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Analysis of Alternative Technologies for Packaging Improvement from
the Perspective of Recyclability Grade Assessment
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Abstract The material composition and structural design of packaging significantly influence its recyclability, with cer-
tain types classified as “Poor recyclability” due to inherent structural limitations. This study investigates the primary fac-
tors that hinder recyclability, focusing on paper cartons, PET bottles, and glass bottles, and explores strategies for
structural improvement and alternative technologies. Key limitations were identified, including aluminum-laminated lay-
ers in paper cartons, non-standard coloring in glass bottles, and the use of composite materials in PET bottles. To address
these challenges, various alternative technologies were reviewed, such as SiOx-coated films, mono-material PET, Dia-
mond-like Carbon (DLC) coatings, and full-body shrink labels. Additionally, commercial applications of these tech-
nologies are introduced to demonstrate their practical feasibility. Overall, this research provides an in-depth analysis of
material and structural innovations aimed at improving packaging recyclability and suggests relevant policy directions.
The findings are expected to serve as a foundational reference for the development of sustainable packaging solutions
and future regulatory strategies.
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Table 1. Details on standard for the quality, structure and recyclability of packaging Materials®

Details

Materials

resin packing materials (films and sheets)

Paper packing materials, Glass bottle packing materials, Metal can packing materials (steel cans), Metal can
packing materials (aluminum cans), General foam synthetic resin single/composite material packaging material,
PSP materials, PET bottle packing materials, Synthetic resin packing materials (containers and trays), Synthetic

Excellent/Good recyclability (quality, structure that can be easily recycled)
Grade Average recyclability (quality, structure with limited recycling capability)
Poor recyclability (quality, structure that difficult to recycle)

Table 2. History and major changes in act on the promotion of saving and recycling of resources (Resource recycling act)

Ministry of Environment Notice

Details Ref.

No 1.2019-265, (2019.12.30)

o Implementation of a rating system for the ease of recycling of packaging materials in
order to encourage improvements in the material and structure of packaging materials | 9)
to make them easier to recycle

No 2.2021-3, (2021.1.7)
recycling

o Since the implementation of the system, new technology developments and changes
in recycling site conditions have been reflected in the evaluation criteria for ease of | 10)

No 3.2022-44, (2022.2.28.)

o Changes due to the development of new types of packaging materials and changes in
recycling site conditions are reflected in the evaluation criteria for ease of recycling

11)

No 4. 2023-73, (2023.4.14)

o Changes resulting from the development of new types of packaging materials are
reflected in the evaluation criteria for the ease of recycling of packaging materials

12)

No 5. 2024-141, (2024.7.11)

o As the “weight” item was introduced (implemented on March 29, 2024) in the grading
of packaging materials, structure, and recyclability, detailed regulations such as eval- | 13)
uation criteria are needed

No 6.2025-2, (2025.1.7)

easy recycling

o By adding “Best Recyclable” items to the rating criteria for the ease of recycling of
glass bottles and synthetic resin containers and trays, we aim to encourage man-
ufacturers subject to recycling obligations to improve their materials and structures for

8)
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Table 3. Key points and impacts of “Criteria of Assessing Packaging Materials and Structures and Recyclability Grade Assessment”

Revision Date Content
- Synthetic Resin
Key Point « If a cap, lid, or straw is made of a material other than plastic, the entire packaging is clas-
sified as "Poor recyclability" regardless of the body material
2022.2.28 Environmental | Promoting structural improvement and improving recycling efficiency through the appli-
Impact cation of single materials
. « Additional cost burden due to facility modifications for introducing alternative materials
Industrial Impact . . . .
» Potential decrease in consumer convenience due to material change
- PET bottle
Key Point  The body of PET bottles with a lightweight index of 1 or lower are upgraded to " Excel-
lent recyclability"
2024.7.11 Enviﬁggg}ntal » Reduction in plastic usage and carbon emissions through lightweight technology
* Reducing the mechanical strength of containers and risk of deformation
Industrial Impact |+ Increased risk of deformation and damage during transportation
* The increased cost of Facility modification when introducing lightweight containers
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Table 4. 2022 Evaluation results of packaging materials rated as “Poor recyclability”

2021 Output volume
Package Materials Output volume Output volume as Percentage of Output
(ton) “Poor recyclability” (ton) volume rate (%)

Carton 73,175 26,621 36.4

Glass bottle 412,910 116,060 28.1

Meta Can (Steel Can) 109,359 1 0.001

Metal Can(Aluminum can) 91,886 2,268 2.5

PET bottle 315,594 21,841 6.9

Expanded Synthetic Resin 57,047 456 0.8

PSP 8,382 624 7.4

PVC 3,675 3,505 95.4

) ) Container and Tray 276,017 32,429 11.7

Synthetic Resin -
Film and Sheet 362,808 12,502 34
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Table 5. Detailed standards for material and structure of carton packaging

Category Excellent/Good recyclability

Poor recyclability

Bod
Y structures

» Paper packs without aluminum laminated

» Paper packs with aluminum laminated structures
* Products using pulp of colors other than white

Lid & Attachments|* Unused

 Synthetic resin caps or molded structures that cannot be
separated from the body

the body), it is classified as “Average recyclability”

If the weight of the caps and miscellaneous materials is within 10% of the total weight (including caps that can be separated from
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Table 6. Recycling challenges and alternative technologies for carton packaging

Category Criteria for "Poor recyclability" Limitations Alternative Technology
* Difficult separatl(?n of alumlhnum and| Paper-based barrier (Nanometer metal-
paper layers during recycling ized coating)
Body * Cartons with an aluminum-lami- | * Possible reduction of shelf life due | Plant-based polymer-laminated structure

nated structure

to aluminum layer removal
* Increased logistics costs due to the
introduction of refrigeration system

* SiOx-laminated structure
* Replace with a transparent PET bottle
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Table 7. Detailed standards for material and structure of PET bottleDetailed standards for material and structure of PET bottle

- If the adhesive application area and amount are min-
imized

» Use thermal alkaline separation ink that can be sep-
arated in the recycling process as a non-contact adhe-
sive of the same material as the body

Category Excellent/Good recyclability Poor recyclability
* In case of mixing of glycol modified PET resin
(PET-G) material
Bod * Single material colorless, lightweight index 1 or less | Color other than green in single material PET bottles
Y (L<1) excluding drinking water and beverages
» Color in case of drinking water and beverages
» Composite material
. label . . . . . .
No ab.e use d . . . . * Synthetic resin material with a specific gravity of 1
* Synthetic resin material with a specific gravity of less . .
. . i or higher without a structure that allows consumers
than 1, if all of the following conditions are met . .
. to easily separate it
- Structure that allows consumers to easily separate .
. . . * Use of adhesive that cannot be separated by heat or
Label - Use of thermal alkaline separation adhesive alkali

* Direct printing on the body (excluding expiration
date and manufacturing date indication)

* PVC series material, material other than synthetic
resin, metal mixed material

Lid & Attachments

« Single material of synthetic resin or colorless PET
with a specific gravity of less than 1

« Synthetic resin with a specific gravity of 1 or higher
excluding colorless PET single material

* PVC series material

* Material other than synthetic resin
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Table 8. Recycling challenges and alternative technologies for PET bottle

LHAI 71 A 34 59

Criteria for

Category “Poor recyclability” Limitations Alternative Technology
* Diamond-like Carbon (DLC) coating
* Degradation of product quality when switch- | - PECVD (Plasma-Enhanced Chemical Vapor
Body * Multilayer ing to single-layer PET Deposition)
materials * Oxygen and light barrier issues in beverage | - Amorphous Carbon Treatment on Internal
packaging Surface (Based PECVD)

* Recyclable Full-Body Shrink Film

Lid & Attach-

* Non-polymeric

« Difficulty in separation during the recy-
cling process
» Maintaining product functionality and

» Mono-material PE or PP pumps to allow

ments materials durability for high-viscosity liquids (c.g., density separation during recycling
shampoo, lotion)
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Table 9. Detailed standards for material and structure of glass bottle
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Category Excellent/Good recyclability Poor recyclability
Body * Colorless, brown, and green * Colors other than colorless, brown, and green
* No label used
* In any of the following cases
- Unused * Synthetic resin material with adhesive that can-
Label - Paper material not be separated from the body

- Non-adhesive synthetic resin material including a cut line | + Metal-mixed material
- Synthetic resin material with adhesive that can be sep-|¢ PVC-based material

arated from the body and has a phrase indicating that the
consumer should separate the waste

Lid & Attachments

* Metal cap covered with synthetic resin

 Cap/frame integrated structure or cap and miscellaneous |+ Cap/frame separate structure
materials that can be separated from the body  Cap and miscellaneous materials that cannot be

separated from the body
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Table 10. Recycling challenges and alternative technologies for glass bottle
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