7|#eE A
Eo] ¥ JFE sk ot 2u, Al=rt 22
off AJR=I7] wizoll AAIE= oF2] A=l tet 23t
oJs7} o FAA] ek gel7lel, Al F2hE 9t
A FHe} FER Aol BT A o= o dHET

5. LED HIZ3 &2 7|& LU R&D ¢ 845t

5.1. =2 LED HXY M 7|2 34&
LED 5| %182 Fig. 69|A H= ¥} o] LED 2 A

Aol S A 338 Al 13, 2024



s ogs] - 087 - Hp

Product Pre-processing Component
reuse reuse
Comunition
/electrohydraulic
Product : Fragmentation/ Component
- Testing, ¢ t P
Collection |—> I Transport —r Le\{el — upg:'age —] . robotlc: . — osrz:;:t?:gen — Testing,
sorting oly upgrade
/manual
disassembly
Post-processing
Shredding/ -
Granulatiogn/ —»| Materials level |_j, Further Different Industry scale
hi sorting Powdering/ Leaching e Smelter and
crushing Ball milling Routes/bioleaching recovery
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Table 4. Status of R&D the recycling of waste LED using NTIS

No. Title Business

Project period Feature

Recovery of valuable metals and
1 | detoxification of toxic substances
from LED wastes

Global Top Environmental 2019-04 ~ 2020-12 | Process for recovering Cu, Au, and
Technology Development Project Ag from waste LEDs through a

Development of an integrated

dry-based metal recovery process

Development and
commercialization of the

’ recycling technologies, recovery | Global Professional Technology 2013-03 ~ 2016-07 recovery process through

Development of Ga/In metal

recovering from LED wastes waste resources

efficiency above 95% and purity Development pretreatment and recovery process
99.999%, of the Ga & In from the of LED waste resources
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Development of recycle Technology development project Development of integrated

3 |preprocessing and valuable metals| to promote recycling of future | 2022-04 ~2024-12
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