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1. Executive summary

This deliverable reports on the implementation and delivery of the training activities carried out
under Task 5.2 of Work Package 5 (WP5). While the design of the training modules was completed
in WP4 Task 5.2 focuses on their actual deployment to higher education learners and participants
from the agrifood sector. The deliverable outlines the methodology used for delivering the
modules, describes the organisation of the training sessions, and presewtshe WP4 training
framework was operationalised in real learning environments.

The report details the GEEK4Food approach applied during the delivery phase, emphasising how
the modules, developed based on skills needs identified in WP2 and compejapsanalysed in

WP3, were implemented through online, blended, andsite formats across partner institutions.

The structure and duration of the modules are presented, along with adaptations made to local
contexts to ensure accessibility and relevanaediwerse learner groups.

The target group reached by the training is identified, followed by a summary of the modules
delivered under Task 5.2 and the learning outcomes targeted. A mapping of content to
competencies is provided to demonstrate alignmentiwthe GEEK4Food competence model and
GKS LINRP2SOGQ& ONRI RSNJ SRdzOF GA2YyIf 202SO00GAQBSaAC
In the Annexesagendas, list of participantspntentmapping files, syllabi, and module content

used during Task 5.2 delivery are included to illustrate the learninguress applied and to
document the educational materials supporting the training activities.

2. Introduction

hyS 2F GKS LINRP2SOuQa OSyuauNrft 32rta Aa G2 NIy
in previous work packages into effective learningenences that strengthen green skills among
higher education learners and agood sector participants.

Task 5.2 represents the stage where the theoretical model created in WP4 becomes operational:
the modules are delivered, tested, and experienced &3l tearners. Through this process, the
project actively supports the development of the competences needed to advance sustainability
within the agrifood system.

Green skills encompass the knowledge, abilities, and attitudes that enable individualgribuen

to environmental sustainability, resource efficiency, and the transition to greener value chains. In
the context of the agrfood sector, these skills are especially important, as the sector faces
increasing pressure to adopt more sustainable,utag and innovative practices. The GEEK4Food
project aims to address these needs by equipping learners with practical competences that not
only raise awareness but also empower them to take informed action toward reducing
environmental impact.

The trainirg delivered under Task 5.2 builds on forwdmdking educational planning. Rather than
responding passively to existing challenges, the project anticipates future requirements and aligns
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its curriculum with the emerging demands identified in WP2 (markdtsskeeds) and WP3
(competence gaps). By doing so, it ensures that the modules delivered under WP5 remain relevant,
practical, and fit for purpose as the food sector moves toward greener and more sustainable
models of production, processing, and consurapti

In this context, Task 5.2 contributes directly to preparing the next generation of graduates and
agrifood professionals with the competencies needed to support a sustainable, resilient, and
innovationdriven food system. The training delivered reprgséa I 0 NAR3IS 06SG6SS
design phase and its realorld impact, demonstrating the applicability, coherence, and value of

the WP4developed modules when implemented in authentic learning environments across
partner institutions.

3. Methodology
3.1 Taskdescription as presented in the project work plan

Task 5.2, as defined in the project work plan, focuses on the implementation and delivery of the
training modules created in WP4 to learners in higher education and thdagtisectors. The
emphasis ofhis task is on transforming the Wigésigned content, based on green, digital, and
entrepreneurial competenceE 12 O2y ONBGS tSINYyAy3I SELSNASY
sustainability objectives. The training responds to the evolving needs of théoagrisector by
equipping learners with practical skills that reflect labouarket trends and competence gaps
identified in WP2 and WP3.

Thetraining modules delivered under T5.2 are not only designed to be ledomrsed but also
adaptive, ensuring relevece within dynamic and rapidly changing dood environments. Skills

such as problenrsolving, critical thinking, digital literacy, and sustainability awareness are central
elements of the training, reflecting the increased need for professionals whanhasigate the
aS002NDa I NBeBFEKARdDAEEMpaiehc yhdlewing inspiration from European
sustainability frameworks such as GreenComp, guides the structure of the learning outcomes and
ensures alignment with recognised competence standards.

Teaching methods introduced in WP4 are applied and tested in WP5, including experiential
learning, collaborative tasks, cabased activities, and the use of digital tools tailored to the-agri
food context. These methodologies promote active participatof R & G NBy 3G KSy f St
to apply green competences in reabrld scenarios. The training sessions piloted across partner
institutions also support the refinement of module content, informing future curriculum
development and allowing for the adjtment of materials to national, regional, and seesmecific
realities.

The task also incorporates mechanisms for thenitoring and assessmentof learner
performance, ensuring that the impact of the training can be measured consistently across delivery
formats and partner countries. Combined, these elements ensure that Task 5.2 not only deploys
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the WP4 modules effectively but also contributes to the broader project goal of fostering a skilled
workforce capable of supporting sustainable innoegatwithinthe agrifood system.

320 KS D99YnNnC22R | LIINRIF OK (2 Y2I
design

The identification of the three GEEK4Food training modules to be delivered under Task 5.2 builds
on the work conducted in WP2, WP3, and WP4. WP2 provided an analgseenskills needs in

the agrifood labour market, while WP3 identified existing competence gaps among learners and
professionals in the sector. WP4 translated these needs into a structured training model and a set
of modular, competencelriven learning nits. Task 5.2 applies this model in practice by delivering
the selected modules to high@ducation learners and agidod professionals across partner
institutions.

The selection of the three modules delivered in T5.2 was based on their relevance tgimgner
areas of green innovation and their potential to equip learners with competences needed for a
sustainable ag#ood system. In addition, expert knowledge from HEI partners was combined to
ensure scientific depth, practical relevance, and alignment wiite GEEK4Food competence
framework.

The three GEEK4Fodchining modules delivered are:

1. Ecedesign of food packaging (Aarhus University)

2. Optimised/Precision fermentation (USAMV @apoca)
3. Food waste valorisation in food product design (UNITE

Thesetraining modules correspond to the harmonised WP5 training structure described in the
project materials and reflect the competency priorities idéet in earlier work packages.
The design and delivery approach for these modules is based orfowwvalational pringples,
modularity and homogeneityto ensure pedagogical coherence, flexibility, and kighlity
learning experiences across all partner institutions. While delivery formats varied (online or on
site), each module followed the same ingttional logic and learning architecture defined in WP4,
ensuring consistency in both learner experience and idézhlearning outcomes.
1. Homogeneity
A homogeneous training model ensures that content, structure, and learning progression remain
consistentacross all learning units and across partner institutions. This means that each module
delivered under T5.2 followka similar format in terms of:

1 definition of learning outcomes based time GEEK4Food competence model;

1 organisation dunits and sequencefadopics;

1 use of interactive ang@roblembased teaching methods;

1 integration of sustainabilitfocused cas studies;

1 alignment with assessnme strategies developed in WP4.
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This homogeneity supports transparency, comparability, and coherence across thangrai
programme while allowing fominor contextual adaptations.

2. Modularity

The modular approach ensures that each training module is acsethined learning unit
addressing a specific topic, skill, or competence relevant to green transformation agtHeod
system. Modurity allows the modules to be:

1 delivered independently or combined dependjmn institutional needs;

1 scheduled flexibly (e.g., orday intensive sessions, haly workshops);

1 adaptedto diverse learner backgrounds;

i integrated intoexisting HE curricula or prafsional development programmes.
Eachmodulecontgfid Y dzf G A LX S & Guchlay thebrética? |dctui@L rdifie SxginiipEes,
demonstratbns, exercises, and reflectionthat work together toward achieving & Y 2 Rdzf S Q3
learning objectives.

The modulaghomogeneous approach used in T5.2 ensures that the training delivered under WP5
Aa alolftlrofSy (GNrXryat¥SNIrotS>s FyR FftA3IYySR 6AGK
development of green skills for a sustainabtgifood sector.

3.3 Module structure

¢t2 RSOSt2L) GKS D99YnC22R Y2RdzZ SaQ &aiNYzOG dz
fundamental aspects to ensure that all training delivered under WP5 remains coherent,
pedagogically sound, and aligned with th@ @ S Qdereskills flamework.
Balance between theory and practicEhe modules are designed to blend essential theoretical
knowledge with practical application. This balance helps learners understand complex concepts
while also learning how to appthem in realworld contexts.
Interactive _elements Group work, discussions, and actiditgsed exercises are included
throughout the module to maintain engagement and promote peer learning. The interactive
format supports deeper understanding and encourages learnersftect on the implications
of sustainabilitydriven innovation in the agifiood sector.
Assessment and reflectiomach moduleendswith an assessment activity, such as a quiz or
group presentation, ensuring that learners have demonstrated both theietstednding of the
material and theimbility to apply key concepts.
Time mangement the structure of each module is carefully organised to ensure that learners
can remain focused and attentive without becoming overwhelmed. The progression from
challenge ¢ content, then to case studies and solution refinement, helps pace theitegarn
experience effectively
In summary,GEEK4Food partners have created a structured and uniform training model where
each module follows the same core sequence. This ensures comparability across partner
institutions and helps maintain consistent quality@ss all WP&lelivered modules.

1 The challengebased lecture which introduces the conténthrough a reaworld

problem.
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The challengdased lecture is a teaching method that integrates real sustainability challenges
or problemsolving activities into the learning process. Instead of beginwitiy a traditional
lecture, learners are immediately exposed to an applied scenario that frames the relevance of
the module. This approach encourages critical thinking and supports the application of
knowledge fom the outset.

1 Three content sessionsvhichbreak the materi&into thematic learning units.
¢tKSaS aSaaazya GelLAOrfte ftA3dy GAGK GKS Y2Rd
three manageable parts helps learners progress through the training without cognitive
overload. Each contentdick presents a cluster of essential concepts that build the foundatio
for later applied activities.

1 The two casestudy activities which enable learners tapply the concepts in practice.
These activities are central components of the module, providitbemntic, handson learning
experiences. Learners analyse real or simulated industry scenarios, evaluate constraints,
explore innovation strategies, and work collaboratively to propose solutions. The case studies
ensure a balanced mix of theory and praeticand they promote decisiemaking,
contextualised problensolving, and reflective learning.

1 A refiningsolution sessionwhich supports critical review and improvement.
This session allows learners to revisit the outcomes of their-sasty work, refinetheir
proposals, and integrate feedback. It encourages iteration, deeper analysis, and the
enhancement of strategies developed during the group tasks.

1 A finalassessmentwhich evaluates learning outcomes.
The assessment component verifies whetfieS | NJy SNA Kl @S | OKAS@OSR
competences. This may include multigleoice quizzes, group presentations, reflective tasks,
or short written exercises. The assessment serves as a checkpoint to measure progress and
consolidate learning.

INnTm6tS m 0St2¢5 GKS Y2RdzZ SaQ adNH2OUdzZNE A& LINE
1 challengebased lecture
Content part 1
Content part 2
Activity based content case studyl

Content part 3
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Activity based content case study
Refining solutiohconcluding session
Assessment
TablelD99YnNnC22R Y2RdzZ S&aQ &0 NHzOG dzNBS

Table 1 summarises the common GEEK4Food module structure used across WP5. This design
ensures consistency, clarity, and depth, while allowing flexibility in delivery depending on
institutional context. It is a learnerentred model that encourages active participation, problem
solving, and continuous feedback. Each module is independent, but all contribute to achieving the
same overall educational goals using a coherent and staskd approach.

3.3.1Module duration

Each GEEK4Food training module delivered under WP5 was structured asdayotraining
programme, divided into 3@ninute core sections. This duration was selected to ensure an
effective balance between attention, coijive load, and meaningful learning. Thhtyinute
segments are long enough to explore key concepts in depth, while also short enough to maintain
learner engagement throughout the module.

The oneday format is particularly suitable for higher educatidearners and agffiood
professionals who may not be able to commit to longer, rddty training activities but still wish

to gain relevant green skills efficiently. The structure ensures that each module remains concise,
focused, and aligned with practicapplication. Every 3fhinute segment includes opportunities

for interaction, short discussions, and clarification of concepts.

The structure also allows instructors to begin each section with a short introduction to
contextualise the topic and to concladwith space for questions and feedback. A short Q&A
session is typically placed at the end of the day to consolidate learning, ensure comprehension,
and encourage reflection before learners proceed to the refining and assessment components.

Title of themodule /| 2yGSyGQa
duration

1 challengebased lecture onQ

Content part 1 onQ

Content part 2 onQ

Activity based conteng case study 1 onQ
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Content part 3 onQ
Activity based content case study 2 onQ
Refining solution onQ
Assessment onQ

Table2D99YnNnC22R Y2Rdzf SAQ a0NMzOGdzZNB YR aSaairzya!

4. Target group

The delivery of the GEEK4Food training modules under Task 5.2 required a clear identification of
the target group who would participate in the learning activitigsaderstanding the target group

is essential not only for determining who the learners are, but also for ensuring that the training
delivered is relevant, engaging, and aligned with the real needs of higher education learners and
agrifood sector professioals.

Identifying the appropriate target group for the WP5 training is not limited to knowing the
demographics of the participants; it also includes recognising their prior knowledge, motivations,
professional contexts, and learning preferences. This undeding allows the training delivery to

be tailored in ways that support effective participation and maximise the imnpat¢he WP4
developed modules.

Several key reasons demonstrate why selecting the right audience is critical for WP5 training
delivery,and these include:

Relevance of contentDifferent target groups have varying levels of academic background,
technical experience, and interest in sustainability and food systems. By clearly identifying the
audience, WP5 ensured that the modules deliveredre relevant, contexappropriate, and
FfA3dYySR 6AGK GKS tSFENYSNEQ SELISOGIGAZ2Yyad ¢KAS
realworld agrifood challenges and green skillseds identified in WP2 and WP3.

Optimised learning outcome£ffectve training delivery depends on matching the instructional
YSGK2Ra (02 fSFNYSNARQ ySSRad 2KSy (KS 02y idSyi:
group finds meaningful, learners are more motivated to participate actively, engage with the
materid, and transfer the newly acquired knowledge into their practice or studies. This alignment

is particularly important in WP5, where the training modules combine theoretical knowledlge wi
applied, handson exercises.

Improved behavioural impactOne of theobjectives of the GEEK4Food training approach is to
encourage learners to adopt sustainable practices, innovative thinking, and prealmg
behaviours within the agfiood sector. By understanding the target group, instructors can design

and deliver ativities that resonate with participants, increase their confidence in applying green
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competences, and inspire them to take up new sustainabilitgnted strategies in their academic

or professional environments.

In summary identifying the correct targegroup ensures that the WP5 training delivery is not only
informative but also practical, accessible, and impactful. It increases learner engagement, supports
stronger learning outcomes, and enhances the likelihood of behavioural change in favour of
sustanability-driven food system innovation.

For WP5 Task 5.2, the GEEK4Food consortium targeted higher education learners acatearly

and midcareer professionals within the agood sector. These include postgraduate students,
junior researchers, and ractitioners from food technology, agriculture, biotechnology,
environmental sciences, and related domains. By asllrg the needs of these groups different
stages of their acadric or professional developmenthe GEEK4Food project supports the
strengthening of innovation capacity, the transfer of green knowledge, and the-tknmg
resilience of the agiiood system. This approach contributes to building a skilled, sustainability
oriented workforce that is prepared to meet emerging challenges in fwoduction, processing,

and environmental management.

5. Content mapping files

For the delivery of the GEEK4Food training modules under Task 5.2, the HEI partners organised and
implemented the training sessions using the content mapping files develop&tPih These files
provided a structured and standardised blueprint that guided the instructors in planning the
sessions, sequencing the materials, and ensuring alignment between the delivered content and
the intended learning outcomes.

During WP5, the conté mapping files served as an internal organisational tool for the HEI
partners. They ensuredat the training delivered tparticipants higher education learners and
agrifood professionals **was coherent, consistent, and fully aligned with the greskils
framework of the project. By mapping each block of content to a specific learning outcome,
instructors could ensure that each activity contributed meaningfully to the competencies targeted
in WP2 and WP3.

The HEI partners used the mapping files to cmee the modules so that the participants
experienced a clearly organised progression: from conceptual introduction to applied analysis,
followed by casdased learning and assessment. This consistency was important because the
training was delivered inifferent institutions and formats (online, esite, hybrid), yet had to
maintain the same pedagogical quality.

To define and aligiearning outcomesacross partners, the GEEK4Food consortium applied

. f22YQa ¢l E2y2Yés 6KAOK twAeartingy 3dzh aKSa aAE f S¢
1 Remembering
1 Understanding

 Applying
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1 Analysing

1 Evaluating

1 Creating
These levels supported the organisation of content and assessments used by HEI trainers, helping
them ensure that participants engaged not only in knowledge acquisition batialhigherorder
thinking such as analysigroblem-solving, and innovationkey elements of the green skills
required in the agrfood sector.
Overall, by using the content mapping files, the HEI partners were able to organise and deliver WP5
training n a focused, pedagogically consistent, and outcariented manner, while ensuring that
participants received high dzl f AG& f SIFNYyAy3I SELSNASyOSa fA3
objectives.

Thethree GEEK4Food 2 Rdzf SaQ O2y G Sy G Y lintidAnides FliandBIE | NB L

6. Module syllabi

TheD99YnC22R Y2RdzZ SaQ aeftflroA dzaSR Rdz2NAy3a GKS
effective and meaningful learning experience. They ensure that both instructors and participants
KF@dS + Of SFNJ dzy RSNEGFYRAY 3 27, aitlkefecté® Badzings & Q |
outcomes. The syllabi specify the module objectives, thematic areas, learning activities, and
assessment components, allowing learners to understand what competencies they will develop
and what is expected of them throughout the imang.

Within Task 5.2, the syllabi guided the delivery of the -dag training modules, ensuring
O2yaAiraiaSyOeé I ONR&aa LI NIYSN AyadAaddzianzya FyR |
They provided a reference for instructors when organising sessions and ensured that the
training remained structured, coherent, and linked to the content mapping files used across WP5.
¢CKS Y2Rdz S&aQ aeéftfl oA dzaSR RdzNAAGE@xedIKISandlli p RSt A

7. Training moduls

¢tKS DNBSY {{1{Affta ¢NIAYAYy3I az2Rdz Sa LINPDJARSR |
expertise in sustainable practices within the agod sector.Choosing from three impactful

modulesc Optimised Fermentation, Eedesign of Food Packaging, and Wagadorisation in

Food Product Designthe participants developed the necessary green skills to drive meaningful
innovation.All the participants received a certificate of completion for each module they

participate in, recognising their engagement withtstisable practices and innovation within the
agrifood sector.
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By participatingat the training, participants were also invite to further collaborate and
participateand take part in the FoodathaofBeptOctober 202% wherethe trainees couldpply
the new skills to reaivorld challenges

7.1 Module training onEcedesign of food packagin@rganized

by AarhusUniversity)

Date and time 28/04/2025 13:00 am to 17:00 pm CET

Location Online

Module Delivery Overview

The module was delivered as a higimlieractive, activitydriven online training session, designed

to engage participants in both theoretical and practical aspects of sustainable food packaging. It
combined concise, focused lectures with facilitated group discussions, fostering critidahghin
and collaborative learning. Two carefully structured cately exercises enabled participants to
apply ecedesign principles and evaluate sustainable material options in realistic scenarios,
bridging the gap between theory and practi¢&eflection ad feedback opportunities were
integrated throughout, allowing participants to consolidate learning, clarify key concepts, and
explore innovative approaches to sustainable packaging solutions.

The module began with ehallengebased lecture introducing theconcept of ecedesign in food
packaging, focusing on materials that come into contact with food and their impact on
preservation, safety, and sustainability. It highlighted the need to move from sirsgi@lastics to
reusable or recyclable solutions, line with EU strategies, and explained how circular economy
principles can help minimise waste and environmental impact. The session encouraged innovative
thinking to balance regulatory requirements, material optimisation, and lifecycle sustainability in
food packaging. This introductory challeAggsed lecture was presented by Professor Milena
Corredig.

The second partHcaedesign principles and Safe and Sustainable by Design (p@bDduced the
principles of ecalesign and the Safe and Sustainable bgi@re (SSbD) framework, focusing on
food packaging. It explained how edesign and SSbD aim to create products that are safe for
people and the environment, while also being sustainable throughout their lifecycle. The session
highlighted the basic SSbDmiples, key benefits, implementation steps, and challenges, whilst
encouraging discussion on how businesses can adopt these approaches. This technical session was
presented by the Affiliated Associate Professor Emmanouil Tsochatzis.

The third sessionSafety and risk assessment of edesigned foodpackaging introduced the
safety and risk assessment of edesigned food packaging. It covered key concepts such as
migration of chemicals from packaging to food, types of packaging materials, different types of
contamination and their potential sources, as well ta® Regulatory framework in the EU.
Participants get an overview on how to assess risks, what are the current EU compliance
requirements, and apply safety standards to ensure consumer protection in the context of
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environmentally friendly packaging. Thisssin was presented by the Affiliated Associate
Professor Emmanouil Tsochatzis.

The fourth sessionExisting ecedesigned food packaging materials. Pros and copsovided an
overview of the current landscape of edesigned food packaging. It introducduetimportance

of packaging in food preservation, transport, and protection, highlighting the environmental
challenges posed by conventional plastic packaging and the need for sustainable alternatives. The
session covered various categories of -fwendly packaging materials, including biodegradable,
recyclable, compostable/edible, and reusable designs, explaining their characteristics and the
regulatory context driving innovation in this fiel@articipants gained knowledge about the types

of materials ued in ecedesign, their environmental attributes, functionality, and compliance
requirements. The session offered a balanced view by discussing the pros and cons of each material
type, such as environmental benefits, cost implications, infrastructure nesus performance
limitations. It concluded by emphasising the importance of plastic alternatives in a circular
economy, the need for scaling up new technologies, and the role of education and policy in
advancing sustainable packaging solutions. This aessas presented by the Tenure Track
Assistant Professor llke Uysal Unalan.

After completing the theoretical part of the module, participants moved into a hamdgroup
exercise. Working in small teams, they explored two practical case studies desimynednect
eco-design principles with real packaging challenges:

1. ldentifying a fossifuel-based plastic that could be replaced with a more sustainable,
eco-designed alternativgle.g., substituting PET with PLA based on food safety, barrier
performance andunctional properties), and

2. Proposing an innovative packaging solution from a holistic perspects@nsidering
application needs, environmental impact, raw material sourcing, cost implications and
end-of-life scenarios.

Teams worked independently in smgibups to apply the concepts from the module. For the first
case study, they compared material properties, assessed iofide and drafted potential
replacement strategies for conventional plastics with-glesigned alternatives. In the second case
study, teams developed innovative solutions from a holistic perspective, considering factors such
as performance requirements, sustainability impact, raw material choices, cost, and potential
barriers to adoption.

At the end of the activity, each group presedtiheir findings during the online session, explaining
the reasoning behind their material choices, the environmental advantages of their proposed
solutions, and the practical challenges that manufacturers or end users might face. This activity
reinforcedLJF NI A OA LI y (1 & Q | ¥¥diving: skills @rid fdembngtiated. A eitdsig§nY
principles can be applied to rewalorld packaging scenarios, even in a fully online setting.

Case study activities

Case study 1: Identify an existing fossil fuel plasti@t can be replaced by an eedesigned
plastic, e.g. PET with PLA, based on food and functional properties
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Working group activity
The group collaborated to assess whether polylactic acid (PLA) could replace polyethylene
terephthalate (PET) in food packagifor products like carbonated drinks, sugar, and pasta. Teams
examined the functional and safety aspects of both materials, considered environmental impacts,
and proposed ecalesigned solutions, including multilayer packaging options, tailored to the
ciSyiQa ySSRao
Key discussion points
t 9¢Qa & eESs/ vAdeli dsed in food packaging for its excellent barrier properties,
durability, and clarity.
Environmental concerng t 9¢ Qa NBfAFYyOS 2y TF2aaAif F dzS f
sustainability issues.
PLA as an alternativePLA, made from renewable resources, offers a more sustainable option
but faces challenges with functional properties and cost.
Compatibility and safety The suitability of PLA for packaging carbonated drinks, sugar, and
pasta was debated, with attention to food safety and performance.
Lifecycle impact The group discussed the environmental impact of both materials, including
carbon footprint,biodegradability, and recyclability.
Ecadesign solutions Multilayer packaging options were considered to balance sustainability,
Fdzy OtA2ylfAGeT YR O2ai F2NJ GKS Ot ASyidQa ySS¢
Methods:
Challengebased learning
Pedagoagical tools:
Peer reflection
Shot pilot exercise
Model design activity
Assessment Approach
Small pilot (prototype or concept validation)
Feedback discussions

Case study 2: Propose/describe an innovative solution from holistic perspective
(applications,environmental impact, rawmaterials, cost etc.)

Working group activity

Teams were tasked with developing an innovative solution for EcoBalakions to reduce food
waste in fresh vegetables without increasing plastic use. Focusing on the high loss of fresh produce
due to spoilage, participants proposed a sustainable;@&signed edible coating made from food
grade polysaccharides and essahwils. The coating aimed to extend shelf life by acting as a
barrier to moisture and oxygen, while remaining safe for consumption or easy to wash off. Teams
evaluated their solutions holistically, considering applications, environmental impact, material
regulations, cost, and consumer acceptance

Key discussion points

During the group discussions, several critical aspects were evaluated:
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Applications ¢ KS O2 GAy3IQa adzA Gl oAfAdGe TFT2NJ FNHzA G
considered, with particulartgention to highwaste categories such as avocados, bananas,
and berries.
Environmental Impact¢ KS &2t dzi A 2y Qa LJ2 duSeplastics dnd rélancéS t A Y
on renewable, biodegradable resources was highlighted.
Raw Materials The group discussesburcing materials from food industry {pyoducts
(e.g., citrus peels for pectin) and néood industry byproducts, ensuring sustainability.
Regulatory Requirement€Compliance with upcoming regulations, such as the Packaging
and Packaging Waste Reguati PPWR), was identified as essential.
Cost ConsiderationsThe team compared the indicative production costs of the edible
coating with traditional plastic coatings and assessed scalability for both small and large
producers.
Consumer Perspectivédccepaince of additional costs, safety of raw materials, and
scalability were debated, with a focus on consumer trends and expectations.
Stakeholder Perspective§he solution was evaluated from manufacturing,
environmental, regulatory, and consumer viewpoint&uiding questions included
practicality and scalability, potential regulatory or logistical barriers, and alignment with
consumer expectations. The group also listed potential benefits (such as reduced waste and
environmental impact) and challenges (indhgl regulatory hurdles and consumer
acceptance).
Methods:
Challengebased learning
Pedagogical tools:
Peer reflection
Short pilot exercise
Model design activity
Assessment Approach
Small pilot (prototype or concept validation)
Feedback discussions
After the completion of the assessmemr? trainees were assessed to have successfully acquired
the knowledge presented during the traininbhis outcome demonstrates the effectiveness of the
module in equipping participants with the intended green skills and aismies in sustainable
food packaging.
1. Annexe 4 Participant feedback¢ Ecedesign of food packaging
2. Annexe5: Event brochureand poster
3.ECENFAYAY3I £ SOGdzNBa yR LINBaSyidl GrayiggyY tt ¢ L
modules 5 NP LJ6 2WP4 F2f RSNE
https://www.dropbox.com/home/Geek4Food/WPs/WP4%20%20Innovative%20H E12%i20
and%20methodologies/GEEK4F00d%20training%20modules/Content Ecodesign%200f%20food%

20packaging
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7.2Module training onOptimised fermentation

This training was replicated by two different partners with different approaches, i.e. USAMM
Napocaand Technological University of Dublin

7.2.1 Module training on Optimised fermentatiog organized byUSAMVCluf

Napoca

Date and time 05/05/2025 09:00 am to 13:06m EEST

Location USAVMClufNapoca (RO) Library building, Room@alea Manastur-3, Clj-Napoca

The Optimised Fermentatiomodule was delivered as a oy intensive training, combining
conceptual input, practical demonstrations and collaborative probtaiving activities. The
session followed the GEEK4Food training structure and aimddntdiarise learners with the
scientific, technological and sustainability aspects of fermentatiased food innovation
according to the agenda total of 43 participants enrolled in the Optimisedrmentation training
module, representing a diverse and motivated group of learners. The participant cohort included
postgraduate students, eaHyareer researchers, and junior and senior professionals from the agri
food sector. Their varied backgroundsntributed to a rich learning environment, fostering
interdisciplinary perspectives during discussions, practical activities, and case study exercises.
The high level of engagement throughout the session demonstrated strong interest in sustainable
fermentation technologies and their applications in food innovation.

The module began with@hallengebased lecturg introducing the role of fermentation in modern

food systems and inviting participants to reflect on realrld problems associated with
developng safe, sustainable, and scalable fermentation processes. This introductory challenge
based lecture was presented by Professor Dan Vodnar. This introductory part relied on the
materials covering théundamental principles of traditional and optimised femmation, where
learners explored the distinctions between spontaneous, traditional fermentations and controlled
fermentations conducted in bioreactors. Concepts such as microbial metabolism, culture types,
environmental control, and downstream processingre presented and contextualised using
industrial examples. This section on fundamental principles was presented by Lecturer Lavinia
adz2NBUI y o
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Local hour Speaker

2301300
Assessrren] Brough mediple g mellry Adrise Mt

Agenda of optimized fermentation moduleld in USAMV

The second part focused @afety and risk assessent, drawing from the session content that
detailed contamination risks, HACCP implementation, raw material variability, regulatory
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frameworks (including EU legislation), and proeeigiency considerations such as energy use,

water managment and resotce optimisation Participants discussed how safety protocols,
monitoring technologies and regulatory compliance shape the development of fermented
products.This specialised technical session was presented by Lecturer Adrian Martau.

A dedicated section then introduced optimised fermentation processes, illustrating how
fermentation is applied in real industrial environments. Participants were presented with two
studies on fermentation activities in the Teeling Distillery, providingfgal insight into process
optimisation, quality control and product consistency. This session on industrial fermentation
LINE OS&dasSa o a LINBaAaSyYyGatSR o0& [SOGdzNBENJ DN KFY hQ

D v oy e e

To ensure a strong link with industry practice, the module also featurecorapany-led
presentation from Lesaffre Romania, introducing learners to real fermentation workflows, the
AYRdzA G NR I £ LINE R d&adchatoyhyces Eeredigiahrsl Ml rdle af Sdrtér dultudes

in breadmaking and traditionasourdough processeghis session provided valuable insights into
industrial challenges, strain performance, quality control and product innovation in fermentation
driven sectorsThis industrnffocused presentation was delivered by invited expert Claudiu Ovidiu
Pop.
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Followng the theoretical sessions, participants wemganizedinto small collaborative teams

Each team selected a case tofsagch as alternative protein sources or &usable fermentation
workflows, and translated the lecture content into a practical concegsing whiteboards and
worksheets, they mapped ideas, drafted process steps and refined proposed solutions (as shown
in the photos). Teams then presented their outputs, discussing technical feasibility, sustainability
considerations and potential barriersThis activity strengthened problesolving skills and
demonstrated the applicability of fermentation knowledge to real dgdd challengesThis
teamwork session was facilitated by the USAMV teaching team, with guidance from Dan Vodnar,
[ F @AY Al and AdNds Martgu.

Finally, the module concluded with a short reflective discussion and photo documentation. To
support project visibity, all dissemination materialancluding the event poster ral photo
highlightswere shared vidinkedIn and other saal media channelswhere the training attracted
engagement from academic staff, students, and industry professiomhks.closing session and
FaaSaayYSyd 6SNB O2yRdzOGSR o6& 51y +2RYFN YR |

Case study activities
Case study 1: Alternativprotein sources
Working group activity
Participants worked collaboratively tmalyzeli K S { KitBrivaSve protein sources ~ F 2 Odza A
on the development of sustainable, innovative food solutions derived fromtraafitional protein
inputs.
Key discussiompoints

1 Identification of innovative protein alternatives (e.g., fungal fermentation, microbial

biomass)
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Understanding the fermentation process as a method for transforming raw substrates
into valuable products

Integration of alternative protein ingrediesatinto functional food design

Exploration of consumer acceptance, regulatory aspects, and food safety considerations
Reflection on how alternative protein systems support sustainable food transitions

Learning outcomes formulated by the group
Participants greed learners shoullde able to:

T
1
1

1
1

Competently describe emerging bioactive compounds derived from alternative protein
sources

Identify and articulate relevant technologies used for protein valorisation

Apply and explain circular economy principlesi@signing food products based on
alternative proteins

Develop entrepreneurial and criticilinking skills for sustainable food innovation
Understand the complexity of alternative protein production chains

Teaching methodology proposed

1 Format: inperson
9 Duation: 2 weeks
Methods:

Flipped classroom
Handson workshops
Storytelling
Challengébased learning
Pedagogical tools:

1
1
il

Peer reflection
Short pilot exercise
Model design activity

Assessment Approach

= =4 4 -4 -4

Small pilot (prototype or concept validation)
Model design

Evaluation report

Feedback discussions

Involvement of invited experts

Working group evidence:
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 Case Study 2: Circular Citric Acid Fermentation
Working group activity
This group explored / A G NA O ! OA R / A tdDsing bnNaloBsERidd Sigesireama 2 y ¢
through biotechnological processes and designing a training module around sustainable
fermentation systems.
Key Discussion Points

1 Identification of majomproblemslinked to current citric acid production (waste, cost,

inefficiencies)
T Identification of opportunitiescreated by circular fermentation models
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1 Analysis oeénvironmental and economic benefits circular systems
1 Exploration of potentiahpplicationsof citric acid derived from circular processes (food

preservation, beverages, [pooducts)

1 Mapping theskillsrequired for students in such a module (technical, analytical,

entrepreneurial)
Learning outcomes defined by the group

Learners completing the module should be able to:
1 Understand thebiotechnological principlesf citric acidfermentation

=A =4 =4 =4

Teaching Methodology Proposed
1 Format:hybrid or inperson
¢ Duration:1¢2 weeks
Methods:
T Handson workshops
1 Teambased project work
T Use of realworld case studies
1 Challengebased learning
T Short expert interventions or guekdctures
Assessment Approach
Group project
Pitching session
Participation in discussions
Portfolio submission
Creativity and applicability of solutions

=A =4 =4 -4 4

Working Group Evidence
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1. Annexe6: Group Picture
2. Annexe7: Event brochureand poster
3. Trainingf SOt dzNBE&a FyR LINBaSyidlFdAazyay tt¢ LINBaSy
Y2Rdzt S8¢é S5NRLIWB2E T2t RSNE 2tn
https://www.dropbox.com/home/Geek4Food/WPs/WP4%20%20Innovative%20HE%20tools%20
and%20methodologies/GEEK4Food%20training%20modules/Content_ Optimised%20fermentatio
n

7.2.2 Module training on Optimised fermentatiog organized byTU Dublin,

Ireland
Date and time:22 May 202514:00¢ 17:00 Irish time English organized by TU Dublitreland
Location:Onsite & online
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The Optimised Fermentatiomodule delivered at TU Dublin was delivered as hybrid afternoon
training. The session followed the GEEK4Food training structure and airfeeditiarizelearners
with the scientific, technologal and safety of fermentatioAbased food.

A total of24 participants enrolled in the training modul&7 online and 7 in personh@& participant
cohort includeda balance from university, industry and research institutes associatdtetagrt
food sector

Agenda
The agenda of the training course followed a format of a challenge lecture with an introduction
to the technological area followed by a series of case studies.

2-2:20 Dr Graham O'Neill Challenge Based Lecture
2:20-2:40 Dr Graham O'Neill Fundamental Principals of fermentation
2:45-3:15 Dr Elena Alexa  Case study
Safety and risk assessment of optimised fermentation

3:30-4 Dr Adrian Martau process
4-4:30 Gemma Lyons Case study
4:30-5 Dr Jesus Frias Existing optimized fermentatiorproducts: Pros and Col

DN} KIFIY hQbSAftf &AdGFNISR ¢6AGK |y AYOUNRRdAzOGAZY
Foods Then discussing Why Fermentation Matters in Health, Sustaindhitibyation.This was
followed by Modern Uses inFood Industry of fermentation Graham then dcused on the
technology of fermented foods, focusing on the key differences between traditional
fermentationt driven by natural, uncontrolled microbial activittand optimised fermentation,
which uses bioreactors to precisalggulate conditions for consistency and efficiency. This was
followed bya review orhow microbial cultures have evolved from wild, naturally occurring strains

to carefully selected pure cultures tailored for flavour, speed, and functionality. Fiddpa
covered applied biotechnology, safety requirements, and sustainability practices that support
modern, safe, and environmentally responsible fermentation systems.

Adrian Mortaupresented an overview fafety and risk assessment in optimized fermenita,
explaining the key concepts that underpin safe, efficient, and sustainable microbial processes. She
outlined the importance ofstrain selection, substrate quality, contamination control, and
supplyZhain traceabilityas critical components of fermertian safety. Her presentation also
covered howprocess efficiencyxan be improved through resource optimization, microbial strain
enhancement, time and energy management, and waste minimization. She highlighted the
regulatory frameworksgoverning fermentabn, including EU rules for food safety, novel foods,
labeling, and microbial strain approval to ensure consumer protection and compliance. Finally, she
emphasized sustainability througladvanced technologies circulaeconomy approaches,
environmental im@ct assessment, and continuous process improvement to support safe and
scalable fermentation systems.

Deliverable 5.2, Report on training delivered 22

Co-funded by
the European Union




SN

Glocal Ecosystems and Expanded Knowledge for
green skills and capability in the Food sector

Gemma Lyons presented the first case study on the challenge of replacing conventional animal
proteins withsingleZ:ell proteins (SCPslch as mycoproteins and yeatrived biomass, focusing

on sustainability and reduced environmental impact. It highlighted how SCPs offer strong
nutritional profiles, rapid production cycles, and lower resource requirements compared to
livestock proteins The scenario tasked students with evaluating nutritional, environmental,
economic, and consumgicceptance factors before proposing a viable microbial protein
alternative for a food company. It also emphasised practical production consideratguth as
fermentation design, concentration and drying steps, and scalabitdtyensure SCPs can be
successfully integrated into higbrotein food products.

The unit from Jesus Friaxplored howoptimized fermentationis used in the food industry to

create produts such as probiotics, mycoproteins, enzymes, alternative oils, and Zakssesl
ingredients, highlightingrez 2 NY R SEIl YLX $a fA1S vd2NYyIZ bl (dz2NB
and C16 Biosciences. It outlined thdvantagesof optimized fermentation, inading improved
efficiency, consistency, cabffectiveness, and environmental benefits. The session also examined
limitations, such as high initial investment, system complexity, contamination risks, and regulatory
challenges. Finally, it presented emergfuture trends like precision fermentation, alternative
substrates, microbial engineering, clekbel production, and circulZconomy integration.

Elena Alexa presented the second case study in which a food manufacturer aims to switch from
purchasingconventional citric acid to producingiitZiouse using food wastsuch as citrus peels

and starchy residues, creating a circular and sustainable fermentation process. The case challenges
students to evaluate théechnical suitability, environmentalmpact, and economic feasibilitpf
converting waste into citric acid through controlled fermentation. It also requires proposing an
innovative, scalable fermentation systemaddressing issues like feedstock variability, quality
control, automation, and rgulatory compliance. Finally, students were challenged to develop a
transition plan that integrates sustainability goals, cost savings, and consumer acceptance to
AdzLILR2 NI 0KS O2YLIlyeQa Y20S (26FNR I OANDdzZ I NJ

1. Annexe8: Participant feedoack

2. Annexe9: Group Picture

3. Annexel0: Event brochure and poster

nd® ¢NFAYyAy3a fSOGdz2NBEa yR LINBaSyidlradazyay tte¢ L
Dropbox folder, WP4

7.3Module training on Food waste valorisation in food product

design(UNITE)

Date and time 06/06/202, 10:00 am to 15:30 pmESTENglish | Organised by Teramo
University, Italy, in collaboration with TU Dublin, Ireland
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Location Online

Agenda

The agenda of the training course followed a format of a challenge lecture with an introduction
to the technological area followed by a series of case studies.

Training

N° Co-funded by
GEEKV4FOOD the European Union

workshop

Glocal Ecosystems and Expanded Knowledge for skills and capabilitie

in the food sector - GEEK4Food

Training on “Food waste valorisation in food product design”

6'" June 2025 - 10:00 am -

Online: https://us02web.zoom.us/j/88479098486

AGENDA

Time (CEST)

Activity

Teachers/tutors

9:45 am

Opening of the virtual room

10:00 am-10:15 am

Welcome and introduction

Paola Pittia, University of
Teramo- IT

10:15 am-10:45 am

Food waste: from what, what, what for and
how: current and future sustainable strategies
for valorization

Paola Pittia, University of
Teramo - IT

10:45 am-11:15am

Biorefinery approaches and innovative
technologies for food ingredients

Jesus Frias
TU Dublin - IE

11:15 am-11:45 am

Technological functionalities of food waste for
green ingredients design

Marco Faieta - University
of Teramo- IT

the circular economy

11:45 am-12:00 pm | Break
Circular ec y, industrial inability and | Jesus Frias
12:00 pm-12:30 pm >
social impact TU Dublin - IE
Activity/Case-study 1- From waste to value: the
UNITE tutor
case of chocolate
12:30 pm-1:15 pm =7 =
Activity/Case-study 2— Mushroom production and .
TU Dublin tutor

1:15 pm-1:45 pm

Joint discussion on case study 1 and 2

TU Dublin/UNITE, all

1:45 pm - 2:00 pm | Wrap up and conclusions
2:00 pm — 12:00 am | Assessment
S ] (or) ¢ '] yHive ¥
L &=  Gme - g =
Lo ) _ e DUBLIN W () EFFoST

JURel Co-funded by
(AL the European Union
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The module attracted a rather high number of participants after the disseminatiosoaial and

email with 119 preegistered but only 69 confirmed 69 and 40 were the effective participants.

The course started with a brief introduction Byaola Pittiaon the project GEEK4Food, aims and
activities with the scope of creating the frame whehe short course was developed. Thereatfter,
LINEF tAGGAF O2yiGAYydzSR 6AGK GKS aaOSylFNAR2é 2N
waste: from what, what, what for and how: current and future sustainable strategies for
valorization that focused omefinitions, causes of the food waste and potentialities of the
valorisation of both lost and wasted foods in to new biomolecules or ingredi&hts.challenges

related to the food waste recovery, management and valorisation were illustrated consideeng t
safety, costs and technological constraints, along with the lack of skills of the workforce in the
agrifood sector.

The first content lecture was delivered by prdésus FriagTUD)dealing on dBiorefinery
approaches and innovative technologies forfbo A Y ANBRASY (1 aéyY O0A2NBTFAY:
applied technological approaches in recovery of valuable biomolecules from food waste. The
lecture described the most applied technologies, including some examples and potential evolution.
The second contenetture was delivered by diMarco Faieta UNITE)after a general overview of

the technological functionalities of foods and food ingredients and how the valorisation of the food
waste and/or the derived biomolecules depend on their ability to be usedad formulations

based on their capacity to have a role on the final quality, stability, nutritional value of the final
product.

Afterthe breaE | £ SOGdzZNE GAGE S &/ ANDdzE | NJ SO2y2Yeés A
deliveredby Jesus Fria®cused on the aspects that should be considered when food waste/loss
isreA YU NP RdzZOSRg NIag aYalSICRNOR- f ¢ Ay G2 (KS F22R LINE
adzadFAylLoAfAlE YR AY 2dzNJ a20ASGeéd

Therafter, participants were divided in two groups and eatlthem dealt with one of the two

cases studies related to the food waste recovery, namely

- Activity/Casestudy Ig From waste to value: the case of chocolate (rapporteur: UNITE)

- Activity/Casestudy &, Mushroom production and the circular econorfrgpporteur: TUD)

Participants were led in the activity by brief presentation illustrating the case study; the discussion
was supported by interactive online tools (e.g. Wooclap) from were some feedbacks were collected
for the final discussion.

After the presentation of the results of the case studies a final joint discussion on the topic was
carried out.

Anassessment sessionmith 9 questions (multiple choice, open) wisien open to the participants

and 30 (75% of participants@sponded to all the quesins, providing very positive feedbacks in

terms of knowledge and skills acquired; suggestions, challenges and problems to be sorted out
were also included in some of the open answers especially from the participants from Africa.
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1. Annexe 1. Event bochureand poster
2. 6N AYAYy3 fSO0GdzNBa FyR LINBaSyidlrdAaAzyay tt¢ L
Y2Rdzf S8¢ S5NRLIWB2E F2f RSNE 2tn
https://www.dropbox.com/home/Geek4Food/WPs/WP4%20%#@ivative%20HE%20to0ls%20
and%20methodologies/GEEK4Fo00d%20training%20modules/Content Waste%20valorisation%20
IN%20food%20product%20design

Deliverable 5.2, Report on training delivered 26

Co-funded by
the European Union



https://www.dropbox.com/home/Geek4Food/WPs/WP4%20%20Innovative%20HE%20tools%20and%20methodologies/GEEK4Food%20training%20modules/Content_Waste%20valorisation%20in%20food%20product%20design
https://www.dropbox.com/home/Geek4Food/WPs/WP4%20%20Innovative%20HE%20tools%20and%20methodologies/GEEK4Food%20training%20modules/Content_Waste%20valorisation%20in%20food%20product%20design
https://www.dropbox.com/home/Geek4Food/WPs/WP4%20%20Innovative%20HE%20tools%20and%20methodologies/GEEK4Food%20training%20modules/Content_Waste%20valorisation%20in%20food%20product%20design

E&\D’%ﬁ Glocal Ecosystems and Expanded Knowledge for
green skills and capability in the Food sector

8. GEEK4Food Foodathon

The Foodathonis an intensive competition based onchallengebasedand learningby-doing
approach implemented within WP5 of the GEEK4Food project aditiag stageof the training
pathway.Particularly, WP5 encompasses three major training streams:
1. Training for Trainers focused on upskilling academic staff in emeggeean skills
and transversal competences
2. Training for Learners in higher education and #god sectors, based on the skill
needs identified in WP2 and WP3 and the training modules developed in WP4
3. The Foodathon, a challengesed experiential activity

The Foodathon was organised adully online 3-day event (1@12 October 2025)following a
clearly defined structurewhich alternated between:

1 learning moments

1 autonomous teamwork

1 iterative feedback

The competition was structured around three main thediaareas (derived from the training
modules):

1. Ecacdesign of food packaging

2. Wastevalorisation in food praduct design

3. Optimised fermentation (including novel ingredients and washbased processes)

As regards participatiorthe Foodathon targetedgtudents and young professionals in the agri
food sector. Participants 84) developed 6 projedtdeas andvorked ininterdisciplinary teams
While a strong emphasis was placed on p&epeer learning and continuous interaction, support
was ensured pmentorship (1/2 mentors per partner institution), focussing soientific validity,
technical feasibilityand project development

The evaluation systeronsisted of the following aspects:
1 A set of criteria, each assignededative weighting
1. Quality and credibility of the innovation idea (25%)
2. Business model and systems thinking (20%)
3. Impact potential (25%)
4. Team strength and appropriateness (10%)
5. Pitch qualityand scientifieentrepreneurial communication(20%)
T Ascore ranging from 1 to #or each criterion (potentially expressed as a decimal for greater
accuracyy) these scores were then combined taking into account the different weighting
of the criterion
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1 The involvement ofmultiple evaluators in order to guarantee transparency and mirse
evaluator bias
Below ae the teams patrticipating in the Foodathon, along with the corresponding projects:
1 Yeaseam¢t NE 2 S O@Givng Nawlife to Svine Leg¢Applicability of dehydrated wine
lees in food and feed industries)
1 RedShiftct NP 8 &€ Nafurali -Carotene from Tomato WastéFrom Waste to Worth
¢ CleanlLabel Colorants for a Healthy Fitures)
Loopackc ProjecQ &  Gpkaitabl& HA film for climacteric fruits preservation
Legum&yclect NP 2 S O pay&ledBynbidtiSFiodrom Legume Byproducts
GrainOvagt NB2S0iGQa GAGf SY
Beanbeyondct NP 2 S Otuthig legunie bydrotiucts into sustainable nutrition

=A =4 =4 =4

The Foodathorserved as a simulated environment for assessingabguisition of green skills
throughout the training pathway. Therefore, a full accouand report of its development is
provided inDeliverable D5.3
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ANNEXL: Content mapping file, syllabus and content of the
Y2 Rdzf SRRy 2F FT22R
1. Content mapping file
Typeofcontent { SadA2yQa

LI O1 F 3Ay 3IE

¢ . Partner Content® Indicative resources
responsible core
for content duration

creation

Challenge basec How can we design safe AU Food 9 ELISN
lecture/ food packaging that lecture
discussion minimizes environmental

lasts 30
impact across its entire min
lifecycla from material

sourcing to disposal

while still ensuring food

safety, durability, and

consumerconvenience?

Content part 1

Ecodesign principles and AU Food
Safe and Sustainable by
Design (SSbD)

30 min 1. European commission, Resear

and Innovation/Safe and
sustainable by desighink1

2. European commission, Joint

Research Centredafe and
sustainable by design emicals
and materialsFramework for
the definition of criteria and
evaluation procedure for
chemicals and materialsink2

3. European commission, Joint

Research Centre/Ecodesifpr
Sustainable Products Regulatio
preliminary study on new

products/Link3
Content part 2  Safety and risk AU Food  30min 1. EuropeanFood Safety
assessment of eco Authority (EFSAYrinciples

Co-funded by
the European Union

designed foogackaging.

that could be applicable to the
safety assessmermtf the use of
mixtures of natural origin to
manufacture food contact
materialsiLink 4

2. Intentionally (IAS) and nen
intentionallyadded substances
(NIAS)/European Commission
(EVU) Regulation 10/201ihk 5
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3. Food contact chemicals in e
cycle assessmen€hallenges o
including human exposure to
chemicals in food packaging a:
a new exposure pathway in life
cycle impact assessmenfhk 6

Activity based @ Activity/Casestudy 1 AU Food Activity's  ldentify an existing fossil fuel

content¢ core plastic that can be replaced by an

aiming systems duration: = ecodesigned plastic, e.g. P®&ith

approach, 30 min PLA, based on food and functiona

identify the properties.

problem

Content part 3 = Existing ecalesigned AU Food 30 min Several source$*Food waste and
food packaging materials date labellingLink 7

Pros and cons

Activity based = Activity/Casestudy 2 AU Food Activity's | Propose/describe an innovative
content¢ aim to core solution from holistic perspective
bring solutions duration: = (applicationsenvironmental

30 min impact, rawmaterials, cost etc.)
Refining Overview of the 2 case AU Food 30 min

solution/Conclu = studies/discussion (e.g.
ding session Ecoedesign: Balancing

functionality,
sustainabilityand cost)

Learning 1. Understand the fundamentals of edesign andtg importance in the context of food
outcomes contact materials.

2. ldentify sustainable materials suitable for food packaging applications.

3. Understand the environmental impact of different food packaging.

4. Develop innovative and sustainable design solutfonfood packaging.
Assessment 1. Group exercises (Case studies 1 and 2).
method 2. Multiple choice quiz/questions
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Module’s syllabus
Title: Eco-Design of Food packaging

General information

Course Eco-design of food packaging

Scope Sustainability, design thinking, food safety
Language English

Evaluation Case studies/ multiple choice questions
Holders Milena Corredig

Length One day course

Didactic method Lectures with activity-based content
Location COnline or in class or hybrid

Learning objectives

1. Understand the fundamentals of eco-design and its importance in the context of food contact materials.
2. ldentify sustainable materials suitable for food packaging applications.

3. Understand the environmental impact of different food packaging.

4. Develop innovative and sustainable design solutions for food packaging.

Required skills

Learners need a multidisciplinary skill set, including a foundational understanding of envirenmental sustainability {eco-
design principles, life cycle assessment, and the UN's SDGs), food packaging basics (material properties, functions, and
sustainability challenges), and safety and risk {food safety r lations, icol . and migration studies).
Knowledge of materials science, particularly bicdegradable and compostable materials, is essential, alongside the
ability to balance functionality, sustainability, and cost in design thinking. Learners should be proficient in analysing
case studies, understanding eco-design standards, and interpreting sustainability data. Additionally, skills in
communication, interdisciplinary collaboration, and awareness of emerging trends like circular economy, sustainable-
by-design and eco-design for innovative materials are important, as well as a basic understanding of statistical
methods for risk assessments and lifecycle analyses.

Glocal Ec s and d Kl dge for
green skills and capability in the Food sector

Subjects

Challenge based lecturefdiscussion: How can we design safe food packaging that minimizes environmental impact
across its entire lifecycle—from material sourcing to disposal—while still ensuring food safety, durability, and
consumer convenience?

Teaching session 1: Eco-design principles and Safe and Sustainable by Design (SSbD)

Teaching session 2: Safety and risk assessment of eco-designed food packaging

Case study 1: Identify an existing fossil fuel plastic that can be replaced by an eco-designed plastic, e.g. PET with PLA,
based on food and functional properties

Teaching session 3: Existing eco-designed food packaging materials. Pros and cons

Case study 2: Propose/describe an innovative solution from holistic perspective (applications, environmental impact,
raw materials, cost ete.)

Teaching methods
Lectures, case studies

Verification of learning

The achievement of the training objectives for the six teaching sessions would be assessed through the presentation
of the required topics, evaluating the learner's ability to analyze, synthesize, and articulate their thoughts, as well as
their judgment and calculation skills. Specifically, multiple-choice guestions and case studies are used to assess
decision-making in scenarios that reflect real-world conditions related to eco-design of food packaging. These
methods help gauge how well learners apply their knowledge in practical, operational contexts.

Glocal Ecosystems and Expanded Knowledge for
green skills and capability in the Food sector

Indicative resources

- European commission, Research and Innovation/Safe and sustainable by design/Link 1

- European commission, Joint Research Centre/ Safe and sustainable by design chemicals and materials-
Framework for the definition of criteria and evaluation procedure for chemicals and materials/Link 2

- European commission, Joint Research Centre/Eco-design for Sustainable Products Regulation-preliminary
study on new products/Link 3

- Eurppean Food Safety Authority (EFSA)/ Principles that could be applicable to the safety assessment of the
use of mixtures of natural origin to manufacture food contact materials/ Link 4

- Intentionally {IAS) and non-intentionally added substances (MIAS)/European Commission {(EU) Regulation
1042011fLink 5

- Food contact chemicals in life-cycle assessment/ Challenges of including human exposure to chemicals in food
packaging as a new exposure pathway in life cycle impact assessment/Link &

- Food waste and date labelling/Link 7
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Session 1: Challenge based lecture

8- O & skyHive = -
o 5.  obm A @ e
GEEK4FOOD o Eorgenn Unon
@ 1. Food contact materials (FCM)
, ;’ 2. Introduction to
¢ eco-design
Agenda — 5. Conclusions
« = 3. Risk assessment and
«n¥ =  Risk management
(Safety)
' \ré}.a; 4. Critical considerations
GEEK4FOOD o Erepessurion
1. Food contact materials (FCM)
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A. What is a FCM?

Food contact materials (FCM) are all materials and articles intended to come in contact with food:

*  Packaging and containers, kitchen equipment, cutlery and dishes (e.g., plastics, rubber, paper and metal);
*  Materials of processing equipment;
*  Production machinery;

«  Containers for transport.

—
GEEK4FOOD Sty
B. Types of FCM
Bio-based
Bio-based ) Biodegradable and
bio-based
Bioplastics
e.g. PLA,
PHA, PBS,
Starch blends
e *** Biodegradable
biodegradable
Conventional
plastics
e.g. PE, PR,
PET
Not biodegradable or Biodegradable
bio-based
Fossil-based Source: biopl
GEEK4FOOD [ .

C. Why we need food packaging

= Preservation of food and its quality
characteristics.

= Extending shelf life (bacterial growth).
= Facilitate transport.

= Protection of the food (e.g., contamination).

= Avoiding food spoilage (bacterial growth, g - g ChUnNiES

oxidation). P i | S PN
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D. EU strategy/policy for FCM

plastics strategy ALL PLASTIC PACKAGIN

placed on the EU market to be REUSABLE or
EASILY RECYCLED by 2030 (only PET at the

moment).

Guiding Principles:
Consumer Safety, Circular Economy

Consumer Safety
A EUROPEAN STRATEGY

FOR PLASTICS

+ Legal
+ Economic
+ Environmental

+ Cons

mer Safety
+ Food Waste Reduction

+ Social Considerations

GEEK4FOOD T yon
E. Current Regulated polymers for FCM at EU level

1 Plastics >

2. Silicones

3. Rubbers and elastomers JRC SCIENCE FOR POLICY REPORT

4. Wood

5. Cork Non-harmonised food contact materials in

6 _Regenerated cellulose the EU: regulatory and market situation

7. Paper and board

8. Metals and alloys g i sascume stuoy
9. Glass T
16Ceramics and enamel >

11. Wax

. 12Varnishes and coatings

13. lon exchange (and adsorbent) resins
14. Printing inks
15. Adhesives

GEEK4FOOD e S o
F. EU FCM Regulatory Framework

+ Commission Regulation (EC) 450/20083 on active and intelligent materials and articles intended to come into contact with food.

Commission regulation (EU) 2018/213 on the use of bisphenol A In varnishes and coatings intended to come into contact with food

Directive 2007/42/EC on materials and articles made of regenerated cellulose film that come into contact with food

Council Directive 84/500/EEC and 2005/31/EC on the approximation of the laws of the Member States relating to ceramic articles intended to
come into contact with foodstuffs

Council Directive 84/500/EEC of 15 October 1984 on the approximation of the laws of the Member States relating to ceramic articles intended
to come into contact with foodstuffs
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2. Introduction to eco-design

Project n.: 101087203

GEEK4FOOD ot
A. Circular economy

«  Definitlon: A circular economy is an economic system aimed at eliminating
waste and the continual use of resources through principles like reuse,
recycling, and regeneration.

«  Contrast with Linear Economy: Unlike the "take, make, dispose” model, a
circular economy focuses on closing the loop by keeping materials in use for as
long as possible.

. Relevance to Plastics: Moving away from single-use plastics towards materials
that can be recycled, reused, or safely biodegraded or (biojrecycled.

Souree: European Parliament Research Service
«  The circular economy prevents waste and regenerates nature.
+  Itkeeps materialsin use through recycling, reuse, and other methods (3Rs).

«  Addresses climate change, biodiversity loss, waste, and pollution.

The ES of acircuk

Separates economic growth from the use of finite resources.

. v . Designoutwaste = Keep materialsand  Regenerate natural
. i productsinuse systems.
. % Source: Ellen Macarthur Foundation, 2024 {hetps://www roingation oraftoplcsleirelar SEonomy-ntrod 17}
Cor
e Europesn Union
GEEK4FOOD =
i ,é Economic
Environmental abllity
impact
Functionality
Lifecycle and
assessment performance
Innovation
potential Regulatory
compliance
\ socaland B
ethical
considerations
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B. Circular and eco-designed packaging

| Fossil fuel plastics |

We‘

Raw Mateial Extraction

| Biobased/biodergdable plastics

AP L
\
&
&

/

Mechancal
Aecychog

4

L% o

mwg
\\

Packaging supply chain

¥

s

Product Manulacturers

{
o

Ak etng/Secvice Prover

|

ProductyPackaging

|

Product Use

R B

GEEK4FOOD

C. Eco-design and sustainable packaging

|
M

Daposal

Co-funded by
the European Union

« Definition: Sustainable food packaging is an optimized, measured (quantified) and validated solution, which

takes into consideration the balance of social, economic, ecological and safe implementations of the circular

value chain, based on the entire history (life cycle) of the food product-package unit.

comppsites

oils

Source: Dornyei et al 2023, Front. Sustain. Food Syst. 7:1119052.

D. Challenge for Sustainable Packaging in a Circular Economy

PR R——— Secondary Pavics i
x5 | v
Process oses X 9
x6
Rocycting esioves
Sobesed = oo Catocted for
e x6 . T
Piasics wne
— o] L8 et wante
x3 x3
|
Lonsties  ncnerses
Loskage bom
i scovies
scroptastc
-
Pastics producton Plastic maste Plast-ce in the envranment
Sources: *OECD/Global Plastics Outlook — Policy Scenarios to 2060

2QECD (2022), Global Plastics Outlook: Economic Drivers, Environmental Impacts and Policy Options, OECD Publishing,
Paris, https://doi.org/10.1787/de747aef-en.
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3. Risk assessment and Risk management

GEEK4FOOD

Risk management

Project n.: 101087203

Corfunded by
the European Union

Risk Assessment

__ .| ™~.efsam

European
Commission

Directorate-General for Health
and Food Safety (DG SANTE)

COMMISSION

proposes
legislation

COUNCIL PARLIAMENT
codecisiarn

GEEK4FOOD

A. FCM from mixtures of natural sources

Input from natural origin for food packaging

|

European Food Safety Authority

Cotunded
the European Union

NIAS

f&
Technical Report ersqa SUPPORTING

I PUBLICATIONS

Principles that could be applicable to the safety
assessment of the use of mixtures of natural origin
to manufacture food contact materials

European Food Safety Authority (EFSA),
Eric Barthélémy, Claudia Bolognesi, Laurence Castle, Riccardo Crebelli,
Emma Di Consiglio, Roland Franz, Konrad Grob, Nicole Hellwig, Claude
Lambré, Evgenia Lampi, Stefan Merkel, Maria Rosaria Milana and Gilles
Riviere

NON INTENTIONALLY ADDED

SUBSTANCES

Ul Co-funded by
L the European Union
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B. IAS and NIAS

* IAS - “Intentionally Added Substances”

* Regulated chemical substances (monomers, additives, stablizei '
agents, platicisers, etc) that are risk assessed! ~

‘( .. -
* NIAS - “Non-intentionally added substances

* Substances that may be originated through several paths and ther are not
regulated (sometimes not even risk assessed!) - not regulated

- the majority remains unknown and NOT risk assessed.

Source: Geueke et al. et al. Crit. Rev. Food Sci. 2022 (https://doi.org/10.1080/10408398.2022.2067828)

GQEEK4FOOD B,

4. Critical considerations

5o
it

GEEK4FOOD |
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5. CONCLUSIONS

1. Plastic alternatives in a circular economy are of great importance.
2. Sustainability will increase together with Plastic waste = recycling NOT enough.

3. Extensive research exists to develop plastic alternatives. But:
+ Scaling up is needed (cost reduction)
+  Low CO2 fingerprint processes are still at a premature phase
* High costs (compared to fossil-fuel).

* End-users training and education (e.g. professionals, consumers).
4. Recycling technologies not covering all materials (only PET).
5. Policies (Risk managers) are making progress....(slow).

6. A single solution approach is not enaugh.

CHALLENGE???

* To minimize the waste of plastic!
* How??

* Requirements?

* Legilsation
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Eco-Design of Food packaging

Session 2:
Eco-design principles and Safe and Sustainable by Design (SSbD)

Bl @ & skyHive [ MILCOOP"] = -
o B ofeLin e @
GEEK4FOOD [ B
Agenda

1. Introduction to eco-design principles and sustainable by design
(SSbD)

2. Benefits of eco-design and SSbD
3. Implementation of SSbD: State-of-the art and challenges

‘4. -Discussion/Q&A

GEEK4FOOD B

1. Introduction to eco-design principles and
sustainable by design (SSbD)
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A. Eco-design key principles:

1. Material Optimization: Use fewer resources and prioritize renewables.

2. Energy Efficiency: Minimize energy use in production and operation.

3. Longevity: Design for durability, reuse, or repair.

4. Recyclability: Simplify recovery of materials at end-of-life.

5.  Reduce Toxicity: Eliminate hazardous substances from the design.

6. Circularity: Enable closed-loop systems through design.

GUEEK4FOOD ;i
B. SSbD
1. What is it ?
“A framework ensuring that products are safe for human health and the environment while being
sustainable.”
2. Pillars of SSbD:
1. Safety: No harmful chemicals or materials.
2. Sustainability: Minimal ecological footprint throughout the lifecycle.
3. Functionality: Meets user and performance needs.
3. Steps in SShD
1. Hazard Identification: Assess materials for toxicity and environmental risks.
2. Impact Assessment: Evaluate lifecycle impacts (carbon footprint, waste).
3. Design Integration: Incorporate safer, sustainable alternatives.
. a Testing and Validation: Verify safety and functionality standards
GEEK4FOOD B

Safe and
At sty Sustainable
coneldomtions g, panetery -
by Design

¥ GREEN CHEMISTRY *

|Ea
o~

PN

Green Chemistry

Green Engineering

Co-funded by Deliverable 5.2, Report on training delivered 41

KIN the European Union



%QEE K4FOOD Glocal Ecosystems and Expanded Knowledge for

green skills and capability in the Food sector

GEEK4FOOD S
ENABLERS oo
e CORPORATE AND SOC/g7,, i
™ o
(0
o, o SUSANABILITY Gy, VS o
P, hop o, Sound chernicol and m“‘\
Wiogy, 7700 meteriols manogwhent o & o\
Yo, Pe ek gob
oy P07 g soef

(‘ON\PE(;’ENQES
225

s
Opti e of
sty

FAIRData
Incentives Y

nd re-design
ﬂ‘us‘ \e5
06 Volidation and stondardized test Susty,
P e ‘guidelings for safety and "Nobje
W s ofl sustainability dimersions Gre Oy
(e

Source: Lya G. Soeteman-Hernandez et al. 2024, Envir. Sustain. https://doi.org/10.1007/s42398-024-00324-w
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2. Benefits of eco-design and SSbD

GEEK4FOOD e St unon

A. Eco-design

e 15erOROLA

The benefits of

ECO-DESIGN
HIGHER QUALITY MORE SUSTAINABLE
PRODUCTS INDUSTRIES
Eco-design products are Companies benefit from innovation
more versatile and are and become more committed to the

manufactured with Imrm environment.
lasting materials.
MORE EFFICIENT HAPPIER
PRODUCTION CONSUMERS
They save energy and Consumers' needs are met with

require fewer natural

more attractive products that
resources and raw materials.

satisfy an increasingly

demanding public.
FEWER MARKET
EMISSIONS DIFFERENTIATION
They consume less energy Sustainable products have added
during transport for lower value hat gives them an edge over
C0: emissions. competitors.

‘Scurce Ewo-Funding.
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B. SShD

1. Environmental:
* Reduced waste and emissions.
* Improved recyclability and resource efficiency.

2. Economic:

* Cost savings through material efficiency. . , .
. . . Functionality Environmental
* Competitive advantage in eco-conscious markets. :

S S b D (LCA)

3. Social:
* Healthier products for consumers.
* Positive brand reputation.
4, Safety
+ Safe products for consumers.
* Reduced exposure to chemicals

) . 5. Functionality

GEEK4FOOD B

3. Implementation of SSbD: State-of-the art
and challenges

GEEK4FOOD [ -

JRC TECHNICAL REPORT

Safe and Sustainable by Design
chemicals and materials

asspay
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Table |. Non-exhaustive list of potential benefits and challenges of the adoption of the 55bD approach from a
technological and a legal perspective,

Potential Benefits Potential Challenges
T Ex ante safety and sustainability Lack of knowledge about technological risk
E Active risk awareness Complexity of implementation
[ Fostering innovation Conflicts between safety and sustainability
H Flexible principles-based regulation Legal uncertainty
L Simpler rules and standards Compliance and enforcement
E Transparency of legal objectives Legitimacy and accountability
G Wider scope of application Regulatory capture
A Management of regulatory challenges Liability*
L Compliance with existing rules Potential clashes with WTO rules*

*Liability and potential clashes with WTO rules are outside of the scope of this paper because that domain is so complex that it would
require a separate investigation.

GEEK4FOOD

GEEK4FOOD

Source: Reins and Wijns, 2024, Euroep[an Journal of Risk Regulation; 1-18; doi: 10.1017/err.2024.29

Cortunded by
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4. Discussion/Q&A

Co-funded by
the Eurapean Union

"How can businesses overcome barriers to

adopting SSbD?"

KIN the European Union
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Eco-Design of Food packaging

Session 3:
Safety and risk assessment of eco-designed food packaging

[ 2 @« &) skyHive MILCOO oo -
o) B o obatin s @ o
GEEK4FOOD B
Agenda
1. Basicterms
2. Introduction to safety
3. Regulatory framework
4, Risk assessment framework
GEEK4FOOD SEe.,
1. Basic terms
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Basic concepts

1. Migration

2. Polymeric materials

3. Types of polymeric materials
4. Supply chain

5. Contamination sources

GEEK4FOOD [ -

1. Migration

4 What is migration ?
+ Complex physicochemical phenomenon g p 9
+ Diffusion g &
+ Based on Fick's 2nd law i 22 ey
Y : |

Migration (Migration)
The phenomenon that describes the transfer of substances (chemicals)
from packaging to food or vice versa (food to packaging).

Migrating chemical compounds (migrants)
Compounds that are transferred from the packaging to the food as a
result of contact or interaction between the food and the packaging

material. pasition
FOOD (iquid, solid) -
Migration limits
Defined by European Regulations or national legislation.
GEEK4FOOD [ .

2. Types of migration

A. Overall migration(OM- limit 60 mg/kg of food or 60 mg/dm?plastic)

OM is the maximum permitted total amount of non-volatile substances that can
migrate from a food packaging material or food container into the food.

Gravimetric method

B. Specific migration (SM- specific migration limit- mg/kg of food - Annex |, Reg. 10/2011)

The specific migration limit (SML) is the maximum permitted amount of a particular substance that can migrate from a food
packaging material or food container into food. It is a safety limit derived from toxicological studies.

Instrumental analytical techniques

KIN the European Union
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3. Compliance testing/exposure

List of food simulants

Compliance testing/

= C exposure I R

GEEK4FOOD 2- Type of polymers e (0

Polyolefins : PE - PP POLYVINLS

A% it
“

GEEK4FOOD [ .

3. Type of polymeric materials

5
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4. Supply chain
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| STARTING SUBSTANCES | '
l upstream
PRODUCERS/CONVERTERS
(process to the finish product) l

/ AN

DISTRIBUTORS/AGENCIES |——o{ FILLERS/PACKERS ]

AN / -

downstream
RETAILERS | l

FINAL CONSUMERS |

Figure 1: Simplified structure of the organisation of the FCM supply chain

GEEK4FOOD
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5. Contamination sources

Plastic layer in contact

Layer non-intented to be in

Polyurethane based

Sylil terminated polyether based
Butyl rubber based

Natural rubber water-based adhesives
Carboxylated-SBR water-based adhesives
Epoxies
Modified acrylics
Cyanoacrylates

contact with food

GEEK4FOOD

Exposed .
Formulation co';olncl Interaction Contaminatio
level with food n risk
surface
b e +10 444 +eees
B
e+ ++ -1o+
P + -to + +10 ++
+++ 10 +4++++ R - e
PPN +10 +++ 3 +10 +++
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2. Introduction to safety

gl Co-funded by
o~ the European Union
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food contact article (FCA): fo CMs): chemicals (FCCs):
- yoghurt cup - plasticfs) - monomers
- aluminium - polymers
- coating - oligomers.
adhesives - additives
printing inks. - pigments
- metals
- impurities.
- reaction by-products

- degradation products

| 6,0
v > O &
3 RV Vo
ap be! &
Initial product Consumer exposure

GEEK4FOOD

Chemicals in the FCM
(IAS? NIAS?)

Toxicity testing of
intentionally added
substances is focused
on genotoxicity and
mutagenicity.

Intentionally added
substances are used
for the manufacture
of food contact
materials.

contain both intentionally
added substances and
non-intentionally added
substances (NIAS).

Sou‘[ge: Muncke et al. 2023. Envrionmental International; https://doi.org/10.1016/j.envint.2023.108161

GEEK4FOOD

Finished food contact articles

Sotnded by
European Union

»  Migration = consumer exposure

e

unknown

&chem-@! x
—
-~

unknown
\ chemical y
Wy
unknown oy
chemical z o
Wyt O,

Multiple chemicals migrate
simultaneously from finished food
contact articles into foodstuffs and
this mixture is known as overall
migrate.

Co-fundad by
the European Union

2. Regulatory framework
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EU FCM Regulatory Framework

Commission Regulation (EC) 450/2008 on active and intelligent materials and articles intended to come into contact with food.

Commission regulation (EU) 2018/213 on the use of bisphenol A in varnishes and coatings intended to come into contact with food
Directive 2007/42/EC on materials and articles made of regenerated cellulose film that come into contact with food

Councl| Directive 84/500/EEC and 2005/31/EC on the approximation of the laws of the Member States relating to ceramic articles intended to
come into contact with foodstu

Councl| Directive 84/500/EEC of 15 October 1984 on the appraximation of the laws of the Member States relating to ceramic articles intended
. to come into contact with foodstuffs

| = Councll directive (EU) 2019/904 on the redu of the impact of certain plastic products on the environment (single use plastics) :

GEEK4FOOD B,
Risk and Safety Risk management
assessment

Directorate-General for Health

* Guidance and Food Safety (DG SANTE)

« Criteria for safaety
* Risk assessment
« Scientific opinions

Regulations;
Official controls
Complaince rules

* Authorisations
of$§ wmosnnc « Official controls
. URICADONS
DG SANTE
hat could be appicable to the safety
J5e of mixtures of naturel origin
food contact materiais
GEEK4FOOD e Evrepant

the European Union

3. Risk assessment framework
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1. Risk, hazard and exposure

ez mi gt o Contem)
HAZARD VS RISK = —

isk Assessment

ent i
N
A |
Risk M l‘lti
Characterization anageme
$ 3 8 3 3 oo
‘realistic” combinations

haratinormed. of hazards and exposures

Exposure Assessment |

|

Use the }

Collect all “relevant and reliable” |
information

388
§.
i

T

the “Hozord Criteria*

GEEK4FOOD B,
2. Risk assessment of FCM (including eco-designed)

efsam

ej 25
Npw 27/03/2021

NOTE FOR GUIDANCE

FOR THE PREPARATION OF AN APPLICATION FOR THE
SAFETY ASSESSMENT OF A SUBSTANCE TO BE USED IN
PLASTIC FOOD CONTACT MATERIALS

€

SIS~ Metd 27/03/2021
NOTE FOR GUIDANCE
GEEK4FOOD [ -
. .
3. Toxicity (Hazard)
Extipnon ro§ikétnrag
levoto§ikétnra, psmM&iwévsaq, KOPKIVOYEVEDT AM\a eibn To§ikdTNTOG
s In Silico o In silico
(QSAR alerts) (katnyoprlonoinon/kAdoetg Cramer (1, 11, 111)

QSAR — Quantitative structure-activity relationship

QSAR TOOLBMOX

EFSA JOURNAL e @iceD EECHA Oasis

Gutance Document B v © @ @
Guidance on the use of the Threshold of Toxicological Concern
*| appr in food safety

06 june Mtpsclidalony/ 102901 eésa 10193708

anhoV\aué\'lo HE uéao 6po Bdpoug 60 kg /aropo.

Co-funded by Deliverable 5.2, Report on training delivered 51

the European Union




o,
%OEEK4FOOD Glocal Ecosystems and Expanded Knowledge for

green skills and capability in the Food sector

GEEK4FOOD B,
4. Setting of safety levels (hazard characterisation)

EFSA Risk Assessment
ADI = NOEL/100 (per kg body weight)

DG SANTE : Risk Management
SML= 60 * ADI (mg intake per person per day
from an assumed 1 kg packaged food)

ADI NOEL LOEL LOAEL

100

ADI = Acceptable Daily Intake NOEL = No Observed Effect Level ———
SML = Specific Migration Level LOEL = Lowest Observed Effect Level -
LOAEL = Lowest Observed Adverse Effect Level

GEEK4FOOD i Eropessunon

4. Setting of safety levels (hazard characterisation)

NOAEL=100 TDI=1 TDI=60

AM BALION

CEEaroob 5 Exposure (migration testing) =

Accelerated conditions - Worst-case scenario

Table 1

List of food simulants

R
¥
F
Fo
K
F
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Activity/Case-study 1

Identify an existing fossil fuel plastic that can be
replaced by an eco-designed plastic, e.g. PET with PLA,
based on food and functional properties

€ & b - =
-] £ /v DUBLIN . 5 ige)
GEEK4FOOD B
Scenario

* Polyethylene terephthalate (PET) is a widely used plastic in the food
packaging industry due to its excellent barrier properties, durability, and
clarity. However, its reliance on fossil fuels and the challenges of recycling
have raised environmental concerns. Polylactic acid (PLA), a bioplastic
derived from renewable resources like cornstarch, offers a sustainable
alternative but comes with challenges related to functional properties and
cost.

* Your company, EcoPack Solutions, has tasked you with developing a
sustainable alternative to PET packaging for a client, a mid-sized beverage
company looking to adopt eco-friendly practices. The company currently
uses PET bottles for their products, which include carbonated soft drinks,
fruit juices, and water.

GEEK4FOQOD B
Task Overview

Working in different teams:

1. Analyze the suitability of PET and PLA for food packaging, considering
functional properties (e.g., barrier to oxygen and moisture, durability,
clarity), food safety, and compatibility with beverages.

2. Evaluate the environmental impact of both materials across their
lifecycle (e.g., carbon footprint, biodegradability, recyclability).

3. Propose an eco-designed solution tailored to the client’s needs,
identifying challenges and trade-offs.

4. Develop a transition plan for the client, considering economic
feasibility, regulatory compliance, and consumer acceptance.
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Resources to be provided to the students

* Technical datasheets for PET and PLA.

* Summary of LCA data for PET and PLA.

* Case examples of companies that transitioned to bioplastics.

* Access to online tools for calculating material carbon footprints.

For the tutor

Discussion Points Post-Case Study

* What are the limitations of PLA as a replacement for PET in food
packaging?

* How can advancements in bioplastic technology improve the
adoption of eco-design practices?

* What role do consumer perceptions play in the success of sustainable
packaging transitions?

* This case study is designed to equip industry professionals with the
skills to evaluate and implement eco-design solutions in the food
packaging sector, fostering innovation and sustainability.
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Eco-Design of Food packaging

Session 4:
Existing eco-designed food packaging materials. Pros and cons

a' 1 @ oo *:' SkyHive MILCOO} .c_{ -
o Lo oEm B @ ow
GEEK4FOOD B
Agenda
1. Introduction
2. Existing eco-designed food packaging materials
3. Pros andcons
4. Conclusions
GEEK4FOOD L
1. Introduction
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Plastics ste i rahon toaner (M. Basebme scenaro
e

- T [ 2060

o
2019 030 2080 2050 2050

‘Source: OECD ENV-Linkages model

Source: OECD ENV-Linkages model.

Production of
plastics

GEEK4FOOD

Importance of
packaging

- Preservation of food and its quality characteristics.
- Extending shelf life (bacterial growth).

- Facilitate transport.

- Protection of the food (e.g. contamination).

- Avoiding food spoilage (bacterial growth, oxidation).

A Plastic packaging
waste

Gofunded by
the European Union

Conventional packaging

(i.e. plastic)

Need for eco-friendly
alternatives

Problems.

Challenges.

Persistence in the environment.
Regulation requirements
(Upcoming PPWR).

(oxygen, water vapour,

Cost

Monomaterial (e.g. PHA)

Co-funded by
the European Union

Eco-design food
packaging
Q?
Eco-design food
packaging COMPLIANCE
i
Type of food

| Pl orcocns betmeen Food e Plst Fack e Moo

)
carbon dioxids, other gases)

et e e (MONOMETS, additives
= - or IAS, NIAS)
't w e (3rOMa3, fats, organic
=S acids, pigments)

Environmental
attributes and impact

5

Multilayer material
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2. Existing eco-designed food packaging
materials

Categories of eco-desighed packaging materials

1. Biodegradable materials

1. Biodegradable materials

2. Recyclable materials

3. Compostable/edible packaging materials

4. Reusable designs

Polylactic Acid (PLA) 0 G 0
Polyhroxyalkanoates (PHA) s} H (o) OH
n

Starch-based
Polybutylene succinate (PBS) e ese

. Polylactic Acid Polyhydroxyalkanoates plastics
Starch-based plastics (PLA) (PHA) on
Chitosan-based materials Lo vor S ot
Polycaprolactone (PCL) [ o (O
OH
Polyglygolic acid (PGA) I /n\)l\‘o/\\/m\/o ) Cellulose-based
Lo N Plastics
Polybutylene Succinate (including bacterial
(PBS) cellulose)
(o] ] o]
Joo L Pt on OH -
N | +ovu 0, s
n n o H{)}-Tx-h 7.—
Polycaprolactone Polyglycolic acid Hé\’m.’o- 7°
(PCL) (PGA) oH n
Chitosan-based
materials
Blends and composites....
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2. Recyclable materials

» Plastic packaging (PET, PE, PP, etc)

* Paper-based (kraft paper, wax-coared paper, cardboard, laminated paper)
* Bio-PE - from sugarcane ethanol (notbiodegradable)

* Bio-PET > partially from sugarcane (not biodegradable)

Advanced recycling technologies

Advacnced recycling technologies
l for FCM uses l

Mechanical Recycling

(only PET) Chemical Recycling

INFUT
Fost-consumers artictes
. {maindy hemtes, consainers, rays)

CHEMICAL RECYCLING
CHEMOLYSIS.

COLLECTION

P = ¥
. . -
: FORpR—— =

l PLASTICS ﬂ SMART
5

l

- High energy consumption
= T - Use of solvents.
==t 11 - For EU is not Recycling but regeneration of monomers <

High energy consumption PURITY shall be declared and risk assessed (NIAS).
Recycled material MORE EXPENSIVE than virgin.

It cannot cover all materials (e.g. HDPE excluded).
Production of high number of micro-/nanoplastics.

3. Compostable/edible materials

. Starch-Based Films (from starch)

. Protein-Based Films (from proteins like gelatin,
casein from milk, whey, soy, or wheat gluten).

3. Seaweed-Based Films: Extracted from seaweed or ‘(

N =

algae.

4. Polysaccharide-Based Films (cellulose, chitosan, @) ’/ .
pectin, or pullulan - edible coatings for fruits,
vegetables).

5. Lipid-Based Films (e.g. beeswax or carnauba wax). .
(4) 4
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4. Reusable designs

e Glass Containers

e Stainless Steel Containers

¢ Silicons??? (Toxic silica oligomers)
¢ Plastic???

* A-B-A monomaterial polymers (Virgin-recycled/

decontaminated - virgin)

GEEK4FOOD

3. Pros and cons

1. Biodegradable materials

A. Pros

Glocal Ecosystems and Expanded Knowledge for
green skills and capability in the Food sector

* Environmental Benefits: Breaks down into natural elements under industrial composting

conditions.

+* Renewable Resources: Made from plant-based feedstocks like corn, sugarcane, or potatoes.

* Versatility: Suitable for a wide range of applications, including containers, films, and utensils.

B. Cons

* Limited Infrastructure: Requires specific composting facilities; may not degrade in natural

environments.

+ High Cost: Generally more expensive than conventional plastics.

+ Raw material/Resources: May divert agricultural resources from food production.

Blends and composites....

ST Co-funded by
the European Union

P
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