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Background]

As part of past initiatives under the Bio-manufacturing Revolution Promotion Project, the program has undertaken analytical support for studies contributing to
the social implementation of bio-manufactured products and has pursued the development of technologies and the demonstration of social systems aimed at
building complex value chains with diverse feedstocks and product outputs. For the current fiscal year, against the backdrop of increasing waste—such as plastics
and discarded clothing—and growing societal demand for resource circulation, bio-recycling technologies have been identified as a key area of focus. At the same
time, for businesses seeking social implementation, numerous challenges remain, including competitiveness vis-a-vis incumbent technologies, market acceptance,
and compliance with relevant regulations; therefore, it was necessary to accurately grasp the status and outlook of markets into which bio-recycling technologies
could be introduced, as well as information on potential competitors.

In this study, among the projects adopted under the Bio-manufacturing Revolution Promotion Project, we focused on businesses that target waste PET and
discarded apparel as feedstocks. Aiming to provide concrete insights to help refine business plans, we investigated the size of promising markets, competing
technologies and advantages over them, and relevant rules to be referenced, and we clarified scenarios for social implementation and the challenges to be
addressed for their realization.

[Waste PET/Recycling Market Trends]

We analyzed the overall waste PET recycling market size in both volume and value through a review of publicly available information and expert interviews and
further estimated the market size (volume and value) of the chemical recycling (hereinafter, CR) segment that could be substituted by bio-recycling. The total
recycled volume of waste PET is projected to increase from approximately 460 thousand t in 2025 to approximately 760 thousand t in 2035. In terms of
breakdown, material recycling (hereinafter, MR) of beverage PET bottles will account for a large share, while CR is expected to increase in volume against the
backdrop of government requests and related drivers. On a value basis, the market is projected to grow from approximately 140 billion yen in 2025 (of which MR
is about 130 billion yen and CR about 10 billion yen) to approximately 280 billion yen in 2035 (of which MR is about 210 billion yen and CR about 70 billion yen).
For both MR and CR, in addition to volume growth, unit prices are also expected to rise due to additional process steps such as cleaning contaminated items.

In calculating the breakdown of the CR market size, we focused on beverage bottles, food packaging sheets, non-packaging film, which together account for a large
share of total feedstock by volume, and on cosmetic bottles, which have room for recycled-material utilization from the standpoint of price acceptance. Within the
CR market segments, the “beverage bottle to beverage bottle” pathway will account for the majority volumes, while the use of non-packaging film “to beverage
bottle” and closed-loop recycling back into film are also expected to advance. In value terms, we found that by 2035 the market for beverage bottle applications is
expected to increase to approximately 50 billion yen, and the market for non-packaging film applications to approximately 17 billion yen.

We also examined, for beverage bottles, food packaging sheets, non-packaging film, and cosmetic bottles, from which sources of generation it would be possible
to procure useful recyclable feedstock at the time of bio-recycling deployment. With exception of cosmetic bottles, which have only small disposal volumes, we
concluded that there is a certain amount of untapped feedstock available, indicating procurement feasibility as feedstock for bio-recycling.
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[Waste PET/Recycling Technology Trends]

To derive the sources of competitive advantage and winning strategies for bio-recycling, we defined the principal technology categories of bio-recycling and CR to
be investigated, based on domestic and international industry reports, government documents, and internal knowledge, and then examined and organized
concrete cases corresponding to those categories. Among the CR technologies in which bio-recycling could potentially have a competitive edge, we selected as
subjects the PET monomerization (depolymerization) technologies—hydrolysis, glycolysis, and methanolysis—that have already been partially commercialized, as
well as enzymatic depolymerization within bio-recycling.

Furthermore, for each technology case, we investigated and organized—drawing on public information and expert interviews—the overall business model,
technology maturity, applicable feedstocks, feedstock collection schemes, current installed processing capacity, and applications of the recycled material. We
clarified that, in each case, hydrolysis, glycolysis, and methanolysis are either already commercialized at scales of tens of thousands of tons or are on track for
commercialization, and that enzymatic depolymerization is also scheduled for commercialization.

Based on these case studies, we evaluated bio-recycling and competing technology categories against defined evaluation items, analyzed and clarified the
strengths and weaknesses of bio-recycling, and extracted the conditions and winning strategies under which bio-recycling becomes advantageous. Compared with
CR, the strengths of bio-recycling lie in its environmental performance, the high quality of the recycled material, and the breadth of applicable feedstocks, whereas
its weaknesses are high cost and the difficulty of scaling up. Accordingly, we concluded that bio-recycling becomes advantageous in the route of reusing heavily
contaminated feedstocks for cosmetic bottles, from the standpoint that it can handle oils and similar contaminants and offer environmental value that can be
compelling to consumers.

[Waste PET/Trends in Recycling-Related Standards, Regulations, and Certifications]

To make recommendations on the actions that should be undertaken for the social implementation of bio-recycling technologies, we investigated—based on
domestic and international industry reports, government documents, and DTC insights—the rules that need to be understood when promoting recycling
businesses in Japan and their future trajectory, and we also examined how companies engaged in chemical recycling (CR) are responding to certifications and
related requirements.

We limited the review of laws and regulations to Japan, while standards/certifications/guidelines were surveyed for both Japan and global contexts. We clarified
that there are laws and standards aimed at promoting recycling, certifications that evaluate the quality of recycled materials, and guidelines that call for highly
recyclable product design. As a business-as-usual outlook, we examined current domestic policy discussions and leading European precedents and concluded that,
in Japan as well, rigorous adoption of easy-to-recycle design at a level enabling material recycling (MR) and the potential mandating of recycled-material use may
advance in the future.

We also found that the acquisition of certifications by major competing companies possessing CR technologies that compete with bio-recycling, as well as by
companies with bio-recycling technologies, has not progressed much at present, because commercialization at mass-production scale remains limited.
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[Waste PET/Bio-recycling Implementation Scenarios and Approaches to Realization]

Building on the preceding examinations, we mapped out scenarios in which bio-recycling could be socially implemented, and, for each step-collection, resource
recovery, and utilization of bio-recycled products—organized both the enabling conditions for those scenarios and the directions of efforts that should be
advanced to satisfy those conditions.

For PET, we assume that scenarios for the social implementation of bio-recycling will be realized in certain markets once routes for collecting contaminated items
have been established and the efficiency of resource recovery has been improved, and once the environmental value of “bio” is recognized by buyers. For
realization, we organized the requirements as follows: at the collection stage, leveraging existing routes and building new ones; at the resource-recovery stage,
scaling through plant investment; and at the utilization stage, spreading the “recycling-plus” value proposition of bio-recycled products and developing the
necessary rules.

As directions of effort to meet these enabling conditions, we compiled the following recommendations: in collection, it is crucial first to identify target feedstocks
for recovery and build cooperative relationships with relevant businesses, and to conduct studies that involve municipalities with a view to utilizing mixed-plastics
streams; in resource recovery, while advancing company-specific technology development in line with leading players, it becomesimportant—when making large-
scale investments in plants—to secure demand (offtake) and obtain financial support to aid decision-making; and regarding the utilization of bio-recycled products,
the diffusion of values that prompt behavioral change among buyers and the establishment of various rules remain major challenges, necessitating the
formulation of guidelines and the development of new standards and certifications.

[Waste textiles/Recycling Market Trends]

As of 2025, approximately 70 thousand t of discarded clothing are being recycled, primarily through material recycling (MR) into wipers (rags) and felt; however,
the recycled volume is expected to plateau at a relatively high level, and “fiber-to-fiber recycling” is seen as requiring time to become widespread. On a value basis,
assuming that unit price increases can be achieved for felt feedstock—which accounts for roughly 40% of total volume—the market size is estimated to grow from
about 10.6 billion yen in 2025 to around 11.7 billion yen by 2035.

Originally, as with PET, we intended to analyze the breakdown of market size by grade/classification within the chemical recycling (CR) market that competes with
bio-recycling, on the premise that such a market either already exists to some extent or is expected to take shape in the future. However, because the CR market
does not yet exist and there is no outlook for full-scale commercialization, it was excluded from the apparel section.

For apparel as well, we investigated which sources of generation would allow the procurement of useful recyclable feedstock at the time of bio-recycling
deployment and clarified that there is procurement potential of approximately 140 thousand t per year in total, including items that are currently subjected to MR
but are not economically viable, and items that, after sorted collection, are discarded and remain unused. At the same time, we concluded that, to increase the
procurable volume, it is important to recover the portion mixed into general waste (municipal solid waste).
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[Waste textiles/ Recycling Technology Trends]

In apparel, within the fiber-to-fiber recycling flow, we designated the selective depolymerization of polyester—an area where bio-recycling has substantial
potential to contribute—as the primary focus of investigation. We identified hydrolysis, methanolysis, and enzymatic depolymerization as the main case studies,
and conducted deep dives into these along with comparative analyses against chemical recycling (CR) technologies. We clarified, among other findings, that
hydrolysis and enzymatic depolymerization technologies can recycle even blended textile products, and that, in terms of indicative recycling processing costs, the
order from highest to lowest is enzymatic depolymerization > hydrolysis > methanolysis.

Regarding the conditions under which bio-recycling becomes advantageous and the corresponding winning strategies, the conclusions are broadly consistent with
those for PET. Compared with CR, the strengths of bio-recycling lie in its environmental performance, the high quality of the recycled material, and the breadth of
applicable feedstock, whereas high costs and the difficulty of scaling up are expected to be weaknesses. Accordingly, we clarified that for ethical brands able to
position environmental performance as a value proposition, bio-recycling can gain an advantage over CR technologies.

[Waste textiles/ Trends in Recycling-Related Standards, Regulations, and Certifications]

Following the same approach as for PET, we clarified that, at present, efforts are centered on the establishment of certifications and guidelines, and that, to
advance recycling on the institutional/policy front, there remains room for initiatives such as standardization and measures through laws and regulations. As for
future trends, in Europe, progress in resource recovery is anticipated with moves to promote Eco-design and to prohibit the destruction/disposal of unsold
clothing, and there is a possibility that Japan will follow suit; if so, this is expected to act positively toward the social implementation of bio-recycling. Regarding
the certification acquisition status of major competing companies, as with PET, commercialization at mass-production scale remains limited, so progress on this
front has not advanced much at present.

[Waste textiles/ Bio-recycling Implementation Scenarios and Approaches to Realization]

Building on the preceding examinations, we mapped out scenarios in which bio-recycling could be socially implemented and, for each step—collection, sorting,
resource recovery, and utilization of bio-recycled products—organized the enabling conditions for those scenarios and the directions of efforts that should be
advanced to satisfy those conditions.

In apparel, we assume that social-implementation scenarios for bio-recycling will be realized in certain markets once efficiency improvements are made in sorting,
removal of accessories, and resource recovery, and once the environmental value of “bio” is recognized by buyers. For realization, we organized the requirements
as follows: at the collection stage, the construction of efficient routes capable of securing a certain quantity; at the sorting stage, investment in automation
equipment and scaling; at the resource-recovery stage, scaling through plant investment; and at the utilization stage, the diffusion of a “recycling-plus” value
proposition for bio-recycled products and the development of the necessary rules.

As directions of effort to meet these enabling conditions, we compiled the following recommendations: in collection, build relationships with businesses where
recyclable feedstock is aggregated; in sorting, develop automation technologies and processes for sorting and accessory removal aimed at maximizing processing
efficiency and yield; in resource recovery, pursue plant investments along with securing demand and obtaining financial support to enable those investments; and
in the utilization of bio-recycled products, advance more challenging initiatives such as promotional activities that encourage behavioral change.
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CARBIOS signs biorecycled PET contracts with L"'OREAL and

L'Occitane en Provence Fﬂﬁéﬁ ?f‘%ﬁ? /‘_:I: oClL ’5
—— o u Carb/os # T2 FDEFERE T 3HI5 Tt/ FFEETED

CARBIOS has announced the signing of its first multi-year offtake contracts with L'Oréal and

L'Occitane en Provence for biorecycled r-PET from its future commercial plant in Longlaville, 1 77'{7 fj rﬁ?@/jﬂtﬂfgt/b‘

France.
The company claims the commercial contracts confirm the demand from global brands for / ¢E_Lt%/‘_ 7{t///ﬂl/ 15”” ?Sﬁt/ifﬁiﬁh
recycled and recyclable PET from enzymatic recycling, aiming to help them meet circularity and wjjjﬁﬂ‘@n-x gné &5&/&/} L ?l, )5

quality objectives for their packaging. With the signing of these contracts, CARBIOS says it has

achieved its objective to sign its first contracts in the first half of 2025.

Jacques Playe, director of Development and Packaging at L'Oréal, says: “This contract with CARBIOS
underlines our commitment to working with innovative players in PET recycling to create a circular
economy. We congratulate CARBIOS on this advancement towards industrial scale for their

enzymatic recycling solution, which represents a key milestone for the packaging industry.”
David Bayard, R&D Packaging Director at L'Occitane en Provence, comments: “The partnership we

to greater circularity in our packaging. It is testament to the continuation and acceleration of our G |Oba| BUSineSS
commitment to reducing our environmental impact. Today, alongside CARBIOS, we are bringing a
shared desire to life to build a high-performance European industry to promote the transition to a

circular economy for plastics.”

HFF © Packaging Europel CARBIOS signs biorecycled PET contracts with L'OREAL and L'Occitane en Provence]. B i& IAY bEEICT O MITHERK

o A
have established with CARBIOS marks a decisive step for L'Occitane en Provence in our commitment }\47‘- U -U-,fg}l/lj'—;ﬁ (1L\)

Development Director
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Plastics Strategy SUPD: green light for chemical recycling and a halt

The EU's plan to transform the way plastic products are designed, produced, used and recycled. t . t
Actions 0 1Imports
« Making recycling profitable for business, ith new rules on packaging to improve the recyclability of Draft implementing act approved: mass balance with “fuel-use exempt” included,;
plastics and increase the demand for recycled plastic content. EXtra_EU rPET EXChlded llntil NOVEI‘ﬂber 2027
+» Curbing plastic waste, including through the Directive on Single-Use Plastic Products, measures to restrict
the use and proliferation of microplastics. February 9, 2026 15:04
+ Driving innovation and investment by scaling up support for innevation, with an additional €100 million 1o According to reports from Brussels, the Waste Technical

develop smarter and more recyclable plastic materials and making recycling processes more efficient. . .. H . . . .
o 9 Adaptation Committee for the EU's Single-Use Plastics Directive

= Spurring global change by working with our international partners to devise glebal solutions and develop (SUPD) last Fr\'day approved the draft implementing act serting out
international standards on plastics, including through the ence-in-a-generation Global Plastics Treaty. " .S
the rules for counting recycled PET toward the minimum recycled
For a full list of actions and their timelines, see Annex | of the Plastics Strategy. content in plastic beverage bottles, currently 25% and set to rise to

o
See our chemicals, circular economy, plastics, and waste and recycling pages for related policies. 30% from 2030.

The document introduces two major changes. The first allows
Timelme chemically recycled PET to be atiributed via certified mass

balance, calculated using the “fuel-use exempt” method.
reviou upcomi i | 3 -
Previos and upcoming sctions EX'J‘H 0) PET J ﬂ.4 7“’ F£ J‘Et The second excludes, until November 2027, PET recycled outside

5,3%7_"{‘*3 L\*EEU Z"‘& U the EU from being counted toward the minimum recycled content in

12 August 2026 Packaging and Packaging Waste Reg

application ?ﬁ E -C\Ei i;'j PET botiles.

|
o]
‘ Together, the two measures are expected to shield PET bottle producers—particularly recyclers—from low-cost Asian
™ February 2025 (ID PPWR enters into force imports, while encouraging the investment in plants needed to secure medium- to long-term availability of recycled PET]
T
i

produced in Europe.

19 December 2024 European Council adopts PPWR, replacing 1994 Directive

While mechanical recycling trade associations have yet to comment, Chemical Recycling Europe (CRE) has welcomed

D | ShowSmoreitems the opening to chemical recycling. “Overall, today’s decision is a pragmatic and forward-looking step that translates
i policy ambition into effective rules. It strengthens legal certainty, reduces fragmentation, and offers a more stable
16 January 2018 CI) Commission adopts EU Plastics Strategy basis for authorities and market actors,” CRE said in a statement.

H 7 : European Commission HP. Polimerial SUPD: green light for chemical recycling and a halt to imports
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Plastic waste: Commission consults on new rules
for chemically-recycled content in plastic bottles

The initiative will provide a common methodology for calculating, verifying and reporting on recycled plastic
content in single-use beverage bottles.
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The SUP Directive sets ambitious recycled content targets, including 25% recycled content in SUP beverag
bottles made of polyethylene terephthalate (PET) by 2025 and 30% in all SUP beverage bottles by 2030.

IEERRFMEBEERFARERR N L TE. BETSAFYIOER - HOBMECHITI=EHEER DORELFIAIEXICE
HI=RmARRE. BT LU TR BERZIREEBNICEEL T <,

The Commission will set the rules on calculating recycled content, verification and reporting via
implementing acts.

The Commission has adopted a two-step approach to implement these targets:

The first step introduces a methodology focused on the mechanical recycling of PET, based on existing
food contact regulations (Implementing Decision 2023/2683).

The second step expands the methodology to encompass all recycling technologies, including chemical
recycling, by establishing rules to calculate the proportion of recycled materials in PET bottles.
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Circ to build $500
million cotton,

polyester recycling
plant in France

REUTERS

Simon Jessup
« Will be biggest plant recovering polyester and cotton
« Aims to launch in 2@28; targets 7@,0@@ metric tons a year

« Site in northeastern France to create 200 jobs

LONDON, May 16 (Reuters) — U.S. textile recycling firm Circ has received backing from the

first to recover cotton and polyester on an industrial scale, its chief executive told
Reuters.

French government and European Union to build a $56@ million plant in France that will be the
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Sustainable and Circular Textiles Strategy

The EU is tackling issues affecting the sector, while recognising the importance of the industry.

Actions

The strategy also lays out a forward-looking set of actions. The Commission has already or will:

« Set design requirements for textiles to make them last longer, easier to repair and recycle

« Introduce a Digital Product Passport

+ Address the uni i release of mi ics from ic textiles

y and har i ibility rules for tevi~-
States and incentivise producers to design more sustainable products

« Restrict the export of textile waste and promote sustainable texti' EAJ‘I‘I 0) m%ﬁ U .U-’f 9 } l/ Fﬂ i_ »
- I:T.I‘:;:v;e circular business models, including reuse and repz E E’ h{* g l'\ *Eﬂu T\@ U
RETHIR

Key dates related to the strategy

19 July 2030 Ban on destroying unsold textiles and footwear begins for medium-

sized enterprises

enterprises

16 November 2023 European Commission publishes brochure on EU action against
microplastics

T
19 July 2026 (|3 Ban on destroying unsold textiles and footwear begins for large
(o]
‘ See brochure

'
Show 7 more items v
|

1 March 2020 9 European Commission adopts Second Circular Economy Action Plan
Find out more

HAT European Commission HP
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