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ViSS

The progressive substitution of consumer plastic
products from fossil fuels is crucial to decarbonise
our society (Tilsted et al., 2023).

Thistransition mandatestheestablishment
of bio-based plastic value chains that
offer both environmental sustainability
and cost competitiveness. Although a
range of bio-based polymers currently
exists, their utility is often constrained
by insufficient recyclability and/or a lack
of biodegradability. Moreover, promising
bioplastics continue to face technical
hurdles that constrain their effective
industrial scale-up (Ghasemlou et al.,
2024; Rosenow et al., 2025).

One of the most promising bio-based
and biodegradable polymers is the
polyhydroxyalkanoates (PHAs) family.
They are 100% biodegradable and
synthetised by microorganisms from
renewable carbon sources (Rosenow
et al., 2025). Within the PHAs family,
the PHBV (poly (3-hydroxybutyrate-
co-3-hydroxyvalerate)) copolymer has

Wastes as feedstock for the
PHBV production

excellent properties (demonstrated
biodegradation in all environments,
nontoxic, flexibility-modulated through
3HV content, mechanical resistance)
for food packaging applications (Mai et
al., 2024).

Despite the considerable research interest
and potential attributed to poly(3-
hydroxybutyrate-co-3-hydroxyvalerate)
(PHBV), its widespread commercialisation
remains constrained by several key
factors:

1. High production costs. These costs
stem from multiple aspects:

- Elevated feedstock expenses, which
can constitute more than 40%
of total production costs (Simo-
Cabrera et al., 2024).

- The synthesis of PHBV with high
3-hydroxyvalerate (3HV) content
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(>10 3HV%), desirable for flexible
applications, typically requires
costly precursors (generally
volatile fatty acids) for most
microbial producers. Consequently,
commercially available PHBV grades
generally exhibit a low 3HV content
(typically <2%), significantly limiting
their inherent flexibility potential
(Ningbo Tianan Biomaterials Co.
Ltd, no date; Rosenow et al., 2025).

Conventional vyields are low-
medium and need high energy and
investment costs at industrial scale
(Simoé-Cabrera et al., 2024).

Downstream processing for PHBV
purification and recovery is generally
complex, expensive, and can pose
environmental challenges (Abate et
al., 2024).

Figure 1: Flowchart illustrating the biotechnological process of converting food industry waste into PHBV-based ViSS packaging, from fermentation and formulation

to final product formats.
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2. Challenges in processability and

S sropertysretention. PHBY. exhibits

a narrow procesg' window and
a slow nucleation rate from the
melt, complicating  conventional
thermoplastic processing and
potentially leading to a loss of
mechanical properties. While specific
~ combinations of additives and other
bio-based materials canimprove certain
properties, these approaches may be
detrimental to the biodegradability,
which means that a balance between
both sides should be considered (Jin et
al., 2023; Rosenow et al., 2025).

3. Limitations in achieving required
flexibility for applications. Although
PHBV with high 3HV content is
promising for flexible uses, the low
3HV content in commercial materials
(<2%) results in insufficient intrinsic
flexibility for many applications. To
achieve the necessary performance in
semiflexible and flexible products (e.g.
films, thermoformed sheets, textiles),
PHBV is frequently blended with other
flexible biopolyesters such as PBS,
PBSA or PBAT. These formulations

often contain‘a low PHBV proportion,
which .can compromise the overall
biodegradability profile compared to
pure PHBV (Rosenow et al., 2025).
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ViSS

ViSS solution: from
agrifood industrial residues
to high-performance

food packaging

Funded by the European Commission,
the ViSS project aims to establish a
safe and sustainable value chain for
PHBYV, from food industrial residues to
high-performance food packaging. This
initiative focuses on valorising food
processing residues as feedstock for the
cost-effective production of high-3HV
PHBV (15-30%) using extremophilic
microorganisms and innovative
green downstream processes. The
project rigorously addresses technical
challenges by developing processable
and stable PHBV formulations with
non-hazardous additives, creating
flexible PHBV compounds and validating
the material’s inherent suitability for
mechanical recycling alongside its robust
biodegradability.  Furthermore, ViSS
integrates a comprehensive safe and
sustainable by design (SSbD) approach
across its entire value chain, ensuring the
safety of the developed materials and
food packaging products, and analysing
their economic, environmental and social
sustainability.

In the long term, ViSS will contribute
to increasing European industrial
sustainability, competitiveness and
resource independence by increasing
bioplastic production capacities, while
enhancing environmental and health
benefits and fostering the widespread
adoption of bio-based plastics value
chains.

Sustainable production
of high-3HV PHBV
(15-30% 3HV)

ViSS proposes an integrated solution
designed to overcome these
aforementioned challenges through a
multi-faceted strategy:

i)  We utilise an innovative and cost-
effective combination of residual
biomass streams as feedstocks. This
comprises sugar wastes from the
sweetening industry as a source of
carbon, poultry residues as a source
of nitrogen and phosphorus, and
volatile fatty acids produced via
biotechnological conversion of sugar
wastes as precursors.

ii) Extremophilic microorganisms are
employed for the production of ViSS
PHBV, enabling the synthesis of
polymers with tunable 3HV content.
The inherent robustness of these
organisms permits fermentation
under non-sterile conditions, thereby
circumventing  the  requirement
for expensive stainless-steel
infrastructure commonly necessitated
by conventional bioprocesses and
facilitating the use of lower-cost,
plastic-based reactors.

iii) Implementation of novel,
environmentally benign downstream
processing techniques for efficient
and sustainable PHBV extraction and
purification.

Enhanced processability and
formulation stability

The ViSS approach incorporates selected
multifunctional additives into the PHBV
formulation. These additives are non-
hazardous and are specifically chosen
to improve processability and material

www.europeandissemination.eu

stability without compromising the
inherent excellent biodegradability of the
PHBV polymer.

A range of flexible materials is achieved
through optimised PHBV-based blends.
This strategy is designed to impart
the necessary mechanical flexibility
for target applications while crucially
retaining the advantageous intrinsic
properties of PHBYV, including its
robust biodegradability in relevant
environments, bio-based origin and
demonstrated non-toxicity. To support
these purposes and avoid resorting
to a very large-scale trial of numerous
variants, the project integrates simulation
modelling to predict the strength of an
interaction between the additives and
the PHBV.

ViSS will bring an important advance
beyond the state of the art through
the development of three types of
safe, sustainable, biodegradable, and
recyclable packaging based on PHBV:
flexible, semiflexible and mesh bio-based
formats. These packages are designed
under ecodesign criteria and are

intended to be safe and biodegradable in
all environments, serving as a substitute
for current fossil-based counterparts. In
particular, ViSS is focused on developing
mesh bags for fruits and vegetables, as
well as trays, films and bags for fruits,
vegetables and apiculture products.

Integrated safe and
sustainable by design
(SSbD) approach

ViSS is developing and implementing
its entire value chain according to
an innovative SSbD framework. The
framework is composed of a design
phase and an assessment phase that
are applied iteratively as data becomes
available.

This holistic approach is designed
to ensure safety, environmental and
economic performance across the
products’ lifecycle, while simultaneously
generating the necessary data, tools and
framework conditions needed to foster
increased social readiness and facilitate
the market uptake of ViSS-based
materials.
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