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This document reports the summary and the outcome of the Borealis SPIRIT
programme (Sustainable Plastics Industry Transformation) during the entire
programme period 15.11.2021-31.12.2025.

The final report consists of three parts:

1. A programme management summary describes the SPIRIT outcome from
governance, ecosystem management and communication points of view.

2. The research results and the outcome of the four SPIRIT research themes.
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programme achievements.
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Programme management summary

Background and goals

Plastics are irreplaceable materials of the modern society. Plastics secure for example
the distribution of clean water, safe and effective food-chain, healthcare, and
electrification of our society. The demand of plastics is growing, but the current linear
economy of plastics is not sustainable: the key global challenges of plastics are fossil
raw material base, unwanted littering caused by mismanaging the plastic waste, and
the high CO, emissions from production and end-of-life incineration, both related to still
very low recycling rate of plastics.

Solving these challenges is vital to the environment and to secure the future of the
strategically important Finnish plastics industry. Borealis, as a forerunner, wants to
drive the change of the Finnish plastics industry.

In 2021 Borealis set the SPIRIT programme ambitions to replace 33 % of fossil
feedstock with renewable/recycled feedstock by 2030 and turning production carbon
neutral by 2045. In the end of the SPIRIT programme these objectives are still relevant,
although the delivery schedule has not progressed as expected during 2021-2025 due
to the economic downturn.

Borealis has set up the SPIRIT ecosystem to reach these ambitious targets through
joint development with key value chain partners focusing on three main themes:

1. Exploiting renewable, circular and synthetic feedstock opportunities to replace
imported fossil feeds.

2. Developing both mechanical and chemical recycling of plastics.

3. Carbon neutral production by electrification, use of hydrogen and renewable

energy.
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Figure 1. The circular cascade model by Borealis describes the closed loop of plastics and carbon

Objective of the SPIRIT ecosystem in short term (2022-2025) was to develop new
technologies enabling the sustainability transformation of plastics industry and in long
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term (2025-2045) to implement and invest into these new technologies and solutions
leading to new business opportunities, as well as new workplaces across the entire
ecosystem. In the whole ecosystem, this project is estimated to trigger investments of
up to 1.5 B€ and new annual business revenues of 3-4 B€, with new annual export
potential of 1-2 B€ by 2040.

As the leading company of the SPIRIT programme, Borealis made a commitment to
drive the innovation and ecosystem building in the selected thematic areas. As
described in the original programme targets, this has meant e.g. activating and
engaging a big and highly multidisciplinary group of companies and research groups
needed to the joint work, assessing a variety of new ideas and proposals, driving
intensive project building and execution and linking the SPIRIT activities to other key
initiatives in the field to enable the green transition of the plastics industry, and results
with real impact.

Programme Structure

The SPIRIT structure remained the same throughout the programme: The programme
consisted of four main research themes, also called work packages WP1-WP4, and on
top of them the WP5 represented the leadership and communication of the programme,
including the ecosystem.

Area

& & B

3. CO, reduction

1. Renewable 2. Circular
feedstock plastics

Transform plastics Minimise incineration
feedstock from and maximise
fossil to renewable/ material to material
recycled recycling

Carbon neutral
production of
plastics

Ambition

Figure 2. Work package structure of the SPIRIT programme

Renewable feedstocks (WP1)

A core area addressed in the SPIRIT programme is the replacement of fossil feedstock
with renewable and circular alternatives. This work package focused on creating
concepts to process different renewable, circular or synthetic feedstocks, and study
and test their use in the plastics production, including both steam cracker and
processing to polyolefins.

Circular plastics (WP2)
The linear economy of plastics is resulting in consuming the natural resources as well
as excessive emissions from plastic production and plastic waste incineration. Since
the level of plastic recycling is not sufficient in Finland, the main objective of this theme
has been to replace virgin plastics more and more with recycled, and if possible in the
same type of application.

CO2 reduction (WP3)

Plastics value chain is a significant source of CO2 emissions globally. WP3 has looked
at the development and proofing the technical solutions to carbon neutral production of
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plastics, especially in steam cracking. The steam cracking process is carbon intensive
due to high temperatures needed and large volumes of fossil feedstock processed.

Enablers for green transition (WP4)

There is no circular economy and circular business without the market pull. The main
aim of this theme is shaping the market to create the needed pull for circular products
and enable the Finnish plastics industry green transformation in practice. This has
included participation in regulatory, standardization and certification activities,
promoting the acceptance of circular products (Design for/from Recycling) and mass
balance approach with legislation and standardisation.

Programme and ecosystem leadership and communications (WP5)

The aim of this work package was to lead and steer the whole SPIRIT programme and
the large ecosystem towards the common set goals. This has included clear
management processes, roles and responsibilities, also for efficient internal and
external communication.

Programme governance

SPIRIT programme / Veturi ecosystem project
was led by Borealis Polymers Oy, Finland.

The responsible programme leader was Jari
Lehtinen in 2021-2023 and Jaakko Tuomainen
in 2024-2025. The practical project
management has been done by the work
package leaders Antti llves / Ismo Savallampi
' (WP1), Jaakko Tuomainen (WP2), Mikko
© Ronka (WP3), Auli Nummila-Pakarinen /
Sanna Martin (WP4) and Jari Lehtinen /
- Jaakko Tuomainen (WP3). Spinverse Oy has
supported the project management and
ecosystem orchestration, with Markku Heino
as the main expert.

Figure 3 SPIRIT core team in 2024: from left Jaakko Tuomainen, Mikko Rénké (in front), Ismo Savallampi
and Sanna Martin

The overall governance structure was organized during the SPIRIT programme as
follows:

SPIRIT Steering Team

SPIRIT Core Team

SPIRIT Extended Team
Ecosystem Advisory Board
Borealis internal projects
Ecosystem partnership projects
Ecosystem database

Project Steering Team has had the ultimate responsibility to guide the project towards
the defined goals and give guidelines for the work. The steering team has had its

6
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meetings on quarterly basis throughout the programme to agree on strategic fit and
priorities, align SPIRIT with other activities, support in resolving competence and
resource needs, follow-up progress and KPI’s, disseminate key results as well as plan
future activities.

SPIRIT Core Team is the team with an active daily focus on the SPIRIT topics. In the
beginning of the programme the core team was enforced with Spinverse participants,
and then during 2024-2025 only the four WP leaders joined in the core team and its
briefly weekly meetings.

Work package activities have been monitored in regular monthly WP meetings and
reported to the SPIRIT extended team and steering team in their next meetings.

The Extended Team did convene monthly. On top of the core team, also the
programme sponsor Satu Kosonen-Kaija (Salla Roni-Poranen in 2022-23),
communications expert Tiina Paulamaki as well as Markku Heino from Spinverse joined
in the extended meeting. On quarterly basis the agenda has also covered the KPI
performance and the financial aspects of the programme, and Jussi Kovanen as
country finance manager has joined in these meetings.

Ecosystem projects, Work package meeting Core team
steering meetings
Teams, 1/month F2F weekly
+Projectresults + WP status New ideas +New ideas / new contacts
+Project status vs. plan m +Need for ecosystem +WP status updates

*Topicsto be members, stakeholders S e
communicated +Deliverables
*News to be communicated

o 8 8

<
Communications Extended team
Teams 1/month Teams, 1/month

+WP and other news + WP status highlights @
+Review communication + Administrative issues

plan +Forthcoming events m
+Publication schedule +Communication plan

+» Topics for steering / EAB
Figure 4 SPIRIT governance and meeting structure

Because SPIRIT has aimed to engage actively with ecosystem members, an
Ecosystem Advisory Board (EAB) was established in 2022. The EAB has convened
three to four times per year. Its members have been: Vesa Karha (Muoviteollisuus Ry),
Maarit Lindstrém (Metséateollisuus Ry), Marja Ola (Kaupan liitto), Helena Dahlbo
(Suomen ymparistékeskus), and Tuomas Lehtinen (Business Finland). The role of the
Ecosystem Advisory Board has been to provide support and guidance to the core team
on ecosystem leadership, particularly in identifying gaps and fostering progress toward
the mission.

Spinverse was contracted to support the programme activities during 2021-2025. The
role of Spinverse included overall support to ecosystem leadership and project
management with high emphasis on the communication activities.
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Ecosystem management

The ecosystem strategy was originally planned and built in four separate workshops in
2022. The strategy has been followed throughout the programme: it has been regularly
discussed in the SPIRIT core team and extended team, focusing especially on the
relevancy of the proposed ecosystem projects, how they contribute to the SPIRIT
programme ambitions, where are still knowledge gaps and needs for new projects and
what is the most natural role for Borealis to join in these partner projects.

Ecosystem projects

An elementary part of the Business Finland leading company activity is to build
research consortia, so called ecosystem projects. In these projects the different
organisations are joining forces to solve the research challenges in the leading
company RDI focus.

The focal points of the SPIRIT roadmap were found interesting by several other parties.
Several ecosystem projects were initiated by the SPIRIT programme, in order to meet
the identified needs of the SPIRIT roadmap. The SPIRIT programme organised themed
workshops to identify further research needs to support the programme ambitions,
facilitated further discussions and project preparation with key research parties, linking
and engaging potential project members. Finally, the project applications were sent to
Business Finland.

Some of the projects are directly originating from the SPIRIT programme targets, like
the STAR project, answering to the SPIRIT original research problem of quantifying the
plastic waste streams in Finland, whereas some other ecosystem projects are initiated
by the research organisations or parther companies.

Totally 21 partnership projects received positive funding decisions from Business
Finland during the SPIRIT programme. At the moment of final reporting, 11 of these
projects are completed and 10 ongoing.

21 approved SPIRIT partnership projects

11 already completed

Figure 5 SPIRIT ecosystem projects and their status on 31.3.2026
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One co-innovation project was not approved and one application is currently pending.
On top of the BF funded projects, there is one large ecosystem project funded by
European Union.

There has been one obvious challenge in setting up the multi-party ecosystem projects
in the SPIRIT ecosystem — the lead time. Each of the steps of project scoping; building
the consortium, research plan and funding application; and finally the approval of the
project funding has taken months of time. Due to the long lead time, it is difficult to plan
and allocate the research resources, so after the approval it may still take some months
to organise the kick-off for the research work. In some SPIRIT ecosystem projects the
lead time from the first initial meeting to the kick-off of approved project has been as
much as two years. By reducing this time it would be easier to keep the momentum and
faster to get ready with the research results.

All SPIRIT ecosystem projects, their scope and participants are listed in Appendix 2 —
Ecosystem projects.

Ecosystem members

The ecosystem members are mostly organisations, who are joining in one or more
approved SPIRIT ecosystem projects. The fact that these organisations are joining the
projects with their monetary and timely resources, highlights the real commitment of
them.

The SPIRIT ecosystem attracted finally 128 participants to join. 92 organisations have
been participating in one or more SPIRIT ecosystem projects funded by Business
Finland. Out of these, 80 are industrial companies, service providers or associations,
and 12 are universities or research organisations. Additionally, 14 Finnish organisations
joined by a written confirmation to be a SPIRIT ecosystem member, or via their
participation in the Baltic Sea H2 project, funded by European Commission. Further 22
ecosystem members are the Baltic Sea H2 project participants from other European
countries. Finally, a big number of other organisations have joined in the SPIRIT
ecosystem events and one-to-one discussions.

® Finnish companies participating in
ecosystem projects

= Finnish universities and research
organisations participating in
ecosystem projects
Finnish organisations: members of

Baltic Sea H2 and other ecosystem
members

European organisations, members
of Baltic Sea H2

Figure 6 In total 128 organisations are counted as SPIRIT ecosystem members

The SPIRIT ecosystem members are listed in Appendix 1 — Ecosystem project
members.
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Communication

Active internal and external communication has been a key tool to lead the SPIRIT
ecosystem.

In order to ensure the fluent communication and common understanding both within
Borealis and the ecosystem, systematic communication actions have been planned
and made during the programme period. An overall communications plan was created
and regularly updated to define the key communications activities for different
stakeholder groups. The communication plan has been followed up and updated in the
monthly communications team meetings.

Internal communication has been built on regular meetings, events and collaboration.
Microsoft Teams has been used as a central platform to share the SPIRIT related
project documents. The internal alignment has been secured by the frequent meeting
structure, described above in governance and meeting structure (Figure 4).

The SPIRIT ambitions, objectives and achievements have been actively communicated
externally, in order to build visibility, attract new partners and strengthen the
cooperation spirit within the ecosystem. This has included sharing the common visions
and targets openly, communicating about key research challenges of the ecosystem
projects and proactively about their fresh results.

SPIRIT web page www.spiritprogramme.com has served as home base for sharing
relevant information publicly to ecosystem partners and other key stakeholders.
Altogether 79 news articles (by 13.3.2026) were published on the SPIRIT web page
over the programme period (Appendix 3 — Published articles on SPIRIT web page).
These articles have been produced by the SPIRIT coordination team in close co-
operation with the project partners, who have utilized the content also in their own
channels. In addition, some projects have been made own press releases, news and
blog posts on their web sites.

vk

13/02/2026 | News 15/12/2025 | News 1/11/2025 | News

Completed SULKI project led by Valuable learnings gained from the SPIRIT programme was awarded the
Orthex explored closed-loop recently completed project led by Finnish Plastic Circulation prize 2025
recycling for food packaging Plastex

28/10/2025 | News 18/09/2025 | News

SPIRIT programme has created key Latest updates from the Circular Sustainable Lifestyle project
capabilities for the circular economy Plastic Pipes project launches within SPIRIT programme
of plastics

Figure 7 Screenshot of the SPIRIT web page news
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During the programme, several articles have been published regularly in different
professional media to share the key messages and insights of SPIRIT, its sub-themes,
ecosystem projects and their results widely to different target groups. SPIRIT has for
example actively utilized MuoviPlast magazine that has provided a regular news space
for SPIRIT to raise the interest and awareness among Finnish plastics industry value-
chain partners. Uusiouutiset is another professional media systematically utilized to get
key messages of the SPIRIT ecosystem to relevant players within Finnish circular
economy and waste management value chains.

In total, there have been 77 SPIRIT programme and SPIRIT ecosystem project related
articles in Finnish media (situation 13.3.2026). The biggest media interest has been
towards

e The launch of the programme in 2022 (10 articles)
Positive results of the Sulki project in December 2023 (5 articles)

e Borealis receiving the “Plastic Circulation” award in November 2025 (4 articles),
and

¢ Launching the reusable packaging pilot in REUSIFY project in March 2026 (16
articles).

' KIQRTIS

: Kokeile
“u pantti-
= bokseja!

Maksa 3 € pantti

KESATYOT
mt\? * Pienet ja keskisuuret yritykset tarjoavat kesalle aiempia vuosia vahemman kesatsita

uuuuuuu
KuoriO KOROT VOLKSWAGEN SAA

Figure 8 The launch of SPIRIT REUSIFY piloting gained a lot of positive media attention. A screenshot of
MTV3 TV news broadcast on 10" of March 2026.

SPIRIT has achieved some hits also in the international media, and several articles
have been widely spread through the social media, especially in LinkedIn. All SPIRIT
related media hits can be found in Appendix 4 — SPIRIT in media, and in the
https://www.spiritprogramme.com/spirit-in-media/ page.

As part of active ecosystem leadership, SPIRIT team planned and arranged several
need-based workshops and events during the programme. All major events organised
by the SPIRIT team are listed in Appendix 5 — SPIRIT ecosystem events.

These events include, first of all, many meetings and workshops with small group of
experts for ideation, match making, project scoping and further project building. This
kind of discussions have been organised mainly by the SPIRIT work package leaders,
and the outcome of the most promising contacts has been developed further in the
work package meetings.

11
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Secondly, specific thematic workshops have
been organized to discuss key challenges and
collaboration opportunities regarding relevant
themes. For example, the workshops in spring
2023 focused on Renewable feedstock and
CO2 reduction for plastics industry and on How ¥
to_boost collection _and sorting to maximise =
mechanical recycling?. With these workshops 7
SPIRIT led the discussion to dig in deeper in
those themes, and to create common
understanding and basis for RDI collaboration.
These events created engagement among
partners and concrete seeds for joint projects.

In the winter 2024-2025 two PPWR workshops were set up to gather key players across
the food-packaging value-chain. The focal point was to discuss the upcoming EU
Packaging and Packaging Waste Regulation (PPWR) and its implications for the
industries in Finland. Special focus was set on recycling of plastics packaging in food
contact back to the same application.

The third type of events have been large annual ecosystem events for gathering all
ecosystem partners and other key stakeholders together — to hear the latest results and
insights, change ideas, discuss critical research challenges, new opportunities and
paths forward together — and of course create trust and excitement (let’s call it SPIRIT).
Each year the annual ecosystem event attracted roughly 100 experts to join physically,
and in the final event there were close to 200 onsite participants. The final event
included also a results exhibition presenting all 21 ecosystem projects.

SPIRIT annual events:

- SPIRIT programme launch event, June 7, 2022, Espoo (Keilasatama)
- Annual event 2023, June 14, 2023, Porvoo (Taidetehdas)

- Annual event 2024, June 6, 2024, Porvoo (Taidetehdas)

- SPIRIT Final event, October 28, 2025, Porvoo (Taidetehdas)

12
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Figure 9 Photos from the SPIRIT annual events

Naturally, SPIRIT has been actively presented in many events and meetings. Examples
of bigger events with SPIRIT being on stage are

PlastExpo Nordic, 18.5.2022 / 13.3.2024, Helsinki

Muovifoorumi, 26.10.2022 / 24.10.2023 / 23.10.2024 / 7.11.2025, Helsinki
"Muovi mullistuu Eduskunnassa” event in the Finnish Parliament 29.11.2023
ChemBio Finland in Helsinki 10.4.2024

Clean World Porvoo 22.9.2022 / 14.9.2023 / 22.10.2025

World Circular Economy Forum 16.4.2024, Brussels

Circular Economy Green Deal launch event 12.9.2024

Nordic Polymer Days 12.6.2024, Helsinki

Figure 10 Minister Sari Multala visiting SPIRIT stand in Finnish parliament on 29.11.2023
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Outcome of the research themes (WP’s)

In this chapter the work package outcome is described in a way which covers the full
programme period 2022-2025.

All SPIRIT ecosystem projects are listed and briefly described in Appendix 2 —
Ecosystem projects.

Renewable feedstock (WP1)

Objectives

The current linear economy of plastics, and the fossil raw material base are key global
challenges of plastics. A core theme addressed in the SPIRIT programme is the
replacement of fossil feedstock with renewable and circular alternatives. The objective
is to support the feedstock replacement by

- Mapping various renewable and circular feedstock alternatives, and assessing
their opportunities

- Concept and portfolio development for alternative feedstock

- Testing the processing of renewable or recycled feedstock

- Development of analytical methods for new feedstock

This work package focused on creating concepts to process different renewable,
circular or synthetic feedstocks, and study and test their use in the plastics production,
including both cracker and processing to polyolefins.

Approach

In the transition toward renewable and circular raw materials, the emerging feedstock
options can broadly be categorized into two maturity levels. These levels reflect their
technological readiness (TRL), availability, and suitability for industrial-scale
deployment.

Low-maturity (low-TRL) feedstocks represent emerging solutions that are not yet
commercially available but hold potential for future breakthroughs. Typical examples
include forest industry side streams, municipal and industrial biowaste, and CO,-based
feedstocks produced through carbon capture and conversion technologies. Advancing
these options requires significant research, pilot-scale experimentation, and cross-
industry collaboration. Consequently, they have been a central focus of the
co-innovation and co-research initiatives within the SPIRIT ecosystem, where partners
work jointly to develop long-term, sustainable feedstock pathways.

Some other feedstocks like bio-based naphtha, upgraded used cooking oil and
pyrolysis oil, on the other hand, are already available and suitable for industrial testing.
During the SPIRIT programme, Borealis has conducted extensive trials with a variety
of renewable and circular feedstocks at the Porvoo steam cracker, enabling practical
evaluation of their technical performance, integration feasibility, and environmental
benefits. These trials support accelerated scaling of solutions that can complement or
replace fossil feedstock in existing production infrastructure.

Results, key findings, challenges

In WP1, Borealis successfully evaluated, tested and used renewable and recycled
cracker feedstocks in an operational steam cracker in Finland. One of the highlights
was the first delivery and steam cracker scale test run of synthetic e-naphtha, produced
from industrial carbon dioxide and sustainable hydrogen, and supplied by Infinium.
Borealis continued internal evaluation of both existing commercial technologies and

14
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emerging disruptive technologies for integration into current assets, aiming to enable
sustainable feedstock use at the cracker. One result of the evaluation work was
manifested as a publicly announced investment, modifying cracker furnaces and
enabling broader specification for sustainable feedstocks.

Figure 11 As a result of the feedstock RDI work, Borealis invested in container unloading station enabling
receiving of small feedstock quantities.

Together with Helsinki University, Borealis started to support and guide a Doctoral
School of Industry Innovations program related PhD work which aims at modification
of hemicelluloses and further upgrading to sustainable cracker feedstock.

Regarding ecosystem consortium projects, ForestCUMP co-innovation project started
in 2002 and was finalized in 2024, having successful pilot plant start-up of CO2 to
olefins concept. GreenARO co-research project, aiming to produce green benzene,
toluene and xylene (BTX) products, was finalized. The project developed new
knowledge especially related to the developed catalysts and the reaction experiments.
The project also included process modelling of BTX aromatic production using bio-oil
and glycerol feedstocks. VTT-led Bio4all -project, which aims to upgrade bio-oils to
cracker feedstocks, was kicked off in 2024 and will continue towards end of 2026. e-
Propane project, which aims to produce cracker feedstocks via microbiology, will also
finalize by end 2026. Similarly, IsoSUS-project, Tampere university led co-research
project studying microbiological processes towards different chemicals, including
alkanes, will continue during 2026.

The SPIRIT ecosystem work has enabled a broader understanding of the availability of
sustainable feedstocks on the market as well as the future capacity development of
suppliers. As a conclusion to this research theme, Borealis has now established the
capability to use new sustainable feedstocks at its steam cracker plantin Porvoo. There
are a couple of nice value chain cooperation examples showing, how the forerunners
are willing to adopt these solutions: Borealis has supplied polypropylene grade used in
Froneri’s Aino ice cream package. This grade is produced of renewable feedstock.
Likewise, Borealis is the proud supplier of chemically recycled polypropylene used in
Valio’s yoghurt cups, fulfilling the future requirements of EU Packaging and Packaging
Waste Regulation already today.
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Figure 12 Valio’s Greek yogurt cup is made of 30 % chemically recycled polypropylene, produced by
Borealis

Way ahead

There are several project ideas being developed with domestic and international new
partners. These projects are being prepared with partners such as Helsinki University,
Oulu University, Abo Akademi, LUT, VTT and other companies, including new Veturi
companies.

Borealis has the capability to ramp up sustainable feedstock intake and thereby replace
traditional fossil feedstock, depending on the market situation for sustainable olefins
and polyolefins. In line with the SPIRIT programme vision of large-scale use of
sustainable feedstocks, Borealis has also created a roadmap of solutions and
technologies that can be implemented to support future growth, should there be a
significant shift in market demand. This scenario will likely depend on further
clarification and implementation of EU-level regulations related to the use of
sustainable plastics.

The evaluation of new technologies enabling Borealis to manufacture its own
renewable feedstocks is also aligned with the ambitions of work package 3 concerning
carbon neutrality. Knowledge generated in public research projects further supports the
scope definition for Borealis own potential new technology implementation.

Circular Plastics (WP2)

Objectives

The level of plastic recycling is not sufficient in Finland, while most of recyclable plastic
waste ends up still in incineration. However, plastic recycling is an evitable part of
sustainable plastic lifecycle. Therefore “Circular plastics” was initiated as one main
theme of the SPIRIT programme. When putting together the programme roadmap in
2021, following four objectives were set to tackle the challenge of low recycling rate:

1) Designing the integrated mechanical & chemical recycling approach which fits well
in the Finnish plastic waste handling process;

2) Securing that the recycled feedstock can be well utilised in the production of high-
quality recycled plastics;

3) Maximizing the material-to-material recycling and minimize the incineration of
plastics; and,

4) Securing that Finland achieves the EU plastic recycling target with domestic
recycling capacity.
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In general, the objective of this theme is that virgin plastics are more and more replaced
with recycled, and if possible in the same type of application. This can only be achieved
when the quality of recycled plastic is sufficient, as the original objective #2 indicates.

Approach

The Circular plastics theme has been researched in a way, which is more likely seeing
“both-and” than “either-or” solutions. For example, in the waste collection and in the
final recycling step there are different solutions, which should be seen complementary,
and not alternative solutions:

- Finland has been developing the plastic recycling based on the separated waste
collection. Separate collection provides high feedstock quality and requires less
post-sorting. However, the plastic waste collection volumes have not developed as
should, so the possibility of industrial post-sorting of residual waste is there to
support the separate collection.

- Whereas the mechanical recycling should be the first priority due to its higher
material yield, lower cost and lower emissions, it cannot utilise all plastic waste as
a feedstock, and it has its limitations regarding the potential end use applications.
Therefore mechanical and chemical recycling must be implemented together.

Both separate and mixed waste collection as well as mechanical and chemical
recycling routes have been researched in SPIRIT, in order to provide full picture of the
different possibilities:

OPTIWA

(subject to
approval) ; Priority

< s Separate " - Kiech | ’
) .
A % - .
s " 3

Priority

Y
L
Chemical

recycling Complementary

Figure 13 SPIRIT ecosystem projects in theme “Circular plastics”

Most of the research in this theme has been done in different research consortia. This
is natural, since circular economy is not respecting the traditional borders of business
branches, but wide cooperation network is needed to establish the future value chains.
Very positively, a number of waste and recycling sector companies have been involved
in the research projects. Borealis has also carried out internal studies regarding the
possibilities to expand its activities in plastic recycling in Finland.

Results and key findings

Altogether seven consortium projects have been researching the theme of Circular
plastics as shown in Figure 13 above. UrbanMill, a co-innovation project started in 2022
and was finalized in late 2024. This project focused on developing a sustainable
chemical recycling concept for plastic waste, which cannot be mechanically recycled.
The project achieved a pyrolysis scale-up from lab to large pilot scale and produced
also valuable information regarding the pre- and post-treatment steps needed for
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pyrolysis. Since the research area remains interesting, a follow-up project
UrbanFactory was launched in the beginning of 2025.

MSW Plast project, looking at the plastics in residual municipal solid waste, was also
finalized in 2025. The project completed a successful trial to sort, wash and recycle
plastic fractions from the mixed waste, being able to produce polyethylene film from
this material. The positive trial and the experience from benchmark countries indicate
that MSW post sorting is a considerable alternative to complement the separate waste
collection also in Finland. It has been positive to see how the MSW post sorting
discussion has really kicked off in Finland during this project.

- —-

r q

r Q

Figure 14 MSW Plast project demonstrated post-sorting of mixed residual waste (MSW). The LDPE
fraction was successfully recycled into pellets and films.

In 2024, STAR and KEMU projects were kicked off as new ecosystem projects. STAR
is creating groundwork research results in quantifying the plastic and plastic waste
streams in Finland, basing on variety of statistics and industry knowledge. KEMU
focuses on the “first mile problem” of plastic waste collection, trying to identify waste
collection and logistics setups which are efficient both from raw material collection and
economical points of view. A scenario research of alternatives is ongoing.

An important trigger to get more volumes in the circular economy, is to affect consumer
behaviour in the source separation. The SustLife project, launched very recently in
autumn 2025, searches deeper understanding of this matter, and discusses on the
possibilities to affect on the behaviour with so called nudging trials.

On top of the research projects during the SPIRIT programme, Borealis and its
ecosystem partners have carried out several trials in plastic recycling, and piloted the
use of mechanically and chemically recycled plastics in different applications.
Examples of these are tissue paper packaging film with 80 % mechanically recycled
content in cooperation with Rani Plast, a cable jacketing grade with 50 % mechanically
recycled material, and yogurt cup and butter-blend spread box with 30 % chemically
recycled content in cooperation with Valio.

The Borealis internal research activity has mainly focused on the recycling technologies
of polyolefin-rich plastics and on the recyclability of polyolefin materials in the
Borcycle™ programme. In Porvoo this has included a number of test runs with recycled
base resin in the compounding plant, but also a development of plastic waste
composition analysis method in the Porvoo Aurora laboratory. Borealis is also keen on
looking at the possibilities to expand its recycling activities, and some preliminary
cooperation discussions have taken place during the SPIRIT programme.
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Way ahead

The wide range of research under this theme indicates that the technical readiness to
advance plastic recycling is quite high, both via mechanical and chemical recycling
routes. Unfortunately the business economics are restricting the development: neither
the recycling rate nor the processing capacity are developing as they should, due to
missing demand and low profitability. A clear area for further research and advocacy
work is to secure a healthy business environment (demand) in plastic recycling. One of
the most promising levers to boost the demand is to have a mandatory content of
recycled plastics, like the recent Packaging and Packaging Waste Regulation (PPWR)
of the EU is setting.

The technical readiness is not yet there for all applications. One very interesting area
is to continue the research to have mechanically recycled polyolefin materials for
sensitive packaging application, all the way to food contact packaging. There is one
pending application in this research field: a further project idea is OPTIWA, a co-
innovation project regarding the plastic waste identification, sorting and washing steps
in an advanced way. OPTIWA application was filed in November 2025, and a positive
funding decision is expected soon.

A proposed consortium project ProWater did not get the positive funding decision in the
end. This project would have studied microplastics detection, and the efficiency of water
use in plastic waste washing. Both are important areas to ensure that the recycling
activity is secure from the microplastics point of view, and that the water footprint
remains feasible. Therefore, this area is clearly a subject for further research in the
future.

Carbon neutral production of plastics (WP 3)

Objectives

Production of plastics is carbon intensive, and the reduction of the production related
CO2 emissions was an obvious research theme in the SPIRIT programme. The main
objective is to develop and proof the technical solutions to low carbon or carbon neutral
production of plastic. This includes the Borealis value chain of plastics production from
steam cracking to polymerization. The steam cracking process is very carbon intensive
due to high temperatures needed and large volumes of fossil feedstock processed.

Reducing carbon intensity of cracking process can be done via electrification of
furnaces, fuel switching (for example by using hydrogen as fuel) or via alternative
technologies (like alcohol to olefins route). Additionally carbon capture can be utilized
to reduce emissions with minimal changes to the plan. To manage energy, fuel gas and
hydrogen balance of a cracker, several parallel solutions are needed. Most of the
required technologies are still in conceptual or early piloting phase. Also, already
existing technologies need integration to existing steam cracker infrastructure in a
meaningful way.

On top of the complex revolutionary technologies, smaller stepwise energy (and CO2)
reductions initiatives are needed. Despite the relative simplicity of the ideas, in-depth
studies are needed to finalize technical concepts.

Approach

WP3 has worked through consortium projects, co-research projects, direct company
cooperation, EU projects and by internal studies. The main approach has been via
internal studies due to scope of the working package.
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Results, key findings, challenges

In WP3, Borealis has actively followed the development of electrical cracking through
participation in EU Horizon project ELECTRO “Electrified conversion of plastic waste
into olefins & downstream integration”. During 2023 Borealis decided not to pursue pilot
plant installation to Porvoo. Instead, Borealis will concentrate on full-scale solution
when technology matures. Borealis participated in electrical cracking development
consortium “Cracker of the future” with several industry players, but that common work
has now stopped, and companies continue development individually.

Two master’s theses linked to CO2 neutrality were successfully completed: CO2
capture study to simulate and evaluate techno-economic feasibility of carbon capture
from Borealis hydrocarbons plant. Another study evaluated the feasibility of methanol-
to-olefins plant integration to existing steam cracker. Third completed master’s thesis
“‘Comparison of carbon, energy and CO2 efficiency of plastic recycling routes” also
supported WP3 efforts for CO2 neutral manufacturing.

Borealis also participated in a co-research project CO2 capture using superbases
which aimed to improve the capabilities and costs of carbon capture solvents. The
project successfully identified promising superbase solvent combinations which can act
as basis for further research and eventually as more efficient CO2 capture solutions.

Cooperation to study the feasibility of Hycamite methane pyrolysis process has been
completed. The study covers the technical implementation and integration of the plant
to Kilpilahti and the use of the carbon product in Borealis applications.

Borealis has worked to further improve its own proprietary Borstar® technology in terms
of energy efficiency. The work to scout energy efficiency improvements and novel
energy reduction technologies for Borstar® PE was completed.

Borealis has completed several internal studies aiming to improve the energy efficiency
of the plants. Most promising studies are progressing to actual projects with tangible
energy saving impact.

Borealis is participating in a EU Horizon hydrogen valley project BalticSeaH2. Borealis
is contributing to the project by developing hydrogen usage scenarios for chemical
industry and by studying polyolefins usage in hydrogen infrastructure. The latter was
addressed by master's thesis Polyolefins in the emerging European hydrogen
infrastructure.

WP3 has also supported the development of Climate Neutrality Plans required by
authorities. The plan provides a stepwise approach on reaching climate neutrality by
2045 for the whole Porvoo location.

Way ahead

Electrical cracking remains one of the most attractive CO2 reduction technologies.
Technological maturity is approaching commercial level. Economical attractiveness
depends on the development of CO2, electricity and natural gas prices. Borealis will
follow very closely the development and financial support opportunities to implement
electrical cracking.

Carbon capture is developing slower than anticipated, but there are some promising
development in Europe both on capture and storage side. The main challenge identified
is that the total capture and storage cost is way higher than potential ETS cost saving
benefit. The high cost does not warrant further work on this subject. This applies both
to post-combustion carbon capture and pre-combustion (hydrogen firing) carbon
capture.
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Hydrogen has multiple roles in plastic industry. Most importantly it is a key ingredient
in processing sustainable (renewable or circular) feeds to fit cracker specifications. It
can also be produced from cracker side stream methane, has a key role in pre-
combustion carbon capture and is used and produced in the steam cracking process.
Borealis has recently positioned itself as feedstock off-taker. This means that while
hydrogen treated sustainable feeds play an ever increasing role, the actual processing
of them will be done by other value chain members. Other direct uses of hydrogen will
be determined individually case by case. However, the work in the BalticSeaH2 project
will continue beyond the SPIRIT programme timeline.

Borealis is committed in continuous improvement of energy efficiency of its plants. This
work will continue with similar intensity as during the SPIRIT programme.

Enablers for green transition (WP4)

Objectives

Creating demand for circular products is an absolute must to get the expected SPIRIT
transformation happening. The main aim of this theme is shaping the market to enable
the Finnish plastics industry green transformation in practice.

Internally, one important objective of this theme has been to develop polyolefin grades,
which are enabling better design for recycling, and improving a higher level of circularity
via the mechanical recycling process. The development of the Borstar® Nextension PE
and PP technologies has been central in this plan.

Approach

Since the objective is to enable circular economy solutions in all application areas of
plastics, a large number of cooperation projects were established to find out the needed
development, and to trial the materials in the value chain. Part of the trials were so
called closed loop, where the waste material was processed back to the targeted
product in same application.

Achieving this objective requires also participation in regulatory, standardization and
certification activities, promoting the acceptance of circular products (Design for/from
Recycling as well as Reuse) and mass balance approach.

The RDI work has also been done in internal innovation projects and activities.

Results, key findings, challenges

In internal research projects, Borealis delivered major progress in Borstar® Nextension
PE and PP technology development. Catalyst and process research and scale-up trials
carried out in Porvoo during the SPIRIT programme are enabling the development
towards recyclable monomaterial solutions, fulfilling Design for Recycling (DfR)
requirements. Borealis launched the Borstar® Nextension PP technology in 2022 and
Borstar® Nextension PE technology in 2025. Right after the SPIRIT programme,
Borealis announced a 49 MEUR investment in Borstar® Nextension PP technology in
Burghausen, Germany.

The public research and partner projects advanced circular solutions, material
innovation, and data transparency across the plastics value chain.

In Circular Plastic Pipe Systems project led by GF Building Flow Solutions, the climate
benefits of chemical recycling for cross linked PE pipe systems were validated after a
successful closed loop demonstration. The project also reviewed possibilities to utilize
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mechanically recycled polymers for non-pressure applications, plastic piping utilization
in hydrogen economy as well as carbon sequestration in piping systems.

In Dream project led by Rani Plast, environmental impact data across the value chain
was assessed together with Syke and summarized in a report ‘Environmental
Perspectives of Plastic Packaging: Lifecycle sustainability, guidelines, and full value
chain transparency’. The project created new data and explored the possibilities to
digitalize and integrate new kind of structures enabled by the recycling ecosystem,
closed-loops and an efficient management of material streams.

In Plastex project, commercially viable mechanically recycled plastics were searched
and tested for blow molding, but the available supply was too limited, making the
process economically or environmentally unviable at present. The research found that
the material flows for food-grade recycled plastics in Finland are too small and the
recycling system is not yet functioning at the required scale.

In ReMatCh project led by Stora Enso, the recycling of fibers and plastic coating of
liquid cardboard packaging using different separation and recycling technologies has
been researched. One of the focus areas has been Doctoral research by Emilia Kauppi
at Aalto University which focuses on recycling of liquid packaging board. The project is
expected to finalise by end of 2026.

In Sulki project led by Orthex the potential of mechanically recycled polypropylene for
food-contact use at small scale was demonstrated. Further development of
decontamination processes and contamination risk mitigation is required to meet EFSA
requirements for approving new technologies for food packaging applications.

In Suscapo project lead by Hycamite, the possible application areas for the carbon
produced from methane pyrolysis were studied.

In Zerolnk project led by Cajo Technologies, further development was carried out with
the discovery of new laser wavelength ranges that work better on different polymers
and plastic products. This resulted in new applications and industry openings, for
example in the food and beverage industry. Cajo has also been able to commercialize
their laser marking in plastics products.

In co-research project PlasticsCircularity research on creating more sustainable,
economically viable and regulation-compliant plastics recycling system is being carried
out. Acceleration of the quality improvement and economy of plastics recycling in the
more demanding application areas such as food packaging and hospital plastics have
been studied. Also, the challenge of biodegradable bioplastics waste management has
been studied. Among the project’s notable achievements so far are the completion of
three high-quality master's theses, detailed company interviews (summaries in
progress), and exceptional work by Syke on the regulatory front.

The co-innovation project Reusify aims to accelerate packaging reuse and reduce
packaging waste. The research has explored various reuse dimensions, including the
ecosystems and business models of reuse, the design of reuse systems and circular
packaging solutions. The project is unique in the way a broad range of companies are
working towards a joint experiment in retail and restaurant environment, which is
targeted to be scalable in whole Finland. Borealis has created the framework for this
joint company experiment including agreement and working structure as well as
collaboration with public research partners.

Together, these results provide practical groundwork for accelerating circularity and
supporting future industrial and regulatory developments in Finland’s plastics sector.
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The third dimension of this theme has been active participation in regulatory and
standardization work aimed at strengthening demand for circular products.
Collaboration across the packaging value chain continued to address upcoming
requirements of the Packaging and Packaging Waste Regulation (PPWR) and to
identify further development needs. Progress was made in advancing wider
awareness and acceptance of the mass balance approach viable for transformation
from fossil to bio-based and circular feedstock.

Way ahead

While many of the ecosystem projects in this theme are already completed,
PlasticsCircularity and Reusify still continue. In the latter one, the planned joint
experiment by more than ten companies has been taking place in spring 2026. This
reuse trial in supermarket and restaurant environment will give increased
understanding, how a scalable reuse system for food packaging could be implemented
in Finland.

Borealis will continue advancing and implementing the Borstar® Nextension PE and
PP technologies, step change developments that enable both design for and design
from recycling. This marks the beginning of a strong innovation pipeline designed to
meet customer needs across multiple industries. Circular and recyclable solutions
across all polyolefin application areas will be further developed together with
customers, supported by broader ecosystem collaboration.

Scientific articles and other dissemination by Borealis and ecosystem partners

Communication and dissemination are important parts of the RDI work. Scientific
articles, conference presentations and academic theses have been important
deliverables by the SPIRIT ecosystem projects. The summary of the ecosystem project
publications is reflecting the status on 31.12.2025. Several ecosystem projects are still
on-going and further publications are in the pipeline.

+ 22 Published peer reviewed scientific articles
» 17 Scientific articles submitted

» 22 Scientific articles in preparation

81 Conference presentations and posters

9 Blog posts

7 Other publications

2 completed and 4 ongoing PhD theses

* 42 completed Master’s and other theses

Full details of the scientific deliverables is available in Appendix 6 — Scientific and other
publications by the ecosystem.

New intellectual property rights (IPR)

The SPIRIT RDI work has resulted in new IPR as well. For the sake of confidentiality,
the IPR is presented only statistically.

Patent applications and invention notices by the ecosystem

There have been in total four patent applications by the SPIRIT ecosystem projects.
Patents have been applied in ForestCUMP, Suscapo and UrbanMill projects. On top of
that, altogether five invention notices have been filed by the projects UrbanFactory,
PlasticCircularity and UrbanMill.
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Patent applications by Borealis

Borealis has been active in filing priority patent applications. The figure below shows
the 92 new priority patent applications, which are

1. filed during the period of 15.11.2021-31.3.2026;
2. related to inventions conceived as of 15.11.2021 and onwards; and
3. atleast partially linked to areas of WP1, WP2, WP3, or WP4 in SPIRIT.

The research work for these projects has been carried out not only in Finland but in
other Borealis countries as well.

92 patent applications by Borealis
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Figure 15 New priority patent applications by Borealis between 15.11.2021-31.3.2026. The figure shows
the number of applications relating to inventions conceived as of 15.11.2021 and onwards, and at least
partially linked to areas of WP1, WP2, WP3 or WP4 in SPIRIT.
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Appendices

Appendix 1 — Ecosystem project members

There were in total 128 organisations which are counted as official SPIRIT ecosystem members.
Most of these, 92 organisations (#1 to #92 below), joined as a participant in at least one of the SPIRIT
ecosystem co-innovation or co-research projects, funded by Business Finland. Additionally, 14
Finnish organisations (#93 to #106 below) are counted in due to their written confirmation to be a
SPIRIT ecosystem member, or due to their participation in the Baltic Sea H2 project, funded by
European Commission. The 22 European organisations (#107 to #128) are members of Baltic Sea
H2 project. Finally, a big number of other organisations have joined in the SPIRIT ecosystem events
and one-to-one discussions.

Big thank you to all for contributing in the SPIRIT ecosystem activity!

# Ecosystem members in BF Projects®) # Ecosystem members in BF Projects®)
funded projects funded projects

1 | Aalto University 31 | Lakeuden Etappi 1
2 | ABB
3 | BASF 32 | Lamor 1
4 | Berner 33 | Lassila & Tikanoja 2
5 | Boreal Bioproducts 34 | Liuotin Group 1
6 | Cajo Technologies 35 | LUKE 1
7 | Carbon Reuse 36 | LUT Lappeenranta University 3
8 | Compass group of Technology

37 | MARA Matkailu- ja ravintola-

—_

5

1

2

1

1

2

1

1

9 | Corex 1 alan yhdistys
10 | Dieffenbacher Panelboard 1 38 | Marimatic 1
11 | Elintarviketeollisuusliitto ETL 1 39 | Meriaura 1
12 | Essity 1 40 | Metsa Group 1
13 | FF-Future 1 41 | Mirka 1
14 | Fifth Innovation 1 42 | Muovipoli 4
15 | Finncont ymparistdpalvelut 1 43 | Neste 8
16 | Finnfoam 1 44 | NG Nordic 3
17 | Forecon 1 45 | Orthex 2
18 | Fortum 2 46 | PlastEco 1
19 | Green Fuel Nordic 1 47 | Plastex 1
20 | Griffin Refineries 1 48 | PR Pulping 2
21 | Hycamite 1 49 | Prefere Resins 1
22 | Jatekukko 1 50 | Prysmian Group 1
23 | Kaipola Recycling 1 51 | PS Processing 1
24 | Kapasity 1 52 | PTY Paivittaistavarakaupan 1
25 | Kemira 1 yhdistys_ _
26 | Keskinen Recydling 5 53 | Péijat-Hameen Jatehuolto Oy 1
57 TKesko 3 54 | Q P?wer 1
28 TKiilo 1 55 | Rani Plast 1
29 | KIVO Suomen kiertovoima 1 56 RerT.1eo !
30 | Kleener 1 57 | Resiclo 1
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# Ecosystem members in BF Projects*) # Other Finnish ecosystem members
funded projects 93 | Amerplast
58 | Rinki ! 94 | CLIC Innovation
59 | Rosk n'Roll 2 95 | Convion
60 | Salpakierto 2 96 | Elcogen
61 | Sauplast 1 97 | Elomatic
62 | Serres 1 98 | Flexens
63 | SmartSet 1 99 | Gasgrid Finland
64 | Solar Foods 2 100 | GreenNorth Energy
65 | S-ryhma 1 101 | Helen
66 | Stora Enso 4 102 | Oulun Energia
67 | Sulapac 4 103 | P2X Solutions
68 | Sumi 5 104 | Spinverse
69 | Suomen Pakkaustuottajat 3 105 | Viking Line
70 Syk_e Finnish Environment 3 106 | Yara Finland
Institute
71 | Syklo 1
72 | Tampere University 4 # European ecosystem members (Baltic
73 | Tampere University of applied 1 Sea H2 participants)
science 107 | Ballard Power Systems (DK)
74 | TM Systems 1 108 | Baltic Innovation Agency (EE)
75 | Tomra 1 109 | City of Tallinn (EE)
76 | Transbox ! 110 | Energiforsk (SE)
77 | University of Eastern Finland 2 111 | Energy Cluster Denmark (DK)
78 | University of Helsinki 1 112 | Energy Valley Norway (NO)
79 | University of Oulu ! 113 | Estonian Hydrogen Cluster (EE)
80 | UPC konsultointi 1 114 | Freeport of Riga Authority (LV)
81 | UPM Raflatac ! 115 | Green and Smart Technology Cluster
82 | Uponor 1 Latvia (LV)
83 | Uudenmaan liitto 1 116 | Hendrikson DGE (EE)
84 | Vaasa University 1 117 | IWEN Energy Institute (DE)
85 | Valmet 5 118 | Lhyfe (SE)
86 | Vantaan Energia 4 119 | LTn Hydrogen Energy Association (LT)
87 | VTT Technical Research 11 120 | National Institute of Chemical Physics
Centre of Finland and Biophysics (PL)
88 | Wastewise 2 121 | Polish Hydrogen Cluster (PL)
89 | Wipak 3 122 | PowerUP Fuel Cells (EE)
90 | Woodly 1 123 RSEE)E Research Institutes of Sweden
91 | Wartsila 1 124 f?(anne Havn (DK)
92 | Abo Akademi 2 125 | Skyborn Renewables Sweden (SE)
126 | Solarstone (EE)
*) The last column indicates the number of BF 127 | Uppsala University (SE)
fundec_:i .ecosystem proje_cts, in which the 128 | Viru Vesinik (EE)
organisation has been a project member.
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Appendix 2 — Ecosystem projects

SPIRIT ecosystem was able to launch 21 projects funded by Business Finland during 2022-2025. At
the moment of writing the final report, 11 of these projects are completed and 10 ongoing. One co-
innovation project did not get approved, and one application is currently pending. On top of the BF
funded projects, there is one ecosystem project funded by European Union, the Baltic Sea H2. That
makes altogether 24 ecosystem projects, which are listed below.

Borealis Polymers Oy has been a project member in all of these consortia.

1. ForestCUMP

Project form: Co-innovation | Year of approval: 2022 Status (31.3.2026):
Completed

Project coordinator: VTT Consortium members (excl. Borealis): VTT, LUT,
StoraEnso, Metsa, ABB, Essity, Fortum, Vantaan Energia,
Kemira, Neste, Kleener, CarbonReUse

Scope: Biogenic CO2 from pulp mills and energy sector, CCU HT-FT technology targeting
light hydrocarbons (olefins)

2. UrbanMill

Project form: Co-innovation | Year of approval: 2022 Status (31.3.2026):
Completed

Project coordinator: VTT Consortium members (excl. Borealis): VTT, Aalto, Wipak,
Lamor, Corex, Sulapac, Valmet, Sumi, Salpakierto, Resiclo,
PR Pulping, StoraEnso, Keskinen Recycling

Scope: Chemical recycling technology, focus hard-to-recycle fractions (e.g. liquid packaging,
multilayer films with PA, etc.), pre- and post-treatment

3. DREAM
Project form: Company Year of approval: 2022 Status (31.3.2026):
Completed
Project coordinator: Rani Consortium members (excl. Borealis): Rani Plast,
Plast Muovipoli

Scope: Data-driven approach for recycling ecosystem and advanced modelling of
environmental performance

4. SULKI
Project form: Co-innovation | Year of approval: 2022 Status (31.3.2026):
(companies only) Completed

Project coordinator: Orthex | Consortium members (excl. Borealis): Orthex, Fortum,
Muovipoli, Sumi, Suomen Pakkaustuottajat
Scope: Closed-loop recycling solution for PP products in food-contact applications

5. GreenARO

Project form: Co-research Year of approval: 2022 Status (31.3.2026):
Completed

Project coordinator: VTT Consortium members (excl. Borealis): VTT, Aalto, Abo
Akademi, Neste, Valmet, Prefere Resins

Scope: Bio-based aromatics, alternative routes and catalysts
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6. MSW Plast

Project form: Co-research Year of approval: 2022 Status (31.3.2026):
Completed

Project coordinator: VTT Consortium members (excl. Borealis): VTT, Syke, Vantaan
Energia, Remeo, Sumi, Suomen Pakkaustuottajat

Scope: Evaluation of plastic qualities and quantities available in residual MSW (composition,
sorting, recyclability, effect to incineration, policy)

7. Plastex
Project form: Company Year of approval: 2022 Status (31.3.2026):
Completed
Project coordinator: Consortium members (excl. Borealis): Plastex, Muovipoli
Plastex

Scope: Closed-loop recycling solution for blow moulded HDPE products in food-contact
applications (e.g. water containers)

8. Zerolnk

Project form: Company Year of approval: 2022 Status (31.3.2026):
Completed

Project coordinator: Cajo Consortium members (excl. Borealis): Cajo Technologies
Technologies
Scope: Laser based marking of plastic products/packaging without labels /stickers/printing

9. ReMatCh
Project form: Company Year of approval: 2023 | Status (31.3.2026): Ongoing
Project coordinator: Consortium members (excl. Borealis): StoraEnso
StoraEnso

Scope: Circularity of polymer barrier coated board (liquid packaging, separation
technologies, mechanical and chemical recycling, LCA/LCC)

10. Circular Plastic Pipes

Project form: Co-innovation | Year of approval: 2023 Status (31.3.2026):
(companies only) Completed

Project coordinator: Consortium members (excl. Borealis): Uponor, Neste,
Uponor Wastewise, Muovipoli

Scope: Chemical recycling of PEX, recycled materials for pipes, pipe as carbon storage and
H2 economy

11. CO2 capture superbases

Project form: Co-research Year of approval: 2023 Status (31.3.2026):
Completed

Project coordinator: Consortium members (excl. Borealis): Helsinki University,

Helsinki University VTT, Aalto, Wartsila, Valmet, Vantaan Energia, Neste, Liuotin

Scope: Reversible CO2 capture from low concentrations and low temp (for feedstock or own
CO2 capture)

12. BalticSeaH2

Project form: EU project Year of approval: 2023 | Status (31.3.2026): Ongoing
Project coordinator: Clic Consortium members (excl. Borealis): 19 Finnish and 22
Innovation European organisations

28

Sensitivity: External



©)
SPIiRIT SPIRIT programme Final report
Public version 12.6.2026

Scope: Consortium to build main hydrogen valley in Baltic Sea region (market, production,
storage, distribution, usage, etc.)

13. e-Propane

Project form: Co-research Year of approval: 2024 | Status (31.3.2026): Ongoing
Project coordinator: Aalto Consortium members (excl. Borealis): Aalto, Tampere
University, Neste, Q Power, Fortum, Solar Foods

Scope: Biotechnology, direct CO2-to-propane conversion ("e-propane") via genetically
engineered microbes, and assessing requirements for its implementation in bioreactors and
the economic competitiveness.

14. SUSCAPO
Project form: Company Year of approval: 2024 Status (31.3.2026):
Completed
Project coordinator: Consortium members (excl. Borealis): Hycamite
Hycamite
Scope: Methane valorisation to H2 & solid carbon
15. Biodall
Project form: Co-innovation | Year of approval: 2024 | Status (31.3.2026): Ongoing

Project coordinator: VTT Consortium members (excl. Borealis): VTT, LUT, Abo
Akademi, Tampere University, Neste, Valmet, GreenFuel
Nordic, BASF, Meriaura, Montinutra, Dieffenbacher, Fifth
innovation

Scope: Research of pyrolysis pre- and post-treatments (catalytic upgrading) to enable
chemicals from biomass and bio-waste

16. STAR

Project form: Co-innovation | Year of approval: 2024 | Status (31.3.2026): Ongoing
Project coordinator: Syke Consortium members (excl. Borealis): Syke, Tampere
University, Forecon, Neste, Wastewise, Valmet, Finnfoam,
Prysmian, Sulapac, Mirka, Sauplast, Syklo

Scope: Sustainability transition through promoting recycling. Modeling circular plastic flows
in Finland.

17. REUSIFY

Project form: Co-innovation | Year of approval: 2024 | Status (31.3.2026): Ongoing
Project coordinator: VTT Consortium members (excl. Borealis): VTT, University of
Vaasa, PTY, Kesko, S-ryhma, ETL, Muovipoli, Kamupak,
Smart Set, Orthex, MaRa, Compass Group, Cajo
Technologies, Transbox, Lassila&Tikanoja, Tomra, Sumi,
Rinki, UPM Raflatac, Upcode, Berner, Kiilto

Scope: From single use to reuse of packaging. Research and experiment reuse of take-
away packaging in Retail and HORECA area.

18. Plastics Circularity

Project form: Co-research Year of approval: 2024 | Status (31.3.2026): Ongoing
Project coordinator: VTT Consortium members (excl. Borealis): VTT, Syke, LUT,
UEF, Serres, Wipak, Fortum, Finnfoam, Sulapac, Woodly
Scope: Developing marketable solutions in plastics circularity. Policies & regulation, value
creation, recovery & recycling, data & traceability.
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19. isoSUS
Project form: Co-research Year of approval: 2024 | Status (31.3.2026): Ongoing
Project coordinator: Consortium members (excl. Borealis): Tampere University,
Tampere University Oulu University, University of Eastern Finland, LUKE, Fortum,
Solar foods, TM Systems

Scope: Industrial symbiosis on CO2 and waste and side stream conversion to sustainable
products. Producing alkanes from short chain fatty acids via engineered microbes or
synthetic biology.

20. KeMu

Project form: Co-research Year of approval: 2024 | Status (31.3.2026): Ongoing
Project coordinator: VTT Consortium members (excl. Borealis): VTT, Suomen
pakkaustuottajat, Rosk'n Roll, PS Processing, Marimatic,
Kapasity, Finncont ymparistotuotteet, Uudenmaan liitto
Scope: Waste plastics collection and logistics solutions. Creating reverse material flow
concept models and simulation of them.

21. Urban Factory

Project form: Co-innovation | Year of approval: 2025 | Status (31.3.2026): Ongoing
Project coordinator: VTT Consortium members (excl. Borealis): VTT, Aalto, Valmet,
Wipak, Stora Enso, BASF, L&T Ymparistdopalvelut, PlastEco,
Salpakierto, KesRec

Scope: Developing and scaling up novel process technology solutions for pyrolysis-based
chemical recycling of hard-to-recycle plastics.

22. ProWater

Project form: Co-innovation | Year of approval: Was not | Status (31.3.2026): Not
approved approved

Scope: Improve water intensive processes by optimising the process operation. Closed
water loops, water management monitoring, on-line detection of microplastics and digital
solutions.

23. SustLife

Project form: Co-research Year of approval: 2025 | Status (31.3.2026): Ongoing
Project coordinator: VTT Consortium members (excl. Borealis): VTT, Syke, KIVO,
Sumi, Rosk'n Roll, Pirkanmaan jatehuolto, Lakeuden Etappi,
Jatekukko, Vantaan energia

Scope: Empower consumers to actively engage in the circular economy by fostering
meaningful behavioural change.

24. OPTIWA

Project form: Co-innovation | Year of approval: n/a | Status (31.3.2026): Applied
Project coordinator: VTT Consortium members (excl. Borealis): VTT, University of
Eastern Finland, Syklo, Inosence Polyol, Rani Plast, FF
Future, Lamor Recycling, L&T, Salpakierto, Pixact, KesRec,
Tracecycle, See Through Solutions

Scope: Innovative and effcient pre-treatment technlogoites for plastic waste recycling.
Innovative sorting, optimisation of shredding and washing processes, recycling of washing
water.
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Appendix 3 — Published articles on SPIRIT web page

Altogether 79 articles have been published on the SPIRIT web page by 13.3.2026. The articles are
available at https://www.spiritprogramme.com/news-and-events/.

2022 (12 articles)

21/02/2022:

13/05/2022:
09/06/2022:

13/07/2022:

16/09/2022:
04/10/2022:

06/10/2022:
10/10/2022:
10/11/2022:
22/11/2022:
12/12/2022:

14/12/2022:

2023 (20 articles)

16/01/2023:
23/01/2023:

14/04/2023:
25/04/2023:

26/04/2023:
17/05/2023:
08/06/2023:
22/06/2023:
07/08/2023:
11/09/2023:
13/09/2023:
18/09/2023:
26/09/2023:
30/10/2023:
06/11/2023:
07/11/2023:
13/11/2023:

04/12/2023:
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Borealis Finland launches collaborative research and development programme SPIRIT
to drive industry change

SPIRIT programme launch event on 7th June 2022

SPIRIT programme launch event kicked off the collaboration to transform the plastics

industry
Heads up: the next call for ecosystem projects by Business Finland closes on 30th

September

SPIRIT theme in the spotlight: Circular plastics

UrbanMill co-innovation project develops an industrial chemical recycling concept for
plastic waste as part of the SPIRIT programme

Rani Plast joins the SPIRIT programme to explore the environmental impact and
performance of new eco-friendly packaging solutions

SPIRIT theme in the spotlight: Renewable feedstock

SPIRIT theme in the spotlight: CO2 reduction

SPIRIT theme in the spotlight: enablers for green transition

Zero ink project explores the possibilities of laser marking technology by Cajo for the
traceability of plastics

Forest CUMP research project uses CO2 emissions from industry to make climate-

friendly plastics

The SPIRIT project by Plastex aims to develop recycling of food-grade plastic products
SPIRIT ecosystem members gathered in a workshop to discuss renewable feedstock
and CO2 reduction for plastics industry

One year on — highlights of the SPIRIT programme

SPIRIT workshop participants discussed how to boost collection and sorting to
maximise mechanical recycling

GreenAro aims for new green production routes to important aromatic base chemicals
Uponor joins the SPIRIT ecosystem through their Circular Plastic Pipes project
Hydrogen valley project starting between Finland and Estonia

SPIRIT highlights its co-innovation projects at the programme’s first annual event in
Porvoo

From mixed waste to plastic recovery: MSW Plast co-research project harnesses the
potential of plastics in mixed waste

Master’s thesis studies the influence of temperature and feedstock composition in
pyrolysis of multilayer plastics

ReMatCh project advances circularity of fibre and polymer barrier coatings through
collaboration

Master’s thesis for Borealis explores the techno-economics of replacing cracker
furnaces with methanol-to-olefins technology

Co-research project on CO2 capture with superbases launched within the SPIRIT
programme

More than 500 tons of mixed waste successfully sorted, scientists aim to revolutionize
plastics recycling

Master’s thesis for SPIRIT programme compared carbon footprint of the ethylene
production calculated with different allocation methods

Borealis led the discussions towards green transition and circularity at Plastics Forum
2023 in Finland

Master’s thesis for SPIRIT programme explores the techno-economics of carbon
capture integration to steam cracker furnaces

New study reveals the potential of recycled plastic in food packaging
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Logistics
Plastics revolutionized by plastics industry companies at the Finnish Parliament in
November

Interview with Ismo Savallampi: leader of the renewable feedstock theme in SPIRIT

A science-based quideline for companies to extend their climate work and indicate the
environmental benefits of their circular economy solutions

Sanna Martin takes over the “Enablers for green transition” R&D theme

Master’s thesis for SPIRIT compared the chain of custody models in the green transition
for plastic products

Recently completed Zero ink project shows promising developments in laser markings
for plastic products

Borealis and VTT intensify cooperation in the R&D topics relevant to SPIRIT programme
Groundbreaking e-Propane project aims to explore the potential of microbially produced
propane in sustainable manufacturing of plastics

Doctoral researcher Miia Kokkonen will study catalytic modification of carbohydrates in
collaboration with Borealis

Welcome to the 2nd Annual Event of the SPIRIT programme on 6th June in Porvoo
STAR project within SPIRIT takes a close look into the material flow of plastics

Study: Women do well with sorting plastics — men are still learning

SUSCAPO project focuses on low-carbon hydrogen and high-value carbon production
Bio4all turns forest and agricultural biomass residues into sustainable chemicals and
fuels

The annual event of the SPIRIT programme brought together a great crowd

Beyond Incineration: Sorting trials reveal untapped plastic recycling potential in mixed
waste

VTT and University of Vaasa lead ambitious partnership to build reusable packaging
systems in Finland

VTT opens a pilot plant utilising captured carbon dioxide in Espoo with an aim to
process biogenic industrial emissions into long-lasting, recyclable plastic

SPIRIT project: University of Helsinki Professor Timo Repo and his partners investigate
the revolutionary potential of superbases in carbon capture

PlasticsCircularity research project accelerates the circular economy of plastics with
regulation and a well-functioning value chain as key

isoSUS co-research project focuses on industrial symbiosis of CO2 and waste and side
streams to produce renewable chemicals

Plastic waste management in Finland and beyond: Insights from the MSWPlast project

: Yen Nhi Le completed her Master’s thesis comparing carbon, energy and CO2 efficiency

of plastic recycling routes
KEMU — innovative solutions for plastic waste collection and waste logistics in Finland
Insights on year 2024 in the SPIRIT ecosystem

SPIRIT project UrbanMill: Advanced pyrolysis-based chemical recycling of mixed

plastic waste

Neste and Borealis hosted the Business Finland event for leading companies in
Kilpilahti

The PPWR workshop addressed the future of sustainable food packaging

Forest CUMP research project discovers ways to convert forest industry’s carbon
dioxide emissions into raw material for plastics

Direct and reversible CO2 capture from air using superbases: project completed
UrbanFactory project: Next-generation chemical recycling in Finland

Doctoral research by Emilia Kauppi at Aalto University focuses on recycling of liquid
packaging board

New research findings on traceability as enabler for circular economy of plastics
STAR project: Mapping Finland’s plastics streams
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Hospital plastics recycling has great potential

Conclusion of MSWPlast project: there is potential in recycling plastics from residual
municipal solid waste

PlasticsCircularity project paves the way for sustainable plastics recycling in Finland
Welcome to the final event of the SPIRIT programme on 28 Oct 2025 in Porvoo
Polyolefins and the future of European hydrogen infrastructure: Insights from Jussu
Hamynen’s Master’s thesis

Sustainable Lifestyle project launches within SPIRIT programme

Latest updates from the Circular Plastic Pipes project

SPIRIT programme has created key capabilities for the circular economy of plastics
SPIRIT programme was awarded the Finnish Plastic Circulation prize 2025
Valuable learnings gained from the recently completed project led by Plastex

Completed SULKI project led by Orthex explored closed-loop recycling for food
packaging

DREAM project completed within the SPIRIT programme

Completed project: Hycamite advances carbon innovation through the SPIRIT project
EU project ELECTRO recycles plastic waste streams into olefins utilizing renewable
energy

Kiertis pilot: Takeaway without the throwaway

Completed project: GreenAro project advanced sustainable aromatics for circular base
chemicals
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Appendix 4 — SPIRIT in media

This appendix lists all 77 media flashes, how SPIRIT and the linked ecosystem articles were present.
This listing is updated until 13.3.2026, and is shown in descending date order.

1. 11/03/2026, Lansivayla, Nelja Espoon Prismaa ja K-ruokakauppaa testaa uutta
noutoruokarasiaa — pantti 3 euroa

2. 11/03/2026, Taloussanomat, Kilpailevat kaupat yllattavat — yhteinen kokeilu

3. 11/03/2026, K-ryhma, Kaupan noutoruokaa uudelleenkaytettaviin rasioihin —
padkaupunkiseudulla kdynnissa ainutlaatuinen kokeilu

4. 11/03/2026, Kauppalehti (lehdistotiedotteet), Kaupan noutoruokaa uudelleenkaytettaviin
rasioihin — pdakaupunkiseudulla kdynnissa ainutlaatuinen kokeilu, jossa Orthex on mukana

5. 11/03/2026, S-ryhma, Kaupan noutoruokaa uudelleenkaytettaviin rasioihin —
paakaupunkiseudulla kdynnissa ainutlaatuinen kokeilu

6. 11/03/2026, Pakkausuutiset, Uudelleenkaytettivia rasioita testataan paakaupunkiseudun
kaupoissa

7. 11/03/2026, Kehittyva elintarvike, Kaupan noutoruokaa uudelleenkaytettaviin rasioihin —
padkaupunkiseudulla kdynnissa ainutlaatuinen kokeilu

8. 11/03/2026, Huvudstadsbladet, Lunchlador med pant ar har

9. 11/03/2026, litasanomat, Pullonpalautuksesta tuttu pantti myos evédsrasioihin — ndin se toimii

10. 11/03/2026, lltalehti, Tuleeko tasta pysyva kaytianto? Kesko ja S-ryhma aloittivat kokeilun

11. 11/03/2026, MTV.fi, Nain toimivat kauppojen pantilliset ruokarasiat

12. 25/02/2026, Muoviplast 1/2026, Borealiksen SPIRIT-ohjelma saatu paatokseen

13. 25/02/2026, Lansivayla, Kesko ja S-ryhma aloittavat ainutlaatuisen noutoruuan kokeilun

14. 25/02/2026, Helsingin sanomat, Kolmen euron pantillisia noutoruokarasioita kokeillaan
ruokakaupoissa Espoossa

15. 24/02/2026, Helsingin uutiset, Isot kauppajatit aloittavat ainutlaatuisen kokeilun

16. 23/02/2026, Vantaan sanomat, Kaupat kokeilevat uusia pantillisia noutoruokapakkauksia

17. 23/02/2026, lltalehti, Kesko ja S-ryhma aloittavat yllattdvan kokeilun

18. 19/12/2025, Uusimaa, Porvoo on avainpaikkoja muovien kiertotaloudessa — jarruna
toistaiseksi kierrdatysmuovin vaisu kysynta

19. 09/12/2025, MuoviPlast 6/2025, SPIRIT-ohjelman lopputapahtuma pureutui laajasti muovien
kiertotalouteen

20. 08/11/2025, Kemiamedia, Muovin kierto 2025 -palkinto Borealiksen vetamalle SPIRIT-
ohjelmalle

21. 07/11/2025, Uusiouutiset, Borealiksen vetdma SPIRIT-tutkimusohjelma sai Muovin kierto -
palkinnon
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https://uusiouutiset.fi/borealiksen-vetama-spirit-tutkimusohjelma-sai-muovin-kierto-palkinnon/
https://uusiouutiset.fi/borealiksen-vetama-spirit-tutkimusohjelma-sai-muovin-kierto-palkinnon/
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07/11/2025, Pakkausuutiset, Muovin kierto -palkinto SPIRIT-ohjelmalle

07/11/2025, Juridiikan ja talouden uutiset, Muovin kiertotalouden palkinto Borealiksen SPIRIT-
ohjelmalle

29/10/2025, Kauppalehti, Borealiksen menestyksekkdassa SPIRIT-ohjelmassa on luotu
valmiuksia muovien kiertotalouteen

17/10/2025, Maaseudun tulevaisuus, Suomi pulittaa EU:lle mojovan laskun muovin heikosta
kierratyksesta — samalla kierratysmuovin tuotanto uhkaa hiipua

09/09/2025, MuoviPlast 4-5/2025, SPIRIT-ekosysteemissa etsitddn vaihtoehtoja
muoviteollisuuden fossiilisten raaka-aineiden korvaajaksi

09/09/2025, MuoviPlast 4-5/2025, Rakennusmuovien kierrdtyspotentiaali

17/06/2025, MuoviPlast 3/2025, Sairaalamuovien kierrdtyksessi paljon potentiaalia

06/05/2025, Pakkauslehti, SPIRIT-ohjelmasta ratkaisuja PPWR:n vaatimuksiin

26/02/2025, MuoviPlast 1/2025, Borealiksen SPIRIT-ohjelman neljds vuosi pyorahti kayntiin

26/02/2025, Uusiouutiset 1/2025, Uusiouutiset writing about SPIRIT

30/01/2025, Uusiouutiset, Muoviekosysteemi SPIRIT kiihdyttda viimeiseen vuoteen

14/10/2024, Muoviplast 5/2024, Borealis aikoo kayttda vahintdan 30 kilotonnia suomalaista
muovijatettd raaka-aineena vuonna 2035

04/09/2024, MuoviPlast 4/2024, Muovien kiertotalouden osaajat koolla SPIRIT-ohjelman
vuosiseminaarissa

15/08/2024, Yle, Pilottilaitos tutkii hiilidioksidin muuttamista muovin raaka-aineiksi —
kaupallisia tuotteita ehka jo 2030

14/08/2024, Helsingin yliopisto 8/2024, Professori Timo Repo ja kumppanit selvittavat, voivatko
superemakset mullistaa hiilidioksidipdastojen sieppauksen

20/06/2024, MuoviPlast 3/2024, UrbanMill-projektin tavoitteena on rakentaa perustaa
muovijatteiden kemiallisen kierrdtyksen lapimurrolle

20/06/2024, Muoviplast 3/2024, Tutkimustyo6 tuo uusia avauksia ja osaajia muovien
kiertotalouteen

15/04/2024, Kauppalehti, Mielipidekirjoitus / Muovijitteen kierrdtys laahaa — Tarvitaanko uusia
malleja lajitteluun ja kierratykseen?

04/03/2024, MuoviPlast 1/2024, SPIRIT-ohjelman hankkeessa selvitetdadn kierratysmuovin
soveltuvuutta elintarvikekayttoon

19/02/2024, Uusiouutiset, Muoviteollisuuden vihrean siirtymdn ekosysteemihankkeet edenneet
hyvin — SPIRIT-ohjelma jo puolivélissa

09/12/2023, MuoviPlast 6/2023, Kestavaa tulevaisuutta suunnittelemassa

07/12/2023, Packnews, Kierratetty uusiomuovi elintarvikekayttoon?
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https://www.kauppalehti.fi/lehdistotiedotteet/a/7b6dbeab-4702-5bda-bd19-eaf5bef388c3
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https://www.maaseuduntulevaisuus.fi/uutiset/1630f992-1038-47be-83c0-02ddce9e2f54
https://www.maaseuduntulevaisuus.fi/uutiset/1630f992-1038-47be-83c0-02ddce9e2f54
https://online.flippingbook.com/view/677227683/26/
https://online.flippingbook.com/view/677227683/26/
https://online.flippingbook.com/view/677227683/16/
https://online.flippingbook.com/view/509460423/26/
https://e-paper.pakkaus.com/p/pakkaus/2025-05-06/r/15/28-29/4381/1904843
https://online.flippingbook.com/view/26549267/18/
https://www.lehtiluukku.fi/esikatselu/uusiouutiset/1-2025/404935.html
https://uusiouutiset.fi/muoviekosysteemi-spirit-kiihdyttaa-viimeiseen-vuoteen/
https://online.flippingbook.com/view/16314208/26/
https://online.flippingbook.com/view/16314208/26/
https://online.flippingbook.com/view/185629179/26/
https://online.flippingbook.com/view/185629179/26/
https://yle.fi/a/74-20104653
https://yle.fi/a/74-20104653
https://www.helsinki.fi/fi/innovaatiot-ja-yhteistyo/innovaatiot-ja-yrittajyys/yritysyhteistyo-ja-kumppanuudet/tutkimusyhteistyo-yrityksille/professori-timo-repo-ja-kumppanit-selvittavat-voivatko-superemakset-mullistaa-hiilidioksidipaastojen-sieppauksen
https://www.helsinki.fi/fi/innovaatiot-ja-yhteistyo/innovaatiot-ja-yrittajyys/yritysyhteistyo-ja-kumppanuudet/tutkimusyhteistyo-yrityksille/professori-timo-repo-ja-kumppanit-selvittavat-voivatko-superemakset-mullistaa-hiilidioksidipaastojen-sieppauksen
https://online.flippingbook.com/view/185873640/24/
https://online.flippingbook.com/view/185873640/24/
https://online.flippingbook.com/view/185873640/4/
https://online.flippingbook.com/view/185873640/4/
https://www.kauppalehti.fi/uutiset/muovijatteen-kierratys-laahaa-tarvitaanko-uusia-malleja-lajitteluun-ja-kierratykseen/48354d93-608f-4219-a0a9-3dfef9dc262d
https://www.kauppalehti.fi/uutiset/muovijatteen-kierratys-laahaa-tarvitaanko-uusia-malleja-lajitteluun-ja-kierratykseen/48354d93-608f-4219-a0a9-3dfef9dc262d
https://online.flippingbook.com/view/186319653/8/
https://online.flippingbook.com/view/186319653/8/
https://uusiouutiset.fi/muoviteollisuuden-vihrean-siirtyman-ekosysteemihankkeet-edenneet-hyvin-spirit-ohjelma-jo-puolivalissa/
https://uusiouutiset.fi/muoviteollisuuden-vihrean-siirtyman-ekosysteemihankkeet-edenneet-hyvin-spirit-ohjelma-jo-puolivalissa/
https://muoviyhdistys.fi/wp-content/uploads/2024/12/MuoviPlast-6-2023.pdf
https://packnews.fi/240434-2/
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05/12/2023, Kemiamedia, Myos mekaanisesti kierratetty muovi kay elintarvikekayttoon —
teollinen tuotantokin voi onnistua tulevaisuudessa

04/12/2023, Kemia-lehti, Muovi pois poltosta ja kiertoon!

01/12/2023, Uusiouutiset, Tutkimus: Kierratetty uusiomuoviera taytti
elintarvikekontaktimuoville asetetut vaatimukset — ”Osoitti, ettd mekaanisesti kierratettya
muovia on mahdollista hyodyntda jopa elintarvikkeiden pakkaamisessa”

29/11/2023, Kauppalehti, Harva tietda, etta Fortum rouhii roskaa — Nyt kumppani Orthex
lupailee ldpimurtoa kierratysmuovista

30/10/2023, Ymparistoministerio, Muovifoorumi 2023: Muovin kiertotalous vaatii uusia ideoita ja
rinnakkaisia ratkaisuja

24/10/2023, Uusiouutiset, Uusia arvoketjuja metsista: Biogeeninen hiili sitoutuu
kemianteollisuuden tuotteissa

18/10/2023, MuoviPlast 5/2023, Muoviteollisuuden kestavaa kehitysta edistava SPIRIT-
kumppanuusohjelma taydessa vauhdissa

24/09/2023, Uusimaa, Muoviteollisuus syntyy uudelleen Porvoossa

12/09/2023, MuoviPlast 4/2023, Uponor ja kumppanit mahdollistavat vaikeasti kierratettavan
muovijatteen kemiallisen kierrdtyksen uusien korkealaatuisten muoviputkien valmistamiseksi

19/04/2023, MuoviPlast 2/2023, SPIRIT-ekosysteemi kehittaa ratkaisuja muovijatteen
tehokkaampaan kierratykseen

24/02/2023, MuoviPlast 1/2023, Ymparistoystavalliset lasermerkinnét auttavat varmistamaan
polymeerien jaljitettavyyttd ja edistavat kierratettavyytta

11/02/2023, Svenska Yle, Plasten ar har for att stanna — i Borga qors miljoninvesteringar for att
den ska bli snéllare mot miljén

06/01/2023, Uusiouutiset, Forest Cump aikoo tehdd metsateollisuuden hiilipddstoistd muovia

26/10/2022, Tekniikka & Talous, Muovia viinasta? Suomen suurin muovitehdas etsii ratkaisua
paastéongelmaan havuista, sdhkosta ja etanolista — LahtGainetta taysin puhtaana

23/10/2022, Uusimaa, Muovi on samaan aikaan hyvis ja pahis — Borealis vetaa junaa, jonka
tarkoituksena on saada muoviin sitoutunut hiili kiertoon

18/10/2022, Uusiouutiset, ”’Muovien kemiallinen kierrdtys on teollisen jattiharppauksen
partaalla” — Suomalaiskonsepti saisi kierratettyd myos sekalaiset jatemuovit

12/10/2022, Osto&Logistiikka, Muovikierratyksessa tarve kemiallisiin ratkaisuihin

16/09/2022, Kemia-lehti, Suomalaisen SPIRIT-ohjelman missiona uusiutuva muovi

22/07/2022, Hufvudstadsbladet, Fabrik i Borga star for sjunde storsta koldioxidutslappen i
Finland — ’Vi maste qora plasten pa ett mer hallbart satt”

22/07/2022, Ostnyland, Fabrik i Borga star fér sjunde storsta koldioxidutslippen i Finland — Vi
maste gora plasten pa ett mer hallbart sitt”
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https://ym.fi/-/muovifoorumi-2023-muovin-kiertotalous-vaatii-uusia-ideoita-ja-rinnakkaisia-ratkaisuja
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https://muoviyhdistys.fi/wp-content/uploads/2024/12/MuoviPlast-5-2023.pdf
https://muoviyhdistys.fi/wp-content/uploads/2024/12/MuoviPlast-5-2023.pdf
https://www.uusimaa.fi/paikalliset/6230586
https://muoviyhdistys.fi/wp-content/uploads/2024/12/MuoviPlast-4-2023.pdf
https://muoviyhdistys.fi/wp-content/uploads/2024/12/MuoviPlast-4-2023.pdf
https://muoviyhdistys.fi/wp-content/uploads/2024/12/MuoviPlast-2-2023.pdf
https://muoviyhdistys.fi/wp-content/uploads/2024/12/MuoviPlast-2-2023.pdf
https://muoviyhdistys.fi/wp-content/uploads/2024/12/MuoviPlast-1-2023.pdf
https://muoviyhdistys.fi/wp-content/uploads/2024/12/MuoviPlast-1-2023.pdf
https://svenska.yle.fi/a/7-10028103
https://svenska.yle.fi/a/7-10028103
https://uusiouutiset.fi/forest-cump-aikoo-tehda-metsateollisuuden-hiilipaastoista-muovia/
https://www.tekniikkatalous.fi/uutiset/muovia-viinasta-suomen-suurin-muovitehdas-etsii-ratkaisua-paastoongelmaan-havuista-sahkosta-ja-etanolista-lahtoainetta-taysin-puhtaana/113cdebc-8174-4d0d-ace2-ed3f3e4d766b
https://www.tekniikkatalous.fi/uutiset/muovia-viinasta-suomen-suurin-muovitehdas-etsii-ratkaisua-paastoongelmaan-havuista-sahkosta-ja-etanolista-lahtoainetta-taysin-puhtaana/113cdebc-8174-4d0d-ace2-ed3f3e4d766b
https://www.uusimaa.fi/paikalliset/5445679
https://www.uusimaa.fi/paikalliset/5445679
https://www.uusiouutiset.fi/muovien-kemiallinen-kierratys-on-teollisen-jattiharppauksen-partaalla-suomalaiskonsepti-saisi-kierratettya-myos-sekalaiset-jatemuovit/
https://www.uusiouutiset.fi/muovien-kemiallinen-kierratys-on-teollisen-jattiharppauksen-partaalla-suomalaiskonsepti-saisi-kierratettya-myos-sekalaiset-jatemuovit/
https://www.ostologistiikka.fi/kategoriat/talous/muovikierratyksessa-tarve-kemiallisiin-ratkaisuihin
https://www.kemiamedia.fi/suomalaisen-spirit-ohjelman-missiona-uusiutuva-muovi/
https://www.hbl.fi/artikel/efe0157c-fcbe-40fd-b219-11281334a0f8
https://www.hbl.fi/artikel/efe0157c-fcbe-40fd-b219-11281334a0f8
https://www.ostnyland.fi/artikel/58639fe8-13b2-4db9-946c-b2e6b668d616
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29/06/2022, Amerplast, Amerplast joins collaborative research and development programme
SPIRIT

20/06/2022, MuoviPlast 6/2022, Borealis haastaa koko muovialan tekemaan yhdessa
kestavyysmuutosta

20/06/2022, Uusiouutiset, Sadan miljoonan euron ohjelma pyrkii muuttamaan koko
muoviteollisuuden, jotta muovia voisi joskus tehda ilman dljypohjaisia raaka-aineita — "Tama
on alalle eldman tai kuoleman kysymys”

15/06/2022, Businessopas, Borealis panostaa 50 miljoonaa tutkimukseen ja kehitysty6hon
Suomessa

23/02/2022, Polymer Update, Borealis Finland launches collaborative research and
development programme SPIRIT to drive industry change

23/02/2022, ltavayla, Borealiksesta suomalaisen muovituotannon kiertotalouden edistaja —
Pioneerity6 saa jatkoa

21/02/2022, Borealis, Borealis kdynnistaa merkittdvan tutkimus-, kehitys- ja
innovaatioyhteistyon muoviteollisuuden kestavan tulevaisuuden edistimiseksi

21/02/2022, Borealis, Borealis Finland launches collaborative research and development
programme SPIRIT to drive industry change

21/02/2022, Uusiouutiset, Kolmannes muoviraaka-aineista kierratettaviksi tai uusiutuviksi:
Muovien kestavyyssiirtyma sai miljoonarahoituksen

21/02/2022, Tekniikka & Talous, Borealis aikoo sdhkoistaa krakkausuuninsa ja tehda
tuotannostaan hiilineutraalia 2045 mennessa — 50 M€ tutkimukseen, osin Business Finlandin
tuella

21/02/2022, Talouselama, Meyer Turku ja Borealis Polymers saavat 40 miljoonaa EU-
elvytysrahaa — jos lisaavat tuntuvasti t&k-investointeja

21/02/2022, Kemianteollisuus ry., Borealis kdynnistdd merkittavan tutkimus-, kehitys- ja
innovaatioyhteistyon muoviteollisuuden kestavan tulevaisuuden edistamiseksi

21/02/2022, Business Finland, Kohti vihreaa siirtymaa uusien veturiyritysten johdolla: Borealis
Polymers ja Meyer Turku

21/02/2022, Spinverse, Borealis Finland launches SPIRIT — a gamechanger programme to
boost sustainable plastics industry
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https://www.businessopas.fi/elintarviketeollisuus/borealis-panostaa-50-miljoonaa-tutkimukseen-ja-kehitystyohon-suomessa/
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https://www.tekniikkatalous.fi/uutiset/borealis-aikoo-sahkoistaa-krakkausuuninsa-ja-tehda-tuotannostaan-hiilineutraalia-2045-mennessa-50-m-tutkimukseen-osin-business-finlandin-tuella/500447aa-82cb-4377-b2ce-62c1623a9758
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https://www.talouselama.fi/uutiset/meyer-turku-ja-borealis-polymers-saavat-40-miljoonaa-eu-elvytysrahaa-jos-lisaavat-tuntuvasti-tk-investointeja/fb3c286e-c805-4b21-a380-f8829e540ba7
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Appendix 5 — SPIRIT ecosystem events

As part of active ecosystem leadership, SPIRIT team planned and arranged several need-based workshops
and events during the programme. They are briefly listed here.

7.6.2022 SPIRIT Launch event, Keilasatama, Espoo

To kick off the joint work the SPIRIT launch event was organised on for the ecosystem
partners. This hybrid event, gathering together about 150 participants from +100
organizations, opened the key challenges and targets of SPIRIT roadmap, discussed
the development needs in circular plastics and initiated ideas for new ecosystem
projects.

11.1.2023 EU Funding Webinar, Teams call

An afternoon webinar was provided for the SPIRIT ecosystem, with the ambition to find
potential consortia towards the coming EU funding calls. After the SPIRIT programme
presented, the main agenda point was to look at the future EU funding calls, and a
case example “Electro” was presented as an EU funded project.

17.1.2023 SPIRIT workshop WP1 and WP3 topics, Keilasatama, Espoo

The workshop identified new research opportunities in the SPIRIT WP1 and WP3
themes. The SPIRIT programme and the related challenges were presented by Jari
Lehtinen and the WP leaders Antti llves and Mikko Ronka. The keynote speaker was
Martin Seemann from Chalmers University of Technology, and the other external
speakers were Juha Lehtonen, VTT; Petri Vasara, AFRY; Matti Heikkild, Metgen;
Tuomo Rinne, P2X Solutions; Patrick Pitkanen, St1; Matti Sonck, Fortum Bio2X; and
Maarit Lindstrom, Metsateollisuus Ry. Roughly 50 participants were workshopping
around two main themes: biomass to olefins and CO2 to olefins.

8.2.2023 PlastLIFE & SPIRIT Workshop, Borealis Porvoo

The purpose of this physical workshop was to get familiar with SPIRIT and PlastLIFE
teams and work plans and to identify areas for cooperation between the programmes.

18.4.2023 SPIRIT workshop WP2 and WP4 topics, Keilasatama, Espoo

The workshop identified new research opportunities in the SPIRIT WP2 and WP4
themes. The SPIRIT programme and the related challenges were presented by Jari
Lehtinen, WP leaders Jaakko Tuomainen and Auli Nummila-Pakarinen, and Mari
Kylmala from Borealis Circular Economy Solutions. The external speakers were Lauri
Ant-Wuorinen, Plastex; llkka Nieminen, Finnish Grocery Trade Association; Olli
Miettinen, Remeo; and Kari Aaltonen, Fortum. After this the participants discussed in
workshops related to “Collection pathways” and “Sorting technologies”.

14.6.2023 SPIRIT annual event, Taidetehdas Porvoo

The SPIRIT annual event presented the programme highlights on-site in Porvoo. The
event brought together 100 participants from research organizations and companies to
discuss the ongoing co-innovation projects. Keynote speaker Mirjam Mayer from
Borealis emphasized the importance of sustainability and the circular economy. The
ecosystem partner projects such as Zero Ink, Forest CUMP, and ReMatCh took the
stage to share the latest news. Also new project ideas were elaborated, areas like
biomass-to-chemicals, the possibilities of biotechnology and reuse. The panel
discussion focused on challenges of plastic recycling and the role of consumers.

38

Sensitivity: External



©)
SPIiRIT SPIRIT programme Final report
Public version 12.6.2026

27.11.2023 SPIRIT & PlastLIFE seminar, Technopolis, Espoo

A large thematic event Enabling Circular Economy for Plastics: Novel approaches to
Product Design and Logistics”, arranged together with the PlastLIFE project, gathered
a multi-disciplinary group of about 100 experts to discuss themes of product design
and logistical solutions to advance the circular economy for plastics. The theme
sessions focused on “Design for Circularity” with a keynote by Jonna Hakkila,
University of Lapland; and on “Logistics of Circular Economy” with a keynote by Ali
Harlin, VTT. The afternoon was dedicated to workshopping around these two themes.

6.6.2024 SPIRIT annual event, Taidetehdas, Porvoo

The SPIRIT annual event on 6 June 2024 presented the programme highlights on-site
in the Porvoo Art factory. Also this year, the event brought together around 100
participants from research organizations and companies. Keynote speakers were
Professor Jyri Seppala, Chairperson of the Finnish Climate Change Panel, Finnish
Environment Institute, and Nina Ackermans, Director Strategy & Portfolio of Innovation
& Technology from Borealis.

25.11.2024 SPIRIT PPWR workshop, Keilasatama, Espoo

A workshop for selected key experts discussed the challenges and actions needed
regarding Packaging and Packaging Waste Regulation (PPWR), especially related to
food packaging.

26.11.2024 SPIRIT ecosystem webinar, Teams call

A public webinar was arranged to share the key findings of a MSc thesis done in the
SPIRIT programme comparing carbon, energy and CO2 efficiency of plastic recycling
routes.

5.3.2025 SPIRIT PPWR workshop 2, Keilasatama, Espoo

A second workshop in the Packaging and Packaging Waste Regulation theme took
place in March 2025. The workshop covered various insightful topics on recycling of
PE and PP packaging, providing an opportunity  for knowledge
sharing and networking. The event was received very well, with more than 40 experts
especially from food packaging joining.

28.10.2026 SPIRIT ecosystem final event, Taidetehdas, Porvoo

The final event gathered together more than 200 experts from various fields to discuss
the achievements of the SPIRIT programme The agenda included two thematic
sessions titled Sustainable feedstock and Circular plastics which summarised the key
results and conclusions of the joint R&D work. Borealis views were presented by Satu
Kosonen-Kaija, CEO of Borealis Polymers Oy. Keynotes by Lassi Noponen, Director
General and CEO of Business Finland and Craig Arnold, Executive Vice President at
Borealis, shaped a wider context for the SPIRIT work highlighting its importance and
impact. Naturally, in the spirit of ecosystem collaboration, networking around the results
exhibition presenting all 21 ecosystem projects, exchanging ideas with peers and
building new ones was an important part of the event. The cherry on the cake was the
performance of the Borealis house band, Plasticus.
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Appendix 6 — Scientific and other publications by the ecosystem

This appendix lists the deliverables by the SPIRIT ecosystem. The deliverables are split into
following chapters:

- Published peer reviewed scientific articles (22 articles)
- Scientific articles submitted (17 articles)

- Scientific articles in preparation (22 articles)

- Conference presentations and posters (81 articles)

- Blog posts (9 posts)

- Other publications (7 publications)

- PhD theses (2+4 theses)

- Master’s and other theses (42 theses)

- New IPR

These listings include the work both from Borealis internal research and ecosystem projects. Where
possible, the articles are grouped under the SPIRIT themes. Please note that some article may be
relevant in different themes, but it is only listed once under the most relevant theme.

Published peer reviewed scientific articles (Authors, Title, Journal details)
In alphabetical order, first author

1. Zahra Eshaghi Gorji, Baljeet Singh, Antti Lempinen, Timo Repo*, Direct Air Capture:
Recyclability and Exceptional CO2 Uptake Using a Superbase, Environ. Sci. Technol. Vol
9, Issue 49, 2025.

2. Niko Heikkinen, Dorela Dhamo, Ida Uotila, Matti Reinikainen and Roland Dittmeyer,
Production of C2-C4 Olefins with Fischer-Tropsch-Synthesis: The Effect of Cu Promoter
Loading on an Fe-Cu-K/SiO2 Catalyst. ChemCatChem, 2024.

3. Niko Heikkinen, Juha Lehtonen, Riikka L. Puurunen, An atomic layer deposition diffusion—
reaction model for porous media with different particle geometries, Physical Chemistry
Chemical Physics, 9, 2024.

4. Susanna Horn, Kiia Silvennoinen, Traceability as an Enabler of Circular Economy in the
Plastics Packaging Value Chain, Circular Economy and Sustainability (2025) 5:4325—
4347.

5. Jylha H., Johansson A., Sorvari J. & Salminen J., 2025. A novel method of accounting for
plastic packaging waste. Waste Management, 196, 42-50.

6. Jarvinen, E., Velasco, J.A., Karinen, R., Puurunen; R.L., Characterization of unmodified
and zinc-modified ZSM-5 zeolites with temperature-programmed desorption of ammonia
and isopropylamine. Top. Catal. 68, 2393-2403 (2025).

7. Emilia Kauppi, Kaarlo Nieminen, Jouni Paltakari, Recycling of plastic-coated cartons in
hydropulping using pretreatments, Waste management, Vol. 204, 1 August 2025, 114905.

8. Emilia Kauppi, Jukka Niskanen, Eero Hiltunen, Jouni Paltakari, Quantifying cellulose
content in plastic-cellulose material mixtures, Cellulose (2024) 31:9613-9621.

9. Joona Lahtinen, Farhan Hashmi, Veli-Matti Taavitsainen, Temperature-Dependent
Pyrolysis of Polyamide—Polyethylene Multilayer Films: Yields, Monomer Recovery, and
Product Boiling Range, Enerqgy & Fuels, 21.8.2025.

10. Lehtimaki, H., Leppala, K., Mielonen, N., Piispanen, V-V., Henttonen, K., Sengupta, S.,
Parkkinen, I., and Liakh, O. (2025). Sustainable Innovation Framework: A Review of
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https://doi.org/10.1021/acs.est.5c13908
https://chemistry-europe.onlinelibrary.wiley.com/doi/full/10.1002/cctc.202400560
https://pubs.rsc.org/en/content/articlelanding/2024/cp/d3cp05639b
https://pubs.rsc.org/en/content/articlelanding/2024/cp/d3cp05639b
https://doi.org/10.1007/s43615-025-00626-z
https://doi.org/10.1016/j.wasman.2025.02.022
doi:%2010.1007/s11244-025-02112-0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.wasman.2025.114905&data=05%7C02%7CMarkku.Heino%40spinverse.com%7C6d3ae635008c4c1bfff508de6dffbed6%7Cf2d6ee97a15249b49e7b9d4dfefb2a1e%7C0%7C0%7C639069142400089193%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=SDI7FcGZ%2FhKTgXp3vx2QlFuAApg%2FMS%2BaCSIebABkUv4%3D&reserved=0
https://doi.org/10.1007/s10570-024-06187-y
https://pubs.acs.org/doi/full/10.1021/acs.energyfuels.5c02329

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
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Organization, Strategic Management, and Entrepreneurship Literature. Sustainable

Development, 1-31.

Lehtimaki, H., Leppala, K., Piispanen, V-V., Sengupta, S., & Lampinen, M. (2026).
Business and societal perspectives on circular plastics economy. In: P. Gosh, V. Carrasco,
Navarro, S. Kumar, A. Lahde, & H. Lehtimaki (Eds.) Circular Plastics Economy: A
multidisciplinary perspective, Elsevier, Amsterdam. pp. 393-413.

Leppala, K., Attebery, J.E., Hyttinen, A., & Vornanen, L. (2026). Medical devices, lifecycle
assessments, and sustainability: a grand and complex challenge. In: P. Gosh, V. Carrasco-
Navarro, S. Kumar, A. Lahde, & H. Lehtimaki (Eds.), Circular Plastics Economy: A
multidisciplinary perspective, Elsevier, Amsterdam. pp 345-366.

Zubair Riaz, Petri Uusi-Kyyny, Roshi Dahal, Juha-Pekka Pokki, Ville Alopaeus, Ternary
Liquid-Liquid and Binary Liquid—Liquid, Solid-Liquid, and Vapour—Liquid equilibria of
systems containing e-Caprolactam, Water, n-Hexadecane, and o-Xylene

Peer-reviewed article, Fluid Phase Equilibria, Vol 598, No. 2025, 114503.

F. Sandri, et al., Production of aromatics from furfural and ethanol over zeolite catalysts:
Reaction and deactivation mechanisms, effect of acidity and zeolite structures, Applied
Catalysis A., 2026, 711, 120718.

Singh Baljeet, Kemell Marianna, Heikkila Mikko J., Repo Timo, Indoor direct air capture
using amorphous MOF pellets from blast furnace slag: Waste to porous functional
materials, Chemical Engineering Journal (2025) 505, 159416.

Singh Baljeet, Gorji Zahra Eshaghi, Singh Rustam, Sharma Vikas, Repo Timo, Silica Gel
Supported Solid Amine Sorbents for CO2 Capture, Enerqy & Environmental materials
(2025) 81(1).

Singh Baljeet, Kemell Marianna, Repo Timo, Porous carbon pellets for physical adsorption
of CO2: size and shape effect, Materials Advances (2024) 5(19), 7601-7608.

Singh Baljeet, Kemell Marianna, Yliniemi Juho, Repo Timo, Mesoporous silica-amine beads
from blast furnace slag for CO2 capture applications, Nanoscale (2024) 16251-16259.
Singh Baljeet, Gorji Zahra Eshaghi, Koivula Risto, Repo Timo, Supported superbase
shaped solid sorbents for CO2 capture, Chemical Engineering Journal (2025) 518,
164438.

Tejas Somvanshi, Mai Anh Tran, Jichen Bao, Silvan Scheller, Methanosarcina acetivorans
requires methanol:coenzyme M methyltransferases for ethane formation from ethanol,
Antonie van Leeuwenhoek 118, 154 (2025).

Elliott Todd, Charbonneau Luc, Gazagnaire Eva, Kilpelainen llkka, Kotai Bianka, Laczko
Gergely, Papai Imre, Repo Timo, Synergetic effects on the capture and release of CO2
using guanidine and amidine superbases, RCS Sustainability (2024), p. 1753-1760.
Turunen, T., (2025) Waste by any other name? The mutual recognition of national End-of-
Waste rulings, RECIEL, Review of European, Comparative & International
Environmental Law, 17.9. 2025.

Scientific articles submitted (Authors, Title, Journal details)
In alphabetical order, first author

1.

Azadeh, M., Hupponen, M., Horttanainen, M. (n.d.) Comparative environmental
assessment of biodegradable municipal plastic waste treatment in Finland. Waste
Management. Submitted on 12/2025.

Jichen Bao, Tejas Somvanshi, Yufang Tian, Silvan Scheller, Hydrogen and serine can
serve as alternative electron donors for methyl-reducing methanogenesis in
Methanosarcina acetivorans, Manuscript submitted.
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https://doi.org/10.1016/B978-0-443-29078-7.00012-5
https://doi.org/10.1016/B978-0-443-29078-7.00012-5
https://www.sciencedirect.com/science/article/pii/S0378381225001736?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0926860X25006209
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https://www.sciencedirect.com/science/article/pii/S1385894725002153
https://onlinelibrary.wiley.com/doi/full/10.1002/eem2.12832
https://pubs.rsc.org/en/content/articlelanding/2024/ma/d4ma00703d
https://pubs.rsc.org/en/content/articlelanding/2024/nr/d4nr02495h
https://www.sciencedirect.com/science/article/pii/S138589472505274X
https://doi.org/10.1007/s10482-025-02165-x
https://pubs.rsc.org/en/content/articlelanding/2024/su/d4su00022f
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©)
SPIiRIT SPIRIT programme Final report
Public version 12.6.2026

3. Malin zu Castell-Ridenhausen, Michaél Becidan, Cansu Birgen, Residual municipal solid
waste in a circular economy: the Finnish case, Waste Management Journal (submitted
19.1.2026).

4. Malin zu Castell-Ridenhausen, Michaél Becidan, Cansu Birgen, Residual municipal solid
waste in a circular economy: the Finnish case, submitted to Waste Management Journal
19.1.2026

5. Malin zu Castell-Ridenhausen, Tuomas Sormunen, llkka Rytoluoto, Winnie Ruismaki,
Tommi Erla, Emma Vare, Tuomo Makela, Mika Harkdnen, Industrial post-sorting of residual
municipal solid waste for plastics recycling, submitted to Waste Management Journal
13.1.2026

6. Dirbeba, Meheretu Jaleta, Aho, Atte, Karlstrom, Oskar, Khazraie, Tooran, Autio, Joakim,
Enestam, Sonja, Pienihdkkinen, Elmeri, Oasmaa, Anja, Hupa, Mikko, Hupa, Leena, Fast
pyrolysis of low-grade biomasses in fluidized bed reactors — impact of mineral matter,
Energy&Fuels (submitted).

7. Ghaffari, M., Hupponen, M., Horttanainen, M. (n.d.) Life cycle assessment of the healthcare
plastic waste management in Finland, a case study: HUS Meilahti hospital area. Waste
Management. Submitted on 12/2025.

8. P. Gosh, V. Carrasco, Navarro, S. Kumar, A. Lahde, & H. Lehtimaki (Eds.) (2026) Circular
Plastics Economy: A multidisciplinary perspective. Elsevier, Amsterdam.

9. Hasani Zadeh P., Hosseinpour F., Kokko M., Optimizing growth and biological methanation
by Methanococcus maripaludis in continuous stirred-tank reactors, Manuscript to be
submitted.

10. Kurkela E, Kurkela M, Hiltunen | (2026), Fluidized-bed gasification of aluminum-containing
plastic waste originating from multilayer packaging materials, Journal of Material Cycles
and Waste Management (xx2026).

11. Maxime G. Laird, Heta Telimaa, Jari J. Koivisto, Silvan Scheller, Tetrahydromethanopterin
as a Two-Carbon carrier: Formation of N5-Ethyl and N5,N10-
Ethylenetetrahydromethanopterin in Methanothermobacter marburgensis, Manuscript
submitted.

12. Celma Mekki, Hamza Faquir, Enrique de Dios Mateos, Silvan Scheller, Paula Jouhten,
Characterization of in vivo enzyme catalytic rates in formate-growing Methanococcus
maripaludis, Manuscript to be submitted.

13. Erwan Mouazan, Kim Berg, Hannu Makkonen, Kim Ribacka, Structuring Co-creation for
Sustainable Innovation: The Minimum Viable Circular Ecosystem Framework,
Technovation (Submitted).

14. Piispanen, V.V, Leppala, K. & Lehtimaki, H. (2026). Kestava muovin kiertotalous —
vaihtoehtoisia tulevaisuuksia, Futura, Hyvaksytty julkaistavaksi.

15. T. Sormunen, G. Koinig, P. Rasanen, A. Wallin, Simulating process parameters of sensor-
based sorting: Methodology and validation, submitted to Waste Management Bulletin
22.1.2026.

16. Tuomi S, et al. Chemical recycling of aluminium containing plastic waste derived from
multilayer packaging materials via gasification — A techno-economic assessment, to be
submitted: Journal of Material Cycles and Waste Management [completed, pending
submission once previous article is accepted, 2026].

17. Vainio, M. & Rasi, S. Two-phase anaerobic treatment: The impact of used cooking oil on
short organic acid and gas production. Submitted to Waste and Biomass Valorization.

42

Sensitivity: External



©)
SPIiRIT SPIRIT programme Final report
Public version 12.6.2026

Scientific articles in preparation
In alphabetical order, first author

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Anas Jamil Abdulrahman, Niko Heikkinen, Milo§ Auersvald, Behzad Parvisi, Tamas
Buzogany, Marvin Kusenberg, Daniél Withoeck, Miia Nevander, Juha Lehtonen, Kevin M.
Van Geem, CO2 to Chemicals: Evaluating the potential of Fischer-Tropsch naphtha as a
green source of light olefins. To be submitted 2026.

Aitor Arandia, Farah Siddiq, Antero Laitinen, Marco Huotari, Olli Jauhiainen, Juha
Lehtonen, Sequential adsorption and hydrotreating plastics pyrolysis oil, Waste
Management, Energy & Fuels, 2026, Manuscript under work.

Aitor Arandia, Farah Siddiq, Juha Lehtonen, Upgrading plastic pyrolysis oils via
hydrotreatment over bimetallic PdNi supported catalysts, Peer-reviewed article (in
preparation).

. Arandia et al., Selective aromatization of bio-oil model compounds over Zn/ZSM-5 zeolites

for the sustainable production of valuable chemicals (In preparation).

Iratxe Crespo Briones, Farah Siddig, Niko Heikkinen, Joona Lahtinen, Juha Lehtonen,
Eveliina Makela, Working name: Hydrocracking plastic pyrolysis wax to steam cracker
feedstock, Peer-reviewed article, TBD, 31.12.2026, Draft.

Haahti, J., Kukkasniemi, K., Salminen, J., Savolainen, H., Pirtonen, H., 2025. A
methodological framework for compiling high-detail waste accounts. Finnish Environment
Institute (Syke), manuscript under review.

Haahti, J., Kukkasniemi, K., Jylha, H., Johansson, A., Salminen, J., Fellner, J., 2026.
Compiling a plastic flow model from raw material to waste in Finland, to be submitted.
limaranta, S. et al., Effect of Process Parameters on Glycerol Aromatization over Zn-
Modified H-ZSM-5 Catalyst (In preparation).

Johansson, A., Rinne, P., Salminen, J., Jylha, H., 2026. Scenarios for improving plastic
packaging recycling — A case study of Finland, to be submitted.

Jylha, H., Salminen, J., Johansson, A., 2026. Material-specific packaging accounts for
2018-2024 in Finland, to be submitted.

Jarvinen, E., Sandri, F., et al., On the acidity characterization of pristine and zinc-modified
H-ZSM-5 zeolites: Comparison of adsorption-based characterization methods (In
preparation).

Kaipia R et al., The first mile problem of waste streams — organizing the collection of plastic
waste from consumers, target journal Waste Management (Draft).

Kokkonen, Miia et al., Turning Biomass into Value: Sustainable Glucose Conversion to
1,2-Propylene Glycol under Mild Conditions (draft; to be submitted 2026)

Joona Lahtinen, Tatu Koli, Farhan Hashmi, Elmeri Pienihakkinen, Christian Lindfors, Ville
Alopaeus, Pyrolysis of industrial plastic waste. Piloting multilayer film in continuous
fluidized-bed reactor, Peer-reviewed article, Energy & Fuels, 1.7.2026, Manuscript under
work.

Antero Laitinen, Marco Huotari, Olli Jauhiainen, Removal of Halogens from Plastics
Pyrolysis Oil by Adsorption, Peer reviewed article, TBD, 2026, Manuscript under work.
Oona Louhola, Petteri Peltola, Pouya Sirous-Rezaei, Joona Lahtinen, Kirsi Korpijarvi, Dirk
van den Bekerom, Laura Kollau, Juho Peltola, Anja Oasmaa, Progress in electrified
fluidized bed pyrolysis for plastic waste valorization, Peer-reviewed article, TBD, 1.6.2025,
Manuscript under work.

Erwan Mouazan, Kim Berg, Hannu Makkonen. Towards a Typology of Governance Models
in Circular Ecosystems: Insights from Reusable Packaging Systems. (Draft)

Erwan Mouazan, Kim Berg, Hannu Makkonen. Orchestrating Circularity: A Process Study
of Co-creation and Critical Junctures in a Reusable Packaging Ecosystem. (Draft)

Zubair Riaz, Jonas Vogt, Tristan Dreising, Petri Uusi-Kyyny, Salar Tavakkol, Juha-Pekka
Pokki, Dieter Stapf, Ville Alopaeus, Environmental and Economic Assessment of Advanced
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22.
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Downstream Process Designs for Circular Utilisation of Post-Consumer Polystyrene Waste,
Peer reviewed article, TBD, 2026, Manuscript under work.

Zubair Riaz, Karelia Keskimaki, Petri Uusi-Kyyny, Juho-Pekka Laakso, Juha-Pekka Pokki,
Ville Alopaeus, Denitrogenation of Waste Plastic Pyrolysis Oil Using
Dihydrolevoglucosenone as a Green Solvent, Green Chemistry, 2026, Manuscript under
work.

Sievinen, O., Hupponen, M., Horttanainen, M. (n.d.) Reaching recycled content targets for
consumer plastic food packaging: A material flow analysis in Finland. Waste Management.
To be submitted.

Emma Vare, Manu Mulakkal, llkka Ryt6luoto, Jani Pelto, Chemometric models for
compositional analysis of mixed plastics waste, Peer reviewed article, TBD, 2026, Draft.

Conference presentations / posters (Authors, Title, Conference details)
In alphabetical order, first presenter

1.

10.

11.

12.

13.

Aho, I., Holder Hjort, S., Kinnunen, K., Boonzaier, S., Tahkamg, L. & Ake, A., Assessing
Climate Impacts of PE-XA Pipes, 22nd Plastic Pipes Conference, PPXXII, 15 - 17
September, 2025, Warsaw, Poland

. Aitor Arandia, Participation and presentation, 20th Nordic Symposium on Catalysis, June

2024, Stavanger, Norway.

Arandia et al., ZSM-5 zeolite-catalyzed aromatization of bio-oil model compounds to
produce green chemicals, 20th Nordic Symposium on Catalysis, 3. — 5.6.24, Stavanger
Norway

Arandia et al., Sustainable production of green aromatics from biomass pyrolysis oils with
zinc and gallium-doped ZSM-5 zeolites, EUBCE, June 2025, Valencia, Spain.

Arandia et al., From biomass pyrolysis oils to BTXs via catalytic aromatization with zinc and
gallium-doped ZSM-5 zeolites, Europacat 2025, Trondheim, Norway.

Aitor Arandia, Preparation of bimetallic nickel-palladium catalysts on various supports for an
efficient hydrotreatment of waste plastic pyrolysis oil, 20th Nordic Symposium on Catalysis,
June 2024, Stavanger, Norway.

Mona Arnold, Promoting innovation through environmental policies, STEPS towards
sustainable plastics. 7-9 OCTOBER 2024, Lund, Sweden.

Petra Berg, Towards a typology of governance models in circular ecosystems: insights from
reusable packaging systems. 4th International Conference on Global, Sustainable
Innovation, 10.-11.6.2025.

Bresser, R., Aho |., Holder S., Duric T., Suvilampi K., Closing the Loop for PEX Pipe in
Practice Through Advanced Recycling, 21st Plastic Pipes Conference, PPXXI, September
25-27, 2023, Lake Buena Vista, FL, USA

Malin zu Castell-Rlidenhausen, Industrial post-sorting - from mixed waste to plastics
recovery, International Solid Waste Association, ISWA: World congress 15-18 September
2024, Cape Town, South Africa.

Malin zu Castell-Ridenhausen, Research Focusing on Enhancing a Circular Plastic
Economy in Europe. 4th Annual Plastic recycling Conference, Praha, Nov 2022.

Sauli Eerola, Reusify BF Co-innovation project, "From single-use to reuse of packaging”.
Savonian vastuullisuuskoulutus (5.9.2024).

Diseye Egberike, Henrik Grenman, Meheretu Jaleta Dirbeba, Hot Water Extraction and
Alkali Removal from Biomass Prior to Pyrolysis, International Conference on Renewable
Resources & Biorefinerie 2026 (RBB Conference) (upcoming conference presentation).
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Eronen et al. Integrated hydrothermal processing of lignocellulosic biomasses, poster at
RRB 2025, Turku, 2.-4.6.2025.

Siddiq Farah, Participation and presentation, CHEMREC | — 2024: 1st International
Conference on Thermochemical Recycling of Plastics, May 2024, Malaga, Spain.

Siddiq Farah, The importance of post treatment in thermochemical recycling of plastic
waste. CHEMREC | — 2024: 1st International Conference on Thermochemical Recycling of
Plastics, May 2024, Malaga, Spain.

Gauli et al., Green Aromatics from Lignocellulosic Biomass via Catalytic Aromatization,
Nomaten Winter School, 27.11.23, Warsaw, Poland.

Gauli et al., Production of green aromatics via catalytic aromatization of bio-oil compounds
over metal-doped zeolites, 18th International Congress on Catalysis, 14.-19.7.24, Lyon
France.

N. Grongqyist et al., Decarbonizing Carbon Black: Solid Carbon as a Sustainable Alternative.
Carbon Black World 2025 Conference (Fort Worth, USA, 12—-13 May 2025).

Syed Ejaz Haider, Ville Alopaeus, Optimization of distillation columns using gray-box
models, 13th International Conference on Distillation & Absorption (DA2026), 2026,
Abstract is accepted, 6-page paper is submitted.

. Syed Ejaz Haider, Ville Alopaeus, An optimization-based conceptual process synthesis
22.

Conference poster presentation, 35th European Symposium on Computer Aided Process
Engineering (ESCAPE35), 8.7.2025, Published.

Liisa Hakola, Johanna Lahti, Angelos Balatsas Lekkas, Sustainable Packaging Summit
2025, Reusify posters at stand.

Ali Harlin, Reusify — pakkausten uudelleenkayttd, PackSummit 2024.

Ali Harlin, Vastuullinen pakkaaminen ja tulevaisuuden ratkaisut - miljardien
bisnesmahdollisuudet Suomelle? Tuottajavastuun syysseminaari (ELY), 25.9.2024.

Mika Harkonen, Plastics in residual municipal solid waste - recycling and energy utilisation,
AMI feedstock seminar 4.6.2024.

Mika Harkoénen & llkka Rytéluoto: Advanced solutions for high-quality circular plastics - how
to accelerate technology development? Plastics Recycling Show Europe (PRSE) 2025,
April 1-2, 2025, Amsterdam, The Netherlands.

Mika Harkoénen, Sekajatteen lajittelulla muovien raaka-aineita (Sorting municipal solid
waste into raw materials for plastics), KIVO’s Kiertotalouspaivat 15.5.2025, Tampere.

E. Jarvinen et al., Characterization of unmodified and Zn-modified ZSM-5 zeolites with
temperature-programmed desorption of ammonia and isopropylamine — an initial study,
20th Nordic Symposium on Catalysis, 3.-5.6.24, Stavanger Norway.

E. Jarvinen et al., Ammonia and isopropylamine temperature-programmed desorption for
zeolite acidity characterization, Finnish Young Scientist Forum on Catalysis, 12.4.24, Espoo
Finland.

E. Jarvinen et al., Effect of the acidic properties of zeolite catalysts on glycerol
aromatization, Young Scientist Forum, 4.4.2025 Jyvaskyla.

E. Jarvinen et al., Comparison of acidity characterization methods of zeolite catalysts,
Europacat 2025, Trondheim, Norway, 31.8.-5.9.2025.

Jaasko et al. Enhancement of acetate production in microbial electrosynthesis — Stepwise
optimisation of conditions and electrode materials. Poster presentation at ISMET9
conference, Leipzig, 16-19.9.2025.

Janis, Comprehensive molecular description of biorefinery products by direct-infusion
ultrahigh-resolution mass spectrometry, oral presentation at RRB 2025, Turku, 2.-4.6.2025.
Farzin Javanshour, Helena Ronkainen, Hanna Christophliemk, Ali Harlin, Safety aspect of
reusable plastic food packaging from material wear perspective. AMI Conference 2025.
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Kaipia R, Ruohomaki I., Pannila N., Supply and supplier management in reverse flows of
circular economy, Abstract accepted to be presented in IPSERA Conference 2026.

Kalle Kinnunen, Participation and presentation, 4th Conference on Life Cycle Assessment
of Waste, 11-14 June 2024, Comwell Borupgaard, Denmark.

Kalle Kinnunen, Modelling the carbon footprint and handprint of plastic recycling 4th
conference on Life Cycle Assessment of Waste - June 11th - 14th 2024, Comwell
Borupgaard, Denmark.

Joona Lahtinen, Participation and presentation, Plastics Recycling Show Europe, Exhibition
and Conference, 10-11.5.2023, Amsterdam, The Netherlands.

Joona Lahtinen, Participation and presentation, Advanced Recycling Conference,
November 2022, KéIn, Germany.

Joona Lahtinen, Tatu Kdli, Participation and presentation, CHEMREC | — 2024: 1st
International Conference on Thermochemical Recycling of Plastics, May 2024, Malaga,
Spain.

Joona Lahtinen, Pyrolysis of multilayer plastics, Presentation, Plastics Show, 6—10.5.2024,
Orlando, Florida, USA.

Joona Lahtinen, Tatu Koli, Farhan Hashmi, Pyrolysis of multilayer films: Recycling from
laboratory to pilot, PYROLIQ Il — 2025: Pyrolysis and Liquefaction of Biomass and Wastes,
14.9.2025, Published.

Joona Lahtinen, Farhan Hashmi, Pyrolysis of multilayer plastics: Optimising the process,
Pyro2026, 7.6.2026, Abstract submitted.

Joona Lahtinen, Lauri Nikula, Pyrolysis of MSW plastics in fluidized-bed reactor (to be
refined), ISFR 2026, 6.9.2026, Abstract planned to be submitted.

Joona Lahtinen, Plastic recycling via pyrolysis: DoE perspective on experimental work, 19th
Scandinavian Symposium on Chemometrics, 15.6.2025, Published.

Joona Lahtinen, Tatu Koli, Pyrolysis of Multilayer Plastics: A Promising Route to Resource
Recovery and Environmental Sustainability. CHEMREC | — 2024: 1st International
Conference on Thermochemical Recycling of Plastics, May 2024, Malaga, Spain

Joona Lahtinen, Using Pyrolysis to Convert Multilayer Plastics Into Higher Value Materials,
Pyrolysis of multilayer plastics, Plastics Show, 6.-10.5.2024, Orlando, Florida, USA.
Antero Laitinen, Marco Huotari, Olli Jauhiainen, Removal of Halogens from Plastics
Pyrolysis Oil by Adsorption, 15th International Conference on Chemistry and Chemical
Process, Tokyo, Japan, 2026, 3.3.2026, Accepted.

Antero Laitinen, Marco Huotari, Olli Jauhiainen, Keynote Lecture — Removal of halogens
from pyrolysis oil by adsorption CHISA2024 Prague - 27th International Congress of
Chemical and Process Engineering, August 2024, Czech Republic.

V. Lehtinen et. Al, Green aromatics from biomass pyrolysis oils with zinc-doped ZSM-5
zeolites, Young Scientist Forum, 4.4.2025 Jyvaskyla.

Leppala, K., Piispanen, V.V & Lehtimaki, H. (2025). Building circular plastic ecosystems:
Collaboration dynamics and strategic specialization. 5th International Conference for
Sustainable Resource Society — ICS25 Conference presentation. https://sites.uef.fi/ics/
Leppala, K. Piispanen, V.V. & Lehtimaki, H. (2025). Strategic ecosystems for circular
plastics. SASE2025 - Society for the Advancement of Socio-Economics. Conference
presentation. Link to event

Petri Myllytie, (Borealis Polymers Oy), Step change to highly efficient mono PE flexible
packaging with extrusion coating, European PLACE Conference 26.-28.5.2025, Munich,
Germany.
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. E. Makela, |. Crespo Briones, F. Siddig, N. Heikkinen, J. Lahtinen, J. Lehtonen,
Hydrocracking plastic pyrolysis wax to steam cracker feedstock, FEZA 2026, 28.6.2026,
Abstract submitted.

Kristian Melin, I.M. Sihvo, K. Matozie¢, Combined Flowsheet and Experimental Modeling of
Biofuel Upgraded Bio-Oil Production from Forest Residues through Fast Pyrolysis and
Hydrothermal Liquefaction, International Conference on Renewable Resources &
Biorefinerie 2025 (RBB Conference).

Negm et al., Separation of extractives and hemicellulose from pine bark by a two-step
processing, poster at RRB 2025, Turku, 2.-4.6.2025.

Nikunen et al. Precipitation and compositional analysis of hemicelluloses from hydrothermal
extracts of spruce sawdust and pine bark, poster at RRB 2025, Turku, 2.-4.6.2025.

Kyo6sti Pennanen, Consumers and packaging, PackSummit 2025.

Piispanen, V.V., Lehtimaki, H. & Leppala, K. (2024). Building a strategic ecosystem for
circular plastics — stakeholder alignment in value creation. 4th International Conference for
Sustainable Resource Society — ICS24 Conference presentation. Link to event

Piispanen, V.V., Leppala, K. & Leppala, H. (2025). Circular plastics ecosystem -
Collaborative dynamics and strategic specialisation. EURAM2025 - European Academy of
Management. Conference presentation. Link to event

Timo Repo, Todd Elliott, Zahra Erzhagi, Baljeet Singh, Activation of CO2, CGSC2025.
International Conference on Green & Sustainable Chemistry, 7th EuChemS GSC
Conference. June 1-5, 2025 — Budapest.

Zubair Riaz, Participation and presentation, 33rd European Symposium on Applied
Thermodynamics, June 2024, Edinburgh, UK.

Zubair Riaz, Participation and presentation, 27th International Congress of Chemical and
Process Engineering, August 2024, Prague, Czech Republic.

Zubair Riaz, Liquid—Iiquid equilibria of ternary systems containing €-caprolactam + water +
n-hexadecane/o-xylene, 33rd European Symposium on Applied Thermodynamics 2024,
June 2024 Edinburg, UK.

Riaz Z., Uusi-Kyyny P., Pokki J.-P., Alopaeus V., Upgrading of chemically recycled plastic
waste by distillation, CHISA2024 Prague - 27th International Congress of Chemical and
Process Engineering, August 2024, Czech Republic.

Winnie Ruismaki, Industrial post-sorting of residual solid waste International Solid Waste
Association, ISWA: World congress 15-18 September 2024, Cape Town, South Africa,
Poster.

F. Sandri et al., Novel approach to produce green aromatics from ethanol and furfural,
Finnish Young Scientist Forum on Catalysis, 12.4.24, Espoo Finland.

F. Sandri et al., Production of aromatics from biomass: the reaction network and
implications for catalyst deactivation, 28th International Symposium on Chemical Reaction
Engineering, 16.-19.6.24, Turku Finland.

F. Sandri et al., Novel approach to produce green aromatics from ethanol and furfural,
National Congress of Societa Chimica Italiana, 26-30.8.24, Milano Italy.

F. Sandri et al., Metal modified zeolites as novel catalysts to produce aromatics from
ethanol and furfural, 29th Biennal Meeting of the Organic Reaction Catalysis Society, 9-
13.2.25, Myrtle Beach, South Carolina, USA.

F. Sandri et al., Production of green aromatics from ethanol and furfural over Zn and Ga
modified zeolites, Europacat 2025, Trondheim, Norway.

F. Sandri et al., A novel approach for production of green aromatics from bio-derived
compounds catalyzed by zeolites, 18th International Congress on Catalysis, 14.-19.7.24,
Lyon France.
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F. Sandri et al., Novel Approach for the Production of Green Aromatics from Ethanol and
Furfural, Young Scientist Forum, 4.4.2025 Jyvaskyla.

F. Sandri et al., Novel Approach for the Production of Green Aromatics from Ethanol and
Furfural, RRB2025, 2. — 4.6.2025 Turku.

Siipola V, Rintala V. Steam Activated Biochar from Wheat Straw for Micropollutant Removal
from Wastewater, Biochar Summit 2026 (upcoming conference presentation).

Tuomi S, Kurkela E, Kurkela M, Hiltunen |, Chemical recycling of polymer barrier-coated
board reject via gasification, 13th International Freiberg Conference on Circular Carbon
Technologies, 15-19 September 2025, Prague, Czech Republic. (Presentations available:
https://gasification-freiberg.com/program-from-previous-conferences/

Uctila et al., Characterization of zeolite catalysts for aromatization of bio-oil model
compounds with operando UV/Vis diffuse reflectance spectroscopy, Europacat 2025,
Trondheim, Norway, 31.8.-5.9.2025.

Vainio, M. & Rasi, S. Anaerobic processing of food waste and used cooking oil.
International Conference on Sustainable Solid Waste Management, 25.-28.6.2025.

J.A. Velasco et al., Glycerol conversion to BTX aromatics over pristine and Zn-modified H-
ZSM-5 catalysts, Europacat 2025, Trondheim, Norway, 31.8.-5.9.2025.

Emma Vare, Enhancing Plastics Recycling - A Case Study on Industrial Post-sorting,
STEPS towards sustainable plastics. 7-9 OCTOBER 2024, Lund, Sweden, Poster.

Blog posts (Authors, Title, Date, website or journal where published)

1.

Elmeri Pienihdkkinen, Juha Lehtonen, Bio4all turns forest and agricultural biomass residues
into sustainable chemicals and fuels, 3.6.2024,

https://www.vttresearch.com/en/project news/bio4all-turns-forest-and-agricultural-biomass-
residues-sustainable-chemicals-and-fuels

Elmeri Pienihdkkinen, Juha Lehtonen, Fast pyrolysis of biomass as a tool for breaking free
from crude oil, 13.01.2025, https://www.vttresearch.com/en/news-and-ideas/fast-pyrolysis-
biomass-tool-breaking-free-crude-oil

Virpi Siipola, Vaind Rintala, Elmeri Pienihakkinen, Activated carbon from domestic biomass
for micropollutant removal, 12.12.2025,

https://www.vttresearch.com/en/project news/activated-carbon-domestic-biomass-
micropollutant-removal

Piispanen, V.V. (2025). Why our plastic problem needs a new way of thinking — and how
circular solutions can help. Blog. UEF CECE Voices: Leaps & Loops.
https://sites.uef.fi/cece/2025/10/24/why-our-plastic-problem-needs-a-new-way-of-thinking-
and-how-circular-solutions-can-help/

Leskinen, T. (2025). Municipal Waste Companies as Circular Economy Actors: Insights
from Finland. Blog. UEF CECE Voices: Leaps & Loops.
https://sites.uef.fi/cece/2025/09/16/municipal-waste-companies-as-circular-economy-actors-
insights-from-finland/

Leppala, K. (2025). The Quiet Side of Sustainability: Why the Little Things Matter. Blog.
UEF CECE Voices: Leaps & Loops. https://sites.uef.fi/cece/2025/09/16/the-quiet-side-of-
sustainability-why-the-little-things-matter/

Mika Harkénen, Plastic waste recycling is lagging behind — do we need new models for
sorting and recycling?, 23.4.2024, VTT, https://www.vttresearch.com/en/news-and-
ideas/plastic-waste-recycling-lagging-behind-do-we-need-new-models-sorting-and-
recycling

Hycamite Company Blog: “Potential CO, reduction in tire manufacturing: Hycamite’s
advanced carbon materials” (6 March 2025) — A detailed blog post on Hycamite’s website
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discussing how the new carbon additives from SUSCAPO can reduce emissions in tyre
production. https://hycamite.com/articles/potential-co2-reduction-in-tire-manufacturing/
Hycamite Company Blog: “Beyond black and green: Is high-purity, low-CO, carbon the true
game-changer for the plastics industry?” (5 August 2025) — A blog article exploring the
impact of Hycamite’s low-emission carbon products as a sustainable alternative to
traditional carbon black in polymers (Hycamite website).
https://hycamite.com/articles/beyond-black-and-green/

Other reports and publications:

1.

2.

6.

7.

Ismo Ruohomaki, Rosa Palmgren, Riikka Kaipia, Reusable packaging for takeaway food —
initial supply chain system design, VTT’s Technoloqy Series, 441 , 2025.

Malin zu Castell-Ridenhausen, Mika Harkonen, Tuomas Sormunen, Pauli Rasanen, Arto
Wallin, llkka Rytdluoto, Joonas Mikkonen, Emma Vare, Mona Arnold, Winnie Ruismaki,
Tuomo Makeld, Hanna Salmenperd, Topi Turunen, Annika Markuksela, Recycling plastics
from residual municipal solid waste: Final report of the MSW Plast project, VI T
Technology Series 439, 2025.

Hanna Salmenpera, Topi Turunen, Annika Markuksela ja Solja Lukka, Ohjauskeinot
muovien erotteluun sekajatteesta, Suomen Ympaéristokeskuksen raportteja 14, 2025.
Minna Kurkela (eds.), Marjo Maattanen, llkka Rytoluoto, Joonas Mikkonen, llkka Hiltunen,
Esa Kurkela, Sanna Tuomi, Christian Frilund, Hanna Pihkola & Kalle Kinnunen, Fiber and
Polymer-Coated Barrier Reject Recycling - Final Report of the VTT ReMatCh project / VTT
Technology series, (Final Report on VTT work packages in ReMatCh, to be published in
2026].

Sormunen, T. (VTT), Rasanen, P. (VTT), Silvennoinen, K. (SYKE), Horn, S. (SYKE),
Jarvinen S. (VTT), Review of existing data-driven initiatives and their relevance on plastics
circularity, VTT Report series (Published soon)

Ngo, T., Disinfection of healthcare plastic waste review, VTT Technology series, (Published
soon)

Muovinen maailmamme | Tiedetrippi | Yle Areena (SustLife, Sari Kauppi)

PhD theses (Author, Title, University, Date)
Completed

1.

Niko Heikkinen, Porous media modification with atomic layer deposition: Catalyst
performance protection with an inert coating on a Cobalt-based Fischer-Tropsch catalyst,
D.Sc. tech Chemical Engineering, Aalto University, 17.6.2025,
https://www.aalto.fi/en/events/public-defence-in-chemical-engineering-msc-tech-niko-
heikkinen

Henna Sundgqyvist, Navigating a Transformative Governance Maze: Tensions in Food
Packaging Governance within the Circular Economy Transformation, University of Helsinki,
Faculty of Social Sciences 130/2025, http://hdl.handle.net/10138/594185

Under work

1.

2.

3.

Eemeli Eronen, Compositional analysis of hydrothermal liquefaction products of forest and
agricultural biomass side-streams with ultrahigh-resolution mass spectrometry, University of
Eastern Finland, PhD defence planned 6/2026

Mikko Nikunen, Molecular level characterization of lignocellulosic biomasses and
biorefinery products, University of Eastern Finland, PhD defence planned 8/2026.

Joona Lahtinen, Potential pathways for chemical recycling of barrier packaging, Aalto
University, est. 31.12.2026.
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https://cris.vtt.fi/en/persons/emma-v%C3%A4re/
https://cris.vtt.fi/en/persons/mona-arnold/
https://cris.vtt.fi/en/persons/winnie-ruism%C3%A4ki/
https://cris.vtt.fi/en/publications/recycling-plastics-from-residual-municipal-solid-waste-final-repo/
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https://helda.helsinki.fi/items/76d9485c-dd1f-44ef-a387-e365e3168f86
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fareena.yle.fi%2F1-76658549&data=05%7C02%7Cmarkku.heino%40spinverse.com%7C01a2dddb0ef24acb2b0108de68b2fb21%7Cf2d6ee97a15249b49e7b9d4dfefb2a1e%7C0%7C0%7C639063315116063347%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=M25gYBHOmWAyX%2BUlLm7egXCJfeIo3CKfjsqCDwpB9EQ%3D&reserved=0
https://www.aalto.fi/en/events/public-defence-in-chemical-engineering-msc-tech-niko-heikkinen
https://www.aalto.fi/en/events/public-defence-in-chemical-engineering-msc-tech-niko-heikkinen
http://hdl.handle.net/10138/594185
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Miia Kokkonen, Hemicellulose C5/C6 Sugars Conversion to Valuable C2, C3, and C4
Platform Chemicals (est. 2028)

Master’s and other theses (Author, Title, University or School, Date)
MSc and BSc theses made at Borealis:

1.

2.

10.

11.

12.

Roosa Suviranta, Carbon capture integration to steam cracker furnaces — techno-economic
evaluation, 2023, LUT University. https://lutpub.lut.fi/handle/10024/166382

Lotta Pulkkinen, Techno-economic assessment of replacing cracker furnaces with
methanol-to-olefins technology, 2023, Aalto University. https://urn.fi/URN:NBN:fi:aalto-
202306184111

Kiti Mononen, Comparison of Chain of Custody Models in Plastic Products’ Green
Transition, 2023, LUT University. https:/lutpub.lut.fi/handle/10024/166382

Toni Sundstrém, Comparison of the ethylene production carbon footprint calculated with
different allocation methods, 2023, JAMK University. https://urn.fi/URN:NBN:fi:amk-
2023091325768

Julia Hakola, Improving carbon capture and storage feasibility via compressor
electrification, 2024, Aalto University. https://urn.fi/lURN:NBN:fi:aalto-202406184593

Aino Saikkonen, The possibilities of laser marking as a substitute for printing and sticker
markings, 2024, Aalto University. https://urn.fi/URN:NBN:fi:aalto-202401302159

Yen Nhi Le, Comparison of carbon, energy and CO, efficiency of plastic recycling routes,
2024, Aalto University. https://urn.fi/lURN:NBN:fi:aalto-202510288586

Mona Grann, Post-industrial plastics side-stream recycling, 2024, Tampere University.
https://trepo.tuni.fi’lhandle/10024/159924

Arthur Planting, Typical polyolefin infrastructure utilization for mechanically recycled
polymers production, 2025, Aalto University. https://urn.fi/lURN:NBN:fi:aalto-202505213997
Jussu Hamynen, Polyolefins in the emerging European hydrogen infrastructure, 2025, Aalto
University. https://urn.fi/lURN:NBN:fi:aalto-202510228531

Heikki Hartikka, Techno-economic assessment of flare gas recovery for polyolefin
production, 2025, Aalto University. https://urn.fi/lURN:NBN:fi:aalto-202508286926

Ossi Virola, Process design, de-bottlenecking, and techno-economic evaluation of a
catalyst production plant, 2025, Aalto University. https://urn.filURN:NBN:fi:aalto-
202508286945

Master’'s theses made in the SPIRIT ecosystem:

13.

14.

15.

16.

17.

18.

19.

20.

Mario Mero, Feasibility of CO2 capture in forest industries, Lappeenranta—Lahti University
of Technology LUT, 2023, Link

Markus Luukkonen, Process modelling for the separation of light gaseous hydrocarbons
produced by iron-catalysed Fischer-Tropsch synthesis, Aalto University, 2023. Link

Oona Tuomisto, Transportation of CCU-compounds, Lappeenranta—Lahti University of
Technology LUT, 2023. Link

Unna Paavolainen, Traceability of injection moulded plastic products, Tampere University,
23.5.2023. Link

Lauri Nikula, Pyrolysis of municipal solid waste in Fluidized-bed reactor, Aalto University,
est. 1.5.2026

Tatu Koli, Pyrolysis of multilayer plastics: Influence of temperature and feedstock
composition, Aalto University, 22.8.2023. Link

Kaisa Helminen, Compositional analysis of plastic waste samples, Abo Akademi University,
August 2024. Link

Pinja Repo, Muoviputkijarjestelmat vetytaloudessa, Tampereen yliopisto,
Materiaalitekniikka, Kesakuu 2024. Link
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https://urn.fi/URN:NBN:fi-fe2023061555514
https://aaltodoc.aalto.fi/items/01960e8e-a100-4239-bc01-a95cb33fc7c7
https://urn.fi/URN:NBN:fi-fe2023062057124
https://urn.fi/URN:NBN:fi:tuni-202304284828
https://aaltodoc.aalto.fi/items/ae4f9759-0a8f-46d2-85b2-b98b3d73ee42
https://urn.fi/URN:NBN:fi-fe2024081364707
https://urn.fi/URN:NBN:fi:tuni-202408298437

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
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Fatemeh Hosseinpour, Optimizing growth and biological methanation by Methanococcus
maripaludis in continuous stirred-tank reactors, Tampere University, 2025, Link

Tino Luomaa, Technoeconomic assessment of e-Propane

MSc thesis (to be finalized), Supervisor: Rofice Dickson, Aalto University, 2026.

Lydia Grénholm, Heterologous Expression and function of electron-bifurcating
hydrogenases in Methanococcus maripaludis MSc thesis (to be submitted in April 2026),
Supervisor: Silvan Scheller.

Ao Ying, Influence on bioreactor conditions on the microbial population during
biomethanation in bioreactors, MSc thesis (ongoing), Supervisors: Marika Kokko and Paula
Jouhten.

Johanna Ingman, Development of Analytical Methods for Bio-oil Characterization, Abo
Akademi University, December 2025.

Jouni Sillanpaa, Feasibility of Hydrogen Production Integrated to Bio-oil Upgrading
Process, Lappeenranta-Lahti University of Technology LUT, 2025. Link

Nika Divonina, Pyrolytic Lignin Fractionation from Bio-oil, Lappeenranta-Lahti University of
Technology LUT, 2025. Link

Mbanusi Chinedu, Developing Biomass Pre-treatment for Improving Pyrolysis Products’
Yield and Composition, Abo Akademi University, May 2024. Link

Toivola Risto. 2025 Valorization of short-chain fatty acids in microbial hosts. MSc thesis.
Tampere University. Link

Ollitervo Tiia, Conversion of short-chain carboxylic acids to hydrocarbon. MSc thesis.
University of Oulu2026. Link

Ellen Jarvinen, Acidity characterisation of zeolites for glycerol aromatisation with
temperature-programmed desorption, Aalto University, 2024. Link

Mikael Nortes, Borate fusion sample preparation for the x-ray fluorescence spectroscopy
analysis of solid heterogeneous catalysts, Aalto University, 2024. Link

Sanni limaranta, Effect of process parameters on glycerol aromatization over Zn-modified
H-ZSM-5 catalyst, Aalto University, 2025. Link

Veikka Lehtinen, Green aromatics from biomass pyrolysis oils with ZSM-5 catalyst, Aalto
University, 2025. Link

Janeskari Johanna, Uusiomuovimarkkinoiden toimivuus Suomessa, Tampereen yliopisto,
2025. Link

Saarimaa lida, Recyclability of construction and demolition waste plastics, Tampereen
yliopisto, 2025. Link

Mohsen Azadeh, Challenges in bioplastic waste management and impact of biodegradable
plastics on municipal waste streams: A review, Lappeenranta-Lahti University of
Technology LUT, 2025. Link

Masoud Ghaffari, Recycling of healthcare plastic waste in Finland - Sustainable alternative
solutions: A life cycle assessment, Lappeenranta-Lahti University of Technology LUT,
2025. Link

Sievinen, O., Recycling plastic into food packaging - A material flow analysis and
environmental sustainability assessment in Finland, Lappeenranta-Lahti University of
Technology LUT, 2025. Link

Leskinen, T., Waste Management Companies as Institutional Actors: The Role of Finnish
Municipal Waste Companies as Circular Economy Enablers, University of Eastern Finland,
Link

Bachelor theses made in the SPIRIT ecosystem:

41.

Riku Kemppainen, Removal of halogens from plastic mixture in pyrolysis, Bachelor's
Thesis, Metropolia, 11.3.2024, Link
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https://aaltodoc.aalto.fi/items/1045b156-3142-4fa3-b165-ad534db9c796
https://aaltodoc.aalto.fi/items/2df0b4c1-0d2f-4bbd-8d31-a5c67f1d96aa
https://aaltodoc.aalto.fi/items/ad79e83f-952a-4cc8-9d6d-4caeeb6e7e57
https://aaltodoc.aalto.fi/items/97302c10-9927-4358-8454-b5a31db8da8e
https://urn.fi/URN:NBN:fi:tuni-202505306419
https://urn.fi/URN:NBN:fi:tuni-202510149904
https://urn.fi/URN:NBN:fi-fe2025061166795
https://urn.fi/URN:NBN:fi-fe2025060662129
https://urn.fi/URN:NBN:fi-fe2025041426200
http://urn.fi/urn:nbn:fi:uef-20251281
https://www.theseus.fi/handle/10024/824464
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42. Venla Saarela, Hiilidioksidin talteenotto suoraan ilmakehasta kayttden syvaeutektisia
liuottimia, University of Helsinki, 2026.

New IPR (e.g. patent applications, invention notices)

- Patent applications, 4 in total: 1 (ForestCUMP), 2 (Hycamite), 1 (Urban Mill)
- Invention notices, 5 in total: 3 (Urban Factory), 1 (Plastic Circularity), 1 (Urban Mill)

52

Sensitivity: External



SPIRIT

( o o >
Funded by
the European Union St

SPIRIT




