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Introduction

Glass fiber materials play a vital role in numerous industries, from construction to transportation and
beyond. However, the increasing production and usage of glass fiber composites pose significant
challenges, particularly in managing waste and achieving sustainability. Circular economy principles
offer a promising solution by minimizing waste and maximizing resource efficiency. This report
draws insights from the GlassCircle project, a multi-stakeholder initiative aimed at advancing
sustainability in the glass fiber industry. Through events such as hackathons, workshops, and
conferences, the project has successfully engaged industry leaders, academics, policymakers, and
society in promoting circularity and innovation.

Event 1) Hackathon for Repurposing Industrial Glass Fiber Waste:

Held simultaneously across three universities (Riga Technical University, Aarhus University, and
Lulea University of Technology), this event engaged interdisciplinary students teams in developing
creative applications for glass fiber residues. Industry partnerships and mentorship provided practical
guidance, showcasing the potential for scalable solutions. Engaging students raises awareness among
the next generation of engineers, designers, and entrepreneurs, who will carry forward the principles
of sustainability and circular economy in their careers.

The best practices were awarded prices. The team from Sweden introduced the idea of creating useful
storage items to be used at marine leisure events while the team from Denmark proposed to use the
residue in making items used within the IoT equipment housing and the team from Latvia created a
demonstrator for the concrete formwork textile. Providing the awards have an impact through
visibility. Award-winning ideas gain visibility, raising awareness about the possibilities of circular
economy practices in the glass fiber industry. It also serves as inspiration. The recognition of
innovative solutions inspires other students, researchers, and industry professionals to explore similar
ideas.

Such an event can drive awareness and have several contributions to society by creating a culture of
sustainability by encouraging participants to think creatively about waste reduction and resource

efficiency. The event also promotes the idea that sustainability is not just a responsibility but also an
opportunity for innovation and growth. These two values create not only immediate changes but also



long-term impacts. This is achieved by instilling a culture of sustainability in young minds, the
hackathon contributes to long-term changes in how industries approach waste management and
resource use. Moreover, it helps in community building as such event builds a community of like-
minded individuals and organizations committed to advancing circular economy practices. The
possible industry adoption of scalable solutions encourage industries to adopt circular economy
practices, knowing that they can be implemented on a larger scale. This makes an impact on economic
viability by demonstrating the economic potential of repurposing glass fiber waste. The hackathon
motivates companies to invest in sustainable practices.

Event 2) Workshop: Environmental and economical feasibility to recover glass fibers

The workshop brought together various stakeholders, including industry experts, researchers, and
policymakers, to discuss and present innovative solutions for promoting sustainability and circular
economy practices in the glass fiber industry. The different topics within the presentations contributed
greatly to the raising of excellence and awareness in the glass fiber industry.

1. (IPF — Academia) An introduction to Glass Fibers, its sizing and Recycling opportunities and
Circular Economy contributed to highlighting the challenges and opportunities in recycling
glass fibers, emphasizing the need for "gentle" recycling processes to minimize strength loss.
Discussing the role of sizing (chemical coatings on fibers) in fiber-matrix adhesion and how it
affects recycling was also introduced and resizing as a method to regenerate fiber strength
after recycling, was proposed for enabling reuse in new applications. These suggestions
reflect some impacts on increased awareness of the technical challenges in recycling glass
fibers and the importance of chemical treatments in maintaining fiber quality. They also
provided insights into how recycled glass fibers can be reintegrated into new products,
promoting circular economy practices.

2. (ZAAO — municipal company) Presentation regarding Waste Management and Recycling in
the Glass Fiber Industry by introducing the Daibe landfill project with the challenges
introduced by the organic substances in the sizing and other finishings of the fibers on their
recyclability and highlighting the ongoing research projects to purpose glass fiber waste into
construction materials like concrete and ceramics. This has an impact by showcasing the
practical examples of how glass fiber waste can be repurposed, reducing landfill use and
promote sustainability.

3. (HITACHI ENERGY - industry) Presentation of the efforts of the energy sector to reduce the
environmental impact of glass fiber composites in products like composite utility poles by
performing the LCA to identify hotspots for reducing the carbon emissions and waste and
proposing strategies for improving the sustainability through material optimization and
reduction of the production scrap. This has an impact of demonstrating how large companies
can integrate sustainability into their operations and setting an example for the whole industry
by emphasizing the role of LCA to achieve the goals.

4. (PODCOMP — Industry) Presentation of companies’ efforts to reduce the glass fiber
composite waste by utilizing the cut-offs from the production in new products like furniture
and art pieces and saving resources by reducing demands on raw materials. The potential of
using the waste in 3D printing technologies was also highlighted which also reflect on the
impact of reusing the waste creatively to reduce the ladfilling potential and raise awareness
for the need to finding sustainable alternatives.

5. (Valmiera Glass — Industry) presentation on the efforts of Valmiera Glass to recycle glass fiber
waste internally and through outsourced projects with highlighting again challenges of the
presence of organic substances and the unstable characteristics of the fibers for outsourcing



projects. The company is developing an equipment to melt the fibers while the rest is made
into non-wovens for variety of uses.

6. (Miljeskaerm — Industry) Presented innovative solution for recycling end-of-life wind turbine
blades into noise barriers and discussed the challenges of recycling fiberglass and the
development of purpose-built machinery for processing it due to tool ware by the glass fibers.
The compromise of the clean energy produce by the wind turbine by the unsustainable end of
life handling of the large structures was highlighted with proposal to create valuable products.
(Impact?)

7. (ZAG — Research Institute) Presented the Wool2Loop concept: Recycling Mineral Wool into
Alkali-Activated Materials. The presentation contained detailed step-by-step information on
performing LCA analysis for assessing the sustainability of the proposed solution of using the
waste of mineral wool to create a new product used for facade panels and pavement slabs.
Such presentation also contributes to raising awareness on by showcasing innovative
recycling solutions for mineral wool, reducing waste and promoting sustainable construction
materials of high value.

In general the workshop contributed to raising excellence by providing a platform for sharing
innovative solutions and best practices in glass fiber recycling, promoting excellence in sustainable
manufacturing and waste management. It also contributed to the awareness in sustainability by
showcasing real-world examples and case studies of the environmental and economic benefits of
recycling glass fibers and adopting circular economy practices. The workshop fostered collaboration
between industry, academia, and policymakers, encouraging the development of new technologies and
solutions for sustainable glass fiber production and recycling.

Event 3) Co-Creation Workshop

The different topics covered during the workshop—ranging from collaborative business models and
digital solutions to stakeholder engagement and innovative recycling technologies—all contribute to
raising excellence in the glass fiber circularity industry.

1. Collaborative Business Models (Co-Creation) Contribution to raising excellence

Co-creation fosters collaboration among stakeholders (manufacturers, recyclers, researchers,
policymakers) to develop shared value solutions. It encourages the development of circular economy
business models that reduce waste, optimize resource use, and create new revenue streams. This has
an impact on innovation by pooling resources and expertise, stakeholders can create innovative
products and processes (e.g., using recycled glass fibers in furniture or construction materials). It also
impact scalability by providing collaborative models that can be scaled across industries and regions,
promoting widespread adoption of circular practices. Moreover, Its impact on sustainability is defined
by co-creation that ensures that business models are designed with environmental and social benefits
in mind, aligning with global sustainability goals.

2. Digital Solutions (Robotic Sorting, Al, Digital Twins)

Digital solutions contributions to excellence raising since digital tools like robotic sorting systems,
Al-based machine vision, and digital twins enable efficient and accurate sorting of glass fiber
residues. These technologies address key bottlenecks in the recycling process, such as the difficulty of
sorting mixed or contaminated fibers. Their impact is distinguished by efficiency as automation
reduces manual labor and increases the speed and accuracy of sorting, making recycling more cost-
effective. Moreover, it contributes to quality control since Al and machine vision ensure that recycled



fibers meet quality standards, making them suitable for high-value applications. While feasibility
testing of Digital twins allow stakeholders to test and optimize recycling processes in a virtual
environment before implementation, reducing risks and costs.

3. Stakeholder Engagement and Knowledge Sharing

The contribution to raising excellence is evident through the platforms like the Knowledge Hub in the
EoLO-HUBs project that facilitate the sharing of best practices, research findings, and innovative
solutions among stakeholders. Other activities like workshops, hackathons, and conferences bring
together industry experts, researchers, and policymakers to exchange ideas and co-create solutions.
Through this engagements several impacts could be achieved. For example, on awareness, where
stakeholder engagement raises awareness about the challenges and opportunities in glass fiber
circularity, encouraging more companies to adopt sustainable practices. On the other hand,
networking and knowledge-sharing platforms help build networks of stakeholders, fostering long-term
partnerships and collaborations which builds capacity. Workshops and training programs (e.g.,
LCA/LCC schools) equip industry professionals with the skills and knowledge needed to implement
circular economy practices.

4. Innovative Recycling Technologies

Its contribution towards raising excellence through this workshop is manifested by explaining
technologies like low-carbon pyrolysis, green chemistry solvolysis, and fiber reclamation processes
enable the recovery of high-quality glass and carbon fibers from end-of-life products. Projects like
EoLO-HUBs focus on developing scalable and sustainable recycling solutions for wind turbine blades
and other composite materials. These projects and technologies impact the circularity by promoting
resource recovery such as advanced recycling technologies maximize the recovery of valuable
materials, reducing the need for virgin resources. Moreover, provides environmental benefits since
these technologies minimize waste and emissions, contributing to a lower carbon footprint for the
industry. They enhance economic viability by recovering high-value materials, recycling technologies
and create new revenue streams and reduce disposal costs.

5. Policy and Planning Documents

Such documents proposed by the municipalities and authority members contribute to the excellence
raising by showcasing the EU-level initiatives like the European Green Deal and Circular Economy
Action Plan provide a regulatory framework and funding for circular economy projects. National and
regional strategies (e.g., Latvia's Climate Neutrality Strategy) align local industries with global
sustainability goals. These have a great impact represented by regulatory support where policies and
regulations encourage industries to adopt circular practices by setting targets and providing incentives.
They provide awareness of funding opportunities as EU and national funding programs (e.g.,
INTERREG) support research, innovation, and implementation of circular economy solutions. The
impact of strategic alignment through well-planning of documents ensure that industries,
municipalities, and regions work toward common sustainability goals.

6. Contributions of case studies and pilot projects

The case studies contributions towards raising of excellence and circularity in the glass fiber
industries is evident through projects like GlassCircle, EoOLO-HUBs, and Advantis' Flexible Blade
Cutter System that demonstrate the feasibility and benefits of circular economy practices in real-
world applications. Case studies provide valuable insights into the challenges and successes of
implementing circular solutions. These can provide impact through proof of concept where pilot
projects show that circular economy practices are technically and economically viable, encouraging



wider adoption. The lessons learned through these case studies highlight best practices and areas for
improvement, helping other companies and regions replicate successful models. They also provide
inspiration as successful projects inspire innovation and collaboration across industries.

7. Education and Training (LCA/LCC Schools)

Programs like EPICENTRE's LCA/LCC schools provide education and training on life cycle
assessment (LCA) and life cycle costing (LCC), which are critical for evaluating the environmental
and economic impacts of circular economy practices. They make impact on skill development through
training programs that equip professionals with the skills needed to design, implement, and evaluate
circular economy solutions. Moreover, they make impact by informed decision-making as LCA and
LCC tools help companies make data-driven decisions that optimize sustainability and profitability.
They also impact the industry standards since such education programs promote the adoption of
standardized methodologies, ensuring consistency and credibility in circular economy practices.

In summary, the combination of collaborative business models, digital solutions, stakeholder
engagement, innovative technologies, policy support, case studies, and education creates a holistic
approach to raising excellence in the glass fiber circularity industry. These elements work together to
drive innovation, sustainability, and economic growth while addressing the challenges of waste
management and resource efficiency.

Event 4) Final Conference for GlassCircle project

During 3 sessions long day, several presentations were held by academic experts, industry
representatives and policy makers. The presentations from the event cover a wide range of topics
related to the sustainability and circular economy of glass fiber (GFRP) and composite materials.

1. Managing End-of-Service Composite Structures (Alann André, RISE)

This presentation focused on the challenges of managing end-of-service (EoS) composite structures,
particularly glass fiber-reinforced polymers (GFRP). It highlighted the difficulties in recycling GFRP
due to the thermoset resins used, which are hard to separate from the fibers. The presentation also
covered repurposing EoS GFRP structures, such as wind turbine blades, into new products like
pedestrian bridges, roofing panels, and sound barriers. The focus on the wind turbines is coming from
the fact that many of these structures are coming to their end of life in the coming years creating a
huge amount of waste to deal with. The presentation highlighted the need to repurpose those
structures with minimum energy input (with least modification) to boost their value. Hence the choice
of simple products such as the pedestrian bridges.

2. Strategic Framework for Reusable Dishes in Public Events (Liina Kanarbik, Tallinn)

This presentation outlined Tallinn's strategic framework for reducing single-use plastics at public
events by promoting reusable dishes. It presented the successful implementation of reusable dish
systems at large events, such as the Youth Song and Dance Festival, which significantly reduced
waste. While not directly related to glass fiber, this presentation highlights the importance of systemic
approaches to waste reduction and circular economy principles. It can inspire similar strategies in the
glass fiber industry, such as designing products for reuse and recycling.

3. Recycling of Fiber Composites (Anders Sjogren, Lund University)

In his presentation, Sjogren explores various recycling processes for fiber composites, including
mechanical, chemical, and thermal recycling. He discusses the challenges of recycling, such as fiber



and matrix degradation and the need for robust certification processes. the presentation shed lights on
the importance of the choice of the process depending on the volume of the waste, the type of material
to be recycled and the downstream demands. By providing a pedagogic overview of recycling
technologies, this presentation raises awareness about the technical challenges and opportunities in
recycling glass fiber composites. It emphasizes the need for innovation and collaboration to improve
recycling rates and reduce the environmental impact of GFRP.

4. Giving Boat Manufacturing Waste a New Life (Augustin Hueso & Maria Bohic, LTU)

This presentation describes the journey of hackathon two winners proposing the repurposing of glass
fiber waste from boat manufacturing into storage solutions for sailors and beach visitors. The idea
demonstrates how waste materials can be transformed into functional products using circular
economy principles showcasing the potential for creative solutions to repurpose glass fiber waste,
raising awareness about the value of circular economy practices in the industry. It also highlights the
importance of local ecosystems and collaboration in driving sustainable innovation.

5. Survey on Glass Fiber Residue (Valmiera)

Valmiera municipality shared the results of a survey on public awareness of glass fiber production and
waste management in Valmiera, Latvia. It reveals that while many people are aware of glass fiber
production, there is limited knowledge about recycling and repurposing options. The survey
highlights the need for increased public awareness and education about the sustainability challenges
and opportunities in the glass fiber industry. It underscores the importance of community engagement
in promoting circular economy practices. The positive or neutral attitudes toward glass fiber
production facilities suggest that there is no significant public opposition to these facilities, but there
is also a lack of strong engagement or understanding of their environmental and economic impacts.
The proposals for reuse of glass fiber waste highlight the potential for innovation in this area, but the
lack of awareness about existing companies and processes suggests that more education and outreach
are needed to fully realize the potential of a circular economy in the glass fiber industry.

6. Waste Management Challenges with Wet Filament Winding (Hitachi Energy)

This presentation discusses the waste generated during the wet filament winding process used in
manufacturing glass fiber/epoxy products. It outlines the challenges of recycling this waste and
proposes potential solutions more viable than incinerations and land fill that are currently used.
Higher level recycling is technically possible but logistic chains and economy of scale is still missing.
Emphasis on potential for collaboration between manufacturers and recyclers to improve
sustainability was also highlighted.

7. Tire & Textile Sorting in Latvia (AJ Power Recycling)

This presentation focuses on AJ Power Recycling's efforts to manage tire and textile waste in Latvia.
It discusses the development of recycling systems and the importance of regulatory frameworks, such
as the Natural Resources Tax (NRT), in promoting recycling. While primarily focused on tires and
textiles, this presentation provides valuable insights into the development of recycling systems and the
role of policy in driving sustainability. These lessons can be applied to the glass fiber industry to
improve waste management and recycling practices.

8. Composite Recycling in Finland (KiMuRa Route)

This presentation outlines the KiMuRa Route, a system for recycling composite waste in Finland by
co-processing it in the cement industry. It discusses the challenges and opportunities of this approach,
including the need for mobile cutting systems for large composite parts like wind turbine blades and
the amount of composite waste generated in this industry. The KiMuRa Route demonstrates a
practical solution for recycling composite waste, raising awareness about the potential for



collaboration between industries to achieve sustainability goals. The presentation shared the practical
advice for companies starting to recycle the waste based on the experience of the successful
implementation in the KiMuRa Route.

9. Post-Election Europe: A Clean Industrial Deal (FEAD)

In this presentation, the new plan for Europe’s sustainable prosperity and competitiveness was
introduced including A new Circular Economy Act, helping to create market demand for secondary
materials and a single market for waste. Moreover, the new industrial strategies for Europe were
explained including reduction of energy prices and accelerating innovation and highlighting how
Circular Economy is the focus of this strategy until 2029. FEAD advocates for a European Industrial
Deal that prioritizes sustainability, competitiveness, and circularity. The presentation calls for policies
that support the recycling of materials and emphasizes the role of waste management in achieving
climate goals in general and in Europe in particular. By pushing for a regulatory framework that
supports circular economy practices, FEAD's presentation aligns with the goals of the glass fiber
industry to reduce waste and promote the use of recycled materials. It highlights the need for
collaboration between industry and policymakers to create a sustainable market for secondary
materials.

These presentations collectively contribute to raising excellence and awareness in the sustainability of
the glass fiber industry. Overall, these presentations provide a comprehensive overview of the current
state of sustainability in the glass fiber industry and offer actionable insights for improving recycling,
repurposing, and waste management practices. They contribute to raising excellence by promoting
innovation, collaboration, and systemic approaches to sustainability.

Lifecycle Awareness

Alongside the different activities in the project, Life Cycle Assessment (LCA) was a core strategy
highlighted as a substantial tool aiding the progress towards the project’s goals for sustainability. The
different workshops included educational as well as inspirational talks about the importance of such
tools in advancing the sustainability. The GlassCircle Final Conference provided a platform for
sharing advanced lifecycle assessment (LCA) methodologies and example of case studies where the
LCA helped in taking decisions that are otherwise difficult to justify. In many instances the audience
were informed about the platform where they could learn from experts about the LCA and get to be
professionals in performing LCA by joining the school organized by some of the partners in a parallel
project.

Interview with Martin§ Rubenis:

Olympic medalist Rubenis demonstrated how glass fiber residues are repurposed into high-
performance luge sleds, exemplifying how specialized applications can drive sustainability. This
success story serves as a blueprint for other industries to adopt circular economy practices. His vision
of local enterprises utilizing industrial waste highlights a practical path to fostering circularity. The
interview inspires other industries to explore creative ways to reuse glass fiber waste, proving that
circular economy practices are not only feasible but also beneficial. By turning waste into high-value
products, the project validates the potential of circular economy solutions, encouraging wider



adoption across industries demonstrating practical examples of circular economy. Rubenis envisions a
future where smaller companies emerge around large manufacturers to utilize waste materials locally,
creating a network of sustainable, circular businesses. This model can stimulate the growth of small
and medium enterprises (SMEs) focused on recycling and repurposing materials, creating jobs and
fostering innovation while highlighting the power of cross-industry collaboration.

Conclusion

The GlassCircle project has successfully demonstrated how industry and society can collaborate to
achieve excellence in glass fiber circularity. By fostering innovation, knowledge sharing, and cross-
sector collaboration, the project has set a benchmark for sustainable practices. The transition to a
circular economy requires sustained effort, but the outcomes of initiatives like GlassCircle offer a
roadmap for scaling these practices globally. Stakeholders are encouraged to build on these successes,
ensuring a greener and more sustainable future for the glass fiber industry. All events were organized
in a hybrid form to allow wider participation from audience overcoming the limitations of travel costs
and time shortages as well as promoting sustainability by reducing the possible emissions of extra
travels. Each event type played a crucial role in engaging different audiences, sharing knowledge, and
promoting sustainable practices in the following manner

1. Diverse Engagement:
The project successfully engaged a broad spectrum of participants—students, industry
experts, policymakers, and the public—through tailored events that addressed different
aspects of the glass fiber circularity challenge.

2. Knowledge Sharing:
Workshops, surveys, and interactive demonstrations provided platforms for knowledge
dissemination, allowing participants to learn from real-world success stories and contribute
their own insights.

3. Practical Demonstrations:
Events like the sled manufacturing interview illustrated the practical applications of circular
economy principles, making the concept tangible and relatable.

4. Collaborative Innovation:
The co-creation workshop facilitated collaboration among diverse stakeholders, resulting in
innovative business models that could be implemented in the industry.

5. Data-Driven Insights:
The public survey and resulting database tool not only mapped the availability of glass fiber
residue but also informed strategies for managing waste sustainably, based on community
input and industry data.

Appendix:

All available presentations from the events that have been approved for publishing
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Background

How it all came together:

During glass fibre manufacturing, as well as in
many composite manufacturing processes a
significant amount of residue material is
generated.

Currently, a large amount of this residue glass
fibres product is buried in a landfill



Raw matenals

Background

How it all came together:

Part of this residue consists of relatively good-
quality glass fibres or fabrics

This problem of glass fibre residue is common for
many companies dealing with glass fibre or
composite manufacturing — thus it would be more
efficient to work together to solve this issue



GlassCircle

Objectives

The goal of the project: To create a strong cluster consisting of key players within the glass fibres
life cycle (manufacturers, users, re-users, recyclers, etc.) within the Baltic Sea region

The project aims to bring together industry, experts, and scientists, as well as public authorities
within the field — to exchange knowledge and discuss the possible solutions and necessary next

steps for faster change from a linear to a circular economy within the glass fibre and composite
industry.
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P EU Member States
non-EU States

Project funding

Interreg Baltic Sea region

This project funded by European Union for 2 years
and this project call funds four priorities:

1. Innovative societies;

Water-smart societies;

2
3. Climate-neutral societies:
4

Cooperation governance

Germany




Project consortium

Partners from Latvia, Sweden, Denmark

Project lead partner:

Riga Technical University (Latvia)
Contact person: Liva Pupure, Liva.Pupure@rtu.lv
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«GlassCirclen | = 8lass fibre composite materials»
Project I ' —a I I Project
starts [ == | | ends
i Elrt;; — = ;
October i 2024 | September

Workshop on Workshop

the c|rcul.ar|ty «Business model
of glass fibers for circular

economy»




Previous activities

Hackathon «GlassCircle»

Hackathon «GlassCircle»

1. Participants from Latvia, Denmark and Sweden

2. Five new ideas generated

3. Student groups did excellent in the short time span

they got.

« Hybrid event: join online or an—site; L
i j Hiterrey Co-funded by

Riga Technical University [Latvia] Baltic Sea Region the European Union
Rarhus University [Denmark]
Lulea University of Technology [Sweden] 27", Cmctiar EconeY

« Mentors for teams: high—level experts = GlassCircle

« Prize pool of more than 1000 — ELR
« International and cross—disciplinary tear

work
I_l JdCKatron
on residue glass fiber material circular use
10— 12 F18Y. 2023
/
MATERIALS . Y« NEW PRODUCTS &
ARTS S DESIGN; | | il
.\ i NEW TECHNDLOGIES &
ENGINEERING . hs PUH ! soLUTIONS
LEBERI R | \ NEW MATERIALS
SPACE :

! ART OBTECTS 8

PROTOTYPING :
=1 : : INSTALLATIONS

EQUIPMENT

Students from different area of
subjects are welcome to apply

To register click HERE.
Registration open: until 28th April 2023




|




Winners:

Team 2: Interior design or furniture elements
with specific requirements:

Locker out of glass fibers — from marine
industries residue.




EcoFlight
Component

2nd Place

= Designed and manufactured using recycled glass fiber
rrterials

+  Compression molding with 30-printed malds — 1 draftl

+ Systainable alternative to traditional RC drone components
made from virgin materials

* This component 15 placed withn the structural frame

= Offers comparable performance to comventional components
while reducing the reliance on new raw materials

Housing fm different loT and Remote-control toys

Business Case (CE): Recycled
Glass Fiber Drone Components

-.% '
TR
7 Circular 1

o g Economy '.m..a.w

Mads & Anders MSe Technology Based Business Developmernit 2
AARHUS UNIVERSITY

Market Demand: Customers who prioritize eco-conscious practices that
walues sustainable and environmentally friendly solutions

Caost Savings: fiecycling glass fiber drone compaonents can lead to significant
cost savings for both manufacturers and end-users - reduce the need for raw
materials and lower production costs

Lo ility and Corp Social ibility {CSR): atigns “m "N
s with i ity goals and a i ta C5!
+ Regulatory Compliance: Recycling initiatives are gaining momentum
glebally, and are asinghy and
incentives to promote recycling practices )
. E i s and-al-life,
Long-Term Cost and Supply Chain Stability: Reducing reliance on virgin il

materizls, less vulnerable to price fluctuations and disruptions

Roadmap for Introducing Recycled Glass Fiber Drone Components:

o, Compression molding e
.Dbav" @**z
s, “f?@);, T 1 1 T
%{,%
e 6’% i
= ’%'e,,’ = ‘7’%% * Speed and design flexibility Compression Malding Process
%%’% * Customization ke
= %@qﬁ@% v E;hanced MaterialPropertfies: Glass fiber-reinforced materials 3
. . offer excellent strength, stiffness, and lightweight properties
S "o, Instant compression molding method e I - E
R o, . . . S P i
B for recycling of glass fiber materials

- |Dlu|u|ayan V. K. (2013} Design And Analysis Of A Compression Molded
Carbon Compasite Vheel Center. betpsajre lbrary,uta. o
ir/handie/’ 1D1




3rd place:

Team 3: Glass fiber textiles as a
framework for concrete




Use leftover yinos
i
facade et

¥,

(reateq Moveable

Team 1: Transforming wind turbine blades into
practical objects

Team 5: Reuse of glass fiber — home furniture

Prototype Process

Wooden frame Yarn sorted and rolled.

Glass fiber yarn Prepared(Could be 3D itti

waste material =n Manual Knitting Final Prototype
printed or metal frame}

AW,

Frame Preparation Sorting Time=30 mins
time=30 mins Knitting{Manual) Time=60 mins

Total effective manufacturing time around=2 hours
Around 25 meters length of fiber yarn used to build this prototype.



Current activity - DataBase for strong cluster

establishment

First Name of company and First Location-Address by
Identifying the study Location-Country and Location-City
- - Location-City @EBrande @Broby .Hedc—'15 ed 'l"-.'hl:rc;elfarr b
criteria and map key SN
. . 5 "ie' *6}""" Jonko in
players for cluster within - SN
. . ' \ _ _,||[
the glass fibers life cycle Vil ) 2
Halmstad / : Kalr
(manufacturers, users, re- R 7 |
users, recyclers, etc.)
within the Baltic Sea
region and create a value : ... A
rm'h .l\‘ ) :'ﬂ-. 7_“&-"_& Mn—:rgﬁﬂn-pnﬂm ‘1_

mapplng dlgltal atlas tOOI Location-City @ Brande .Brcb; ® Hedensted @Middelfart L4

A =£+"{_ar}skrur1 3

We identified and| e fgwg
mapped z gOOd CE R Sk I Katteqat

business ecosystems | o i, RS
cases till now e Ner T P
| | -. r@f‘ : “ )alemﬁ £
Vejle Kabenhavﬁ -

J @
o Eshisa, Kal‘&mg =

Sz ru:__-

»@&Eﬁg@ﬁmw&u sl Carpor u_:rn Terms!

Location-Country Location-City  Name of company Production Re-usefrepair Recycle Supply Chain  Consumption
Denrmark Brande Siemens Gamesa A

Denmark Broby Dansk Polyglas A/5 X

Denmark Hedensted Poca e

Denmark Middelfart Fiberline compaosites

Denmark Ringkgbing  Gurit Wind Systems A/S

Denmark Roslev ReFiber X

Successful circular economy case




Current activity -
establishment

Survey to Identifying
successful green
business cases of
circular economy
among different
ecosystems and
processes used as well
as bottlenecks in
Horizontal and Vertical
applications.

DataBase

for strong cluster

Industry

Geo locations
SDGs

Circular economy

ﬂ‘ l.J.Dc-.l
LW
.
L i
Holyisl
!.i . oo { &
Drarcanim Adrhil

o

Vege

=
plan,  "orng

Waste type

AR e

Recycling Process End products
Mechanical -
Grinding/ Milling \
Mechanical — Virgin quality glass fiber (in
Cutting form of chopped strands)
Thermal — small particles of a mix of
Incineration + Coprocessing resin and fibres
in Cement Kilns.
Thermal ~ Cm-sized needles of a mix
Piralals of resin and fibres
Recycled glass fibers in
Thermal = form different from original
Microwave Pyrolysis and with worse quality
Clean & long recycled glass
Thermal - fibres in their original form
Fluidized Bed
Electrical —
High-Voltage
Fragmentation
Chemical -

Solvolysis

GlassCircle

This survey is part of the research project GlassCirde, which is run as a collaboration between Riga Technical
University {Latvia), Lulea University of Technology (Sweden) and Aarhus University (Denmark). The GlassCircle project
aims to explore a complete cycle drcular economy for the glass fibre industry. The project is co-funded by the
European Union, Interreg Balfic Sea Region. The main goal of this project is to help glass fiber and composite
manufacturing companies move towards a circular economy, reduce the produced waste and the negative impact on
the environment as well as to adapt more efficient use of available recourses thus making the industry more
sustainable. In order to achieve this goal, the first step is to build a strong network, establish a full cycle circular
economy within this industry and exchange knowledge that different members of the glass fiber industry have
acquired.

This survey targets businesses whose addivities involve working with giass fiber-confaining materials (nduding
raw glass fiber, production of fiber products, and services related to products containing glass fiber and waste).
The survey aims to identify businesses working with glass fiber and create  network creation and research database.
The survey will take approximately 2-3 minutes to fill out.

Thank you for taking part in this survey.

If you want to hear more about the project, please contact Liva Pupure <Liva.Pupure@riu.iv> , Roberts Joffe
<Roberts.Joffe @ fu. Michail Beliatis <mibel@btech.au.dk>,

Project Webpage: https//interreg-battic.eu/project/glasscircie/

™ Required

Information about business [

Thie following questions are related fo information about the business working with glass fiber materials and
Progucts.

Does your business wark with glass fiber matenials and/er products containing glass fiber?
[}

Yes

i) No

Does your business generate glass fiber waste? * [}
() Yes

() No

| 17



lnterreg Co-funded by
. ol . . Itic Sea i the European Union
Register here (participation in Byt Senirn

the workshop is free of charge).

-
240

' Y CIRCULAR ECONOMY
*=* GlassCircle

Current activity

WORKSHOP: 14-15 September 2023
Environmental and economical feasibility to recover glass fibers

14-15 September, 2023 1 e TR o

Welcome! 15.00 Opening of Day-2 08.55

Dissemination - Workshop on Circularity of glass fibres Workshop's agends, 1515 Glass fibers - strong but sensitive, 09,00
Zainab Al-Magdasi (LTU) Christina Scheffler (IPF)

. . . . GlassCircle project, 15.30 Role of recycling industry, 09.30
1. Experts from industry, academia and policy makers will | tvapupure aru) Martins Niklass (ZAA0)

H . Mapping glass fiber ecosystem for 16.00 Industries: issues and solutions
CO m e tOgEt h e r to ta | k a b O Ut th ese I SS u es) value creation thought circular use, - Anders Holmberg (Hitachi) 09.50
Student presentation (AU) - Birgitha Nystrom (PodComp) 10.10

Martins Millers (Valmiera Glass)  10.30

2. During the workshop participating companies will have

the possibility to describe their needs in terms of | T ™ ——— o
recycling glass fibres and have the opportunity for ;’:m‘”iw“j"’”ldt i
networking with leading experts in LCA as well as MRS RN i oo e pancls
composite professionals guinztboni o)

Giving recycled fiberglass a new life  12.10
in circular products,
Zoom Jakob W Nielsen (MILI@SKERM)

https://aarhusuniversity.z HBeeak et

oom.us/i/64855629034 Discussion pa_nel, moderated by 12.50
Z. Al-Maqdasi and R. Joffe (LTU)

Concluding remarks 13.50

Scan the QR code to access the event webpage




More about

14-15 Septemb

Attendee confirmation for GlassCircle Workshop H

49

Responses

1. Which date can you attend?

More Details
@ 14th September 2023 Rl
@ 15th September 2023 a4

05:28

Average time to complete

er, 2023

current activity

6. How would you prefer to attend the event? (For catering purposes)

=~

@

w0

More Details

@ Join remotely online 40
@ Joininperson 9
. Purpose of joining this event.

More Details

@ Get better understanding of late... 33
@ Share status progress to keep te... 13

@ Brainstorm new direction for pr... 19

@ Other 1
More Details
Denmark 9
L
@ Norway 0
Sweden 10
L
Finland 2
L
Latvia 9
L
stonia
[ = 0
Poland 1
L
ithuania
@ Lih 0
Cther 17
L

More Details

@ v 18
® no N

d

. In which country are you based ? (only for statistical purpose reporting in the project)

. Would you be interested to participate in an interview later on?

the wgrﬁxhgp_{sf of c‘ha\ ).
1A o N

nkerrey Co-bunded by
‘Baltic Sea Reglon the Eurcpean Union

L= GfassCrn:le

i 9
/ WOHKJSHQ 'i14-15 September 2023
Environmental and econu'hicat feasibility to recover glass fibers

/

,/ﬁ;%/ ¥ 'I'!'Iaﬁhal program

Welcome! 15.00
Workshop's agenda, 1515
Zainab Al-Magdasi (LTU)

GlassCirele project, 15.30
Liva Pupure (RTU)

Mappling glass fiber ecosystem for i6.00
value creation thought circular use,
Student presentation {AU)

Link for on-line participants:
Zoom

https://aarhusuniversity.z
oom.us/i/64855629034

~;%E=—

Opening of Day-2
Glass fibers - strong but sensitive,
Christina Scheffler (IPF)

Role 5ft'e|.jw:l1ng industry,
Martins Niklass (Z440]

Industries: issues and soluti

= Anders Holmberg (Hitachi)

- Birgitha Nystrom (PodComp)

- Martins Millers (Valmiera Glass)

Break

Introduction to LCA,
Carmen Cristescu (SLU)

Waste mineral wool upcycled into
alkali-activated facade panels and
cobblestones with LCA,

Barbara Horvat (ZAG)

Giving recycled fiberglass a new life

in circular products,
Jokab W Nielsen (MILIGSKERM)

Break

Discussion panel, moderated by
Z. Al-Maqdasi and R. Joffe (LTU)

Concluding remarks

Scan the QR. code to access the event webpage

08.55
08.00

0930

12.10

12.30
12.50

13.50




Co-funded by

HiILerrcy - I.I
. il . - e European Union
Register here (participation in et S on o
the workshop is free of charge). £ 0
==* GlassCircle

WORKSHOP: 14-15 September 2023

The final program

More about current activi

Opening of Day-2
15.15 Glass fibers - strong but sensitive,
Christina Scheffler (IPF)

15.30 Role of recycling industry,
Martins Niklass {Z440)

.o for 16.00 Industries: issues and
Anders Holmberg (Hitachi)

- Birgitha Nystrom (PadComp)
- Martins Millers (Valmiera Glass)

far use,

16.30 Break

Introduction to LCA,
Carmen Cristescu (SLU)

Waste mineral wool upcycled into
alkali-activated facade panels and
cobblestones with LCA,

ipants:
Barbara Horvat (ZAG)

Giving recycled fiberglass a new life

in clreular products,
Jakab W Nielsen [MILIGSKARM)

Break

Discussion panel, moderated by
Z. Al-Maqdasi and R. Joffe (LTU)

Concluding remarks

o access the event webpage

thon at MakecFest

Environmental and economical feasibility to recover glass fibers

08.55
09.00

09.30

09.50
10.10
10.30
10.50
11.19

11.40

12.10

12.30
12.50




Planned activities

Middle of 2023

Survey of communities about the circularity of glass fibre

1. Important information about society's view of glass fibre and its circularity will be obtained;

2. This will also be a way to ask the larger society about their needs since they represent the
product end-users

3. Awareness raising of the glass fibre residue waste issue in the larger society



Planned activities

Beginning of 2024

Workshop «Business model for circular economy»

1.

Survey and Mapping of the fibre glass manufacturers and users during various activities at

the project Industry. Relevant actors in the fibre glass industry are mapped across the
different Baltic sea regions in order to locate the critical subprocesses in the industry that
could be supported by digitalization and a circular economy;

Identification of case companies. Suitable companies that could benefit from the developed

digitalization and circular economy solution are identified in corresponding
municipalities/countries. 3-5 actors are selected to create a focus group within a specific part
of the value chain to co-create a prototype and test the effect before the solution is applied to
a larger part of the industry.

Development of white paper with findings from the glass fibre industry on transitioning to a

circular economy



Planned activities

Middle of 2024

Conference session «GlassCircle — structural use of glass fibre composite materials»

1. Gathering experts from academia and industry to present the latest innovation in the field of
reuse, recycling, or recovery of glass fibres;

2. It is planned to have a special issue within a scientific journal with all the session
presentations;

3. Separate session where policymakers meet and discuss their approaches, success stories and
problems



Database «GlassCircle cluster»

Main outcome of the project

During the project interested companies will have the opportunity to join our GlassCircle
cluster in a form of a database;

Our target audience is mainly small and medium enterprises, however, we welcome also large
enterprises, that produce a large amount of this residue material,

With the help of this database, we hope to foster practices of the circular economy;

There is hope, that we might connect glass fibre residue donors with possible receptor
companies;

This database is an opportunity to create new networks and use the obtained information and
connections to create further cooperation initiatives



inerreg

Baltic Sea Region

Co-funded by
the European Union

4n

»
."l' ‘;‘. CIRCULAR ECONOMY

ey "
“=“' GlassCircle

Interested in joining our database?

Liva (RTU, Latvia): Liva.Pupure@rtu.lv
Roberts (LTU, Sweden): Roberts.Joffe@ltu.se
Michail (Aarhus, Denmark): mibel@btech.au.dk

More information can be found on the project web-page:
interreg-baltic.eu/project/glasscircle


mailto:Liva.Pupure@rtu.lv
mailto:Roberts.Joffe@ltu.se
mailto:mibel@btech.au.dk
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fiir Polymerforschung
Dresden

GLASS FIBERS — STRONG, BUT SENSITIVE

GlassCircle - Workshop
14.—15. September 2023, online

Christina Scheffler




Location - Leibniz-Institut fiir Polymerforschung Dresden e. V.
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Outline

Glass fiber spinning + textile products

i

pf|
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Boat building with fiber glass

Glass fiber reinforced composites - Application

> 90% glass fibers; Automotive, Transport, Ship Building, Containers, Rotor blades, Civil Engineering etc.
B a4 L R e B

TG

|

Manufacturing of a rotor blade with glass fiber reinforced
thermoset https://industrieanzeiger.industrie.de

Tailgate elements made of long-fiber reinforced polypropylene
www.plastverarbeiter.de

_‘"

https://www.b@ats.com/how:to/boat-buildihg-construction*
resin-fiberglass-cores/

Rebars, tubes, meshes for building constructions + GRFP in Transport
https://gfrprebartechnology.com/@n/types: construction-structures-gfrp/



https://industrieanzeiger.industrie.de/
http://www.plastverarbeiter.de/
http://www.haasetankhamburg.de/
https://www.boats.com/how-to/boat-building-construction-resin-fiberglass-cores/
https://gfrprebartechnology.com/en/types-construction-structures-gfrp/

Properties of reinforcing fibers

fiber [ tensile compression  density T
Modulus VStrength Strain strength
[GPa] [GPa] [%] [%] gfem? oC
steel Eomeoe | a | i 78 1000
| glass S-Typ 90 45 5.7 L] 246 | 250 300
L E-Typ 80 3,5 40 B 254 | 300 350
bor 440 35 1.0 59 2.6 1800 | 4
e 400 4.8 0.9 31 28 1300 IR aramid fiber . é
" Carbon | Pan-HT 240 3,75 16 2.9 178 | so0
i —HM 400 2,45 0.7 1.6 1.85 600
— UHM 540 1,85 0.4 11 2.0 600
Pech-HM 800 35 0.4 0,7 2,15 600 e
— isotrop 50 1.0 2.3 (.7 1,55 400 human hair
| Aramid Kevlar49 | 135 35 28 048 145 | 250-300 |
Kevlar 149 185 34 2,0 0,46 1.47 250300
UHMW-PE 172 33 4.0 0.17 0.97 00
Textil PET 16 1,2 15 0,09 1,39 150
" Natural hemp 70 0.60 1.6 = 1,45 200
flax 30 0.75 2,0 = 1.48 200
Jute 55 0,55 2.0 1315 200

3 g
- Sisal 20 0.60 2.0 1 45 200 [. f]



Glass fiber manufacturing by nozzle drawing

Bushing T >1000° C

* Melt leaves the furnace at
a temperature of > 1000°C

* Glass melt is extruded
through heated
feedthrough plates with
200 to 8,000 nozzles

Glass
Fibres

T<100°C

Sizing
Applicator

Fibre Strands to Winder or
Chopper at > 1000 m/min

* winders draw melt
into thin filaments

* cooled by water spray

* coated with sizing

6

| |
Thomason, J. L. (2019). Glass Fibre Sizing: A Review. Composites Part A: Applied Science and Manufacturing, 105619. https://doi.org/10.1016/j.compositesa.2019.105619 Ip

https://www.compositesworld.com/articles/the-making-of-glass-fiber



https://doi.org/10.1016/j.compositesa.2019.105619
https://www.compositesworld.com/articles/the-making-of-glass-fiber

Sizing
application

Winding




Outline [ipf]




Sizing - composition

« friction

+ wetting

* strand properties
« stability

interphase morphology
textile workability
strand integrity

M O-—-SI—‘ ¥ SPEE
/”‘ o ® « yarn tensile strength

Polymeric Sizing
Polymer  Film formers Components
— ,

Plueddemann model:

Chemically Bonded .
In!erface Diffused Interphase Cou p Li ng

Silane Additves

+ da'alat * ¢
0 000

¢+.. e
Satotte s & 4 ¢+
+.+.0.+.$.+ St 4
()

so...+t+
¢¢.¢4+4¢+4¢4
N Y
. +.+o-o+

o} ‘ol00] oo}
A
. . L i X 3

 fiber-matrix adhesion
* hydrophobicity

Q Coupling agent @ Polymer

Edwin P. Plueddemann (1988) Silane primers for epoxy adhesives, Journal of Adhesion Science and Technology, 2:1, 179-188, DOI: 10.1163/156856188X00183



Sized glass fibers - examples

SEM/EDX
Sizing
distribution
on the fiber
surface

[sev2 i

BRG]

10




Sizing - function

Homogeneous wetting of the sizing rqII Wetti

ng with matrix polymer




Sizing - function

Ensuring spooling and yarn quality




Glass fiber products

Multi-end roving Single-end roving

Knitted fabrics =,

—
(o)

.........

kmmb&mm
13 [ipf




Outline

14

Glass composition + mechanical properties

i

pf|



Glass structure and compositions

Glass is an amorphous solid. Although the atomic-scale structure of glass shares characteristics of the

structure of a supercooled liquid, glass exhibits all the mechanical properties of a solid.

nhetwork
former

network
modifiers

intermediata
oxide

@QAI 00 Q@O-( (ONa*+ (QcCa**

Von Mrmw - Eigenes Werk, basierend auf: Kalk-Natron-Glas 2D.png:, CCO, https://commons.wikimedia.org/w/index.php?curid=98920200

pf|


https://commons.wikimedia.org/w/index.php?curid=98920200

Glass compositions for fibers

Glass composition determines strength, modulus, chemical resistance!

Constiutents PHYSICAL PROPERTIES

[weight-%]  PE fipk ek Ties SH, E GIASS | ECRGlas® | AR GLASS| R GIASS | 52 GLASS®
o = T il ol 55 Density, gnifce 2.58 2.72 2,70 2.54 2.46
107 QU0 ... 30, s Dy 0% SR & B R b o ; - ¥ & =
Al,Os 120...160 - 24.0...250 200 ...26.0 _ Refractive Index 1.558 1.579 l 1.562 1.546 1.521
Ca0 16.0...250 428 6.0...90 2z 13.0 Softening Point,”C(°F) 846(1555) 882(1619) | 773 (1424)|952(1745) | 1056 (1932)
MgO <60 0,1 6,0...9.0 10,0... 15,0 9.0 Annealing Point*C(°F) 657 (1215) |[ 81611500)
E203 (;00-,;‘- 130 - - =12 - Strain Point,*C (°F) 615 (1140) ' 736 (1357) | 766 (1410)
NayO 03 20 143 0.4 < i _ Tensile Strength, MPu
Zr0, = 10.2 - = 2.0 -196°C 5310 5310 8275
K0 02...05 2 0.1 - - 23°C 3445 3445 3241 4135 4890
FE':O1 0.3 = 03 = 0.5 -

£ ' = 371° 2 5 293¢

TiO, - 65 0.2 7 8.0 71°C 2620 216, 930 4445
Zn0 _ _ _ _ 538°C 1725 1725 2140 2415
CaF; - - - - - Young's Modulus, GPa
LiOy - - - - 3.0 23°C 72.3 $0.3 73.1 85.5 86.9
305 N 02 - - . 538°C 81.3 813 88.9
BeO - - - 8.0 ks L= : 4
CeO — _ _ _ 3.0 Elongation % 4.8 4.8 44 4.8 5.7
E-Glass: Aluminum borosilicate glass, <2% alkali oxides, general plastic reinforcement and electrical applications, most commonly used GF type
AR-Glass: Alkali glass with added zirconium dioxide, alkali resistance for concrete reinforcement
R-Glass: Aluminosilicate glass with calcium and magnesium oxide; high mechan. requirements even at high temperatures
S-Glass: Aluminosilicate glass with magnesium oxide, high mechan. requirements even at high temperatures
ECR-Glass (E-Glass Corrosion Resistant) high chemical/thermal resistance for laminates in contact with acids/bases
Silica: very high mass fraction of SiO2 (>99.9%), very high temperature resistance
M-Glass: berrylium-containing glass, high E-modulus, application at highest mechan. requirements

16

https://www.agy.com/wp-content/uploads/2014/03/High Strength Glass Fibers-Technical.pdf

lipf


https://www.agy.com/wp-content/uploads/2014/03/High_Strength_Glass_Fibers-Technical.pdf

Mechanical properties

Single fiber tensile test

Favimat+ (Textechno)
gauge length: 50 mm
testing speed: 25 mm/min

In(-In(1-P))

2-
0
_2#
-4
Go
'6 T T T T T T T T 1
7,0 7,2 7,4 7,6 7,8 8,0
In(c/a,)
P:  cumulative probability of failure
m:  Weibull modulus (shape parameter)
6.  measured stress
oo: characteristical stress (at which

63.2% break)

ipf|

Weibull modulus m:

A measure of the scatter around
the mean value of the strength:
the higher the modulus m, the
more homogeneous is the
strength of the fibre.

17

Scheffler, C., Forster, T., Mader, E., Heinrich, G., Hempel, S., Mechtcherine, V. (2009). 355(52-54), 2588-2595.



Glass fibers — mechanical properties [ipf

Healing of glass structure surface defects by sizings

Chemisorbed layers | Physisorbed layers | 39 ¢ ARG uniszed
S P 2 | ¢ ARG PP-sizing
L A _ ARG chitosane sizing
1 ® modif. ARG unsized
- 0.1 pm I \ modif. ARG chitosane
0.3 um 0. ©modif. ARG PP-sizing
0.5 pm Crosslinking
density gradient | -1 A
- 21
5
T 3
hak
£
Highly crosslinked T 44
regions £ ° ®
51 increasing o
-6

505254 56 58 606,264 66 6870727476738 8,0 8.2
Ino

Zinck, P., Pay, M. F., Rezakhanlou, R., & Gerard, J. F. (1999). Mechanical
characterisation of glass fibres as an indirect analysis of the effect of surface
treatment. Journal of materials science, 34(9), 2121-2133.

18



Outline
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Composite recycling processes [Ipf]

Recycling processes for thermoset composite materials

End-of-life
maT“al Recycling involves
Landfill Incineration Recycling K hlgh temperatures
technology - chemical attack
v v v
Mechanical Thermal Chemical .
. ‘ . — Solvolysis
recycling recycling recycling
100-300°C
1’ l J’ chemical agents
Combustion Pyrolysis Fluidised bed solvents, water
450-800°C
no chemical agents 450 to 550 °C

char formation

20

Gongalves, R. M., Martinho, A., & Oliveira, J. P. (2022). Recycling of reinforced glass fibers waste: Current status. Materials, 15(4), 1596.



Fiber strength - temperature

Single fibre tensile strength of

sized basalt fibres

ipf|

TGA/DTG curves of sized basalt fibres
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Strength loss is not only resulting from removal of sizing!

21

Forster, T., Sommer, G. S., Mader, E., & Scheffler, C. (2016, July). Surface, interphase and tensile properties of unsized, sized and heat treated basalt fibres. In IOP
Conference Series: Materials Science and Engineering (Vol. 139, No. 1, p. 012019). IOP Publishing.



Fiber strength - temperature [Ipf]

100
0
80 I
70 I
60 }

O
50 ¢ ,0\\\ Anisotropy Relaxation
o A\Ao\itﬁ——

Strength loss due to:

Thermal Compaction

Residual Fibre Strength (%)

O
30 i ~-E-glass 2 hours [31] CrySta llisation
20 | -B-E-glass 3 hours [32] A
10 - &Basalt 3 hours [32] lon EXCha nge
0 . ! . ! . ! . ! . :
200 300 400 500 600 700

Conditioning Temperature (°C)
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Thomason, J., Jenkins, P., & Yang, L. (2016). Glass fibre strength—a review with relation to composite recycling. Fibers, 4(2), 18.



Fiber strength - temperature

23

Fibre Diameter

Maximum Conditioning

Time

Maximum

Fibre Type (microns) Coating, Sizing Temperature (°C) (min)  Strength Loss (%)
E-glass 6-17 unsized 273 240 40
E-glass 17 unsized 400 25 45
E-glass 17 aminosilane 400 25 55
E glass 17 unsized 600 25 45
E-glass 17 aminosilane 600 25 73
E-glass 17 unsized 600 25 65
E-glass 17 aminosilane 600 25 75
E-glass 17 SE1500 600 25 65
Basalt 9-16 unsized 600 ? 80
Basalt - unsized 650 60 97
Basalt 9 = 500 60 90
Basalt 10 - 500 5 77
Basalt 10 - 500 20 89
Basalt 15 epoxy 600 ? 80

NA-ABG* 12 unsized 650 ? 75

NA-ABG * 22 unsized 650 60 70

Soda-lime 3000 unsized 530 60 70

NA-ABG * - - 550 ? 55

Alkaline 20 unsized 500 60 70

* Non-alkaline aluminoborosilicate glass.

lipf

Thomason, J., Jenkins, P., & Yang, L. (2016). Glass fibre strength—a review with relation to composite recycling. Fibers, 4(2), 18.



Glass fiber — chemical resistance [Ipf

* alkaline media = corrosion is mainly controlled by the dissolving of the SiO2-network
* acid media -2 diffusion of ions

Hot sodium hydroxide

=5 —0—8=+0l — =8—0lH-+=8—0" (NaOH) treatment for
—% 0 H:O - —S OH  OH strength regeneration*
mitial

state state A state B state C state D

Strong alkaline
corrosion can lead to

SN

Si OAl 00 @0- (ONa* (QCa**

< | removal of surface
- 1¢F ! i layers and sizing
D [._.]% | I| d

Scheffler, C., Forster, T., Mader, E., Heinrich, G., Hempel, S., & Mechtcherine, V. (2009). Aging of alkali-resistant glass and basalt fibers in alkaline solutions: Evaluation of the failure stress by
24 Weibull distribution function. Journal of Non-Crystalline Solids, 355(52-54), 2588-2595.

*Thomason, J. L., Nagel, U., Yang, L., & Saez, E. (2016). Regenerating the strength of thermally recycled glass fibres using hot sodium hydroxide. Composites Part A: Applied Science and
Manufacturing, 87, 220-227.



Glass fiber — chemical resistance [ipf

Spal Magn Dl W Fep 'whln
VET ARG, 28 d, 60°C, 5%-NaQH-Ldsung

Scheffler, C., Forster, T., Mader, E., Heinrich, G., Hempel, S., & Mechtcherine, V. (2009). Aging of alkali-resistant glass and basalt fibers in alkaline solutions: Evaluation of the
failure stress by Weibull distribution function. Journal of Non-Crystalline Solids, 355(52-54), 2588-2595.



Glass fiber — chemical resistance

21 o unsized IPF ARG, untreated s 0 0
|« 5% NaOH, 80°C, 1d
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; Increasing strength
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Tailored chemical corrosion + resizing provide potential for strength regeneration

Scheffler, C., Forster, T., Mader, E., Heinrich, G., Hempel, S., & Mechtcherine, V. (2009). Aging of alkali-resistant glass and basalt fibers in alkaline solutions: Evaluation of the
failure stress by Weibull distribution function. Journal of Non-Crystalline Solids, 355(52-54), 2588-2595.



Outline
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Summary
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Summary [Ipf]

= Glass fibers are applied in huge amounts in composites (> 90%)

- ,,Gentle” recycling processes are required regarding temperature and chemical
agents or solvents in order to reduce strength loss

- Resizing offers potential for strength regeneration, but also protection during
second textile processing

28




[ | Leibniz-Institut
fiir Polymerforschung
Dresden

Thank you!

Contact

Dr.-Ing. Christina Scheffler

Leibniz-Institut fur Polymerforschung Dresden e. V.
Phone: +49 351 4658 373

E-Mail: scheffler@ipfdd.de
Web: www.ipfdd.de/fiber-spinning
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Company history

» Solid Waste Management strategy in Latvia, 1998

® Program “500-"

» Pilotproject in North Vidzeme Region
» New, regional waste management system
#» New SW landfill complying with EU requirements
® partial recultivation of the existing dumpsites
®» Cooperation with the Ministry of Environmental Protection
and Regional Development (VARAM) and the representative

of Denmark Environmental Protection Agency (DEPA) in
Latvia, s.c. “CARL BRO International”

® Research of the existing situation in waste management
in North — Vidzeme Region




ZAAO

ZAAO, was founded in 1998 by 82 North
Vidzeme municipal governments with an aim to
provide high quality waste management
services. After administrative reform in 2021
ZAAO is 100% owned by 8 local municipalities.

e Operation area - 10411 km2
 Rural area—98,7%
 Cityarea—1,3 % (14 cities)
* Population ~ 159 564
 Rural ~52%
* Cities ~48%
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SERVICE OFFER

Martins Vigants
Alejas 2, Raunas pag.
LV-4131, Raunas nov.

®» Municipal solid waste management | e

Sadzives atkritumu izvesanas kalendars

# Online database of household waste management

service agreements - available to municipalities for

control.
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» Separate waste collection throughout the region

» Collection of used household electrical appliances

» Collection of agricultural packaging (silage film)

== STIKLA PUDELES UN BURKAS

DRIKST (M

NEDRIKST (X)

Mala pudeles
un trauki

Porcelana un
fajansa trauki

Nedrikst mest mediciniskos, lielgabarita,
2ajos, bivniecibas, bistamos, elektroniskos
un neskirotus sadzives atkritumus.

» Bulky waste, green waste, construction, asbestos
management

® Customer training

®» |Informative materials X

® Public education - URDA Nature and Technology Park




EKO laukumu darbibas raditaji

SOURCE SEPARATE COLLECTION SYSTEM IN THE REGION
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Additional services for the separate collection of
waste

ECO box in the stairwells of apartment houses
Environmentally friendly office - for institutions
Individual separate collection system
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SEPARATE WASTE COLLECTION SYSTEM

For private houses in cities
e Container with a yellow lid for used packaging

e Container with black lid for bottle and jar glass

e Service Free of charge

For companies and public institutions

» Container for source separate packaging

» Separate container for glass




Materialu uzglabasanas laukums
Laukums tehnikas novietosanai

Atkritumu noglabasanas kratuve
Notekadenu attirisanas iekarta

Biologiski noardamo atkritumu
parstrades razotnes komplekss

Kompostésanas laukums
asfaltbetona seguma

Komposta uzglabasanas nojume

Infiltrata uzkrasanas baseins

Laukumu lietustdenu
uzglabasanas baseins

BNA aerobas stabilizacijas
(kompostésanas) iekartas

Perspektivas razosanas ékas

Piebraucamais cel$
asfaltbetona seguma

\\ |
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Managing of glass fiber waste in «Daibe» landfill




GLASS FIBER PRODUCTION WASTE

Mains types of glass fibre
waste:

 filaments

¢ nets

e WOO|







"Air glass technology
WOOL2 WALL"

Stikla Skedras




’ IDEJAS APRAKSTS

Valmieras Stikla Skiedras (Silica
wastes) utilization into :
hollow ceramic materials «wool 2
wall»

Offering a new recycling road for
glass wool waste — technology to
transform glass wool waste to
valuable material

New construction and design
material bricks and ceramics
blocs

Decrease CO,

Patented product, technology and
scalable worldwide




’ RISINAJUMA NOVITATE (INOVITATE)

Initial Valmiera Fiber glass Fiberglass after Fiberglass mixed
waste glass fiber inside crusher coarse crusher with reagents Raw granules

Foamed

Foamed granules
granules

covered with clay

Raw brick Mixture for formation
Hollow brick in pressing form

W) o

WBOL 2 WELL




ZAAO, MSW landfill Daibe

Chief of development
Martins Niklass

martins.niklass@zaao.lv
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HITACHI

Inspire the Next

Sustainability challenge for glass fiber composites prodution

GlassCircle Workshop 2023-09-15
Anders Holmberg. Hitachi Energy, Composites

A
U

YHitachi Energy

2023-09-14 © 2023 Hitachi Energy. All rights reserved.



Hitachi Energy, Composites HITACHI

Inspire the Next

Power TranSmiSSiOnN e

g Power e
Power Distribution —— & Generation S 8
PP Substation

Internal . ) o . . A
2 © 2023 Hitachi Energy. All rights reserved. @ HltaChl Enel‘gy



420 kV substation HITACHI

Inspire the Next

Internal

3 © 2023 Hitachi Energy. All rights reserved. @ HitaChi Enel‘gy



Hitachi Energy, Composites main products HITACHI

Inspire the Next

Glass fiber / epoxy cylinders

Conductive glass fiber / epoxy

prepreg tape Composite Utility Poles

Composite Insulators

Internal

© 2023 Hitachi Energy. All rights reserved. @ HitaChi Enel‘gy



HITACHI

Inspire the Next

o

Hitachi Energy company purpose:
Advancing a sustainable energy future for all

© 2023 Hitachi Energy. All rights reserved. @ H itaCh i E nergy




Hitachi Energy sustainability targets 2030 HITACHI

Inspire the Next

“ We have placed OUR TARGETS
sustainability at

the heart of our PLANET

= own operations
-50% CO,e along the value chai

Purpose: ' -50% waste disposed
focused on +-25°
powering good for + -25% hazardous substances and chemicals
a sustainable PEOPLE  Zero harm
energy future. Top quartile health absence rates
Life-long learning culture
Claudio Facchin, CEO Increase female diversity from 19% to 25% by 2025

commun [l 2 am 5 PEACE Zero incidents of corruption and bribery
2 LT RS

PARTNER- Increase involvement in multi-stakeholder partnerships
e W17 e SHIPS

I~

Internal

6 © 2023 Hitachi Energy. All rights reserved. @ HitaChi Enel‘gy



HITACHI

Inspire the Next

LCA Analysis of composite utility
pole

@Hitachi Energy




Composite Utility Pole — System boundary

HITACHI

Inspire the Next

Internal
8 © 2023 Hitachi Energy. All rights reserved.

Steel Steel forming
Aluminium Aluminium
forming
Glue Wet
- filament
Glass fibre winding
Epoxy hot air Transport to End-of-life Module D
cure oven, use site transport
Polyethylen cutto
length and
Release agent assembly
at Hitachi
Polyamide Energy,
Pitea
Acetone
: . — —
Product stage, A1-A3 Construction End-of-life Resource reco-
stage, A4-A5 stage, C1-C4 very stage, D

®Hitachi Energy



Composite utility pole production HITACHI

Inspire the Next

Wet filament winding process Production waste

Tube cut-offs

Internal

9 © 2023 Hitachi Energy. All rights reserved. @ HitaChi Enel‘gy



Climate impact of a 12 m Composite Utility Pole HITACHI

Inspire the Next

. Pole
anufacture
Pitea

32%

Internal

10 © 2023 Hitachi Energy. All rights reserved. @ HitaChi Enel‘gy



HITACHI

Inspire the Next

%

100-
B A1, Raw material supply, Stolpe 77-12
o A4, Transportation to use site, Stolpe 77-12
o [ A2, Chemicals transport, Stolpe 77-12
40- B C2 end-of-life transportation, Stolpe 77-12
20- [ A3, utility pole manufacturing in Pited, Stolpe 77-12
0- B Module D, Stolpe 77-12

Climate change

Internal . .
11 © 2023 Hitachi Energy. All rights reserved. @ HltaChl Enel‘gy



BOM list of composite utility pole HITACHI

Inspire the Next

Opportunities for improvement.

Amount |Spillage and Possible to influence by product
e optimization and use of materials
(%) with higher performance

Reduce production scrap

Glass fibre roving 0.4

Epoxy resin 9 Inﬂuenced by resin selection, process
Hardener 8 details and operating procedures
Accelerator 0.1 0.0

Polyethylene 10 05

Polyamide -
Acetone -
Release agent -
Steel foot 1
Aluminium lid 0.1
Total spillage/consumables

Total weight of pole tube blank 100
Total weight of cut to length tube 93

Regeneration or substitution
of acetone?

?gg?a

Influenced by mandrel length etc.

“ Relative to weight of pole tube blank

Internal

12 © 2023 Hitachi Energy. All rights reserved. @ HitaChi Energy



: HITACHI
Conclusions Inspire the Next

Main GWP impact is from raw materials and transport.

Total elimination of waste & spillage (unrealistic) = 12% reduction
of GWP

20% weight saving - further 16% reduction of GWP

Chemicals Pole
ROt ar;:l,‘i:zgtu'e Conclusion: > 30% improvement by material suppliers needed.

79% 16%

4%
Chemicals| |
Upstream
7%
0 0, 0, L T :
326 94 10A» 14%
imermal | ®Hitachi Energy

13 © 2023 Hitachi Energy. All rights reserved.



Close supplier cooperation will be necessary to reach -50% target

New: Bio Based Epoxy Syste |
From Naturg| Or 5

igin

RECYCLABLE '
THERMOSETTING t
A

RESIN

It the net zon

EzGiclo © 'ﬂﬁ

Internal

14 © 2023 Hitachi Energy. All rights reserved.

enabling a sustainable

FUTURE !ﬁ“

0 PlR (POST INDUSTRIAL RECYCLED CONTENT)
6 / 1] IN ALL ROVINGS AND CHOPPED STRANDS

97% recveune 60% Lower carBON EMISSIONS
OF FIBERGLASS PRODUCTION WASTE REDUCTION

overall indus

(OPE 1 MELTER CARBON EMISSIONS SINCE 1330
igvement with state of the art fiberglass malters

A sustainable fiufre I the whala werd's bissiness

At Owens Coming, its aur mission, Froem the il
Lomposites we design, ta the RIOTUCtE we halp

build, £ustainability informs: everything we do. E

Reduce graon Send 1T
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HITACHI

Inspire the Next

Neg Nippon Electric Glass
NEG and Carbon Neutrality

CO2 emission reduction target (Scope 1+2)

We aim to achieve 36% in and 60%
In energy intensity by 2030, and carbon neutrality by 2050.
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Glass fibre use and reuse at Podcomp

GlassCircle

2023- 09-15

Birgitha Nystrom
Sustainability coordinator

birgitha.nystrom@podcomp.se

iterrey

Baltic Sea Region

Co-funded by
the European Union
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Podcomp & main products N

L

Podcomp is a composite manufacturing company
in the north of Sweden

We have expertise in

. Composite materials in general

. Structural design of composites

. Automation and

. High volume production of composites

r = Our main product: bathrooms are made from
PCD glass fibre composite sandwich material

COMP
L _



Other products

L

Flax and
carbon
fiber &
epoxy
Skipo|es for E
Kang
company

; - Glass fibre/PET/polyester
. Tank for road salt
Special purpose
house

Glass fibre/PET/polyester
Bicycle garages




Main material used at Podcomp

Main material consumption for pods 2022 Amount

Glasfiber 52,8 %

Polyester 38,0 %

PET 9,2 %
946 ton

Waste to landfill

Waste to landfill (dry glass fiber, cut-off composite panel) 92 ton

—
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Our motivation to reduce production waste

L

Podcomp’s overarching environmental goal is to minimize carbon footprint
ISO certified quality and environmental management systems 9001 and 14001

 Economic sense to not throw away perfectly good material

Common sense to preserve resources, on a finite planet resources are not limitless

Dimjn;
INishj
OurCe

Sustainable production

(YR Y
CERTIFIERAD RI ___ Onlyone .
wilhd 1ISO 2001 u - i planet =~ .@ dSustlalnablet
S P 150 14001 SE ~ evelopmen
Lednimgssystemn for kvalitet

och miljé L .
: Sustainable consumption

Now " Future



L Why is glass fibre reuse and recycling important?

* Glass fibres constitutes more than 90 % of the composites industries fibre
consumption

e Glass fibre reinforces plastics production was 10-12 million tons world
wide while carbon reinforced plastics was only 0,14 million tons in 2019
(before pandemic), according to the AVK report, EuCIA - The European

Composites Industry Association
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The main constituent in glass fibres is silica sand

Why is glass fibre reuse and recycling important? N

Silica sand is one of the planets most abundant resources

* However — due to increasing demand we risk unsustainable use of sand according to UNEP

40-50 billion tons of sand is extracted annually, or 18 kg per person per day, the second most exploited natural

resource after water according to UNEP (United Nations environment programme)

T ] r L =
e | W ol I
el e

& [e9)

LT b
he s

Reducing the demand for naturally occurring sand resources, substituting with viable alternatives, and recycling
products, and designing products and buildings to extend their usable lifespan will be essential to keep the use of sand
within sustainable limits.

UNEP 2022. Sand and sustainability: 10 strategic recommendations to avert a crisis. GRID-Geneva, United Nations Environment Programme, Geneva, Switzerland
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L How can we use so much??

L

Silica sand has many application areas:

Typical traditional use:

* Golf courses & sports fields Silica Sand Market
Industrial abrasives Market forecast to grow at a CAGR of 6.9%
Filtration media

Glassmaking

Paints & coatings

* Ceramics

Construction materials

Growing demand in essential sectors in present days:
* Photovoltaic solar panels

e Concentrated solar power

Wind turbines 2023 2030
Wind turbine wings

Wind turbine foundations

Geothermal reservoirs

Geothermal heat pumps

Fracking

Computer screens, fibre optics, silicon chips

USD 31.68 Billion

USD 19.9 Billion

RESEARCH MARKETS

THE WORLD'S LARGEST MARKET RESEARCH STORE
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Glass fibre cut-offs at Podcomp-perfectly clean fibres

Weekly
cutoff
Surface Area Bindng clean
GLASS FIBRE | Supplier | weight Type Glass type weight Sizing thread |material Type of cut-off
g/m? g/m? % % kg
E-glass 2400TEX | 912 | 52,0 | OfPolvester,vinylj g o
ester and epoxy
Rectangular pieces of varied
Glass f!bre Vitrulan 1700 0/90 NCF | E-glass 1200TEX 803 46,6 For polyester, vinyl length and Wldth.. Can be
fabric ester and epoxy several meters with 40-80
cm width.
Polyester 7,6TEX | 10 | 0,6 |FO"Polvester, vinyl
ester and epoxy
1725 200
Rovicor
Chomarat/ E-glass 2400TEX, . Polyprope
R300/0DB730 Gazechim Random 50 mm long fibre Binder 10g/m?2 n 180g/m2 10 Irregular shapes

300




GlassCircle student project work on glass fibre cut-offs — L
L Transforming glass fibre production cut-offs to artistic or essential everyday products ]

/|

For inspiration

~ 1 =l
)| T

Vintage glass fibre
lamp-shades

One of Podcomp founder’s company, APC,
made art for the municipality of Luled
together with designer Ulrica Hydman Vallien

and APC made the entrance bear jaws at

Lulea hockey, both from glass fibre and
polyester and some core With the right epoxy-glass fibre combination

composite can be transparent like this bowl
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Glass fibre sandwich panel cut-offs at Podcomp N

COMPOSITE SANDWICH Weight Dimensions Glass type Resin type Core type Description
mm w,l, t

Doorblade made at 13kg/m2 900x2100x30 0/90 NCF | Polyester PET From every bathroom a door opening is cut out. We
Podcomp make up to 11 per day.

Ceiling openings made at 7kg/m2 ~400x400 0/90 NCF | Polyester PET From the ceiling rectangular or squared pieces are cut
Podcomp out for installation of ventilation for example.

Cut-offs made at Varying Varying 0/90 NCF | Polyester PET From every infusion the ends are cut off. It can be
Podcomp from centimeters to decimeters wide, after the rough

edge is cut off.

Door panel

Smaller cut-offs of various size and shape




GlassCircle sparked development of products from cut-offs




r GlassCircle student project work on sandwich cut-offs_I
Innovative design of new products, reusing composite

L sandwich Ml
Focus on developing efficient production of a Movie for
product with a smart assembly mechanism inspiration

* Minimal amounts of glass fibre was wasted when this building
was created
* Making a longlasting product instead of waste should be an
environmental benefit
* The alternative is to send the panels to landfill so making a
product should be economically feasible, no cost for waste
handling and no material cost
* But the new products must also be effectively produced with
easy to assemble mechanisms and a system for marketing and
selling is needed

o
&
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Final remarks
L _

e The virgin glass fibres and the virgin glass fibre
composite panels that Podcomp can’t use in
our products should not go to landfill!

* The more composite industries that think this
way the bigger the impact

* Demand from a whole range of industries of
the rawmaterials for glass fibre makes circular — ‘
use of glass fibres extremely important! _— ‘ e e N
GlassCircle and similar initiatives are very Succesful reuse of glass fibre composite sandwich cut-
important for us as composite industry! offs in my backyard

Thank you for listening!

Co-funded by
the European Union

l iwl ié r i‘ & g

ions?
Questions: Baltic Sea Region
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PROJECTS WITH VALMIERA GLASS
WASTE FROM PRODUCTION




18.09.2023

Approach

/ The applications differing from the use of the first-
grade products are mainly considered

/ The markets and the products with lower technical
requirements are also evaluated

/ Solutions must be cost and technologically effective

/ Several research projects initiated by the
Universities or by the potential customers have been

executed. Trimmed edge from
construction mesh

e VALMIERA GLASS®



18.09.2023

Internal recycling

/ Waste material from production is recycled in non-
wovens

/ Recycling of the coarse fibres in the glass melting
furnace — project in process, the production equipment is
under construction

/ Majority of issues related to organic substances (sizing,
finishing) applied on fibers during production processes

/ The rest of the issues are related to the impurities from
the storage or transport, e.g.- dirt; as well as the
mechanical resistance of the glass-fibres

e VALMIERA GLASS®



18.09.2023

Outsourced projects

/ Majority of projects executed together with the Universities and the potential

customers.

/ Glass fibres as fillers in construction products:
« Concrete pavement and concrete masonry blocks
« Ceramic masonry blocks
* Bituminous mixtures

/ Main issues:
« Chaotic orientation of fibres
* Undefined surface properties of the glass fibre waste
« Low alkali resistance of E-glass
* Low surface friction / adhesion

9 VALMIERA GLASS®



18.09.2023

Future challenges

/ The growing restrictions and the rising costs of the waste
storage forces industry to be more active in research of the
recycling possibilities

/ The solutions found, mostly, are no cost-effective or
commercializable

/ The waste and emission treatment of chemical formulations
like sizing, finishing and coating are not the least issues for
the glass fibre producers

/ Environmentaly-friendly solution for the desizing and the
solutions for waste logistics might be a game-changer for the
use of the glass fibre waste in composites

e VALMIERA GLASS®



18.09.2023

Opportunities

/ The experience and the knowledge shared and gained
through the projects like GlassCircle is appreciated by
Valmiera Glass and may help in future projects

e VALMIERA GLASS®
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I Earth’s Carrying Capacity is Not Unlimited

SLU
Ability to Meet Our Needs Without Compromising the Ability of Future
Generations to Meet Their Own Needs.

Brundtland's Commission on Sustainable Development in 1987

Abilities

A
1

[

Governance

J

Industrial Output

o

Food Clothing Shelter
Societal Needs




[N Balancing Abilities and Needs is a Major Challenge

SLU

Growmg People

Linear Economies

W | m,

TAKE MAKE USE THROW

AWAY

B Growing People’s Needs

Social Disparity

7 ____% .Z:.:Ei?&? dlspanl:.g
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Why Systems Level Thinking is Important

Each product that we produce or that we buy, each process or service that
we acquire, it does not only cost money but it also has an effect on our
society, from micro to macro-level

» Resource Depletion (Water, Metal, Fossil Sources etc)
» Pollution (Air, Water, Soil Streams)

» Food Versus Fuel

» Geopolitical Risks

» Social Problems (e.g. Loss of Agriculture Due to Global Warming)
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Definitions and purposes of LCA

An environmental management tool that determines the environmental
Impact of a product or system over certain stages or over its whole life —
from production, through use and to recycling, reuse or disposal. It is a

comprehensive and robust tool to help decision-making.

Applications at product level: during 1990s it was mainly used internally
- To identify hotspots in products and systems

- To optimize product and processes

It identifies the solutions that best support sustainable development.




e What is Life Cycle Assessment (LCA) in Simple Sense?

SLU
Tracking All Interventions Associated with Life Cycle of an Application (e.g. a Product

Process, Service etc) and Measuring Their Impact on Environment

Flows from Nature Flows Back to Nature

Resources

g @@@

Manufacturing Disposal

FossilMining w - - oo e — = =
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LCA Is quantitative

Q: "how much does a product system potentially impact the
environment?”

Part of the answer: "The impact on climate change is e.g. 87 kg of CO2
equivalents”

1) Mapping all emissions and resources used and, if possible, the
geographical locations of these

2) Use factors derived from mathematical cause/effect models to
calculate potential impacts on the environment from these emissions
and resource uses
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Step 1: involves thousands of emissions and resource uses,
e.g. '0,187 kg CO2. 0,897 kg nitrogen to freshwater,
0,0000000859 kg dioxin to air, 1,54 bauxite, 0,331 m3
freshwater”

Step 2: the complexity is reduced by classifying these
thousands of flows into a manageble number of
environmental issues, typically around fifteen (some of them
divided into terrestrial and marine)




g{tﬁ LCA covers a broad range of environmental issues:

Climate Change

Ozone

Human Toxicity

Respiratory

Thousands Photochemical
of

Acidification
elementary —
flows Eutrophlcatlon
(inventory)

Land Use

Resource

The aim is to avoid burden shifting: efforts for lowering one type of environmental '
Impact unintentionally increase other types of environmental impacts
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Life Cycle Assessment (LCA) Steps

Goal & Scope
Definition

Interpretation of Results &
Corrective Actions to be
Taken

Life Cycle Inventory

(LCI) Data Collection

Life Cycle Impact
Assessment (LCIA)

LCA Steps According to International Standards Organization
(1SO) 14040 Standard




g{!ﬁ Goal & Scope Definition of LCA

» What is the System | Wanted to Study? (Functional Unit
Definition)

v" Product (e.g. Plastic Bottle)
v' Process (e.g. Paper Making)

v' Service (e.g. Delivery of Goods via Amazon)
» What is the Scope of my LCA?
v' System Boundary What Life Cycle Stages are Includes
v Scope of Study (Stages and Geographical Region)

o E.g: Plastic bottle produced, used and disposed in European Region

» What are the Environmental Impacts | Wanted Measure?

v e.g. Global Warming Potential, Acidification Potential, Eutrophication
etc.




e Functional Unit of LCA Study

SLU
> Allows to Quantify the Environmental Performance Across the Life Cycle

» Allows to Compare the Environmental Performance with Other System
Having an Equivalent Function

& Eny, Impacts of Plastic Coke Bottle Manufactured, Use and Landfilled in Europe

-
"
B

In Comparison With

-

ﬁ Env. Impacts of Glass Coke Bottle Manufactured, Used and Recycled in Europe

a Env. Performance of Driving Petrol Car for its Lifetime of 150,000 km.
In Comparison With

Env. Performance of Driving Electric Car for its Lifetime of 150,000 km.
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Carefulness when compairing LCA results of building products

This Environmental Product y < N
Declaration (EPD®) describes the L
environmental impacts of 1 m2 of
mineral wool with a thermal
resistance of 1.0 K*m2 *W-1

The mechanical and physical
properties should also be
comparable

Example from : EPD of ISOVER Glass wool insulation without facing

https://api.environdec.com/api/vl/EPDLibrary/Files/aca36al6-01fd-44c1-efbf-08d966bc9806/Data




XN Example of Life Cycle Inventory (LCI) Data Collection

SLU Emissions
Emissions o Emissi o Emissions
Emissions Emissions missions Emissions Materials &
. . Materials & Energy Inputs
Materials & Materials & Materials & Materials & Energy Inputs
Energy Inputs Energy Inputs Materials & Energy Inputs Energy Inputs

Energy Inputs +

Crude Oil Plastic Pellets Part Finished Disposal
Refining Chemicals Extrusion Fabrication Product Landfill
Discharges & Discharges & Discharges & Discharges & Discharges & Discharges & Discharges &
Solid Waste Solid Waste Solid Waste Solid Waste Solid Waste solid Waste Solid Waste

v v v v v

LCI Data Collection Sheet

Plastic Pellets 75 g.
Energy Consumption for Production of 1 Bottle 1kWH
CO, emitted to air 28.

Solid Waste Generated (e.g. Packaging Material) 0.5g.
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Sources of Life Cycle Inventory (LCI) Data Collection

Primary Data (You Collect from Onsite)

» High Quality Data but skewed when larger industry perspective need to be
understood

Secondary

> Databases: such as Ecoinvent

» Environmental Product Declarations of suppliers’ products

Industry Consortium and Industry Association
» World Steel Association for Steel Data

> Aluminum Association for Aluminum Data

Reports, Patents and Academic Literature




S

stu  Several databases can be accessed, the most important is Ecoinvent
(it gets updated and re-published in a new version every year)

4 A
: N
ecoinvent i Cm .. A
b - B LVSE carbonminds

WORLD FOOD
LCA DATABASE

8: Agri-footprint

a Blonk solution

¢ o o
L J

& &

v e k—'

,'Ege Xlobase :-si“i DataSmart IDEA

Life Cycle Inventory Package



JL Processes and flows can be modelled in different stages of the life cycle

SLU
Input: Energy, materials and water

L L L .

PRODUCT STAGE CONSTRUCTION USE STAGE END OF LIFE STAGE
PROCESS STAGE
s L0

L ™ " A X
—_——

-‘l—

“\:‘
e
15!-

2880,

A1: RAW MATERIAL A4: TRANSPORT B1: USE C1: DECONSTRUCTION

A2: TRANSPORT A5: CONSTRUCTION B2: MAINTENANCE C2: TRANSPORT

A3: MANUFACTURING B3: REPAIR C3: WASTE PROCESSING
B4: REPLACEMENT C4: DISPOSAL

B5: REFERBISHMENT
B6: ENERGY USE
B7: WATER USE

Output: Emissions to air, water and soil

From cradle to gate
(from Al to A3) R

From cradle to grave (from Al to C4)
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”’Cradle to Cradle” = a system thinking used for design

< e ‘
oot 9 : Dismantling,
. ) \ v technical nutrients
-9 4 —
. @) g
HeQ . F'. F : .-..‘. \ O ',... ®e '-
'-... 2 X é. D 4 )
s B J
;  fat DI Return

Picture: https://upcyclea.com/en/cradle-to-cradle/

Cradle-to-cradle” exists also as a product certification


https://upcyclea.com/en/cradle-to-cradle/
https://upcyclea.com/en/cradle-to-cradle/
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WSP 2022

—— .
.

| i | | e

1

.

(1 (/] - T
|_|_IJ fﬁ i &

i
FINAL RAW MATERIALS
DISPOSAL EXTRACTION
*’

~
|k

bl
RESOURCES AR Life Cycle MAI;EnlALs EMISSIONS
"E‘T‘-E Assessment ARG TURE
|H /
\ 2 B 4
-'—-"'-!"" t:rlr.?
&= ==
PRODUCT PRODUCT
USE - MANUFACTURE
\ =] (L3 .‘..--

TRANSPORT
AND DISTRIBUTE

POTENTIAL IMPACTS

Energy demand / Climate change / Ozeone depletion [ Acidification / Eutrophication

Smog formation / Human and ecotoxicity /| Water use and consumption / Water scarcity
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Since 2019 the standard 15804 for Environmental Product Declarations

studying Modul D (which looks at reuse, recovery and recycling potential)
IS compulsory. But the modul is placed beyond the system boundary:

N -— . — —_ -

PROCESS STAGE ' BEYOND THE

(
{ PRODUCT STAGE ‘1 ( CONSTRUCTION ‘} ( USE STAGE } (END OF LIFE STAGE 1 ' BENEFITS AN LOADS
: SYSTEM BOUNDARY

iy 4 W A X 4§

3 ,\f
Al: RAW MATERIAL A4: TRANSPORT B1: USE C1: DECONSTRUCTION
A3: MANUFACTURING B3: REPAIR C3: WASTE PROCESSING
B4: REPLACEMENT C4: DISPOSAL

D: REUSE, RECOVERY AND

BS: REFERBISHMENT RECYCLING POTENTIAL

B6: ENERGY USE
B7: WATER USE

e —

1
|
|
|

A2: TRANSPORT AS: CONSTRUCTION B2: MAINTENANCE C2: TRANSPORT |
I
|
|
|
|




System envlronment

. System boundary
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SLU

Cther
systems

Froduct
flow

Elementary

I
flows

Faw mater|al
acqulsltlon
Transport |—=
= Elementary
flows
Froductlon
i
E ¥
nergy
supply = Use
[
\ HE"'_-.-'T:II ng! Froduct Other
Reusa flenw systems
T
Waste
treatment

Input flows

Input flows
https://www.sis.se/api/document/get/46612

:xample of a product system for LC A

[

Unlt process

[ntermedlate flows

B

Unlt process

e Cutput flows

= Qutput flows

SS-EN ISO 14040:2006 (E)
Pg.10


https://www.sis.se/api/document/get/46612

& Input to each process data set

Energy Emissions to
air, water & soil

Raw material Products

Consumables Co-products

=
v

Water Waste
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Different countries-different methodologies

| Methodology "ﬂwehped by | Country of origin
CML2002 CML _ MNetherlands

| Eco-indicator 99 PRé Netharlands
EDIPSY - EDIP2003 oty Denmark
EPS 2000 VL Sweden
Impact 2002+ EPFL Switzerland
LIME AIST Japan

/I:Uﬁ#rs\ CIRAIG Canada

< ReCiPe ) RUN + FRe + CML + RIVM Netherlands

\SMﬁascar::ity o7 E2+ ESU-services _ Switzerland
TRACI US EPA ‘ USA
MEEuWP Vhi Netherlands

HL@ @' handbook

v b = ple s

Rarnmmendatans far Lite Dycle mpact
Assrsamenst in e Eunsgedn conlesl

European

Commission, Joint
Research Centre

(2010)
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Raw material
Land use
co2
VocC
Particle
S02

NOx

CFC

Cd

PAH

DDT

Midpoint Endpoint

Ozone depletion Damage ~

P. C. Ozone Form. Ozone Conc.

Particulate Form. PM10 Conc.

Climate Change Infra-red Forcing

Terr. Ecotox N Hazard W. Conc.

Terr. Acidif. Base Saturation

Agr. Land Occ.

’- Occupied Area
Urban Land Occ.

Nat. Land Transf.

Hazard W. Conc. [  Marine
Damage
_Marine Eutr. S Aigae Growth
Fresh water Eutr. Algae Growth

Fresh W. Ecotox Hazard W. Conc
Fossil depletion 2= Energy Content

e — T e

R Water depletion Amount of water



JL Midpoint indicators are defined close to
sLu the emissions. The different greenhouse
gases are expressed in terms of
CO, equivalents to obtain a climate
change indicator.

Activity Midpoint Endpoint

Damage on

Green house
effect health and
ecosystems

For the endpoint type, the emissions are
aggregated at the level of category endpoints,
which are variables of direct societal concern,
such as: damage to ecosystem quality or damage
to human health.

For instance, the effects of the emissions of different toxic substances
could be modelled and expressed as a decrease of life expectancy.
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SLU Environmental impact aggregated and in detall

Impact indicators supply information directly on the effect of the pollutant emissions

Midpoint, per category of L dpon
Environmental Impact

Lifecycle Phases

Process Contributions

Specific emissions of substances and resource
consumption




L Different sources of energy lead to different results:

SLU
Petrol Car The cars example Electric Car
o VST < 5& o

115 g CO, emissions / km 0 g CO, emissions / km

Coal Source
Electricity
e . B The result is representative
s . for India.
A Not for Sweden, not for Denmark

REPUBLIC. 550588

(e )
1
I
5% Raw Materials Manufacturing v Disposal
Vo Car Operation
7 e =
Z & Krishna Upadhyayula 282 gCO, emissions / km

L‘E R%‘\ Umea University & Scania
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How LCAs and EPDs are Done?

> LCA Software

v

AN N NN

SimaPro — most used worldwide, first version released 1990 (in Netherlands)
GaBi — first commercial LCA software, first version released 1989

OpenLCA

Umberto

Excel
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Thank you for your attention!

Carmen Cristescu
Swedish University of Agricultural Science
Department of Forest Biomaterials and Technology

carmen.cristescu@slu.se

Tel. +46 768157221

IS FOR
LIFE

SUSTAINABLE



mailto:carmen.cristescu@slu.se

WOOL2LOOP

ZAVOD ZA SLOVENIAN
z A GRADBENISTVO  NATIONAL BUILDING
SLOVENIJE AND CIVIL ENGINEERING

INSTITUTE

Waste mineral wool upcycled into alkali- m
activated facade panels and cobblestones
with step-by-step Life Cycle Analysis

RWGN-> AM
LCA

fromWbol2Loop to GassCrcle

GlassCircle workshop Hackathon, Herning, Denmark

B. Horvat, D. Kvoc¢ka, F. Knez, V. Ducman
barbara.horvat@zag.si, davor.kvocka@zag.si, friderik.knez@zag.si, vima.ducman@zag.si

The Department of Materials September 14th-15t 2023
Laboratory for Stone, Aggregates and Recycled Materials (420)
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Global production of mineral wool: fi
+ +1.8 my/year since 2013
* 19 Mtin 2019

HEALTH, SATETY AND
LIFL CYICLE ANALYSIS AND
S TANDARDESAT N

Waste mineral wool:
» Austria: 20-30 Kt/year
* EU (calculated): 1-1.5 Mt

Fibre Reinforced Alkali-Activated Rock Wool
doi.org/10.18690/um.fkkt.2.2022

HOLLOW CORE SLABS &
FIBRE-REINFORCED
PANELS

\
DRY MIX CONCRETE
& FLOOR SCREED

WOOL2LOOP
PRODUCT
DEMONSTRATIONS

N
D ¢

PANELS

e a

N4 ){: \
0

3D PRINTING EQUIPMENT
FOR MINERAL WOOL
GEOPOLYMERS

f?’“
ﬁ.

:

E P QR0
\th"
wA g

ot U du sz
U
Twn WSy

v,

PAVEMENT SLABS

Ef

FACADE ELEMENTS

Horizon 2020

g
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WOOL2LOOP

WWww.zag.si

f A 8 3 [ 1) - "
o ' "
o .'
aes :
e .
s M = P11 . M &
» e ALEL:
MINCRAL WOOL SEPARATION
FROM CONSTRUCTION AND QUALITY ASSURANCE MINERAL WOOL MILLING il sy
B TN WA TE y ! CRl CHMOHL VML RS

Acknowledgement: H2020 Wool2Loop has received funding from the European Union's Horizon 2020 research and innovation programme
under grant agreement No. 821000. The opinions expressed in this document only reflect the authors’ view and in no way reflect the European

Commission's opinions. The European Commission is not responsible for any use that may be made of the information it contains.



Acknowledgement: H2020 Wool2Loop has received funding from the European Union's Horizon 2020 research and innovation programme

under grant agreement No. 821000. The opinions expressed in this document only reflect the authors’ view and in no way reflect the European

Commission's opinions. The European Commission is not responsible for any use that may be made of the information it contains.
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Horizon 2020 - products from Slovenia

WWw.zag.si

HOLLOW CORE SLABS &
FIBRE-REINFORCED
PANELS

DRY MIX CONCRETE
& FLOOR SCREED

development of 3D-printer

@1\» and
b'material

for small scale products

“ WOOL2LOOP

PRODUCT
DEMONSTRATIONS

30 PRINTING EQUIPMENT
FOR MINERAL WOOL
GEOPOLYMERS

ABUUSTIC
PANELS

S supervision at
development of material
for Zavod 404

© TERMIT
pilot production
of AA cobblestones

PAVEMENT SLABS
Tree (Poland)

© TERMIT

pilot production

FACADE ELEMENTS

ZAG ZAG
development of material development of material
for TERMIT for TERMIT

WOOL2LOOP
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WOOL2LOOP

- Facade panels
+ Cobblestones
* Chair (bench)
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Fact - known

Estimation - using historical data, finding optimal parameters - a guess about the true state of nature

[ Prediction - a guess about another random value - larger y - h in the lab y before pilot plant
Beyond =
System boundary system boundary é_
Fact I Estimation [ Fact 11 Prediction =
3
Embodied impact Circular economy g
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< Ecological loop
. 1 1 (Cradle to cradle)

L 1 L »

T t T y
Cradle Gate Site  Practical Grave Cradle Time

| Cradietogate | ERE
Cradle to end of life :'i

n
C_J Cradle to grave: life cycle information
c(g Cradle to cradle: whole life cycle assesment information




Beyond

System boundary system boundary

Fact H Estimation " Fact I [ Prediction I

Embodied impact Circular economy

(B'-B:)

Beyond the life
(D-D,)

Product stage CDnIlrucﬁon
(A-A) ( )

J
J'(
Y

[ A,: Construction and installation process ]

J

i

D,: Recycling potential
D,: Reuse potential
D,: Exported energy

e
[ D,: Recovery potential ]

A,: Transport to project site

A,: Transport to manufacturing plant
) (
|
(
\

A,: Manufacturing and fabrication

[ A,: Raw materials extraction and supply

] &

Operational impact

Y } ; '

Cradle Gate Site Practical Grave Cradle B
Cradle to gate completion »
Cradle to practical comple!

Cradle to end of life |

Cradle to grave: life cycle information

Cradle to cradle: whole life cycle assesment information |

Partner:

C, and C;: step by step removal of
walls, increased the time of demolition,
decreased the time of waste processing,
material was cleaner... more benefits
overall = A; (no grave)

C, does not exist (for mineral wool)

Getting the waste material into the “backyard”

Slovenia (and majority of Europe): high need for educating society about circular
economy, benefits and as the only right way! There will be no raw materials left
in the future...
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Slovenia:

C, = A; waste mineral wool was
delivered to disposal facility and payed
for disposal

A, does not exist (disposal facility = A
and pilot Ag)

Society has “circular  economy
drawbacks” regarding waste collection
and processing!!!

Waste material - Raw material from the
market (society is not mature yet even
for “larger” research circular projects)
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Cradle to practical ME
Cradle to end of life | |

Cradle to grave: life cycle information

A,: bought on the market as NaOH

Cradle to cradle: whole life cycle assesment information

Water for cleaning: reused, mixture was
every time the same (contamination not
possible)

Slovenia:
B Alkali NaOH:
System boundary system boundary B
— — A;: hydroxide was bough as clean raw
l Fact H Estimation " Fact I [ Prediction . R R

By T e — material — for AAM its A; module is A,

et etace End of life Beyond the life :
c; Product stage [cw;guxc;imj [ suge M":"";,";;'," Alkali Na-water glass:
S :M . NEN—— A;: sodium silicate solution was bought,
® 1 P ] | _ _ but then remodified into a new sodium
L A E e 8 HIELRE: silicate solution, available on the market

I~ £ = 5 g 2o 'g’ = . .
_GCJ stz (3 £ (| 8| || g under a different brand — for this brand

= @ ° ) = 2 g . . . .
= HH B g Z sl 8| 8|l 8 its As module is A, for AAM this A is A,

s $ o

o - § : ‘;} 2 A I (no A; needed) _ _
£ staflz|l &S LU A;: another brand is available at location
wn H f = § of manufacture (it does bring along
S f<l |2 “history”)
‘.CI_,! Operational impact
© Quartz sand:
- A,: produced on site
= t t t i
Q@ crade Gate Site  Practical Grave Cradle Time R
N Crade to gate S0 All other materials:
r—
(@)
‘©
(®)]
c
=
e
O
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Start: TRL 1

Waste |

—=>

Dissolution
Hydrolysis _
Rearrangement

Alkali
Alkali glass

Water
632{)&)?)000%
Soeass®
g§?é§£go = Alumr{w on
Slllcate mon m
i o~ )
R Alkali —
Condensation - @
1
Alkali Al I'I(—\/

A l_. =)

|Alkali Activated Material
J

Behind alkali activation
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Start: TRL 4

Wool'me, | Na2O | MgO | ALOsz | SiO; | K;O | CaO | TiO; | MmO | Fe;Os3 | BaO I Ngi:Ny = 00; = 1.9, I

RW 21 9.8 17.3 43,5 | 0.8 16,8 | 1.3 0.3 6.7 0.07
GW 16,5 [ 3.7 2.5 65.9 103 71 0,1 0.6 Neaionl+ a1 = Oy = 1,
‘n n Q 1
Waste mineral wool = Amorphous S lgation2+ A = 0z = 1,

; 5
from landfill Molsture]%]) | TOL(IS0:°C) phase [me,] z

RW

4,7

96.8

tivation — chemistry

ac

Behind alkali

www.zag.si

11

(]
& M{a)
GW 22 8,5 2.4 me,, *FF(A) = x - mg, ¥ (A,0,) - ———
Quartz, calcite, dolomite M(A“Oy)’
M(B)

Mineral wool | Si Al | 1*group m%pXRD (B) = Zminerals 82" m%PXRD (Bz ) M(Bz..)"

RW 2.1 1 0.2

GW 22 1 11

Ideal 19 1 1 Mg, PR (A) = Mgy, ™ (A) — g, 750 (A),
Efflorescence 1 >1

true, if > 0; do notadd Al
M(si) . .
Mg 4y = % . (al - g, (AD) - MGD ~ Mosp (Sl)) =4 0,if =0; donotadd Al ,
N 0, if < 0; add Al
\: \:t =&
N M(AD
WL Mo (1 oMb
% \,\“/.) MAlaga = To0 (a1 M (S1) My e (AD)’
A% 3 »

\\: :‘\, \\,\\4\

N e g (Na)
S22 WM.~ X _M(Na).(ﬂ. ) _ Mo . _MWa)
% :\\\’"\3\\ o & , MNagaq = M(al  \1o00 Mogp (AD + May g4 ) - 2 100 [Ecationt+ M(Cation1+)
I o
v O WIS o T e M(Na) oy
. ‘L‘\ e ) \\ > o Mg, [Catlon ) + ZCati0n2+ (2 - m T Mgy (CBUOII J)],
B2 PN
2 o S
. & ‘& L mKaﬂd =
=S
¥y @_(ﬂ. ) _ Mo _mo , Ml
X 7-;\ M@aD \1oo Mebr (AD + mayqq ) - @2 Mva)  MMNaadd  1oq [Zcationt+ M(Cation+)
14 M 24
mg, , (Cation )) + X Cation2+ (2 MiCationz™) Mt (Cation®*) |].

1)
2)
®3)

)

)

(6)

@)

(8)
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Alkali media

SRT0 = @ " ! @

: alkali media (NaOH, Na-water glass)

- not dissolvable in alkali media

. | dissolvable in alkali media

dissolved - not dissolved boundary

Behind alkali activation — physics

“Normal” materials (non-fibrous): smaller particles, bigger surface area, more liquid
Mineral wool (fibrous): smaller particles, bigger surface area, less liquid

Acknowledgement: Project No. C3330-17-529032 “Raziskovalci-2.0-ZAG-529032" was granted by Ministry of Education, Science and Sport of
Republic of Slovenia. The investment is co-financed by the Republic of Slovenia, Ministry of Education, Science and Sport and the European

Regional Development Fund

Start: of the problems (especially for fibrous materials)
alkali can not get through
not enough allfli/liquid media the outer layer
7 elements not available ; ote*‘ially available
! for reactions for reactions
€ eachable for alkali
¢ does not react/dissolve in alkali S oli |
elements nit available

' becomes available for reactions - for reactions
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Cradle to gate completion
Cradle to practical completi

Cradle to end of life

Cradle to grave: life cycle information

Cradle to cradle: whole life cycle assesment information

System boundary Efg‘:r::bou"dary
[ Fact I Estimation [ Fact 1] Prediction
Embodied impact Circular economy
2 Product stage | |Construction Use stage End of life Beyond the life
< e o) (57 ©-C) 5
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Slovenia:

Mineral wool preparation: MILLING!!!
A;: Ag for mineral wool (bought) is A, for
AAM

Milling:

- Performed by another company that
“produces” mineral wool (their waste
was not put back into their
production, but into the milling for
W2L)

- 1st batches were perfect (before the
agreement of cooperation)

- All the rest were useless, total
disaster...

- Additional milling was performed at
location of AAM pilot production

- Tests of milling: 2h, 4h, 6h, 8h

" 0hold

u 2hnew

u dhnew

W 6h new

u 8h new
-

1] 0.125




Acknowledgement: H2020 Wool2Loop has received funding from the European Union's Horizon 2020 research and innovation programme

under grant agreement No. 821000. The opinions expressed in this document only reflect the authors’ view and in no way reflect the European

Commission's opinions. The European Commission is not responsible for any use that may be made of the information it contains.

=
3
H
N
Q
gQ
)

Beyond

System boundary system boundary

l Fact H

Estimation [ Fact 1]

Prediction

Embodied impact

Circular economy

Cradle to gate
Cradle to practical ME

completion

Cradle to end of life

|

Cradle to grave: life cycle information

Cradle to cradle: whole life cycle assesment information

= || rocuctstage | | construction End ofifs Beyond the lfe
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Slovenia:
AAM synthesis:

After mixture of all
“finalised”:

ingredients was

Need for heating!
- Curing during winter in heated room
(20 °C at least)!

- Room temperature curing was not
enough because mineral wool is a
slow curing material (not like slag or
metakaolin, not even like fly ash),

- 40 °C for 3 day is good,

- 70°Cfor 1 day is better.

Curvature solution:

- Curing in special chamber with
constant and preselected humidity,
not allowing the dehydration.

Final choice of curing parameters:
- Room condition for 3 days in PVC,
- 60 °C at 60 % for 3 additional days.




Type Indicator Label Unit
01 EN15804+A2 Climate Change - total [kg CO2 eq.] GWP-total [kg COz eq.]
02 EN15804+A2 Climate Change, fossil [kg CO2 eq.] GWP-fossil [kg CO, eq.]
03 EN15804+A2 Climate Change, biogenic [kg CO2 eq.] GWP-biogenic [kg COz eq.]
04 EN15804+A2 Climate Change, land use and land use change [kg CO2 eq.] GWP-luluc [kg COz eq.]
05 EN15804+A2 Ozone depletion [kg CFC-11 eq.] oDP [kg CFC 11 eq.]
06 EN15804+A2 Acidification [Mole of H+ eq.] AP [mol H* eq.]
Enviornmental impact indictors 07 EN15804+A2 Eutrophication, freshwater [kg P eq.] EP-freshwater [kg PO4~ eq.]
08 EN15804+A2 Eutrophication, marine [kg N eq.] EP-marine [kg N eq.]
09 EN15804+A2 Eutrophication, terrestrial [Mole of N eq.] EP-terrestrial [ke N eq.]
10 EN15804+A2 Photochemical ozone formation, human health [kg NMVOC eq.] POCP [kg NMVOC eq.]
11 EN15804+A2 Resource use, mineral and metals [kg Sb eq.] ADP-minerals&metals [kg Sb eq.]
12 EN15804+A2 Resource use, fossils [MJ] ADP-fossil [MJ, net calorific value]
13 EN15804+A2 Water use [m3 world equiv.] WDP [m3 world eq. deprived]
01 EN15804+A2 Use of renewable primary energy (PERE) [MJ] PERE [MJ, net calorific value]
03 EN15804+A2 Total use of renewable primary energy resources (PERT) [MJ] PERT [MJ, net calorific value]
Ressource use indicators 04 EN15804+A2 Use of non-renewable primary energy (PENRE) [MJ] PENRE [MJ, net calorific value]
06 EN15804+A2 Total use of non-renewable primary energy resources (PENRT) [MJ] PENRT [MJ, net calorific value]
10 EN15804+A2 Use of net fresh water (FW) [m3] FW [m?]
01 EN15804+A2 Hazardous waste disposed (HWD) [kg] HWD [kg]
Output flows and waste categories |02 EN15804+A2 Non-hazardous waste disposed (NHWD) [kg] NHWD [kgl
03 EN15804+A2 Radioactive waste disposed (RWD) [kg] RWD [kg]
01 EN15804+A2 Particulate matter [Disease incidences] PM [disease incidence]
02 EN15804+A2 lonising radiation, human health [kBq U235 eq.] IRP [kBg U235]
Optional indicators 03 EN15804+A2 Ecotoxicity, freshwater [CTUe] ETP-fw [CTUe]
04 EN15804+A2 Human toxicity, cancer [CTUh] HTP-c [CTUR]
05 EN15804+A2 Human toxicity, non-cancer [CTUh] HTP-nc [CTUR]
06 EN15804+A2 Land Use [Pt] SQP [-]
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Calculated from data of A. LeSek, F. Knez

Slovenia, Termit (recipe development by ZAG).
Poland, Tree (recipe development by UOLU, Finland).

Increase (higher T/lower T) [/]
Increase (higher T/lowerT) [/]
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Mix design other

= Metakaolm
=—Compresave strength

Mix design 3
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Mix design 2
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Bending strength [MPa]

0

W2L + glass fibres

www.zag.si
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Thank you!
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Miljgskeerm® has independently developed innovative recycling solutions
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Miljgskeerm®

A combination of the Danish words for
‘environment’ and ‘shield” implying to
shield the environment from waste and
citizens from exposure to excessive noise
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Our Solution

By a mechanical process we manufacture a fibrous
material that, packed and formed into a porous
product has excellent insulating properties

Noise barrier element

Recycled glass fiber material

Porous textile

Protective, open structure

MILIBSKERM® ApS 3/17
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Processing of fiberglass is a challenge in itself

It is a well-known fact that fiberglass exerts severe wear and tear on
mechanical shredders and in the absence of a market demand, no
technology or purpose-built machinery for this application is offered
on the market

As a pioneer within recycling of fiberglass we have modified existing
technology and developed purpose-built machinery and components
for the process

No existing material classification or standard cover recycled
composite material

MILIGSKERM® ApS 4/17
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From linear to circular

M_ilj ﬁ S km rm Consultant services; Recycling

H n' Upcycling EOL blades
“" l , Acoustic insulation; noise barriers

Decommissioning =

Manufacture of insulation products

T emt e \

Power generation
Secondary recycling of Other insulation products
ey f decommissioned products Pt &
'_l N New products
[[:ulatuﬂ

=

Wind turbine manufacturing

MILIGSKERM® ApS 5/17
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Creating value from the recycled material is key

We do not transform the material by advanced industrial processes
or make it disappear

We focus on applications of our recycled material utilizing the
inherent valuable properties of the material, a light weight and
durable material, suitable for rough applications

e Acoustic insulation in noise barriers is our first line of products
* Innovative thermal insulation products are in the pipeline
* We experience an increasing interest from various European

industries for our recycled fibers indicating an emerging market
mechanical applications

MILIGSKERM® ApS 6/17
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Our products of recycled material add value to the application

Due to the very good durability of the recycled fiberglass our products
add value to the environment by:

» Reducing accumulation of waste
Replacing existing products requiring more energy to manufacture -~
Replacing products that are not recycled

V YV VY

Contributing to the circular economy: Subject to a suitable
financial model we foresee to be able to offer our products on a
rental basis allowing our clients to return them at a later point in
time

» Non-degradable and robust products without requirement for
regular maintenance as painting, cleaning and repairs

Sustainable, efficient noise barrier

MILIGSKERM® ApS 7/17
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Full scale tests at the accredited test institute =
Delta supported by on-site measurements Skt et

document meeting European standards for EN

8 5833888

Absorption (%)

e 3B

Mait stejbelastning over dognet, L.,

1793-1/2 for acoustic noise barriers | hlltll

Next step
Based on our compiled knowledge and hands-on experience within

materials and processing we are confident to be able to present new results
of our development work | ,

MILIGSKERM® ApS 8/17

Improved process technology and Innovative products and applications
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Expanding business opportunities

Bridging industry and universities efforts within
* Material science

e Recycling technology

* Development of products and applications

(o
%
Addressing commercial recycling market
DESIGN
: . o . ARKey
International corporation Q§“ o
& 3
3 27
S o)
S ©
53
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inerrey ®

Baltic Sea Region

Cotundodby Workshop 14-15 September 2023 M i I iﬂs km rm

ey
i IRCULAR ECONOMY

o 0 C
%= GlassCircle

Meeting market demands ! o !

o = i o

. . 9;; soonto = 80000,0 e U |

We face sharply rising focus on and demand for § oo L | o l L

* Reduced material consumption - i . - .

° Red uced energy Consu m ption mLydabsorberende materiale MFEront ®Bagside M Ramme mLydabsorberende materiale WFront ®Bagside ®Ramme
60% reduced CO, emission 40% reduced energy consumption

e Contribution to circularity of materials

Environmental screening by COWI comparing the manufacture of our noise
barriers with mainstream products

Facing the challenges

Traditional materials, processes and constructions
* No robust market for recycled materials

e Low priced virgin materials

e Low flexibility on pricing

MILJBSKARM® ApS
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%= GlassCircle

The market

Large stakeholders dominate the market for energy generation and recycling in a field of rising political
interest and environmental concern

Innovation, however, is not a matter of company size — merely ideas and dedication

Miljgskaerm offers:

- Industrial expertise - Unique recycling path
- Scaleable recycling concept - IP rights

B e e - —

& sttt c . l
wtl l /l -
Credit Wind Denmark fo

Credit State of Green

MILIGSKERM® ApS | | o 11/17
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The market We need clean energy and wind power is inexhaustible

— wind turbines have but a limited lifespan

Miljoskaerm address the market for:

» Waste reduction

» Energy savings

» Circular Economy

» Creation of jobs in the cleantech sector

offering unique solutions with huge business potentials in Europe and abroad

GODDHEALTH INDUSTRY, INNOVATION
3 9

CLIMATE

ANDWELL-BEING AGTION

ANDINFRASTRUGTURE

L3 4

MILIGSKERM® ApS 12/17
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Perspective

The current political situation has altered many priorities and calls for innovative solutions

The world needs clean renewable energy, and huge investments are made in:
 Wind and solar power
* Electrical transport

e Electrical heating

Recyclable blades have been introduced making promises for a cleaner world

Sustainable solutions for disposal of conventional fiberglass will yet be in demand, regardless
of the fuel road traffic and machinery will yet be noisy and energy savings required

MILIGSKERM® ApS 13/17
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eeeeeeeeeeeee Miljgskcerm’

THANK YOU FOR YOUR ATTENTION

LEARN MORE ABOUT OUR SOLUTIONS

@ www.miljoskarm.dk

Milijgskcerm’

RECYCLING OF
FIBERGLASS

www.miljoskarm.dk

MILIBSKARM® ApS
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Exploring full cycle
circular economy for
glass fibre industry

Aarhus, DK | 01/03/2024
Michail Beliatis

interreg-baltic.eu/project/glasscircle




Background

How it all came together:

During glass fibre manufacturing, as well as in
many composite manufacturing processes a
significant amount of residue material is
generated.

Currently, a large amount of this residue glass
fibres product is buried in a landfill



Raw matenals 0

Jae
“Hifg

Background

How it all came together:

Part of this residue consists of relatively good-
quality glass fibres or fabrics

This problem of glass fibre residue is common for
many companies dealing with glass fibre or
composite manufacturing — thus it would be more
efficient to work together to solve this issue

In this project we want to promote the circular
economy/ use in glass fiber industry as possible
solution to mitigate the generated large amount of
residue glass fibre.



GlassCircle

Objectives

The goal of the project: To create a public awareness and a strong cluster consisting of key players
within the glass fibres life cycle (manufacturers, users, re-users, recyclers, etc.) within the Baltic
Sea region

The project aims to bring together industry, experts, and scientists, as well as public authorities
within the field — to exchange knowledge and discuss the possible solutions and necessary next
steps for faster change from a linear to a circular economy within the glass fibre and composite
industry.




Reaching UN sustainability goals

) SUSTAINABLE ™ &%
” DEVELOPMENT \J %’ ALS

ND IERO GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY AND SANITATION

ek —M/\v T @’

DECENT WORK AND INDUSTRY, INNOVATION 1 REDUCED SUSTAINABLE CITIES
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES AND COMMUNITIES
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AND PRODUCTION
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LIFE
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P EU Member States
non-EU States

Project funding

Interreg Baltic Sea region

This project funded by European Union for 2 years
and this project call funds four priorities:

1. Innovative societies;

Water-smart societies;

2
3. Climate-neutral societies:
4

Cooperation governance

Germany




Project consortium

Partners from Latvia, Sweden, Denmark

Project lead partner:

Riga Technical University (Latvia)
Contact person: Liva Pupure, Liva.Pupure@rtu.lv

/v

LULEA
UNIVERSITY
OF TECHNOLOGY

AARHUS UNIVERSITET

RIGA TECHNICAL
UNIVERSITY

Project partners:
Lulea University of Technology (Sweden)

Contact person: Roberts Joffe, Roberts.Joffe@ltu.se H ITAC H I I_ _I
Aarhus University (Denmark) ~ARN
Contact person: Michail Beliatis, mibel@btech.au.dk IJ
NN D
podcomp R0 (e . VALMIERAS COMP
Hitachi Energy Sweden AB, Composites (HPAG) (Sweden)

Valmiera Municipality Government (Latvia) NOVADSQ
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Project activities

Survey of
communities a
the circularity ™
=* . glass fibre

Timeline

1) Hackathon
«GlassCircle»

Project
starts

October 2023 |

2) Workshop on
the circularity
of glass fibers

zmmme= Conference session
== 3lassCircle — structural

s - yse of glass fibre

=——.. .. composite materials»

I Project
| ends
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3) Workshop

«Business model

for circular
economy»



Previous 1st activity

Hackathon «GlassCircle»

Hackathon «GlassCircle»

1. Participants from Latvia, Denmark and Sweden

2. Five new ideas generated

3. Student groups did excellent in the short time span

they got.

« Hybrid event: join online or an—site; L
i j Hiterrey Co-funded by

Riga Technical University [Latvia] Baltic Sea Region the European Union
Rarhus University [Denmark]
Lulea University of Technology [Sweden] 27", Cmctiar EconeY

« Mentors for teams: high—level experts = GlassCircle

« Prize pool of more than 1000 — ELR
« International and cross—disciplinary tear

work
I_l JdCKatron
on residue glass fiber material circular use
10— 12 F18Y. 2023
/
MATERIALS . Y« NEW PRODUCTS &
ARTS S DESIGN; | | il
.\ i NEW TECHNDLOGIES &
ENGINEERING . hs PUH ! soLUTIONS
LEBERI R | \ NEW MATERIALS
SPACE :

! ART OBTECTS 8

PROTOTYPING :
=1 : : INSTALLATIONS

EQUIPMENT

Students from different area of
subjects are welcome to apply

To register click HERE.
Registration open: until 28th April 2023




|




Winners:

Team 2: Interior design or furniture elements
with specific requirements:

Locker out of glass fibers — from marine
industries residue.




EcoFlight
Component

2nd Place

= Designed and manufactured using recycled glass fiber
rrterials

+  Compression molding with 30-printed malds — 1 draftl

+ Systainable alternative to traditional RC drone components
made from virgin materials

* This component 15 placed withn the structural frame

= Offers comparable performance to comventional components
while reducing the reliance on new raw materials

Housing fm different loT and Remote-control toys

Business Case (CE): Recycled
Glass Fiber Drone Components

-.% '
TR
7 Circular 1

o g Economy '.m..a.w

Mads & Anders MSe Technology Based Business Developmernit 2
AARHUS UNIVERSITY

Market Demand: Customers who prioritize eco-conscious practices that
walues sustainable and environmentally friendly solutions

Caost Savings: fiecycling glass fiber drone compaonents can lead to significant
cost savings for both manufacturers and end-users - reduce the need for raw
materials and lower production costs

Lo ility and Corp Social ibility {CSR): atigns “m "N
s with i ity goals and a i ta C5!
+ Regulatory Compliance: Recycling initiatives are gaining momentum
glebally, and are asinghy and
incentives to promote recycling practices )
. E i s and-al-life,
Long-Term Cost and Supply Chain Stability: Reducing reliance on virgin il

materizls, less vulnerable to price fluctuations and disruptions

Roadmap for Introducing Recycled Glass Fiber Drone Components:

o, Compression molding e
.Dbav" @**z
s, “f?@);, T 1 1 T
%{,%
e 6’% i
= ’%'e,,’ = ‘7’%% * Speed and design flexibility Compression Malding Process
%%’% * Customization ke
= %@qﬁ@% v E;hanced MaterialPropertfies: Glass fiber-reinforced materials 3
. . offer excellent strength, stiffness, and lightweight properties
S "o, Instant compression molding method e I - E
R o, . . . S P i
B for recycling of glass fiber materials

- |Dlu|u|ayan V. K. (2013} Design And Analysis Of A Compression Molded
Carbon Compasite Vheel Center. betpsajre lbrary,uta. o
ir/handie/’ 1D1




3rd place:

Team 3: Glass fiber textiles as a
framework for concrete




Use leftover yinos
i
facade et

¥,

(reateq Moveable

Team 1: Transforming wind turbine blades into
practical objects

Team 5: Reuse of glass fiber — home furniture

Prototype Process

Wooden frame Yarn sorted and rolled.

Glass fiber yarn Prepared(Could be 3D itti

waste material =n Manual Knitting Final Prototype
printed or metal frame}

AW,

Frame Preparation Sorting Time=30 mins
time=30 mins Knitting{Manual) Time=60 mins

Total effective manufacturing time around=2 hours
Around 25 meters length of fiber yarn used to build this prototype.



Previous activity 2"¥ Worksho

p 1

WORKSHOP: 14-15 September 2023

L A"

| \
Register here (participation i(r

the workshop is fre"e of charge).
1 4 o N

1l

Interrey
Baltic Sea Region

Co-funded by
the European Union

.-.‘
&7 v} circuLAR Economy

"= GlassCircle

Environmental and .ecmdriii‘;al feasibility to recover glass fibers

- /’/ffﬂff Z
14-15 September, 2023
use nem n new Welcome! 15.00
Dissemination - Workshor e we " fibres Workshop's agenda, 15.15
e T\Ders o Zainab Al-Magdasi (LTU)
a2 = me ( s\ad . GlassCircle project, 15.30
1. Exne =ty aoout ] ke 's Wi | | Liva Pupure (RTU)
+ do we need o Mapping glass fiber ecosystem for 16.00
\N“OT. 00(\5 S value creation thought circular use,
A resp = Studeg station (AU)
| omenta! w:’i‘---‘ﬁ‘{e ol ny story ill hayse ‘(0‘“
= a de ‘ G? : 16.30
of 0% tie e ©
. \0009Y opef Q\\
minerd hon\CO\ P e o
me GO e icipants:
n

/ Theﬂna| program

Opening of Day-2

Glass fibers - strong but sensitive,
Christina Scheffler (IPF)

Role of recycling industry,
Martins Niklass (ZAAO)

Industries: issues and solutions

- Anders Holmberg (Hitachi)

-  Birgitha Nystrom (PodComp)

- Martins Millers (Valmiera Glass)

Break

Introduction to LCA,
Carmen Cristescu (SLU)

Waste mineral wool upcycled into
alkali-activated facade panels and
cobblestones with LCA,

Barbara Horvat (ZAG)

Giving recycled fiberglass a new life
in circular products,
Jakob W Nielsen (MILIZSKERM)

Break

Discussion panel, moderated by
Z. Al-Maqdasi and R. Joffe (LTU)

Concluding remarks

08.55
09.00

09.30

09.50
10.10
10.30

10.50
11.10

11.40

12.10

12.30
12250

13.50
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re (participation in

& Workshep= =

WORKSHOP: 14-15 September 2023
Environmental and economical feasibility to recover glass fibers
i "»-‘ he final program

T e x
T e o N

. 15.00 Opening of Day-2 08.55
A ;a, 15.15 Glass fibers - strong but sensitive, 09.00
1 Christing Scheffier (IPF)
KL 15.00 15.30 Role of recycling industry, 09.30
& Martins Niklass {Z440)
& t
assCircle-projelkte!
= L ] 16.00 Industries: issues and soluti
e Anders Holmberg (Hitachi) 09.50
- Birgitha Nystrom (PadComp) 10,10
- Martins Millers (Valmiera Gloss) 10,30
16.30 Break 10.50
Introduction to LCA, 11.10
Carmen Cristescu (SLU)
11.40

Waste mineral wool upcycled into
alkali-activated facade panels and
cobblestones with LCA,

Barbara Horvat (ZAG)

Giving recycled fiberglass a new life.  12.10
in clreular products,
Jokab W Nielsen (MILIGSKERM)
Break 12.30
Discussion panel, moderated by 12.50
Z. Al-Maqdasi and R. Joffe (LTU)
13.50

Concluding remarks

- . the event webpage
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Current activity 3" Workshop

1st March, 2024

Dissemination - Workshop on Business Model co-creation
for Fiber Glass circular economy

1. Experts from industry, academia and policy makers will
come together to present successful circular economy
cases and co-create about GF business models;

2. During the workshop participating companies will have
the possibility to describe their needs in terms of
recycling glass fibres and have the opportunity for
networking with leading experts |n LCA as well as
comp05|te rofessmnals s o e

PO

|1

Register here (participation in
the workshop is free of charge).

miterrey Co-funded by
Baltic Sea Region the European Union

s
& s\, CIRCULAR CCONOMY

LA ;
“=' GlassCircle

Co-creation WORKSHOP: 1% March 2024

Business Model Co-creation / Ideation for Digital Circular
Economy in GlassFiber Large Scale Manufacturing
hgfi:"n‘afi program for GlassCircle parallel session

Type of presentation {on-site or on-line}

Address for on-site participants:
AU campus Navitas, Inge Lehmanns
Gade 10, 8000 Aarhus C.
Room: Navitas Auditorium

Link for on-line participants:
Only for registered

(=150

Scan the QR code to access
the event webpage

Day 1 (01/03/2024) CET Time

Opening of Day Project CircleGlass,  10.00
Michail J. Beliatis (AU-BTECH)

Inspirational case: The ecosystem of 10.10
the glass fiber industry and tools

for promoting the transition to a

circular economy, Liga Biezina

(Valmiera municipality)

Kuusakoski Recycling - Circular 10:25
economy solution for wind blades,
Anu Séderena (Kuusakoski Oy)

Project EPICENTER Industry LCA 10.35
cases for young professionals,
Laura (RTU}

Inspirational case: Glassfiber 10.40
cutting machines for recycling,
Pavel Chvojka (Advantis)

EolO-HUBs: Circular Business 10.50
Models and knowledge sharing

regarding wind turbine blades Nina
Vielen-Kallio {echt}

Project DigiGlass Inspiration 11.00
business case, digital systems for GF

sorting challenge,

Michail 1. Beliatis (AU-DIGIT}

Co-Creation / Ideation &
Discussion panel, moder \?‘
Justing & Michail {AU

AL SOC[C ;

Concluding remark:



wierrey Co-funded by

Register here fparﬁapatmn in Baltic Sea Region b sl
the workshop -‘s{ﬂee of r:hnrg‘e} ¢ S
| =" GlassCircle

}

More about current activity g e O

Econo ,.irl GlassF ber Large Scale Manufacturing

nal [:irogram for GlassCircle parallel session
Type of prnsenzztion (onsite or on-line) Day 1 (01/03/2024) CET Time

Opening of Day Project CircleGlass, 10,00
Michail J. Beliatis {AU-BTECH)

-~

Only for registered cases for young professionals,
Mars Detzils 4 Insights Vielen Kallie {echt)

Address for on-site participants: Inspirational case: The ecosystem of 10,10
6. Purpose ijoir‘ling this event. AU campus Navitas, Inge Lehmanns the glass fiber industry and tools
’ Gade 10, 8000 Aarhus C. for promoting the transition to a
Laura (RTU)
42 Responses 13:00 Average time to complete ACtive Status Project DigiGlass Inspiration 11.00

Maore Detsils Room: Navitas Auditorium circular economy, Liga Biezina
{valmiera municipality)

. Get better understanding of late.. 21

. Get inspired and hear sbout stat.. 29

. Brainstorm & Co-create new dir.. 18

. Qther
Inspirational case: Glassfiber 10.40
cutting machines for recycling,

@ Denmak 16 business case, digital systems for GF
sorting challenge,

Kuusakoski Recycling - Circular 10;25
Attendee confirmation for GlassCircle Workshop (3) Business fitie Chs/i (Advanisl
Michail 1. Beliatis {AU-DIGIT)

economy solution for wind blades,
. EolO-HUBs: Circular Business 10.50
Co-Creation
16
. Morway o 14
Co-Creation / Ideation &
@ sweden g 12 Discussion panel,
. Justing & Micholl {AU]
. Finland 1 10 ;
ncluding remal
Concluding
) o ) ) ® Lo 4 8 Scan the QR code to access
9 respandents (21%) answered Aarhus University for this question, ® o 0 5 the event webpage :
; ; ADAMS UNIVERSITY P - @ Foland ¢ ‘

Anu Séderena (Kuusakoski Oy)
Link for on-line participants: Project EPICENTER Industry LCA 10,35
In which country are you based 7 (only for statistical purpose reporting in the project) Models and knowledge sharing
regarding wind turbine blades Ning
stikla Valmieras Municipality Government Zkiedra o
Luled  Valmiera Municipality @ Lithusniz 0 2

Jupiter Bach

g Qther
vaimiera s AArhus University — sinzao *

Tehenical University

HARPER ADAMs University of Technology  technical University y, .1oski oy

w
(=1

. . 8. Would you be interested to participate in an Interview/Survey later on?
PRI g University Denmark . . . .
Leibniz-Institut MAKEEN Energy - The workshop is organized as parallel session within
Circular Economy for Enterprises event organized by
’ Aarhus University, CircThread, Clean Cluster, and
® = 2 .
TechCircle.

® nNo 20



https://www.cleancluster.dk/en/event/circular-economy-for-enterprises/

Digital Survey/Interview for developing

strong cluster establishment
https://forms.office.com/e/Q6rxpnUS89IVI

This survey is part of the research project GlassCirdle, which is run as a collaboration between Riga Technical
University {Latvia), Lulea University of Technology (Sweden) and Aarhus University (Denmark). The GlassCircle project
aims to explore a complete cycle droular economy for the glass fibre industry. The project is co-funded by the

is to hel i

A Digital Survey as
entry point to digital
Atlas tool for mapping
the GlassFiber Circular
Economy Ecosystem in
Nordic/Baltic Countries
and identify successful
green business cases as
light-houses of circular
economy among
different ecosystems as
well as bottlenecks in
Horizontal and Vertical
applications.

adapt more efficient use of available recourses thus making the industry more
e this goal, the first step 1s to build a strong networlk, establish a full cycle crcular
and exchange knowledge that different members of the glas: industry have

sl whose adlivifies irvolve working with glass fiber-confa
raw glass fiber, production of glass fiber products, and services related to products containing glass fiber a

The survey aims to identify businesses working with glass fiber and create a network creation and research da
The survey will take approximately 2-3 minufes to fill out.

Thank you for taking part in this survey.

to hear more about the project, please contact Liva Pupure <Liva.Pupure@riu.lv> , Roberis Joffe
<Roberts.Joffe@use> , Michail Beliatis <mibel@biech.au.dk>.

products.

Dioes your business work with glass fiber materials and/or preducts containing glass fiber?

Does your business generate glass fiber waste? © [



https://forms.office.com/e/Q6rxpnU89M

CircleGlass- Digital tool for mapping the GlassFiber
Circular Economy Ecosystem in Nordic Countries

First Name of company and First Location-Address by

Get acCcess in the open digital Location-Country and Location-City

o Location-City ®Brande @Broby @ Hedencted @Middelfart ¥
Atlas tool it allows you to: WA
Gﬂteparﬁ Jonkﬁbping
: |

Map key players for Glass
Fiber within the glass fibers
life cycle (manufacturers,
users, re-users, recyclers,
etc.) within the Baltic Sea
region and

- 'l

T —

Halmstad / Kalr

‘,,..a——ua-q: i
! = Karlskrona

£ Tk o o

ST W icross Corporalisn TLnn:

l’w“}v Lo ; , IR R e
Location-City @ Brande .Brcby‘ ® Hedensted @Middelfart L4
Create a value circular i ;
. (=8 :| r
network mapping to foster
. . Skive "i\ Kattegat
best practices & connections - 291,
Holstebro . '-:.13 rs.
between glass fiber residue =~ =~ ™ |
. . ANMARK i ; Helsinc
donors  with possible = ™ parhis &y
. - Y \ »ﬂle'n;q. £
receptors for boosting o LE N ]
efle Liths LA S
circular use of fiberglass. bL 0
plhite.

r 'éﬁ'g&wi.}jﬂ_ﬁﬁgusu‘l Cul:nr.:u;a[n Terms!

Location-Country Location-City  Name of company

Production Re-usefrepair Recycle Supply Chain  Consumption

Denmark
Denmark
Denmark
Denmark
Denmark
Denmark

Brande Siemens Gamesa X
Broby Dansk Polyglas A/5 X

Hedensted Poca b4

Middelfart Fiberline compaosites

Ringkgbing  Gurit Wind Systems A/S

Roslev ReFiber X

Successful circular economy case

Equipment Systom Manufacturing
pravider Integrator company
Presdfas  Integrates B
eqipmant il aquipmant |
,') rd rdl
'
Frovides
services
Softwara Prouldes
2pp provider information
------- [ — ohout use
E Provider i
H of sopdicos
1] ' 7
____________ . . | [} .
Frovides infarmatian
APOUTIEE 1T platfarm e
provider Al

--} Walua arzation [dats and sorwcesi

% take creaon fhysical worls)



One demo
product

from Glass
Fiber reuse

Supplementary Material

Circular Economy Strategies at Nordic Industrial
Ecosystems: Creating Additive Value from
Residue Glass Fiber & Circular Business Model
Innovation

Mads K. Nielsen, Anders M. 5. Jakobsen, Michael Lystbeek, Michail J. Beliatis*

Department of Business Development and Technology, Aarhus University, Birk Centerpark 15, 7400
Herning, Denmark

*Corresponding author: mibel@btech.au.dk

Digital twin of 3D additively printed mold for casting & compression production

X-20X-

B) Physical twin after multiple iterations of 3D additively printed mold for casting & compression production

&4

Figure SM 2, a) Digital twin of 3D printed casting/compression mold for developing an aeronautical
component for the open-source drone frame SourceOne V5 b) the physical twin of 3D printed
casting/compression mold for developing an aeronautical component utilizing reused glass fiber
material.



Developed one demo product from Glass
Fiber reuse

Supplementa ry Material E so A) Digital twin of 3D additively printed mold for casting & compression production
Circular Economy Strat 'ﬁmrgm Industrial -” ﬂ '
Ecosystems: Creag five Value from

Resid ue G |a SS Fi rcu |a r B usi ness MO d e | B) Physical twin after multiple iterations of 3D additively printed mold for casting & compression production

Q novation

M ielsen, Anders M. S. Jakobsen, Michael Lystbaek, Michail J. Beliatis*

g t of Business Development and Technology, Aarhus University, Birk Centerpark 15, 7400
Herning, Denmark

*Corresponding author: mibel@btech.au.dk

Figure SM 2, a) Digital twin of 3D printed casting/compression mold for developing an aeronautical
component for the open-source drone frame SourceOne V5 b) the physical twin of 3D printed
casting/compression mold for developing an aeronautical component utilizing reused glass fiber
material.

22



Other Planned activities

Beginning of 2024

Workshop «Business model for circular economy»

1.

Survey and Mapping of the fibre glass manufacturers and users during various activities at

the project Industry. Relevant actors in the fibre glass industry are mapped across the
different Baltic sea regions in order to locate the critical subprocesses in the industry that
could be supported by digitalization and a circular economy; h

Identification of case companies. Suitable companies that could benefit from the developed

digitalization and circular economy solution are identified in corresponding
municipalities/countries. 3-5 actors are selected to create a focus group within a specific part

of the value chain to co-create a prototype and test the effect before the solution is applied to
2 lrger part o the industry. ONAGOING W Weleom sugestion from fndustry

Development of white paper with findings from the glass fibre industry on transitioning to a
circular economy ON-GOING we welcome contributions from industry and academia



Other Planned activities

Middle of 2023-2024

Survey of communities about the circularity of glass fibre

1. Important information about society's view of glass fibre and its circularity will be obtained;

2. This will also be a way to ask the larger society about their needs since they represent the
product end-users

3. Awareness raising of the glass fibre residue waste issue in the larger society



Planned activities

Autumn of 2024

Conference session «GlassCircle — structural use of glass fibre composite materials»

1. Gathering experts from academia and industry to present the latest innovation in the field of
reuse, recycling, or recovery of glass fibres;

2. It is planned to have a special issue within a scientific journal with all the session
presentations;

3. Separate session where policymakers meet and discuss their approaches, success stories and
problems



Database «GlassCircle cluster»

Main outcome of the project

During the project interested companies will have the opportunity to join our GlassCircle
cluster in a form of a database;

Our target audience is mainly small and medium enterprises, however, we welcome also large
enterprises, that produce a large amount of this residue material,

With the help of this database, we hope to foster practices of the circular economy;

There is hope, that we might connect glass fibre residue donors with possible receptor
companies;

This database is an opportunity to create new networks and use the obtained information and
connections to create further cooperation initiatives



Interested in joining
our database?

. Liva (RTU, Latvia):
Liva.Pupure@rtu.lv

* Roberts (LTU, Sweden):
Roberts.Joffe@Itu.se

* Michail (Aarhus, Denmark):
mibel@btech.au.dk

* Orjoin via our digital survey:

e ‘More information can be found on the project
web-page:

* interreg-baltic.eu/project/glasscircle

GlassCircle V2a



mailto:Liva.Pupure@rtu.lv
mailto:Roberts.Joffe@ltu.se
mailto:mibel@btech.au.dk
https://lnkd.in/dUmiUDd8
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the workshop is free of
charge).
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"= GlassCircle

Co-creation WORKSHOP: 1%t March 2024

Business Model Co-creation / Ideation for Digital Circular
Economy in GlassFiber Large Scale Manufacturing
The fmal program for GIassC|rcIe parallel session

'I' pe of presentation (on-site or on-| hne) y

Address for on-site participants:
AU campus Navitas, Inge Lehmanns
Gade 10, 8000 Aarhus C.
Room: Navitas Auditorium

Link for on-line participants:
Only for registered

https://aarhusuniversity.zoom.us/j/
65274254226

Scan the QR code to access
the event webpage

Day 1 (01/03/2024) CET Time

Opening of Day Project CircleGlass,
Michail J. Beliatis (AU-BTECH)

Inspirational case: The ecosystem
of the glass fiber industry and tools
for promoting the transition to a
circular economy, Liga Biezina
(Valmiera municipality)

Kuusakoski Recycling - Circular
economy solution for wind blades,
Anu Soderena (Kuusakoski Oy)

Project EPICENTER Industry LCA
cases for young professionals,
Laura (RTU)

Inspirational case: Glassfiber
cutting machines for recycling,
Pavel Chvojka (Advantis)

EoLO-HUBs: Circular Business
Models and knowledge sharing
regarding wind turbine blades Nina
Vielen-Kallio (echt)

Project DigiGlass Inspiration
business case, digital systems for
GF sorting challenge,

Michail J. Beliatis (AU-DIGIT)

Co-Creation / Ideation &
Discussion panel, moderg&

10.00

10.10

10:25

10.35

10.40

10.50

11.00



https://forms.office.com/e/BpyzPyiTqN
https://aarhusuniversity.zoom.us/j/65274254226
https://aarhusuniversity.zoom.us/j/65274254226
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Valmiera Valmiera county

Founded in Founded in Valmiera (state city) as a development center

+ 4 cities (incl. Rdjiena, Mazsalaca, Strenci, Seda)
1 283 2021 + 26 parishes

19,35 2946

km?2 area km?2 area

24 868 54 642

Population Population

VALMIERAS The 2nd largest county in Latvia
NOVADS.




Valmiera City is an industrial city of
national importance — it is the second
leading city in the country in terms of
per capita output and exports. The
manufacturing industry represents

25% of turnover in Valmiera region and 28%
in Valmiera City.

4649 33 806

the number of Population of
companies in working age
the county

2,8 % in Valmiera

3,3 % in county unemployment rate

VALMIERAS
NOVADS.




An industrial micro-city

Gross domestic product in 2nd place after Riga

EUR 19 000 (2020) per capita

lek$zemes kopprodukts uz vienu iedzivotaju, tikst. EUR

26
24
22
20
18
16

14

12 e =

2013 2014

VALMIERAS
NOVADS.

2015

2016

2017

2018

2019

2020

Turnover share of TOP
business sectors of

Valmiera region

28%

agriculture,
forestry, fisheries

11%

glass fiber
production

5%

food and beverage
production

4%

production wood
and paper
products and
furniture

17%

wholesale and
retail

11%

construction

5%

health and social
care

3%

mechanical
engineering and
metalworking



Glass fiber industry in Valmiera region

total number of employees:
The largest companies in the sector by turnover: 1332
* VALMIERA GLASS Jsc

* CULIMETA BALTICS Ltd.

* PADTEX INSULATION Ltd.

turnover, euro:

Number of éc)'r;;Janies - THERMAL TEX Ltd. 117 078 825
4 profit, euro:
8414 613

DYNAMICS OF THE GLASS FIBER INDUSTRY
2019 - 2021 [source: Lursoft, 2022]

130 1284 1330 1332 1 400 euro:
— il
. 1o 1200 9 504 530
Millions, 90 1000 total number of
euros 70 goo employees
S0 600
30 8.41 400 Tax payments to the state budget 2019 — 2021
10 200 [source: Lursoft]
" -0.80 '
2019 2020 2021 10.00
W Turnover m Profit - Number of employees o 800
@ 6.00
=
:_9. 4.00
* ;
VALM I ERAS Financial data are presented for the years 2019 - 2021. The data summary - 2.00

NOVADS shows data for 3 companies, not including SIA Thermal-Tec, which was
* f in 2022.
ounded in 20 2019 2020 2021

tax payments to the state budget,



Glass fiber industry in Valmiera region

Products Export countries
fiber thread g W fire blankets Germany ==

| =, heat and sound Finland 4
carved fiber & === jnsulation

Belgium 1)

Czech Republic
textile membranes g United Kingdom ==
United Arab Emirates k=

. . - materials
fabrics and filters £»

steam, gas and sound

turbine insulation §4444% Ital
solutions S— y -
Poland i
VALMIERAS

NOVADS.
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VALMIERAS
NOVADS.



VALMIERAS
NOVADS.
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Padtex Insulation

VALMIERAS
NOVADS.



Thermal - Tec

VALMIERAS
NOVADS.




The circularity
challenge

» Growing restrictions and rising costs
of the waste storage

 The solutions found, mostly, are not
cost-effective or commercializable

* The waste and emission treatment of
chemical formulations like sizing,
finishing and coating are not the least
issues for the glass fibre producers

* Environmentally-friendly solution for
the desizing and the solutions for
waste logistics might be a game-
changer for the use of the glass fibre
companies

VALMIERAS
NOVADS.




Municipal tools for promoting transition

¢ Planning documents
¢ Green public purchase

OUSu_pport for business reorientation through structural funds of the European
nion

4 Citizen information and promotion of collective consciousness

® Application of circular economy principles in the daily operation of the
municipality, e.g.,
4 responsible consumption of resources,
¢ the use of smart technologies,
4 digitization of processes,
¢ recycling

VALMIERAS
NOVADS.



Planning documents — EU level

€ European Green Deal
¢ Agenda to transform EU economy into a circular one

¢ The new Circular Economy Action Plan as part of the New
Industrial strategy

VALMIERAS
NOVADS.



Planning documents — national level

¢ Latvian Strategy for Reaching Climate Neutrality by 2050
¢ Action plan for the transition to the circular economy 2020-2027
¢ National waste management plan 2021-2028

VALMIERAS
NOVADS.



Planning documents - regional level

¢ Development programme 2022- I
2027 of Vidzeme Planning ; _—
Region ek P

[} ] PIEEJ. I1IZG! 1
¢ \idzeme Regional waste e SR
UeLanl CILVE':&:LZ::.’AE: KVALITATIVIUN PIEEJAMI ILGTSPEJIGADZIVES _g

management plan for 2023 - e
2027 e :

SAGLABAT UN GUDRI

APSAIMNIEKOT DABAS | | DABASKAPITALS LA p
MANTOJUMS

EKOSISTEMAS UN RESURSUS '
Horizontalas prioritates: &

P1. Sadarbiba un pilsoniska lidzdaliba

P2. Klimatneitralitate un pielago3anas
P3. Digitalizacija

VALMIERAS
NOVADS.



Planning documents — municipal level

4 Sustainable Development Strategy 2022 — 2038

4 industrialization and growth of circular economy as part of the vision
® Every economic sector as a sector of circular economy
% The promotion of wider application of circularity principles within the current companies

€ Development programme 2022 — 2028
# Circularity within the top-down priorities
# Circularity within the horizontal priority — “Climate change policy (the Green Deal)”

VALMIERAS
NOVADS.



Waste management &
circular economy &
Climate neutral society

For fostering the transition to circular
economy three projects financed by the
INTERREG programme are being
implemented:

* Glass Circle
« BALTIPLAST

» Circular Spaces

VALMIERAS
NOVADS.




Hackathon “Daibe
Zero”’

www.daibezero.lv

DaibeZero2021 and DaibeZero2023

DAI‘

od3Z

10 000 EUR

GALVENA BALVA

VALMIERAS
NOVADS.
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Co-funded by the
European Union

(eit ) RawlViaterials
Connecting matters

EPICENTRE

Educational Platform llfe
Cycle assEssmeNt
sTRucturks

Laura Vitola

Aarhus, 1.03.2024.
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EPICENTRE

Policies LCA/LCC

)y W i i

Synergies between Sustainability is the main  The GreenDeal aims to  Increasing demand for
academia and industry key to preserving our  to set the EU on the path life cycle assessment in
are vital for the planet to a green transition, both academia and
development of society with the ultimate goal of industry
reaching climate
neutrality by 2050.



/> The team of EPICENTRE
Ny

LS
.
)

Lulea University of Technology_*
SWEDEN

Tallinn University of Technology
ESTONIA

Aarhus University

DENMARK ’

Slovenian National Building -

and Civil Engineering Institute |
SLOVENIA

Riga Technical University
LATVIA

L
L
~

. 1862

P ICT
IR g LULE;\I , TAL Iy s (ZRG e .
RIGA TECHNICAL UNIVERSITY TECH v UN|VERS|TY INSTITUTE

UNIVERSITY OF TECHNOLOGY



Q The aim of EPICENTRE

To fill a critical gap in the sector's education and

0 training programs by providing an innovative and
dynamic platform for learning, assessing, and

improving LCA/LCC methodologies.




Q The roadmap of EPICENTRE

Sep
2026

Ready on-site LCA/LCC

school @ Tallin Test on-site LCA/LCC

school @ Riga

Test online
LCA/LCC school

Sep
2024

Kick-off

e,

. jals for
Preparing materia
L CALCC school



EPICENTRE

Structure LCA/LCC school

Basic level

Online pre-course

(3-4 weeks)

On-site Basic LCA course
(2 days or 16 acad. hours)
Independent work
Includes mentoring

Basic LCA course

Pre-course

Sustainability
assessment

Business course

Advanced level

On-site LCA and LCC
course (3 days or 12 acad.
hours)

On-site Business course
(3 days or 12 acad. hours)
Independent work
Includes mentoring



ED@TDE

Be ambitious and take the opportunity to understand the life
cycle of your product/technology/process!

Join EPICENTRE LCA/LCC school!

@RTU @TalTech @LTU
Diana Bajare Veiko Karu Roberts Joffe
diana.bajare@rtu.lv veiko.karu@taltech.ee roberts.joffe@Itu.se
@AU @ZAG
Michail Baliatis Davor Kvocka

mibel@btech.au.dk davor.kvocka@zag.si



: . Co-funded by the
(eit ) RawMaterials - European Union
Connecting matters

EPICENTRE

for sustainable future

. 1862
FURICe AARHUS
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2024 - March 01 - GlassCircle - Aarhus, DK

ADWNTIS

ENGINEERING

DEVELOPMENT OF FLEXIBLE WTB CUTTING SYSTEM FOR
END-OF-LIFE BLADES

ADVANTIS, Project Engineer - Pavel Chvojka

The information contained in this document is proprietary and confidential. The information may not be copied, published or distributed without prior agreement.



ADWNTIS

» Advantis Founded in 2017 by Allan Wad Petersen, Kim D. Jensen & Peter Ejs
Eltzholtz

 Consulting Mechanical Engineering Company

« Office and Prototype Facilities in Hinnerup, Denmark

 Currently 12 Mechanical Engineers & 2 Projects Managers

* Renewable Energy Sector — OEMs - Vestas & Siemens Gamesa

- Strategy of Incubating Own Products - Development and Commercializing of
Own Products e.g. Flexible Blade Cutter System -> To be separated into own
entity “SUSTEQ"

 Partnering and Exploring New Business Opportunities

[
=
=

—1
=

:
D s w,,m. o s *“:,,, ‘4@.1
»\%"i"ﬁ.ﬂ;ﬂg u:’..‘%f E.FT hl’ﬂu.‘b‘“‘! ""L .!'r. el i H"’:u



R 1598
+ [ .
= Al =
i -

: T

il
ﬁ'|!:'| 1|||||“

(i _l | | m L

CONFIDENTIAL



Wmd industry calls for Europe-wide ban on landfilling turbine
L ) / = = s“_by P 5 3

https://windeu new relec d-indust europ ban-on-landfilling-turbine-blades/




ADWNTIS

ENGINEERING

Equipment developed by Advantis

(W02021/170190 Al [A method for cutting shell-type object, a cutter system and a vessel equipped with the cutter system])

Features

*  Diamond Wire Cutting Portal — WCP

*  Environmental Protection System — Dust Collection System

»  Fully scalable solution — Can handle all current existing turbine blades on the marked

*  On-site solution — reduction of CO2 emissions and cost related to blade return transport
*  Semi-automatic wire guiding feeding system

« Light equipment weight to size ratio (5-7 tons pr. system)

»  Several systems can be fitted on standard truck 20" HQ Containers

«  Sectioning in manageable pieces before pre-shredding (utilizing commercially available pre-shredding systems)
« Sectioning in customized pieces allowing for several post treatment options

Kbl LTk ek
WO 22005090 A

Sled System

Diamond Wire Cutting Portal - WCP
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Blade Dimensions - 63m x @4m
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EoOLOVHUBS

European project EoLO-HUBs will develop
innovative solutions to recycle
high value materials from wind turbine blades

ADWNTIS

ENGINEERING

PARTNERS

\
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o .a.\.'._t:l‘l.\p ADWNTIS |} Materals enter G e 2CHT Z Fraunhofer
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Windpower
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R the European Union



c Brightlands

E H T Materiale Coanter

& L. PN innovation
for life

ol e
©) e 1TNC
CENTRE

Manufactuing
Technology Centre

UNIVERSITY OF LEEDS

Caitiip mosese

cestrn lecraldgien advanced maledals

ra TN

MONDRAGON -]

UNIBERTSITATEA

& placo =spPariners

SAINT-GOBMAIN

ENGINEERING

-\D}iNTIS

CONFIDENTIAL

d NORDEX @acci_qgg

= Fraunhofer

IWES

MITSUBISHI
CHEMICAL
GROUP

CENTRO
RICERCHE
FIAT

Q POLYM=FRI s

ADWNTIS

ENGINEERING



ADWNTIS

ENGINEERING

European project EoLO-HUBs will develop innovative technologies to
recycle high value materials from wind turbine blades

EoLO-HUBs, co-funded with almost 10 million euros by the European Union, will recover glass and
carbon fibre from large thermoset structures which have reached the end of their useful life.

EoLO-HUBs' solution will provide an answer to the three main areas involved in the decommissioning
and recycling of end-of-life wind turbines:

1.Decommissioning and pre-treatment of wind turbine blades, including handling, non-destructive
inspection tools, cutting, shredding, and sorting.

2.Sustainable fibre reclamation processes addressing two alternative technologies: Low carbon
pyrolysis and green chemistry solvolysis.

3.Upgrading processes for the recovered fibres, including both glass fibre and carbon fibre.

CONFIDENTIAL



Goal of the WTB cutting machine
Decrease costs associated with WTB decommissioning by introducing an automated process

Improve workplace safety by automating the process of cutting, and de-creasing exposure to
hazardous dust.

Increase the possibilities and likelihood of recycling WTBs through separation of un-wanted
material

Create new business and product opportunities with precise and repeatable cutting into more
desirable objects that require less processing down the line.

CONFIDENTIAL

ADWNTIS

ENGINEERING



ADWNTIS

ENGINEERING

Many more creative possibilities where that came from

Previous studies by Genvind, a similar recycling consortium show favorable conclusions with direct re-
use of WTB'’s in second life application

vy
1

CONFIDENTIAL



ADWNTIS

ENGINEERING

QUESTIONS or IDEAS?

Pavel Chvojka

pch@advantis.dk
Linkedin.com/in/pavelchvojka/

CONFIDENTIAL
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Co-funded by
the European Union

Circular Business Models
and knowledge sharing
regarding wind turbine

blades Eo Lo '

ECHT

Nina Vielen-Kallio

HUBS

Lead of Circularity in Energy Transition

Date: 15t of March 2024



EoLOYHUBS

ECHT directs and accelerates sustainable strategic transitions to
concrete business in the blue and green economy

Nina Vielen-Kallio
Lead of Circularity in Energy Transition
Nina@echt.community

Co-funded by Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
the European Union those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them. 01/03/2024 2
Agreement No 101096425 - EoLO-HUBs - HORIZON-CL5-2022-D3-01



CONTENTS EoLolHUBS

| X
EoLO-HUBs project

Circular and Sustainable Business Models (CSBM)

Knowledge sharing

Invitation
Co-funded by Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
the European Union those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them. 01/03/2024 3

Agreement No 101096425 - EoLO-HUBs - HORIZON-CL5-2022-D3-01



EOLOYHUBS

Project
O 1 What is EoLO-HUBs



1 Project — High overview EoLoluBs
o0
Horizon Europe, 10 MEUR, 18 partners

1. Decommissioning and pre-treatment of wind turbine blades, including handling,
non-destructive inspection tools, cutting, shredding, and sorting.

2. Sustainable fibre reclamation processes addressing two alternative technologies:
Low carbon pyrolysis and green chemistry solvolysis.

3. Upgrading processes for the recovered fibres, including both glass fibre and
carbon fibre

the European Union those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them. 01/03/2024 5

- Co-funded by Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
Agreement No 101096425 - EoLO-HUBs - HORIZON-CL5-2022-D3-01



1 Project - Partners
o0

centra tecnolégico | ENGINEERING Materials Center FIAT

Csaitiip  ADUNTIS | Brigntanas e

E C H T Z Fraunhofer ‘ S CHEMICAL

GROUP

mn moses @ nitc ©
NATIONAL
MONDRAGON advanced maleriols :amlfacm”rjg @ gglzldrr\“)ESITEs
UNIBERTSITATEA Technology Centre

QNORDEX @'\accigg_a“ .placo PLAﬂ & POLYMZ=F

SAINT-GOBAIN

) " m
=3 SD Partners TNO 7" UNIVERSITY OF LEEDS
Co-funded by Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
the European Union those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.

Agreement No 101096425 - EoLO-HUBs - HORIZON-CL5-2022-D3-01

EoLOYHUBS

01/03/2024 6



EOLOYHUBS

Circular and Sustainable Business Models (CSBM)
O : How are CSBM developed in the project



2. Circular and Sustainable Business models __, o z-

( X
Often Business Models developed bottom up and driven by technology
Holistic approach missing, which is crucial for Circular Business Models (by
default, larger group of stakeholders involved)
EoLO-HUBs assesses successful Circular Business Models (theory and
practice)
Key focus on development of Decision Making Framework with top-down
approach
= Circular and SUSTAINABLE Business Models (CSBM)
Co-funded by Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
- the European Union those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them. 01/03/2024 8

Agreement No 101096425 - EoLO-HUBs - HORIZON-CL5-2022-D3-01



2. CBM - Examples of drivers EoLoluss
o0

Political, such as net zero targets
Economic (growth)

Social / job opportunities
Technical (innovations)
Environmental / carbon savings

Legal in waste management

Built based on research of A. Velenturf et co, University of Leeds

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect

Co-funded by
- the European Union those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.
Agreement No 101096425 - EoLO-HUBs - HORIZON-CL5-2022-D3-01

01/03/2024 9



EOLOYHUBS

Knowledge sharing
O 3 Knowledge Hub



3. Knowledge Hub content
| X

EoLOYHUBS

BLADE DESIGN
h & MANUFACTURING
OF WIND TURBINES

4 USE OF WIND
’i‘ TURBINES

% DECOMMISSIONING OF
/N WIND TURBINE BLADES

-
-
I -

PRETREATMENT OF
_>€ WIND TURBINE BLADES

KNOWLEDGE
SEPARATION OF FIBER HUB
AND THERMOSET RESIN

L]
I
]
]
I

InBaJyf

le

Ug;

. UPGRADING OF
AN RECOVERED FIBERS

- Co-funded by Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect

the European Union those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them. 01/03/2024 1
Agreement No 101096425 - EoLO-HUBs - HORIZON-CL5-2022-D3-01




EOLOYHUBS

Invitation

04 Opportunity to become part of the solution




4. Join, learn, share EoLOVUBS
L X
Knowledge Hub of EoLO-HUBSs is interactive

Wind Turbine Blades, but also other composites

Connected with sister projects
- Baldes2Build
- ReFresh

Website

- Co-funded by Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect

the European Union those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them. 01/03/2024 13

Agreement No 101096425 - EoLO-HUBs - HORIZON-CL5-2022-D3-01


https://www.eolo-hubs.eu/

EoLO THUBS

cCHT

Nina Vielen-Kallio
Lead of Circularity in Energy Transition
Nina@echt.community
+31 652090 273



mailto:Nina@echt.community

CO-CREATION WORKSHOP
CASE STUDY DIGI-GLASS
INSPIRATION BUSINESS CASE,
DIGITAL SYSTEMS FOR GF
SORTING CHALLENGE



VALUE NETWORK CHAIN ECOSYSTEM IN
CIRCULAR ECONOMY
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VALUE NETWORK CHAIN ECOSYSTEM FOR
CIRCULAR ECONOMY

Step 1 Map your Value Chain Ecosystem to Identify Potential CE Opportunities
— Step 2 Map your Business and Production Processes to Identify CE Hindering Bottlenecks

PRIMARY
RESOURCES

A ’.EI"‘

EXPLORATION MINING PROCESSING RAW MATERIALS

WHY move from Linear to Circular
Economy?

Resource Conservation
Sustainability

Economic Growth

Social Benefits, local jobs

Sorting of scrap/residue
aterials can be resource
hallenging hindering CE
HuSiness processes

RawlViaterials

Connecting matter

USE, REUSE

1.
2.
3.
4,
5.

JAVA\NGIUNY DEPARTMENT OF BUSINESS DEVELOPMENT AND TECHNOLOGY N e EIBAGER he&
EERY AARHUS UNIVERSITY 2024 BN iocriome 7 ACCREDITED  accrediTED



AN ID & VERIFIED BOTTLENECK FOR CE IN GF IS
SORTING SCRAP/RESIDUE IN SHOP FLOORS

. 0(\
a co\\ect\
o®

10 responses

Uncontrollable/unknown properties

Not enough information about the
availability and quality of fibers

Lack of communication between actors

JAVANGIUNY DEPARTM\ ..+ OF BUSINESS DEVELOPMENT AND TECHNOLOGY
EERY AARHUS UNIVERSITY 2024

In your opinion, what hinders the use of GF residues/waste?

Uncertain supply chain/famounts

No local availability

mostly downcycling happens - as such
industries outside of common continucus
fibre application must step in

Itis not economically feasible

Logistics
Unawareness
%,
/\Z\ @
‘ . @ ’SSOC\AT\OE .\.‘
[ | ‘ ﬁ:éa%§z§ éRED\Té} Egglg



DIGI GLASS: ROBOTIC - MACHINE VISION AS A PROPOSED SOLUTION FOR
ENABLING AUTONOMOUS SORTING #TESTING FEASIBILITY IN DIGITAL TWINS

Decide on different dry
residue glass fibers

EERY AARHUS UNIVERSITY

Development flow of Al-based robotic sorting of residue glass fiber waste

s
P

Vi

b

Dataset creation through testing and
image construction

TAs ARY
IAVA\NGISNY] DEPARTMENT OF BUSINESS DEVELOPMENT AND TECHNOLOGY

2024

-------

Creation training/ testing of Convolutional
neural network

Creation of “Digital Twin” of the system

ssssssss

cccccccccccccccccccccccccccc



STEP 3 CO-CREATE BUSINESS MODELS FOR
MUTUAL BENEFIT

Co-create / Ideate new business models with your value network chain ecosystem aiming to
generate mutual benefits meanwhile enabling circular economy

/TAS AR
IVN:'0Y DEPARTMENT OF BUSINESS DEVELOPMENT AND TECHNOLOGY V. e
XY AARHUS UNIVERSITY 2024 b Saacss CPAMBA “EQUIS



STEP 3 CO-CREATE BUSINESS MODELS FOR
MUTUAL BENEFIT

Co-create / |deate new business models with your value network chain ecosystem aiming to
generate mutual benefit

Credibility

Valuable Resource

Residus Glass Mechanical Properties

Fibre Material

Customers

.
Il‘u/'\’;;?:l I";/'Vhat:l
\-':ue WValue
proposition J.'aiosition
Wh Case Company Product Designs @9
_— 9 value Spare parts production e SEp Aot Revenue N
) mechanism chain @W’/I Product Lifetime Extension @ mechanism chain How |
' Feadback 1
i ircularity of materials i
i s
i Sustainable Prestige :
: Circular Slnhmg“ | b '
i indusiry usinass ang Oparations !
LRI, L1 taticor A
Technical Education
Automatic sorting system
O Y\\x
AAR;GS DEPARTMENT OF BUSINESS DEVELOPMENT ANB%&EINASE%W]C business models within the case’ business value network, based on St. Gallen Business Model Navigator - Ais‘ﬁg"&@ ‘(f'E.\_ U
B AARHUS UNIVERSITY 2024 bNacse UPAMBA “EQuis



INSTRUCTIONS: TAKE THE BUSINESS MODEL

u &1} CIRCULAR ECONOMY
fi fram fhe L] .
) ~* GlassCircle / AARHUS
and Swedarn, W univERSITY

Step 0 Download/Upload Link :
https://aarhusuni.padlet.org/michail beliatis/business-model-co- Business Model Innovation
creation-workshop-for-glassfiber-circular--okk0dé5qu8tc484h e

Step 1 Map your Value Chain Ecosystem to Identify Potential CE
Opportunities (identify a customer or supplier who could use your GF
residue/scrap)

9 Sy D 4 Why does
“ Haw? | | profi?

Step 2 Map your Business and Production Processes to Identify CE

D+ Idensife he profic mechanism of the business

Hindering Bottlenecks (would a robotic shorting of GF residue could -
support your manufacturing process for CE? Let us know) ik HAMBNOEE 10k e cocraauan

Step 3 Create a Business Model with value proposition (what) aiming
for mutual benefit filling the template and then take a photo and
upload you it at online dashboard

Step 4 Write some feedback comment or wish to be pashed it at EU
commission and national policy makers

—— 1?
Wfers A“\,\\3"’\ Upload link: tipasiaart ueuni =t.orgimichall belistialbua ness-modal-co-craation-workshop-for-glasef bar lar--ckkCefGioudic h
JAVAMGIUN] DEPARTMENT OF BUSINESS DEVELOPMENT AND TECHNOLOGY [ A pssocuron /'.7\.'0\-.
Eiaces CAVER “Equis

EERY AARHUS UNIVERSITY 2024


https://aarhusuni.padlet.org/michail_beliatis/business-model-co-creation-workshop-for-glassfiber-circular--okk0d65gu8tc484h
https://aarhusuni.padlet.org/michail_beliatis/business-model-co-creation-workshop-for-glassfiber-circular--okk0d65gu8tc484h

*
*

ANY VOLANTER CASE? s hoa I e European union

4=
":" \." CIRCULAR ECONOMY

LY ] .
““’ GlassCircle

1. Who is your target customer O---\ L L LU DL O 2. What do you offer to the customer?

(segment)? \

* Identify the unique value the customer will

» Identify target customers receive
* Define which customer group your ! * Consider what the chosen target customer finds
valuable

business model is designed for

Is customer segment B2B or B2C? * Use the outside-in principle and see the value

proposition from the customers' point of view
=<0 3. How is the value proposition created?

* Identify all activities related to the company's
value chain and all the resources

* Include physical assets, such as buildings and
technology

+ Consider human assets as people with the
general or unique skills Include the suppliers

(O 4. Why does your business model generate

i profit?

," + Identify the profit mechanism of the business
model

IiV\\glUNY] DEPARTMENT OF BUSINESS DEVELOPMENT AND TECHNOLOGY - ssocumon & )
FY AARHUS UNIVERSITY 2024 b Saacss CPAMBA “EQUIS



INSPIRATION CASE FOR BUSINESS MODEL INNOVATION WITH
THE ROBOTIC SOLUTION & ST. GALLEN MAGIC TRIANGLE

1. Who is your target customer ()---
(segment)? v

» Identify target customers
*  Define which customer group your
business model is designed for
Is customer segment B2B or B2C?

JAVA\NGIUNY DEPARTMENT OF BUSINESS DEVELOPMENT AND TECHNOLOGY
EERY AARHUS UNIVERSITY 2024

*
*

HILteIrecy PRI Co-funded by
Baltic Sea Region the European Union

4

-
" " CIRCULAR ECONOMY
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““’ GlassCircle

----- O 2. What do you offer to the customer?

Identify the unique value the customer will

receive

* Consider what the chosen target customer finds
valuable

* Use the outside-in principle and see the value

proposition from the customers' point of view

=<0 3. How is the value proposition created?

* Identify all activities related to the company's
value chain and all the resources

* Include physical assets, such as buildings and
technology

+ Consider human assets as people with the
general or unique skills Include the suppliers

(O 4. Why does your business model generate
i profit?

," + Identify the profit mechanism of the business
! model

SSOCIATION I?(Z\.‘\.‘
b Raacss VDPAMBA “EQuIS
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FULL WORKSHOP FEEDBACK

Got to menti.com the code 2717 4050
Or

https.//www.menti.com/alpuigm 1yyoq

Tas ARW
.
JV:US) DEPARTMENT OF BUSINESS DEVELOPMENT AND TECHNOLOGY - oo ST
sy AARHUS UNIVERSITY 2024 M Raacse UDAMBA “EQuUIs
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https://www.menti.com/alpuiqm1yyoq

DEPARTMENT OF BUSINESS DEVELOPMENT AND
TECHNOLOGY

AARHUS UNIVERSITY
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Exploring full cycle
circular economy for
glass fibre industry

Riga | 25/09/2025
Liva Pupure

interreg-baltic.eu/project/glasscircle




Background

How it all came together:

During glass fibre manufacturing, as well as in
many composite manufacturing processes a
significant amount of residue material is
generated.

Currently, a large amount of this residue glass
fibres product is buried in a landfill



Background

How it all came together:

Part of this residue consists of relatively good-
quality glass fibres or fabrics

This problem of glass fibre residue is common for
many companies dealing with glass fibre or
composite manufacturing — thus it would be more
efficient to work together to solve this issue




GlassCircle

Objectives

The goal of the project: To create a strong cluster consisting of key players within the glass fibres
life cycle (manufacturers, users, re-users, recyclers, etc.) within the Baltic Sea region

The project aims to bring together industry, experts, and scientists, as well as public authorities
within the field — to exchange knowledge and discuss the possible solutions and necessary next

steps for faster change from a linear to a circular economy within the glass fibre and composite
industry.




Project consortium

Partners from Latvia, Sweden, Denmark

Project lead partner: v 1862
- ical University (Latvi PN RIS
Riga Technical University (Latvia) S -.:=» < /
Contact person: Liva Pupure, Liva.Pupure@rtu.lv 1_ _r LULEA AARHUS UNIVERSITET

UNIVERSITY

RIGA TECHNICAL OF TECHNOLOGY

UNIVERSITY

Project partners:
Lulea University of Technology (Sweden)

Contact person: Roberts Joffe, Roberts.Joffe@ltu.se H ITAC H I I_ _I
Aarhus University (Denmark) AN
Contact person: Michail Beliatis, mibel@btech.au.dk IJ
NN D
podcomp A8 (swecer . VALMIERAS COMP
Hitachi Energy Sweden AB, Composites (HPAG) (Sweden)

Valmiera Municipality Government (Latvia) NOVADSQ



mailto:Liva.Pupure@rtu.lv
mailto:Roberts.Joffe@ltu.se
mailto:mibel@btech.au.dk

Passed activities

« Hybrid event: join online or on—site:

Riga Technical University [Latvia)

Aarhus University [Denmark]

Lulea University of Technology [Sweden]
« Mentars for teams: high—level experts
+ Prize pool of more than 1000— EUR

) ter rey Co-funded by
Baltic Sea Region the European Union

’, \\,. R
W IRCULA

GIassC|rcIe

« International and cross—disciplinary team

work H _ L
: ackathon
H aC kat h on « G Ia SSCI rc I en on residue glass fiber material circular use
‘ 10— 12 FIHX. 2024
Hackathon «GlassCircle»
1. Participants from Latvia, Denmark and Sweden PRTERTALS AL . NEW PRODUCTS 8
2. Five new ideas generated ARTSB DESIGN: s O
: \" A HEW TECHNOLOGIES &
3. Student groups did excellent in the short time span | SeMEEREGE 2 2L|H >} SOLUTIONS
they got LABORATORY |
’ 2 ; NEW MATERIALS

SPACE :
! ART OBTECTS 8

PRATHTAPING { INSTALLATIONS

EQUIPMENT

Students from different area of
subjects are welcome ta apply

To register click HERE.
Registration open: until 28th April 2023







3/,_‘ ViEW N ‘i:i—

Winners:

Team 2: Interior design or furniture elements
with specific requirements: Locker out of glass
fibers — from marine industries residue.

11:10- 11:40

Giving boats manufacturing waste a new life
and sailors more,

Augustine Hueso and Maria Bohic, Luled
University of Technology former students




'\ llllerleg fho-fé.mded by =
. . . . . e European Union
Register here (participation in Baltic Sea Region P
f | ., Y - - -
the workshop is free of charge). "%y e econon
{ 4 \ *=*" GlassCircle

Passed activities

WORKSHOP: 14-15 September 2023
Environmental and economical feasibility to recover glass fibers

14-15 September, 2023 I PRI Prosre

Welcome! 15.00 Opening of Day-2 08.55
L] L] L] L] L] . .
Workshop on Environmental and economical feasibility to  workshopsagenda 1515 Glass fibers -strong but sensiive,  09.00
Zainab Al-Magdasi (LTU) Christina Scheffler (IPF)
e
re cove r gl a SS fl b e rs GlassCircle project, 15.30 Role of recycling industry, 09.30
Liva Pupure (RTU) Martins Niklass (ZAAO)
M . Mapping glass fiber ecosystem for 16.00 Industries: issues and solutions
¢ LCA Of g I a SS fl be ry value creation thought circular use, - Anders Holmberg (Hitachi) 09.50
Student presentation (AU) - Birgitha Nystrom (PodComp) 10.10
« Best practice stories from the industry AN ac el || R
Concluding remarks 16.30 Break 10.50
Introduction to LCA, 11.10
Carmen Cristescu (SLU)
Waste mineral wool upcycled into 11.40
alkali-activated facade panels and
Link for on-line participants: cobblestones with LCA,
Barbara Horvat (ZAG)

Giving recycled fiberglass a new life  12.10
in circular products,
Z00m Jakob W Nielsen (MILJ@SKERM)

https://aarhusuniversity.z Sreak 1230

oom. US/i/64855629034 Discussion pa.nel, moderated by 12.50
Z. Al-Maqdasi and R. Joffe (LTU)

Concluding remarks 13.50




Passed activities

1 March, 2024

Co-Creation Workshop: Business Model Co-creation / Ideation for Digital Circular
Economy in GlassFiber Large Scale Manufacturing

Agenda

10:00-11:45 ¢ 10:00 - Opening of Day Project CircleGlass, Michail J. Beliatis (AU-BTECH)

¢ 10:10 - Inspirational case: The ecosystem of the glass fiber industry and tools for promoting the transition to a circular economy,

Liga Biezina (Valmiera municipality)
¢ 10:25 - Kuusakoski Recycling - Circular economy solution for wind blades, Anu Séderena (Kuusakoski Oy)
¢ 10:35 - Project EPICENTER Industry LCA cases for young professionals, Laura VTtola (RTU)
¢ 10:40 - Inspirational case: Glassfiber cutting machines for recycling, Pavel Chvojka (Advantis)
¢ 10:50 - EoLO-HUBSs: Circular Business Models and knowledge sharing regarding wind turbine blades Nina Vielen-Kallio (echt)
¢ 11:00 - Project DigiGlass Inspiration business case, digital systems for GF sorting challenge, Michail J. Beliatis (AU-DIGIT)
¢ 11:10 - Co-Creation / Ideation & Discussion panel, moderated by Justina & Michail (AU)

e 11:30 - Concluding remarks & feedback




Survey of General public

2023-2024

Survey of communities about the circularity of glass fibre

1. Important information about society's view of glass fibre and its circularity will be obtained;

2. This will also be a way to ask the larger society about their needs since they represent the
product end-users

3. Awareness raising of the glass fibre residue waste issue in the larger society

12:40 - 13:10
Results of survey about glass fiber residue of general pubilic,
Liga Biezina, Valmiera municipality



Database «GlassCircle cluster» and success story




Co-funded by
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Interested in joining our database?

Liva (RTU, Latvia): Liva.Pupure@rtu.lv
Roberts (LTU, Sweden): Roberts.Joffe@ltu.se
Michail (Aarhus, Denmark): mibel@btech.au.dk



mailto:Liva.Pupure@rtu.lv
mailto:Roberts.Joffe@ltu.se
mailto:mibel@btech.au.dk

What is needed to implement change

CAPI

CAPI - Coalesced Authority, Power and Influence



paltic >éea Reg")n “ ST UMVl Wil FHINAL GWUINTD CRVINS O

- EXPLORING FULL CYCLE
':‘ :' e ”_N’”'”' CIRCULAR ECONOMY FOR
*=* GlassCircle GLASS FIBER INDUSTRY

EVENT

SEPTEMBER 26,2024

MOON Conference Hall, RTU, Address: Kipsalas iela 6A-268

CERTIFICATE

AG. ENDA OF ATTENDANCE

23:30 Registration & welcome coffee
29:00 Opening ceremony - introduction to GlassCircle
09:20 Glass fiber circular economy use cases from nordic

: manufacturing industry, Michail Berliatis, Aarhus University
09:50 LCA as a good practical tool for environmental

impact assessment, Viktoria Voronova,

Tallin University of Technology

10:20 Strategic framework: reusable dishes and public
events in Tallinn, Liina Kanarbik, Tallin municipality

Coffee break

From Hackathon to work in industry,

11:10 Augustine Hueso and Maria Bohic,
Luled University of Technology former students

MM:40 Tire and textile sorting in Latvia: reuse and
recycling pacticie, Uldis Skrebs, AJ power

12:10 Waste management challenges with wet filament
winding, Anders Holmberg, Hitachi energy

12:40 Results of survey about glass fiber residue of

general public, Liga Biezina, Valmiera municipality
Lunch break

14:00 Recycling of fibre composites, Anders Sjdégren,
Department of Design Sciences, Lund University

N14:30 Managing end-of-service composite structures -
challenges and case studies with focus on repurposing,
Alann Andre, Research Institutes of Sweden

15:00 Composite Recycling in Finland, Pietikainen Pirjo,
Finnish Plastics Industries Federation

15:30 Waste management policies at EU level,
' European Waste Management association
16:00 Closing remarks

Farewall coffee break, networking,

All times are

in UTC+3
(Riga Time) g@

'.“- Q “.p.';ig_:l_-. 4
ON-SITE IN
RIGA, LATVIA

Final conference

Exploring full cycle circular economy
for the glass fiber industry

We have CAPI in the same room — let’s
make the change happen!



LUNDS

UNIVERSITET

Recycling of fibre
composites

Anders Sjogren

Department of Design Sciences
Lund University, Sweden



Disposition

» Sustainable use of fibre composites
» Recycling processes

» Future developments



Sustainable use of composites

LLlLLL ﬂ

RAW MATERIALS

DESIGN

‘ PRODUCTION,
REMANUFACTURING

RECYCLING

CIRCULAR ECONOMY

RESIDUAL
WASTE

[Farplas]



Problems with recycling

= Costly

= Degradation of the fibres

= Degradation of the matrix

» Deteriorated bonding between fibre and matrix

= Uneven quality




Recycling processes

Mechanical recycling
= Physical recycling

= Chemical recycling
= Thermal recycling

= Energy recycling

= Biological degradation




Recycling processes

Recycling Processes

Secondary Tertiary Quaternary

vli / m\ ( \
() AR 6 !Jl 1] Energyrecycling

Thermal Recycling Chemical Recycling

<

v

Mechanical Recycling Thermolysis Solvolysis Seme type of
Pyrolysis Methanolysis energy
. Hydrolysis ANAA AN
Filler, particles as a reinforced in Alcoholysis [\\ \ \ '
thermoplastics and/or thermosets matrices. 1 Glycolysis 54 =

Monomers and/or mixtures of

q hydrocarbons

Recycling of carbon fiber-reinforced thermoplastic and thermoset composites:
A review, L.S. Montagna et al., Journal of thermoplastic composite materials, 2022.

@_»,



Choice of process

= Type of material

= \/olume of waste

= Area of use for the recycled material




Mechanical recycling

A: size reduction B: mixing C: compression & cooling D: release
(@ few minutes)

e @ (@) i

TPC waste after size reduction after mixing complex geometry and
near net shape possible

[Technical Textile]



Properties




CreaSolv®

Physical recycling

Solvent treatment

h 4

Waste =

-

Dissolution

~

Purification M Precipitation

~

Drying

>

Product

A 4 Y

Impurities, Contaminants

[ResearchGate]




Properties




Chemical recycling

a Reolymerization

Separated Carbon \

=
=

EVaPo"ating = \
),

Mant g

x\e ‘)‘:\\\%

Immersing in EG

Polymer Matrix Dissolved

[ResearchGate]
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Thermal recycling

I'Yllllﬁsls CHAMBER

X ¥ N

-w

+EHEIIGY

[ReFibre]




Thermal recycling

Cool,

clean Exhaust

exhaust oxidation
and heat
recovery
system

— |
Fresh air
inlet

Hot Air

Recycled
Carbon
Fibre

Scrap Feed

/S
/

/ Fluidised Bed

[ScienceDirect]



Properties

(a) Clean recycled fibres. (b) Recycled fibres with char residue.

Recycling carbon fibre reinforced polymers for structural applications: technology review and market outlook
S.Pimenta, S.Pinho; waste Management, 2011



Energy recycling

Crane Turbine

Il
b Electricity to grid

m Wastewater &
= ash for treatment
— e or disposal

Scrubber Baghouse

Waste storage pit

[FutureLearn]



Energy recycling




Biological degradation

Composite

Developme%
NFR

NFRCs
G w Fully/Partially Biodegradable Applications
Amalgamation SEN =W 0Ty
of natural fibre i R e | Bl >
& Polymer N Life CYCIe s E "ﬁ
T \\ﬁ of ﬂ serap
- NFRCs ‘ . . Disposal

ﬁ‘._

Fibre Extraction - >
»
n; s Landfills

CO, + Sun light
Composting

[ResearchGate]



Recycling of GFRP into concrete

Recycling technology of epoxy glass fiber and epoxy carbon fiber composites used in aerospace vehicles
R.T. Selvan et al., Journal of composite materials, 2021.



Future developments

sibony ‘

RAW MATERIALS

‘ PRODUCTION
REMANUFACTURING

RECYCLING CIRCULAR ECONOMY

RESIDUAL B\ DISTRIBUTION

WASTE

&\ CONSUMPTION, USE,
"\ REUSE, REPAIR



UNIVERSITET

Thank you for listening!
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Waste management challenges with wet filament winding
GlassCircle Final Conference. Riga 2024-09-26.

Anders Holmberg. Engineering manager. Hitachi Energy, Composites..

2024-09-26 © 2024 Hitachi Energy. All rights reserved. )\ ~ ) H itaCh i E nergy



Outline ﬂgl'%gtellf

= Hitachi Energy

» Wet filament winding process
» Waste generated

» Waste treatment challenges
= Conclusions

interna ®Hitachi Energy

2 © 2024 Hitachi Energy. All rights reserved.



Hitachi Energy, Composites HITACHI

Inspire the Next

Power TranSmiSSionN s

g Power e
Power Distribution —— & Generation S 8
PP Substation

Internal . ) o . . A
3 © 2024 Hitachi Energy. All rights reserved. @ HltaChl Enel‘gy



420 kV substation HITACHI

Inspire the Next

Internal

4 © 2024 Hitachi Energy. All rights reserved. @ HitaChi Enel‘gy



Hitachi Energy, Composites main products HITACHI

Inspire the Next

Glass fiber /.epoxy cylinders

Conductive glass fiber / epoxy
prepreg tape

Composite Insulators

Internal

© 2024 Hitachi Energy. All rights reserved. @ HitaChi Enel‘gy



HITACHI

Inspire the Next

o

Hitachi Energy company purpose:
Advancing a sustainable energy future for all

© 2024 Hitachi Energy. All rights reserved. @ H itaCh i E nergy




Hitachi Energy sustainability targets 2030 HITACHI

Inspire the Next

“ We have placed OUR TARGETS
sustainability at

the heart of our PLANET

= own operations
-50% CO,e along the value chai

Purpose: ' -50% waste disposed
focused on +-25°
powering good for + -25% hazardous substances and chemicals
a sustainable PEOPLE  Zero harm
energy future. Top quartile health absence rates
Life-long learning culture
Claudio Facchin, CEO Increase female diversity from 19% to 25% by 2025

commun [l 2 am 5 PEACE Zero incidents of corruption and bribery
2 LT RS

PARTNER- Increase involvement in multi-stakeholder partnerships
e W17 e SHIPS

I~

Internal

7 © 2024 Hitachi Energy. All rights reserved. @ HitaChi Enel‘gy



Wet filament winding process HITACHI

Inspire the Next

Internal

8 © 2024 Hitachi Energy. All rights reserved. @ HitaChi Enel‘gy



Types of waste 1 (3) HITACHI

Inspire the Next

Used acetone End of fleece and peel ply rolls Waste resin

Internal . .
9 © 2024 Hitachi Energy. All rights reserved. @ HltaChl Enel‘gy



Types of waste 2 (3) HITACHI

Inspire the Next

Glass fiber roving Splicing minimize waste

Internal . .
10 © 2024 Hitachi Energy. All rights reserved. @ HltaChl Energy



Types of waste 3 (3) HITACHI

Inspire the Next

Epoxy impregnated peel ply Tube ends Longer tubes

Internal . .
11 © 2024 Hitachi Energy. All rights reserved. @ HltaChl Enel‘gy



Waste treatment

HITACHI

Inspire the Next

Type Waste amount | Classification Present waste Preferred solution
treatment

Acetone / epoxy mix

Non-woven
Peel ply
Cured epoxy

Cured epoxy + peel ply

Glass roving

Cured tube end pieces

Cured tube cut off pieces

Non-conforming tubes

12

Internal

© 2024 Hitachi Energy. All rights reserved.

Medium

Small

Small

Medium

Small

Small

Large

Large

Medium

Hazardous waste

Non-hazardous combustible
waste

Non-hazardous incombustible
waste

Non-hazardous (combustible)

waste.

» Heat of combustion: 20 MJ/kg

» Ash content 70-80% (hazardous
waste)

Sent for
destruction

Incineration with
energy recovery

Land fill

Land fill or
incineration with
energy recovery

Recovery by distillation

Thermoplastic recycling

Pyrolysis

Glass remelting?

Mechanical recycling
Cement co-processing
Pyrolysis

Solvolysis

®Hitachi Energy



Product portfolio 72 — 1100 kV (0.5 - 12 m), Applications HITACHI

Inspire the Next

Circuit Cable Bushings Instrument Surge

. . Post insulators
Breakers Terminations Transformers Arresters

Challenge: wide product portfolio with rather small quantities of each product

| | . .
©m§(r)gi Hitachi Energy. All rights reserved. @ HltaChl Enel‘gy



HITACHI

lllustration: 1 tube diameter, several product lengths Inspire the Next

mMandrel mTube Process and design waste vs mandrel length
| ——————————————— @ Design waste, short mandrel ¢ Design waste, long mandrel
T ——— 16%
11 .
Q
7] P e— ® 12% . ®
g ? — g 10%
o O e 1
T [0
S - o@D o @
3 2%
0%
0 2 ! 6 8 10 12 0 1 2 3 4 5 6 7 8
Lenght [m] Tube length [m]

_ Process waste
Design waste

1

Internal . .
14 © 2024 Hitachi Energy. All rights reserved. @ HltaChl Enel‘gy



: HITACHI
Conclusions Inspire the Next

Most manufacturing methods for continuous fiber reinforced polymers, including wet filament winding, are not net shape processes.

= Significant amounts of production waste is generated.
Today most of the production waste is incinerated with energy recovery or discarded as land fill.
Higher level recycling is technically possible but logistic chains and economy of scale is still missing.

Hitachi Energy, Composites, have the in-house logistics (sorting) in place for higher level recycling and are searching for collaboration with partners
that can use the waste material as resource.

Internal . .
15 © 2024 Hitachi Energy. All rights reserved. @ HltaChl Enel‘gy
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Results of survey about glass fiber
residue of general public

VALMIERAS
NOVADS.




Gender

« 90 answers in Latvia

« 56 answers in other countries

@® Female
® Male
) Prefer not to say

iterreg - Codundedby
Baltic Sea Region e European Union
VALMIERAS
NOVADSQ .’:"«\:‘. CIRCULAR ECONOMY

"= GlassCircle




Educational level

 |n Latvia

* |n other countries

@ Basic education
@ Secondary education

interreg - Co-funded by @ Bachelor's, Master's degree
VAL " I E nAs Baltic Sea Region the European Union . Docto -

.‘:”‘:‘;“ CIRCULAR ECONOMY
NOVADSQ Rt GlassCircle . Other



Place of residence

_»

@ Denmark
@® Finland
¢ Sweden
@ France
@ Other

@® Poland
® Latvia
@® Poland
@® Germany

lnterreg Co-funded by
the E Uni
Baltic Sea Region e European Union
VALMIERAS
NOVADSQ .":"«\:‘. CIRCULAR ECONOMY

) »
%<’ GlassCircle

@ Valmiera

@ Valmieras novada pilséta (Mazsalaca,
Rdjiena, Seda, Strenci)

@ Valmieras novada pagasts

@ Cita



In what field are you
employed?

 |n Latvia

* |n other countries

@ In the sphere related to the production of
glass fiber

@ In the sphere related to the use of glass
fiber or its products as raw material in
the production process

@ Other sphere

interreg - Codfundedby
Baltic Sea Region e European Union
VALMIERAS e

-
NOVADS e
* [N

] .
~=<" GlassCircle




Is waste sorting carried out In
your household?

In Latvia

o e
® No

* |n other countries

ﬂmerreg

VALMIERAS ‘“i ki
NOVADS. "

Co-funded by
the European Union

lf 4 Tl
GIassC|rc:Ie




Name any products or objects that are
made using fiberglass that you know

* Some parts in body of cars, water tanks;
* Boats;

* Wind turbine blades, water tanks, pipes;
* Hockey sticks;

*  Windmill wings, car parts, flags, building materials - glass
wool, resin additive (tanks), roofing;

» Cables for internet supply, tension link for geotechnical
anchors;

» Sports equipment, glides, wind mills;
* Aircrafts;
* Flask for household gas;

+ Beer kegs, Propane gas bottle, Bikes, Golf rackets, boats,
planes etc.

iIterr cy Co-funded by

Baltic Sea Region the European Union
VALMIERAS
NOVADSQ |"j"'h‘:‘, CIRCULAR ECONOMY

%=’ GlassCircle Photo from internet resources




Select the items you know
they contain glass fiber!

* |n Latvia

DaZadas laivas un jahtas, kano...

Automasinu paneli

VEja generatori

Sporta aprikojums

Lidmasinas

Dizaina priekSmeti

Siltumizolacija

Plasi tiek izmantosas kosmosa...

Dazadi dizaina priek8meti - stra...

Blvnieciba - sietu veida, ka silt...

Tilpnu, tvertnu un konteineru ra... 50 (57,5%)
Militarajam aprikojumam 44 (50,6%)

0 20 40 60

46 (52,9%)

40 (46%)

lnterreg Co-funded by
the E Uni
Baltic Sea Region e European Union
VALMIERAS
NOVADSQ .":"«\:‘. CIRCULAR ECONOMY

) »
%<’ GlassCircle

74 (85,1%)
57 (65,5%)

53 (60,9%)

54 (62,1%)

62 (71,3%)

64 (73,6%)
56 (64,4%)

69 (79,3%)



Select the items you know
they contain glass fiber

* |n other countries

Various boats and yachts, cano... 47 (85,5%)
Car dashboards
Wind generators

Sports equipment

Airplanes

42 (76,4%)
37 (67,3%)
—40 (72,7%)
Thermal insulation
Widely used in the space indus...
Various design items - fountain...

27 (49,1%)
24 (43,6%)
21 (38,2%)

In construction - in the form of... 34 (61,8%)

21 (38,2%)
27 (49,1%)

In the production of tanks, tank...
For military equipment

0 10 20 30 40 50
tery BB Co-funded by
Baltic Sea Region the European Union

VALMIERAS "
NOVADS.

%<’ GlassCircle




Do you have anything in your
household that contains fiberglass?

« |n Latvia

8,9%
@® Ves
® No
© | do not know

iterreg - Cofundedby
Baltic Sea Region e European Union
VALMIERAS
NOVADSQ ‘.r,-"':t ULAR ECONOM

Y circt v
) _
"=’ GlassCircle
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* |In other countries




Did you know that there Is a
large glass fibre production
plant in Valmiera?

® Ves What is your opinion of this
® No plant?

@ Positive
@ Negative
€ No opinion

the European Union

Baltic Sea Region
VALMIERAS
NOVADSQ .':"..‘:‘. CIRCUL =



Is there a fiberglass factory near where you live?

® Yes
® No

What is your opinion about this factory near
where you live? —

ﬂﬁl.éi’i’eg - ::h f;nded byu ) e

Baltic Sea R uropean Union
VALMIERAS e i 42,9%
NOVADS. o=

GIassClrc:Ie

@ Positive
@ Negative
) No opinion




Do you know what surpluses occur
in the glass fiber production
process?

 |n Latvia

* |n other countries

the European Union

|}

Baltic Sea Region
VALMIERAS
NovADso l’f"h‘:‘. CIREUL —



Have you heard where it is possible to use
the leftovers from the fiberglass production
process?

 |n Latvia

* |n other countries

@ Yes
® No

the European Union

|

Baltic Sea Region
VALMIERAS
NOVADS. '!':"‘.:IQ' = —



Do you know of a company that uses
fiberglass as a raw material in their
production? (in other countries)

1 (5.9%)1 (5,‘9%‘,1 (5.9%1 (5,9% 1 (5,9%)1 (5,9%1 (5,9%}1 (5,9%)1 (5,9%)
| \ | |

‘ 1(5.9%}1 (5.9%)
\ | | \

1(5,9%}1 (5,9%)
\

1 |

ABB Buhler Qasis Vestas
Bavaria (boat company), Cal... Isover Siemens Gamesa, Vestas Vesta...

@ VYes, name it if you can

® No

llll-l'.! f[gg Co-funded by

Baltic Sea Regi the European Union
VALMIERAS ~"
NOVADS. '

':" s CIRCULAR ECONOMY
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Do you know of a company that uses
fiberglass as a raw material in their
production? (in Latvia)

5 (11,4%)
4
2 (4,5%) 2 (4,5%) 2 (4,5%)
2
1l 1.(41\(‘ AAAANA (DRI (S ANAA 2,30 1,(4;(2;_3 o1)(<1 .’(:1 A A (AN (AR AAAAN 2392, 3¢
| R R Y O A A |

Culimeta Baltics  Lauksaimniekii... OCT Composites Padtex, Compor.. VSSizmantos...
Auto bave Knauf Neesu intreseju... Padtex Insulati... Padtex, RLM Valmiera Andre...

@ Yes, name it if you can

® No

llll-l'.! f[gg Co-funded by

Baltic Sea Regi the European Union
VALMIERAS ~"
NOVADS. i

':" s CIRCULAR ECONOMY
[N .
*=* GlassCircle



Proposals for reuse or re-purpose of glass
fiber production waste

¢ In construction and building 4 New products
« Clean and grind to obtain amorphous « furniture in public places, sun and rain
silica powder for production of protectors in cars' and bike’s parkings;

building materials;
» Composite Materials for Construction;
» Reinforcement in Concrete;
« Manufacture of Insulation Materials: ¢ General ideas
* modular urban green spaces; . Recycling into New Fiberglass
 biofiltration systems for water, Products:
» energy efficient house component

« Storage boxes
* Products for decoration;

* Meld them individually down to raw
materials;

VALMIERAS ;'ai::llc'.;: I:e‘:ig fhi'fé'u"i’feﬁ Union ° Energy ge neration
NOVADS. 3 '

WY cIRCULAR ECONOMY
%<’ GlassCircle



Do you know of a company that uses waste
surpluses of glass fibers in their
production?

15
11 (57,9%)
10
5
1(5,3%) 1(5,3%) 1(5,3%) 1(5,3%) 1 (5,3%) 1(5,3%) 1(5,3%) 1(5,3%)
| | l I | | j
0
Idk No No, sorry Qasis ? Vestas Yes no nope
the European Union
VALMIERAS
NOVADS. i
== GlassCircle



Conclusions/ Discussion

® Most of the people in Valmiera are aware of glass faser production in
Valmiera region

€ Few are aware about the glass-faser eco-system

¢ Little knowledge and information on glass-faser products, their
caracteristics and related challenges

#®Rather positive attitude towards glass-faser factory
—> Transition to circular economy related to complex factors, including

awareness building.

VALMIERAS
NOVADS.



Results of survey about glass fiber
residue of general public

VALMIERAS
NOVADS.




Strategic framework:
reusable dishes and public
events in Tallinn

Lead Specialist

Ta I I i n n 26.09.2024

Wi




Is it possible to serve food and drinks from
reusable dishes in a mass event where there
are 80 000 participants?






The strategic framework and journey to banning
single-used dishes in public events ...



Strategic framework related to sustainability and circular economy

* Moving, towards a circular economy requires a
systemic and strategic approach on a local

level
STRATEGIES
AND . . .
ACTION PLANS « Harmonized guidance is needed to develop a
. suitable strategic framework that contributes to
| EGAL FRAME (RULES AND the reduction of single-used products
REGULATIONS) \

Wi

Tallinn



Strategic framework related to sustainability and circular economy

Tallinn 2035 Development Strategy

Tallinn Sustainable Energy and Climate Action Plan 2030

Friendly
uroan space

Tallinn Waste Management Plan 2022-2026

OECD report on the Circular Economy in Tallinn, Estonia,
2023

= Tallinn

Green and
Global

Tallinn Waste Management Regulations

Green
transformatio®

Wi

Tallinn :



Strategic framework for waste prevention and reduction in Tallinn

« First level (strategies and action plans) — at the top of the
pyramid are long-term goals and targets for the sustainable use
of materials

* Tallinn waste management plan 2022-2026

« Second level (legal framework: rules/regulations) — based on
the strategy/action plan, the municipality adopts necessary legal
acts

* Tallinn Waste Management Requlations
 Procedure for organising and holding public events in City of

Tallinn
* Guidelines for organizing sustainable events by city
authorities 4
* Thlrd Ievel (gL“dance documentS) — various Operatlonal The concept for the strategic framework. Source: SEl Tallinn

guidelines for external/internal stakeholders
« Recommendations for event organisers

= Tallinn


https://www.riigiteataja.ee/aktilisa/4170/5202/2007/Tallinna_jaatmekava_2022-2026.pdf
https://www.riigiteataja.ee/akt/418032023007
https://www.riigiteataja.ee/akt/410062014016?leiaKehtiv
https://www.riigiteataja.ee/akt/410062014016?leiaKehtiv
https://www.tallinn.ee/et/media/542919

Waste prevention/reduction and public events in Tallinn

* QOctober 2019 - Tallinn banned single-used plastic cups, plates,
cutlery

» Only compostable dishes, cutlery (EN 13432) were allowed

Replacing the material of a
disposable product does not solve
the waste problem!

Wi

Tallinn




MOST

PREVENTION

REDUCTION

LEAST DISPOSAL

PREFERRED

—
—
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Strategic framework for waste prevention and reduction

= Tallinn



Moving towards reusables...

2021-2022 Spring 2022
Assessing situation Onboarding events

« Tallinn waste » Draft ready -
management plan Guidelines for
2022-2026 promotes organizing

moving towards a sustainable events
circular economy * Finding event

« Assessing the organizers to test the

current reuse situation guidelines

= Tallinn

Testing the guideline

Summer 2022

2 sports events
Music festival
Family festival

2022 — 2023
Formulating the
regulation

* Meeting
stakeholders
* Formulating the
strategic document

March 2023
Announcing the new
regulation

* Implementing city
regulations

* June 2023 - only
reusable dishes
allowed in public
events TALLINN
F ?mr+ﬁ§

AL
]



£ Riigi Teataja

Tallinn City Council introduced new
regulations in spring 2023:

Tédpne otsing Liigitus Statistika Viited Eelndud Kohtuteave Digusuudised | Abi | English Minu RT @

KOV maaruste valdkondlik ligitus: ~ Korrakaitse — Avaliku trituse kord Tekst suurus: | 4 rxl A

Tallinna linnas avaliku iirituse korraldamise ja pidamise
kord Meeldetuletused ~  Laadialla~ ga Triki [ RSS (@ Abiinfo

1. Tallinn Waste Management Requlations
2. Rules for organising and holding public events in city
of Tallinn

Oigusakt KOV veebileht Andmekogud

Valjaandja: Tallinna Linnavolikogu

Vali redaktsioon: | Eelmine 4 | Hetkel kehtiv

Akti liik: maarus
Teksti liik: terviktekst
Redaktsiooni joustumise kp: 21.03.2023
Redaktsiooni kehtivuse 18pp: Hetkel kehtiv
Avaldamismarge: RT IV, 18.03.2023, 20

Vordle redaktsioone Vaata digitemplit

Tallinna linnas avaliku lirituse korraldamise ja pidamise kord

Lihtne otsing seadusle ja dlenigiliste Sisesta akii 3 s P ik [dhend oTsI
maarusie lenvikiekstide pealkirjadest isesta akll nimi, marksona vol ametlik l[uhen

Vastu vBetud 29.05.2014 nr 12 Riigi Teataja
RT IV, 10.06.2014, 16

joustumine 01.07.2014 Tipne otsing  Liigitus Statistika | Viited Kohtuteave |  Oigusuudised .  Abi English Minu RT &

KOV magruste valdkondiik liigitus:  Keskkond ja heakord — Jaatmekaitlus

Tekstisuurus: | o A A
Tauinnajﬁﬁtmehoolduseeskiri Meeldetuletused » Laadialla~ g Traki () RSS (@ Abiinfo
Oigusakt | KOV veebileht

Valjaandja: Tallinna Linnavolikogu Vali redaktsioon: = Eelmine |  Hetkel kehtiv

Akti liik:

Teksti liik:

Redakisiooni jdustumise kp:
Redakisiconi kehtivuse 16pp

Avaldamismarge:

maarus

terviktekst
21.03.2023

Kehtetu

RT IV, 18.03.2023, 25

Virdle redaktsioone Vaata digitemplit

Tallinna jadtmehoolduseeskiri

Vastu véetud 08.08.2011 nr 28
joustumine 01.10.2011

2 Muudetud jargmiste aktidega (peida)

Vastuvétmine Avaldamine Joustumine

Kehtetu RTIV, 18.03.2023,7 21.03.2023

Tallinn 5
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https://www.riigiteataja.ee/akt/418032023007
https://www.riigiteataja.ee/akt/410062014016?leiaKehtiv
https://www.riigiteataja.ee/akt/410062014016?leiaKehtiv

Public events in Tallinn since June 2023

« June 2023 — food and drinks may only be served in
reusable containers (e.g. plates, bowls, drinking glasses,
coffee cups) and use only reusable cutlery (e.g. knives,
forks, spoons, chopsticks) in public events up to 30 000
visitors/day in Tallinn.

« January 2024 — only reusable dishes are allowed In
public events in whole Estonia regardless the number
of visitors.

* Public event = an entertainment event, competition,
' 1 performance, trade event or other similar gathering of
e G g 13 people that takes place in a public place and is open to

il -

e Nt e AR the public with or without a ticket.

[y =
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The power of regulation as a peakon!

The regulation gave an exception to events with more than 30 000 visitors/day.
3 such events in the summer of 2023. All of them voluntarily opted for reusable dishes.

The Weeknd " Depeche Mode Youth Song and Dance
55 000 visitors 40 000 visitors Festival

Reusable cups © 80 000 partici_pants
Reusable cups © : HP 100% reusable dishes and

Tallinn cutlery ©

Wi






Dance Celebration Xl Youth Song Festival
performance “Bridges” “Holy Is the Land”

Total performers and visitors Total performers and visitors




PLASTIC, METAL & DEPOSIT
CARTON PACKAGING PACKAGING

BI0 WASTE MIXED WASTE

70 waste collection points



PARDIT@PS ' D PANDIT@®PS

Pandindu tagastus

Pandmou tagastus

e} =

11 reusable dishes collection points




green ambassadors”

)

« 11 reusable dishes collection points
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 Around 100




Youth Song & Dance Festival 2023

~ 100 000 people

85 000 pcs reusable cups

155 000 pcs reusable plates/bowls
161 500 pcs reusable cutlery

22,1 tons of waste vs 40 tons of waste

in 2019

22,1 tons of waste out of which:

Biowaste 8,3 tons

Mixed waste 7,9 tons

Plastic and metal packaging waste 3,9 tons
Paper and cardboard waste 0,5 tons

Glass packaging waste 1,5 tons

20



Amount of mixed waste per person reduced

IS

2019 2023

178g 60g



Cup

2€ TAGAS:'TUSRAHA
1€ KASITLUSTASY

B I B

2€ DEPOSIT REFUND # 1€ HANDLING FEE

Reusable dishes




Guidelines for Organizing Sustainable Events

= Tallinn



Guidelines for Organizing Sustainable Events

* mayor’s directive
 since April 5th 2023

« conference, seminar, reception, charity or
entertainment event, competition,
performance, trade event or other similar
gathering of people

« all city institutions

=

Tallinna
linnapea

KASKKIRI
05.04.2023 nr T-4-1/23/6

Keskkonnahoidliku iirituse korraldamise reeglid

Kohaliku omavalitsuse komralduse seaduse § 50 Ig 1 p 3 alusel, kooskdlas Tallinna
Linnavolikogu 9. martsi 2023 maaruse nr 3 ,Tallinna jddtmehoolduseeskir § 4 I6igetega 1ja 2
ja 17. detsembn 2020 maaruse nr 26 ,Tallinna arengusirateegia . Tallinn 2035™ strateegilise
sihiga ,Roheline maailmalinn® ning tulenevalt vajadusest kehtestada Tallinna linna asutuste
korraldatavatele dritustele Ghtsed reeglid, et hoida Grituste keskkonnamdju voimalikult vaike

1. Uldsitted

1.1 Kaskkirjas maaratakse kindlaks Tallinna linna asutuste (edaspidi korraldaja) korraldatavate
drituste keskkonnahoiureeglid, mille t3itmise peab tagama korraldaja.

1.2 Kaskkirjas mdistetakse Urituse (edaspidi dnitus) all konverentsi, seminari, vastuvdttu, tanu-
ja heategevustritust, I&bustustrntust, wvdéistlust, efendust, kaubandusirtust wvdi muud
sellesamast inimeste koos clemist, mis el ole koosclek, sh Tallinna linna asutuste siselntust.

1.3 Korraldajal tuleb Tallinna linna sélmitavates intust puudutavates lepingutes maaratleda
lepingu teise poole kohustus jargida kaskkirjas kindlaks maaratud reegleid.

2. Jaatmete vihendamine ja ringlussevott
2.1 Korraldaja on kohustatud tagama uritusel jaatmete liigiti kogumise.

2.2 Eraldi tuleb koguda wahemalt biolagunevad jaatmed, paberi- ja karfongijaatmed,
segaolmejaatmed ning klaas-, sega- ja pandipakend, kui seda dritusel tekib.

2.3 Uritusel kasutatavad jagtmemahutid v8i -raamid peavad olema tahistatud sinna kogutava
jaatmeliigi nimetusega eesti keeles ja vajadusel ka vébrkeeltes ning diget varvi piktogrammiga
vastavalt Tallinna jaatmehoolduseeskirjale.

2.4 Korduskasutaiavate anumate ja sGdginistade kogumiskoht (nt kast, automaat) peab olema
jadtmemahutitest selgelt eristatav.

25 Liigiti kogutud jaatmed tuleb dle anda wvastavat keskkonnakaitseluba omavale
jaatmekaitlejale. Avaliku Urituse korraldaja peab jaatmete ileandmist ja koguseid tdendavad
dokumendid esitama e-posti aadressil jaatmed@tallinnlv.ee.

3. Materjalid ja ostud

3.1 Inventari, materjale ja muid asju tuleb tellida mdddukas koguses, et dlejadk oleks
voimalikult vaike. Dekoratsioonid peavad olema korduskasutatavad vl nende materjalid
ringlussevbetavad. Urituse korraldamiseks vajalike asjade, sh dekoratsiconina kasutatavate
(kunst)taimede ostmise asemel tuleb neid vdimalusel Gdrida.

3.2 Kutsed, infomaterjalid jms tuleb viimalusel esitada elektrooniliselt. Paber kasutamisel peab
see olema dkomargisega.



Guidelines for Organizing Sustainable Events

Focus areas

« Materials and Purchases
« Catering and Water Use
 Waste Management
 Transport

* Energy and Resource Efficiency b=
« Taking Into Account the Environment and Community MATERJALID JA

0STUD
« Communication and impact on the venue

TRANSPORT TOIMUMISPAIGALE

Source: Acento

Wi
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Materials and Purchases

Decorations must be reusable or their materials recyclable
Renting instead of buying
Only eco-labeled paper shoud be used

B\

Printing only when nessecary

E-invitations, information materials
Name card holders and neckbands must be reusable

Souvenirs and gifts must be shared as little as possible. Local products
(food/drinks) preferred.

In case of goods, souvenirs, gifts - unnecessary packaging must be avoided.
Cleaning products (e.g. hand soap, tissue paper) must be eco-labelled

Refillable containers must be used instead of disposable containers (e.g. soap
dispensers).

Wi

Tallinn



Waste Management

« Separate waste collection (at least bio, packages and mixed waste; paper, glass and
deposit bottles if generated)

« Waste containers/frames/labels used at the event must be marked with correct color,
pictograms, in foreign languages

« Reusable dishes must be collected separately, clearly visable
 Proof (documents) of separately collected waste (amounts, types) must be provided

,-Fh

PLASTIC, METAL & DEPOSIT
CARTON PACKAGING |  PACKAGING MIXED WASTE

BI0 WASTE




Catering and water use |

Food and drinks may only be served in reusable containers and use H
only reusable cutlery

Tap water (instead of bottled water) should be preferred as drinking
water

Fill glasses only when needed

Small food packets are not allowed (e.g. salt, sugar, pepper, coffee
cream, honey).

Remaining food must be distributed to organisers, visitors or donated
to other partners in reusable containers

Local, seasonal, organic food is preferred, vegan food should be
served

s

RS e

Wi
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Communication and impact on the venue

« Local property owners must be informed
about the event

o After event the venue must be cleaned, land
restored

e Sustainability (use of transportation, using
own bottle, reusables, etc) of the event
must be available to the visitors, e.g. on
the website/tickets, during the event with
signs, by host, ...

i l PANDITAARA
DEPOS BOTLES
0

 Using ,,green ambassadors®to raise the
awareness of the green event

Wi
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New strategical document:

 Strategical document — ,,Tallinn’s Circular Economy Development
Plan 2035* preparation was launched by the City Council in Feb 2024

* FOcus areas:

 Built environment OECD Urban Studies

 Circular products and servces The Circular Economy
] ] in Tallinn, Estonia

* Sustainable food and bioeconomy //

Green procurements
Raising awareness
Waste management

* Prepared from February 2024 to June 2025

Wi

Tallinn



Paldies!
Aitan!
Thank you!

Liina Kanarbik
Lead Specialist
Circular Economy Department
City of Tallinn
Liina.Kanarbik@tallinnlv.ee

31



Giving Boat Manufacturing Waste a
New Life and Sailors More Storage

s

LULEA

-a UNIVERSITY
| 4 .& OF TECHNOLOGY




Who are we ?

LULEA UNIVERSITY OF TECHNOLOGY




Maria Bohic

Material engineering student (soon “o? EEIGM
A

graduated) . .
Apprenticeship

Former material engineer
apprentice at CEA-INES

R’
Former LTU student and intern HETMATIGNAL

Augustin Hueso o
J 3. EEIGM
A
Material engineering student (soon graduated) AppfenijceShip
&
Material engineer at Nicomatic NICOMATIC

LULEA UNIVERSITY OF TECHNOLOGY



LULE

Both at the L INn Erasmus exchange
working on a 3 months lab project

Hackathon

Co-funded by

milCeIre
9 the European Union

Baltic Sea Region

dn

" " CIRCULAR ECONOMY

'] ®
““’ GlassCircle

LULEA UNIVERSITY OF TECHNOLOGY




Hackathon challenge

LULEA UNIVERSITY OF TECHNOLOGY




Hackathon challenge

« Design a solution to reuse production’s waste

of a glass fibre manufacturer in 48h »




Hackathon challenge

Day 1

Day 2

Day 3

LULEA UNIVERSITY OF TECHNOLOGY 7




Hackathon challenge

Pre-concept

Closure

Concept

Presentation

LULEA UNIVERSITY OF TECHNOLOGY



Hackathon challenge

Technical expert

Story Teller Project Manager -

— ;é-vfj

Art Designer

=

LULEA UNIVERSITY OF TECHNOLOGY



Method

LULEA UNIVERSITY OF TECHNOLOGY




Tetravalent code

Or the way to design a product thinking as an arty designer

Concept =» describe, express and bring new aspect

Aesthetics =» Material, texture, colors and references

Aesthetics Teté?da éem Technique =>» Process used, cost, production size,

assembly, ...

Ethics =» The target, purpose of the project, social &
Ethics economical concerns.

LULEA UNIVERSITY OF TECHNOLOGY



‘ Circular Economy

Or the way to have less raw material, less waste and fewer emissions

)

Sustainable
design

Waste
& management
Residual waste CIRCULAR Production
ECONOMY

=T

Collection O g

Distribution

Consumption
Reuse

M . N H\.:-‘_..E
Source: European Parliament Research Service \‘:“

LULEA UNIVERSITY OF TECHNOLOGY



Lulea University Composite Laboratory

=)

=)

LULEA UNIVERSITY OF TECHNOLOGY



Thoughts

LULEA UNIVERSITY OF TECHNOLOGY




‘ Glass fibres

(Chongging Dujiang Composites Co., Ltd.) (Mid-Mountain Materials, Inc.)

L D

LULEA UNIVERSITY OF TECHNOLOGY




Concept

Tetravalent code

Tetravalent Technique

Aestheti
estheti Code

Ethics

Concept
=>» A storage for personal goods
=>» A sit to change ourselves after a boat trip (ex: remove the shoes)

=>» Make a product from glass fiber waste & epoxy
=> A wavy design that reminds of the sea/ocean

=>» Use the same process as boat’s crafting.
=>» Human scale production on request + Nut and bolt assembly
=>» Glass fiber properties sustain salty atmospher

Ethics
=>» Product for marina’s sailors
=>» User of the harbour as an incu; Create additonal jobs in the naval factory + a glass fiber school
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Sustainable

Circular Economy

mmmmmmmmmm

CIRCULAR
ECONOMY

Raw material

= Waste from the manafacturer supply with the orders
Sustainable Design

= One material & few parts st
Production

= Reuse the current ones availble in the marina

Distribution

=>» Done locally

=> Interchangeable parts in case of damage + high performance material (no volontary obsolescence)
Collection

=>» Use the one of the marina

Residual waste

=» Crush and reuse inside of matrix composite or concrete (but mechanical properies reduced)
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Business Model

Or the local ecosystem economy

Glass Fibres Manufacturer Marina

m Send the waste + Orders

N

Marina’s customers
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Result
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Exploded view —_— r
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Prototype made

Test on how feasible was the texturing on glass fiber
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Conclusion
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Conclusion

=» Show how local actor can be part of
sustainable developpement

=>» Give freshly news vision to the
GlassCircle project & its Ecosystem
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‘ Conclusion
Our Hackathon feedback

“A Hackathon lets you realize
that in 48 hours you are four
people at the same time: the
technical expert, the
communicator, the artist, and
the storyteller.”

“l enjoyed participating to
the hackathon and |
appreciated working

within a team to find a
solution for a more
sustainable world.”
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Conclusion

After Hackathon Today

Presented both my
aprenticeship and intership for
my final defence

Continued working as an
apprentice at CEA-INES on
Perovskite-Silicon solar cells

until August 2024
Official graduation is now

Did an internship at Luled approaching

University of Technology on
biobased thermosets for
applications in regenerated
cellulose fibers composites

| want to continue in that path of working
in recycling of polymer materials or
working on new materials that can be
recycled easily or that are more
sustainable for my future job
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Conclusion

Working 2 years in Singapore.
The goals is to spread for the
Asian hub of my company an
efficient material management
(including ecodesign aspect for
the CSR strategy)

| participate to create a sustainability team
In my company by giving my material
expertise. Exchanging on LCA feasability
and waste reprocessing.

As an example, we have one project on
how implement regenerative material in
our products.

CSR = Corporate Social Responsibility
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Any questions ?
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Tire & textile sorting In Latvia:
reuse and recycle practices

Uldis Skrebs, Board Member
AS AJ Power Recycling

AJ P@AOWER



AJ POWER GROUP

ﬁ! : Leading privately-owned group 0 energy and waste
management companies in Latvia. TOP 100 of Latvian companies.

E. 3

Ig_} 2023 group turnover EUR 100+ million.

02 Team of 55 empioyees including experienced
r]j and certifie