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Preface

The project has been financed by the Swedish Energy Agency's research program, which
funding has supported activities performed by RISE Research institute of Sweden. The
remaining contribution was in-kind coming from five partnering companies in this
consortium: Raws Sweden AB (represented by Tobias Lundin and John Zerihoun), Notpla
Limited (represented by Lulu Wallis, and Zaid Moosa), The Absolut Company (represented
by Xinmei Feng and Kerstin Wessberg), Rottneros AB (represented by Mostafa Ismail, Nils
Hauri, Anders Gasste, and Hanna Hummel), and Duni AB (represented by Magnus Fransson,
Tomasz Doweyko, and Hans Meynert).

It is undoubtedly a challenge to valorize all kinds of biowaste streams sustainably and cost-
efficiently into durable 3D products with all kinds of high performing properties, that will
also reduce environmental impact. Nevertheless, the interest from industry, governments
and academia are rising; thus, we hope that the results from this study can promote and
lead to more sustainable solutions in this area.
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1. Sammanfattning

Det finns en stor efterfrdgan pa vdra innovationssystem att ta fram nya ekonomiskt
lénsamma materiallésningar som inte dr beroende av dndliga eller osdkra bioresurser
forknippade med plast och PFAS. | detta avseende har ett konsortium av fem industriella
partners tillsammans med forskningsinstitutet RISE definierat ett projekt dar huvudsyftet
med detta projekt var att vdrdera de viktigaste bestindsdelarna som finns i
sidostrémmarna som genereras fran halm- och vodkaproduktionen och utveckla processer
for att producera funktionella fiberprodukter - 3D-formade fiberbaserade forpackningar.

Vart projekt visade framgangsrikt valoriseringen av vass och drank som sidostrémmar.
Projektet resulterade i nya cellulosafibersorter, funktionella bindemedel och tillsatser som
anvands for 3D vatformade hogkvalitativa forpackningsprodukter med barridregenskaper.
Flera olika formuleringar utvdrderades for att forsta sambandet mellan sammanséttning,
bearbetning och slutliga tragegenskaper som ofta 6vertrdffade férvantningarna och kunde
anvindas framgdngsrikt i funktionella livsmedelstester. Produkterna karakteriserades och
jamfordes med andra livsmedelsforpackningsprodukter pa marknaden, och
atervinningsbarheten av de nya fiberbaserade produkterna utvdrderades genom en
atervinningsprocess  for  att  bekrdfta  kompatibiliteten @~ med  befintliga
atervinningsprocesser.

Dessa resultat ger inte bara en hallbar 16sning for foretags biprodukter utan utékar ocksa
tillimpningsomradet och déppnar nya affirsomraden for foretaget. Att implementera ett
koncept for valorisering illustrerar ocksd potentialen for liknande tillvigagangssitt att
tillimpas pa andra biobaserade sido- eller avfallsstrommar i framtiden. Detta kan leda till
ett bredare industriellt genomforande, vilket frimjar hallbarhet och resurseffektivitet.

Resultaten fran detta projekt har betydande potential att bidra till bade samhalleliga och
kommersiella férdelar genom att frimja hallbarhet (de kan bidra till att minska beroendet
av fossila brdnslen) och forbidttrade biobaserade forpackningslosningar. De uppnaddda
resultaten fran projektet kan bidra till hallbar utveckling och skapa vérde for samhille och
industri.
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Figur 0. Exempel pa brickor producerade i detta projekt med vatformningslinje i bakgrunden (foto: Natalia Anna
Wojas publicerad dven pa RISEs hemsida).

2. Summary

There is a great demand on our innovation systems to produce new economically viable
material solutions which do not rely on finite or unsafe bioresources associated with
plastics and PFAS. In this regard, a consortium of five industrial partners together with the
research institute RISE has defined a project in which the main aim of this project was to
valorize the main constituents present in the side streams generated from the straw and
vodka productions and develop processes for producing functional fiber products - 3D
shaped fiber-based packaging.

Our project successfully demonstrated the valorization of reed and wheat-based distillers
grains (DG) as side streams. The project resulted in new cellulose fibers varieties, functional
binders and additives used for 3D wet-molded high quality packaging products with barrier
properties. Several different formulations were evaluated to understand the relationship
between the composition, processing, and final tray properties that often surpassed
expectations and could be successfully used in functional food tests. The products were
characterized and benchmarked against other food packaging products on the market, and
recyclability of the new fiber-based products was evaluated by a repulping process to
confirm compatibility with existing recycling processes.
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These results not only provide a sustainable solution for companies’ by-products but also
expand the application area, opening new business areas for the company. Implementing a
concept for the valorization also illustrates the potential for similar approaches to be
applied to other biobased side or waste streams in the future. This can lead to broader
industrial implementation, promoting sustainability and resource efficiency.

The results from this project have significant potential to contribute to both societal and
commercial benefits by promoting sustainability (can help to reduce dependence on fossil
fuels) and improved biobased packaging solutions. The achieved results from the project
may contribute to sustainable development and create value for society and industry.

Figure 0. Examples of trays produced in this project with wet molding line in the background (photo: Natalia Anna
Wojas published also at RISE's website)

3. Introduction and background

During the last decades, a trend to offer a wide range of packaging formats, adapted to brand
owner requirements, and extended product shelf life, has been observed. This common
practice causes an excessive consumption of packaging materials, and as a result, a large
increase in packaging waste volumes. Currently existing packaging solutions are mainly
constituted of fossil-based plastics, laminated paper-based alternatives with layers of
aluminum or petroleum-based polymers, or solutions incorporating long-lived and toxic
fluorocarbon additives (PFAS) for providing the required barrier properties.
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Due to the combination of a rapidly increasing demand from environmentally aware
consumers and new regulatory policies, e.g. the EU Single-Use Plastics Directive (SUPD) -
there is a huge market pull for renewable biobased non-toxic alternatives. This project was
focusing on maximizing the profitability of refining natural resources and establishing new
circular flows. By resources we chose raw biomass waste materials coming from
underutilized Swedish side stream/residue of reed and distillers’ grains with high potential
of new applications. Those materials are an attractive resource of inexpensive and widely
available natural fibers, proteins, etc., with high content of valuable functional polymers
(such as hemicellulose and lignin).

To support Agenda 2030, Sweden aims to become the world's first fossil-free welfare state,
leading the implementation of economic, social, and environmental sustainability. In
relation to these Agenda 2030 goals the “Transforming biomass waste-streams into 3D
fiber-based sustainable barrier packaging” project developed technologies and value chains
that can possibly decrease the carbon footprint, as well as our dependence of fossil-based
chemistry and increase the profitability of renewable resources with decreased demand for
agricultural lands and forests, Moreover, create business opportunities in rural and coastal
areas.

Our objectives were to embrace composition of the reed and the distillers grains as raw
materials and to develop treatment processes for reed and distillers grains biomasses to
produce the compounds for well packed, smooth fibrous substrate with enhanced
mechanical properties and higher compatibility to the barrier functionalization
formulations.

4. Implementation

The project was built by consortium of 6 partners with varied expertise:

1. RISE is Swedish research institute with considerable experience with large-scale
R&D projects that was the main coordinator and work packages leader that was also
performing R&D developments in this project.

2. Raws Sweden is known for sustainable straws from Swedish reeds that wanted to
explore valorizations of their waste streams in this project.

3. The Absolut Company is the largest export in Sweden’s food and drink sector,
specialized in vodka production and wanted to explore valorizations of their waste
streams -distillers grains (DG) in this project.
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4.

Rottneros specializes in fiber molding and fiber/pulp producers. In this project,
Rottneros AB was validating the product developed in this project at their
production line.

Notpla specializes in the production of material made from sustainably sourced
seaweed and plants that naturally biodegrade in weeks. And develops of seaweed-
derived sustainable packaging, etc. In this project the main focus was to work with
their coating barriers.

Duni is one of the Swedish leading creators of sustainable and innovative concepts
for the set table and take-away. They contributed with requirements and challenges
of the target market and successful verification test of the materials and products
developed in this project.

The project has been divided into 6 work packages 0-5, as described below:

WP 0. Project management and communication: the overall objective was to
coordinate and manage the project and ensure the communication plan runs
according to the schedule. Partner: RISE with support of the other partners

WP 1. Establishment of reed treatments. Partners: RISE, Raws

WP 2. Establishment of wheat distiller grains treatments. Partners: RISE, The
Absolut Company

WP 3. Formulation design for wet molding. Partners: RISE, Raws, The Absolut
Company

WP 4. Wet molding and barrier application for competitive tray products. Partners:
RISE, Raws, The Absolut Company, Notpla, Rottneros, Duni

WP 5. End of life, circularity and recyclability of products. Partners: RISE, Raws, The
Absolut Company, Notpla, Rottneros, Duni

4.1. WP 1. Establishment of reed treatments processes

The reed originated from Sweden (Figure 1) and was harvested in the Norrképping region.

RE:
SOURCE



Figure 1. Baltic reed harvested for the project.

The reed-based materials can be a good raw source for pulp material. We developed
multiple methods to evaluate and optimize the best qualities using different treatment
methods (material from Gen 1 to 4). Materials were then further characterized in terms of
composition analysis, pulp fiber morphology, water retention, and Schopper-Riegler value.
The fiber morphology was determined using a scanning electron microscope and a fiber size
analyzer.

4.2. WP 2: Establishment of wheat distiller grains
treatments

The protein- and polysaccharide-rich composition of the distillers grains (DG) offer a
potential to create a dense and smooth fibrous substrate with enhanced mechanical
performance and improve barrier functionality of formulations when combined with the
reed biomass. Therefore, in WP2, processes for DG were applied to produce functional
compounds to be used as fiber additives in wet molded packaging products.

We implemented varied procedures to develop fiber additives from the company’s side
streams starting from pre-treatment of DG at varied water content, followed by mechanical
treatment (AdditiveGen 1 NatDG) and homogenization (AdditiveGenZ HomDG). Other
treatment methods were also evaluated but excluded from final studies to maximize the
yield of material produced. After that, thin films were prepared from treated materials to
assess their potential performance in the subsequent wet molding process.

SOURCE

10



4.3. WP 3: Formulation design for wet molding

Based on physiochemical properties of refined fiber/solids, other external cellulose-based
fibers with complementary functions can be considered as additive as well. The specific
tasks in this work package were to design and formulate composition of small scale
products.

4.4. WP 4: Wet molding and barrier application for
competitive tray products

The overall goal of WP 4 was to obtain a 3D molded demonstrator product based on new
fiber and material sources with competitive performance. Several objectives were
formulated to achieve this goal:

Tray related objectives

¢ Produce and test different pulp /binder formulations to understand the relationship
between the composition/processing and final product properties.

o Show in what way a combination of valorized waste streams can expand property
space and improve the application of barriers.

e Produce high performing demonstrators with competitive barrier properties to be
used to promote the project and in functional consumer tests.

Barrier related objectives
¢ Evaluate different application techniques of barrier formulations

e Understand and develop the compatibility between the substrate and applied
barriers with the aim to create competitive performance in line with laminated
plastic based multi-layer films/PFAS.

The wet molding process can be schematically divided into four distinct stages:
1. Preparation of fiber suspension.
2. Forming of product.
3. Cold pressing.
4. Hot press.
Evaluation of Produced Trays

Produced trays were evaluated with regard to mechanical properties, surface properties,
and barrier properties, all important aspects of the trays. The mechanical properties were
investigated through tensile tests on test specimens cut from trays, as well as whole tray
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twist and crush tests. Surface roughness was studied using Optitopo, while water and oil
barrier properties were determined using COBB and quick oil /KIT tests, respectively.

4.5. WP 5: End of life, circularity and recyclability of
products

Recyclability of the trays was evaluated using method based on “CEPI Recyclability
Laboratory Test Method”, Version 2, October 2022 (https://www.cepi.org/wp-
content/uploads/2022/10/Cepi-recyclability-laboratory-test-method FINAL.pdf). Three
parameters are used to assess recyclability:

- Yield, fine and coarse screening (Repulpability)
- Sheet adhesion
= Visual impurities.

The data from the recyclability test was used to evaluate the recyclability of fiber based
packaging material in a standard mill according to “4evergreen, Fibre-based packaging
recyclability evaluation protocol”, beta release Dec 2022 (https://4evergreenforum.eu/wp-
content/uploads/Fibre-based-packaging-recyclability-evaluation-protocol-4EG-Beta-

Release.pdf).

The final recyclability evaluation protocol combines results from yield, visual impurities
and sheet adhesion into final calculations into score. A higher score indicates better
recyclability:

— Score 0-100: Suitable for recycling in a standard mill

— Score <0: Not suitable for recycling in a standard mill

5. Results and discussions

5.]. WP I1: Establishment of reed treatments processes
The fibrous and cellular morphology of the reed straws is exhibited in Figure 2.
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Figure 2. Reed straws (left) and cross-sectional scanning electron microscopy image (right) showing the cellular
and fibrous morphology.

We successfully produced reed-based materials in the form of pulp that can be used for wet
molding. Four types of reed-based materials with different morphologies were produced.
Various approaches have been investigated in WP1 for the production of reed-based
materials from valorized reed straws. The upscaling of the reed pulp production was
demonstrated. The results demonstrated that we successfully upgraded the reed biomass
into raw materials in WP4.

5.2. WP 2: Establishment of wheat distiller grains
treatments

Example of raw material of distillers grains collected from The Absolut Company are
presented in Figure 3. AdditiveGen 2 HomDG was successfully obtained via homogenization
treatment, and the feasibility of upscaling of the treatment method was proven. AdditiveGen
2 HomDG material was shown to perform well as a filler in wet molded products.

Figure 3. Example of distillers wheat spent grains collected from The Absolut Company
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5.3. WP 3: Formulation design for wet molding

Various treatment methods applied to obtain reed pulps were analyzed regarding their
effects on panel formation and structural integrity of the formed fibre-based 2D materials.

After examining the panel formation properties of materials from WP1 activities, we
introduced AdditiveGen 2 HomDG in various ratios. This investigation was carried out to
determine the optimal addition level of the functional additive, considering both processing
time (dewatering during panel formation) and final structural properties after wet-forming
and hot-pressing.

All panel formulations successfully incorporated DG additive amounts into pulps, yielding
panels with adequate properties. Despite variability in barrier properties dependent on
formulation, the structural integrity of the panels remained consistently strong.

All of the panels were thoroughly examined for structural integrity and barrier properties,
including water and grease resistance. This knowledge was basis of the wet-molding
activities in WP4.

54. WP 4: Wet molding and barrier application for
competitive tray product

During the process, several parameters were adjusted to monitor the outcome of the
molding. The first aspect varied was the composition of the fiber suspension, specifically
the relative amounts of pulps and distillers grains. The forming time was adjusted to ensure
a consistent pick-up of different compositions so that all trays produced reached
approximately the same weight. In the hot press stage, the time, temperature, and pressure
were varied to produce high-quality trays from all tested variations with suitable density
and structural integrity of the trays.

The produced trays were free of damages, stable, had even coloring a nice natural off-brown
shade, and an attractive appearance (Figure 4). The trays were smooth and had a very
pleasant feel to the touch. The trays formulations that performed the best were also
reproduced at Rottneros facility at higher scale and results compared between RISE’s and
Rottneros’ equipment parameters with satisfactory results.

=M

. 0

—

Figure 4. Examples trays produced using formulations based on reed pulp fibers.
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The produced trays demonstated nice performance. The roughness of all produced trays
was low, with small variations observed between tray types. Considering the effective fiber
content, the distillers grains improved the tensile properties, but did not influence the twist
and compression properties. Increased tray density improved the water barrier. The water
barrier of trays was measured using COBB 60.

Barrier Application

The next step was to apply a barrier to the trays, produce demonstrators, and conduct full
food tests. Based on the results from the trays’ evaluation, different formulations batches
were used for demonstrators’ tests from a combination of valorized waste streams.

The formulation from Notpla is a fully biobased oil/grease barrier developed for application
on surfaces like board using bar coating, that was complemented with a commercial water
barrier after further evaluation and discussions with Notpla. As trays have more complex
3D geometry, preventing the use of traditional coating methods such as bar coating, we
decided to optimize method for spray coating.

The water barrier properties were tested with and without the application of the barrier
layers, where the first layer was either dried or not prior to the application of the second
one. Drying the first layer dramatically lowered the water uptake, resulting in COBB values
as low as 2.5. Additionally, the grease barrier, measured as KIT, reached values as high as
11, which fulfills most single-use demands.

The modified barrier trays were then sent as demonstrators for further testing to DUNI to
perform a full set of tests, including functional food tests of increasing difficulty. A presence
of just one pinhole is enough for a failure result in most cases, and the high demands of the
oil and water tests led to most samples failing. Specifically, the water test was particularly
challenging, with all samples failing within 10 minutes. However, in the functional food
tests, all trays except for the pure commercial trays passed.

The results from these tests highlight significant differences in performance based on the
tray composition. Overall, trays demonstrated strong performance, particularly in oil tests,
and passed the functional food tests, indicating a balanced formulation. Trays made from
pure commercial pulp performed the weakest, with penetration observed after relatively
short times. These findings indicates high value of valorization of the waste streams.

55. WP 5: End of life, circularity and recyclability of
product
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Recyclability and repulpability tests were performed on selected trays based on results
from previous work package and for essential comparison between involved raw materials.
Some of the valorized waste stream trays that were well performing in previous tests did
pass the recycling evaluations as compared to commercial ones, which is very promising
result for our developments.

6. Conclusions, utilization and next
steps

Our project successfully demonstrated the valorization of the reed, and the distillers grains
as side streams from vodka production. We converted these side streams into efficient
fibers and additives for wet molded packaging products. Several different formulations
were evaluated to understand the relationship between the composition, processing, and
final product properties. Thus we also underlined the importance of formulation design and
process optimization in achieving desired properties. A range of high-performing
demonstrators with competitive barrier properties was produced and successfully tested
in functional consumer tests. These results will promote the explored ideas and open up
further development of high-performing packaging based on new fiber sources and
industrial side streams.

In the future, we plan to explore further additives and biobased barriers to enhance the
properties. Additionally, the valorized biomasses will be tested in other processes to assess
their versatility and suitability for different applications. These future efforts aim to
advance the development of sustainable packaging solutions. Above results not only
provide a sustainable solution for by-products, but also expand the application area,
opening new business areas. Implementing a concept for the valorization also illustrates the
potential for similar approaches to be applied to other biobased side or waste streams in
the future. This can lead to broader industrial implementation, promoting sustainability and
resource efficiency. Environmentally, the conversion of side/waste streams into value-
added products minimizes the carbon footprint associated with waste disposal.
Economically, it opens new earnings for companies by creating products with
commercialization potential from otherwise underutilized materials. This may enhance the
competitiveness of the companies and promote economic growth in related sectors.

6.1. Future work, expected impact of the results and
their contribution to societal / commercial benefits

In this project we achieved a good relationship between composition, processing, and
properties of the final food packaging product from valorized waste streams that is up-
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scalable. These findings highlight the potential and challenges of using new fiber sources
and industrial side streams for producing high-performance packaging solutions and
remark the importance of comprehensive and varied testing methodologies to accurately
evaluate barrier properties

The results from this project have significant potential to contribute to both societal and
commercial benefits by promoting sustainability, improved packaging solutions, and
industrial innovation.

7. Publication list

Besides internal report, no scientific article has been published, as there is ongoing
continuation towards potential IP coming from this project. Next steps within that project
theme has started and others under the discussion with the partners.

8. Project communication

The project has presented during Re:Source meetings, as well as internally within project
partners meetings and whole consortium. We will continue to share some updates via
RISE’s website that can be reposted by project partners. The project communication has a
target group of packaging industries, R&D research, waste stream valorizations focus areas
and others. The project communication is planned to be updated after submission of the
final report.
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1. Notes

No additional notes.
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