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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 agri-food sector. The deliverable outlines the methodology used for delivering the
modules, describes the organisation of the training sessions, and presents how the 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 competence gaps analysed in
WP3, were implemented through online, blended, and on-site formats across partner institutions.
The structure and duration of the modules are presented, along with adaptations made to local
contexts to ensure accessibility and relevance for diverse 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 alignment with the GEEK4Food competence model and
the project’s broader educational objectives.

In the Annexes, agendas, list of participants, content-mapping files, syllabi, and module content
used during Task 5.2 delivery are included to illustrate the learning resources applied and to
document the educational materials supporting the training activities.

2. Introduction

One of the project’s central goals is to translate the educational and training modules developed
in previous work packages into effective learning experiences that strengthen green skills among
higher education learners and agri-food sector participants.

Task 5.2 represents the stage where the theoretical model created in WP4 becomes operational:
the modules are delivered, tested, and experienced by real learners. Through this process, the
project actively supports the development of the competences needed to advance sustainability
within the agri-food system.

Green skills encompass the knowledge, abilities, and attitudes that enable individuals to contribute
to environmental sustainability, resource efficiency, and the transition to greener value chains. In
the context of the agri-food sector, these skills are especially important, as the sector faces
increasing pressure to adopt more sustainable, circular, 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 training delivered under Task 5.2 builds on forward-looking 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 (market skills needs) 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 consumption.

In this context, Task 5.2 contributes directly to preparing the next generation of graduates and
agri-food professionals with the competencies needed to support a sustainable, resilient, and
innovation-driven food system. The training delivered represents a bridge between the project’s
design phase and its real-world impact, demonstrating the applicability, coherence, and value of
the WP4-developed modules when implemented in authentic learning environments across
partner institutions.

3. Methodology
3.1 Task description 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 the agri-food sectors. The
emphasis of this task is on transforming the WP4-designed content, based on green, digital, and
entrepreneurial competences, to concrete learning experiences that support the project’s
sustainability objectives. The training responds to the evolving needs of the agri-food sector by
equipping learners with practical skills that reflect labour-market trends and competence gaps
identified in WP2 and WP3.

The training modules delivered under T5.2 are not only designed to be learner-focused but also
adaptive, ensuring relevance within dynamic and rapidly changing agri-food environments. Skills
such as problem-solving, critical thinking, digital literacy, and sustainability awareness are central
elements of the training, reflecting the increased need for professionals who can navigate the
sector’s green transition. The GEEK4Food competence model, drawing 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, case-based activities, and the use of digital tools tailored to the agri-
food context. These methodologies promote active participation and strengthen learners’ ability
to apply green competences in real-world scenarios. The training sessions piloted across partner
institutions also support the refinement of module content, informing future curriculum
development and allowing for the adjustment of materials to national, regional, and sector-specific
realities.

The task also incorporates mechanisms for the monitoring and assessment of 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 innovation within the agri-food system.

3.2 The GEEK4Food approach to modules’ and pilots’ syllabus’
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 analysis of green-skills needs in
the agri-food 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, competence-driven learning units. Task 5.2 applies this model in practice by delivering
the selected modules to higher-education learners and agri-food professionals across partner
institutions.

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

The three GEEK4Food training modules delivered are:

1. Eco-design of food packaging (Aarhus University)

2. Optimised/Precision fermentation (USAMV Cluj-Napoca)
3. Food waste valorisation in food product design (UNITE)

These training modules correspond to the harmonised WP5 training structure described in the
project materials and reflect the competency priorities identified in earlier work packages.
The design and delivery approach for these modules is based on two foundational principles,
modularity and homogeneity to ensure pedagogical coherence, flexibility, and high-quality
learning experiences across all partner institutions. While delivery formats varied (online or on-
site), each module followed the same instructional logic and learning architecture defined in WP4,
ensuring consistency in both learner experience and intended learning outcomes.
1. Homogeneity
A homogeneous training model ensures that content, structure, and learning progression remain
consistent across all learning units and across partner institutions. This means that each module
delivered under T5.2 followed a similar format in terms of:

e definition of learning outcomes based on the GEEK4Food competence model;

e organisation of units and sequence of topics;

e use of interactive and problem-based teaching methods;

e integration of sustainability-focused case studies;

e alignment with assessment strategies developed in WP4.
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This homogeneity supports transparency, comparability, and coherence across the training
programme while allowing for minor contextual adaptations.
2. Modularity
The modular approach ensures that each training module is a self-contained learning unit
addressing a specific topic, skill, or competence relevant to green transformation in the agri-food
system. Modularity allows the modules to be:

e delivered independently or combined depending on institutional needs;
scheduled flexibly (e.g., one-day intensive sessions, half-day workshops);
adapted to diverse learner backgrounds;

e integrated into existing HE curricula or professional development programmes.
Each module contains multiple “chunks” of content, such as theoretical lectures, real-life examples,
demonstrations, exercises, and reflections, that work together toward achieving the module’s
learning objectives.
The modular—homogeneous approach used in T5.2 ensures that the training delivered under WP5
is scalable, transferable, and aligned with the project’s overarching goal of supporting the
development of green skills for a sustainable agri-food sector.

3.3 Module structure

To develop the GEEK4Food modules’ structure, the HEI partners considered several
fundamental aspects to ensure that all training delivered under WP5 remains coherent,
pedagogically sound, and aligned with the project’s green-skills framework.
Balance between theory and practice: The modules are designed to blend essential theoretical
knowledge with practical application. This balance helps learners understand complex concepts
while also learning how to apply them in real-world contexts.
Interactive elements: Group work, discussions, and activity-based exercises are included
throughout the module to maintain engagement and promote peer learning. The interactive
format supports deeper understanding and encourages learners to reflect on the implications
of sustainability-driven innovation in the agri-food sector.
Assessment and reflection: each module ends with an assessment activity, such as a quiz or
group presentation, ensuring that learners have demonstrated both their understanding of the
material and their ability to apply key concepts.
Time management: the structure of each module is carefully organised to ensure that learners
can remain focused and attentive without becoming overwhelmed. The progression from
challenge to content, then to case studies and solution refinement, helps pace the learning
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 across all WP5-delivered modules.

e The challenge-based lecture, which introduces the content through a real-world

problem.
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The challenge-based lecture is a teaching method that integrates real sustainability challenges
or problem-solving activities into the learning process. Instead of beginning with 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 from the outset.

e Three content sessions, which break the material into thematic learning units.

These sessions typically align with the module’s key knowledge areas. Dividing the content into
three manageable parts helps learners progress through the training without cognitive
overload. Each content block presents a cluster of essential concepts that build the foundation
for later applied activities.

e The two case-study activities, which enable learners to apply the concepts in practice.
These activities are central components of the module, providing authentic, hands-on 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 practice, and they promote decision-making,
contextualised problem-solving, and reflective learning.

e A refining-solution session, which supports critical review and improvement.

This session allows learners to revisit the outcomes of their case-study work, refine their
proposals, and integrate feedback. It encourages iteration, deeper analysis, and the
enhancement of strategies developed during the group tasks.

e Afinal assessment, which evaluates learning outcomes.

The assessment component verifies whether learners have achieved the module’s intended
competences. This may include multiple-choice quizzes, group presentations, reflective tasks,
or short written exercises. The assessment serves as a checkpoint to measure progress and
consolidate learning.

In Table 1 below, the modules’ structure is presented:
1 challenge-based lecture
Content part 1
Content part 2
Activity based content — case study 1

Content part 3
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Activity based content — case study 2
Refining solution/ concluding session
Assessment

Table 1: GEEK4Food modules’ structure

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 learner-centred 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 standardised approach.

3.3.1 Module duration

Each GEEK4Food training module delivered under WP5 was structured as a one-day training
programme, divided into 30-minute core sections. This duration was selected to ensure an
effective balance between attention, cognitive load, and meaningful learning. Thirty-minute
segments are long enough to explore key concepts in depth, while also short enough to maintain
learner engagement throughout the module.

The one-day format is particularly suitable for higher education learners and agri-food
professionals who may not be able to commit to longer, multi-day training activities but still wish
to gain relevant green skills efficiently. The structure ensures that each module remains concise,
focused, and aligned with practical application. Every 30-minute 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 conclude with 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 the module Content’s core
duration

1 challenge-based lecture 30

Content part 1 30

Content part 2 30

Activity based content — case study 1 30’
Deliverable 5.2 — Report on training delivered | 6
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Content part 3 30’
Activity based content — case study 2 30’
Refining solution 30
Assessment 30’

Table 2: GEEK4Food modules’ structure and sessions’ core duration

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 activities. Understanding 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
agri-food sector professionals.

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 understanding allows the training delivery to
be tailored in ways that support effective participation and maximise the impact of the WP4-
developed modules.

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

Relevance of content. Different 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 delivered were relevant, context-appropriate, and
aligned with the learners’ expectations. This relevance allows the training to focus on addressing
real-world agri-food challenges and green skills needs identified in WP2 and WP3.

Optimised learning outcomes. Effective training delivery depends on matching the instructional
methods to learners’ needs. When the content, format, and activities align with what the target
group finds meaningful, learners are more motivated to participate actively, engage with the
material, and transfer the newly acquired knowledge into their practice or studies. This alignment
is particularly important in WP5, where the training modules combine theoretical knowledge with
applied, hands-on exercises.

Improved behavioural impact. One of the objectives of the GEEK4Food training approach is to
encourage learners to adopt sustainable practices, innovative thinking, and problem-solving
behaviours within the agri-food sector. By understanding the target group, instructors can design
and deliver activities that resonate with participants, increase their confidence in applying green
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competences, and inspire them to take up new sustainability-oriented strategies in their academic
or professional environments.

In summary, identifying the correct target group 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
sustainability-driven food system innovation.

For WP5 Task 5.2, the GEEK4Food consortium targeted higher education learners and early-career
and mid-career professionals within the agri-food sector. These include postgraduate students,
junior researchers, and practitioners from food technology, agriculture, biotechnology,
environmental sciences, and related domains. By addressing the needs of these groups, at different
stages of their academic or professional development, the GEEK4Food project supports the
strengthening of innovation capacity, the transfer of green knowledge, and the long-term
resilience of the agri-food system. This approach contributes to building a skilled, sustainability-
oriented workforce that is prepared to meet emerging challenges in food production, 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 developed in WP4. 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 content mapping files served as an internal organisational tool for the HEI
partners. They ensured that the training delivered to participants—higher education learners and
agri-food professionals—**was coherent, consistent, and fully aligned with the green-skills
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 structure the modules so that the participants
experienced a clearly organised progression: from conceptual introduction to applied analysis,
followed by case-based learning and assessment. This consistency was important because the
training was delivered in different institutions and formats (online, on-site, hybrid), yet had to
maintain the same pedagogical quality.

To define and align learning outcomes across partners, the GEEK4Food consortium applied
Bloom’s Taxonomy, which distinguishes six levels of cognitive learning:

e Remembering

e Understanding

e Applying
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e Analysing
e Evaluating
e (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 but also in higher-order
thinking such as analysis, problem-solving, and innovation, key elements of the green skills
required in the agri-food sector.

Overall, by using the content mapping files, the HEI partners were able to organise and deliver WP5
training in a focused, pedagogically consistent, and outcome-oriented manner, while ensuring that
participants received high-quality learning experiences aligned with the project’s sustainability
objectives.

The three GEEK4Food modules’ content mapping files are provided in the Annexes |, Il, and Ill.

6. Module syllabi

The GEEK4Food modules’ syllabi used during the WP5 training delivery are designed to support an
effective and meaningful learning experience. They ensure that both instructors and participants
have a clear understanding of the modules’ aims, structure, content, and expected learning
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 training.

Within Task 5.2, the syllabi guided the delivery of the one-day training modules, ensuring
consistency across partner institutions and alignment with the project’s green skills framework.
They provided a reference for instructors when organising the sessions and ensured that the
training remained structured, coherent, and linked to the content mapping files used across WP5.
The modules’ syllabi used during the WP5 delivery phase are included in Annexes |, I, and .

7. Training modules

The Green Skills Training Modules provided a unique opportunity to deepen participants’
expertise in sustainable practices within the agri-food sector. Choosing from three impactful
modules — Optimised Fermentation, Eco-design of Food Packaging, and Waste Valorisation in
Food Product Design — the 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 with sustainable practices and innovation within the
agri-food sector.
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By participating at the training, participants were also invite to further collaborate and
participate and take part in the Foodathon (Sept-October 2025), where the trainees could apply
the new skills to real-world challenges.

7.1 Module training on Eco-design of food packaging (organized

by Aarhus University)

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 highly interactive, activity-driven 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 critical thinking
and collaborative learning. Two carefully structured case-study exercises enabled participants to
apply eco-design principles and evaluate sustainable material options in realistic scenarios,
bridging the gap between theory and practice. Reflection and 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 a challenge-based lecture, introducing the concept of eco-design 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 single-use plastics to
reusable or recyclable solutions, in 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 challenge-based lecture was presented by Professor Milena
Corredig.

The second part (Eco-design principles and Safe and Sustainable by Design (SSbD) introduced the
principles of eco-design and the Safe and Sustainable by Design (SSbD) framework, focusing on
food packaging. It explained how eco-design 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 SSbD principles, 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 session (Safety and risk assessment of eco-designed food packaging) introduced the
safety and risk assessment of eco-designed 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 as the 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. This session was presented by the Affiliated Associate
Professor Emmanouil Tsochatzis.

The fourth session (Existing eco-designed food packaging materials. Pros and cons) provided an
overview of the current landscape of eco-designed food packaging. It introduced the importance
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 eco-friendly packaging materials, including biodegradable,
recyclable, compostable/edible, and reusable designs, explaining their characteristics and the
regulatory context driving innovation in this field. Participants gained knowledge about the types
of materials used in eco-design, 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 needs, and 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 session was presented by the Tenure Track
Assistant Professor Ilke Uysal Unalan.

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

1. Identifying a fossil-fuel-based plastic that could be replaced with a more sustainable,
eco-designed alternative (e.g., substituting PET with PLA based on food safety, barrier
performance and functional properties), and

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

Teams worked independently in small groups to apply the concepts from the module. For the first
case study, they compared material properties, assessed trade-offs, and drafted potential
replacement strategies for conventional plastics with eco-designed 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 presented their 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
reinforced participants’ analytical and problem-solving skills and demonstrated how eco-design
principles can be applied to real-world packaging scenarios, even in a fully online setting.

Case study activities
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
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Working group activity
The group collaborated to assess whether polylactic acid (PLA) could replace polyethylene
terephthalate (PET) in food packaging for products like carbonated drinks, sugar, and pasta. Teams
examined the functional and safety aspects of both materials, considered environmental impacts,
and proposed eco-designed solutions, including multilayer packaging options, tailored to the
client’s needs.
Key discussion points
e PET’s strengths: PET is widely used in food packaging for its excellent barrier properties,
durability, and clarity.
e Environmental concerns: PET’s reliance on fossil fuels and recycling challenges raise
sustainability issues.
e PLA as an alternative: PLA, made from renewable resources, offers a more sustainable option
but faces challenges with functional properties and cost.
o Compatibility and safety: The suitability of PLA for packaging carbonated drinks, sugar, and
pasta was debated, with attention to food safety and performance.
e Lifecycle impact: The group discussed the environmental impact of both materials, including
carbon footprint, biodegradability, and recyclability.
e Eco-design solutions: Multilayer packaging options were considered to balance sustainability,
functionality, and cost for the client’s needs.
Methods:
Challenge-based learning
Pedagogical tools:
e Peer reflection
e Short pilot exercise
o Model design activity
Assessment Approach
e Small pilot (prototype or concept validation)
e Feedback discussions

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

Working group activity

Teams were tasked with developing an innovative solution for EcoPack Solutions 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, eco-designed edible coating made from food-
grade polysaccharides and essential oils. 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, materials,
regulations, cost, and consumer acceptance

Key discussion points

During the group discussions, several critical aspects were evaluated:
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e Applications: The coating’s suitability for fruits, vegetables, and bakery products was
considered, with particular attention to high-waste categories such as avocados, bananas,
and berries.

e Environmental Impact: The solution’s potential to eliminate single-use plastics and reliance
on renewable, biodegradable resources was highlighted.

e Raw Materials: The group discussed sourcing materials from food industry by-products
(e.g., citrus peels for pectin) and non-food industry by-products, ensuring sustainability.

e Regulatory Requirements: Compliance with upcoming regulations, such as the Packaging
and Packaging Waste Regulation (PPWR), was identified as essential.

e Cost Considerations: The team compared the indicative production costs of the edible
coating with traditional plastic coatings and assessed scalability for both small and large
producers.

e Consumer Perspective: Acceptance of additional costs, safety of raw materials, and
scalability were debated, with a focus on consumer trends and expectations.

e Stakeholder Perspectives: The solution was evaluated from manufacturing,
environmental, regulatory, and consumer viewpoints. Guiding 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 (including regulatory hurdles and consumer
acceptance).

Methods:
Challenge-based learning
Pedagogical tools:
e Peer reflection
e Short pilot exercise
o Model design activity
Assessment Approach

e Small pilot (prototype or concept validation)

e Feedback discussions
After the completion of the assessment, 42 trainees were assessed to have successfully acquired
the knowledge presented during the training. This outcome demonstrates the effectiveness of the
module in equipping participants with the intended green skills and competencies in sustainable
food packaging.

1. Annexe 4: Participant feedback — Eco-design of food packaging

2. Annexe 5: Event brochure and poster

3. Training lectures and presentations: PPT presentations in the “GEEK4Food training
modules” Dropbox folder, WP4

https://www.dropbox.com/home/Geek4Food/WPs/WP4%20%20Innovative%20HE%20tools%20
and%20methodologies/GEEK4Food%20training%20modules/Content Ecodesign%200f%20food%

20packaging
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7.2 Module training on Optimised fermentation

This training was replicated by two different partners with different approaches, i.e. USAVM-Cluj
Napoca and Technological University of Dublin

7.2.1 Module training on Optimised fermentation — organized by USAMV Cluj-

Napoca

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

Location: USAVM-Cluj-Napoca (RO) Library building, Room 47, Calea Manastur 3-5, Cluj-Napoca
The Optimised Fermentation module was delivered as a one-day intensive training, combining
conceptual input, practical demonstrations and collaborative problem-solving activities. The
session followed the GEEK4Food training structure and aimed to familiarise learners with the
scientific, technological and sustainability aspects of fermentation-based food innovation,
according to the agenda. A total of 43 participants enrolled in the Optimised Fermentation training
module, representing a diverse and motivated group of learners. The participant cohort included
postgraduate students, early-career researchers, and junior and senior professionals from the agri-
food sector. Their varied backgrounds contributed 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 a challenge-based lecture, introducing the role of fermentation in modern
food systems and inviting participants to reflect on real-world problems associated with
developing 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 the fundamental principles of traditional and optimised fermentation, 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 processing were presented and contextualised using
industrial examples. This section on fundamental principles was presented by Lecturer Lavinia
Muresan.
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module held in USAMV

The second part focused on safety and risk assessment, drawing from the session content that
detailed contamination risks, HACCP implementation, raw material variability, regulatory
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frameworks (including EU legislation), and process-efficiency considerations such as energy use,
water management and resource 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, providing practical insight into process
optimisation, quality control and product consistency. This session on industrial fermentation
processes was presented by Lecturer Graham O’Neill.

To ensure a strong link with industry practice, the module also featured a company-led
presentation from Lesaffre Romania, introducing learners to real fermentation workflows, the
industrial production of baker’s yeast (Saccharomyces cerevisiae), and the role of starter cultures
in bread-making and traditional sourdough processes. This session provided valuable insights into
industrial challenges, strain performance, quality control and product innovation in fermentation-
driven sectors. This industry-focused presentation was delivered by invited expert Claudiu Ovidiu
Pop.
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Following the theoretical sessions, participants were organized into small collaborative teams.
Each team selected a case topic, such as alternative protein sources or sustainable fermentation
workflows, and translated the lecture content into a practical concept. Using 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 barriers. This activity strengthened problem-solving skills and
demonstrated the applicability of fermentation knowledge to real agri-food challenges. This
teamwork session was facilitated by the USAMV teaching team, with guidance from Dan Vodnar,
Lavinia Muresan and Adrian Martau.

Finally, the module concluded with a short reflective discussion and photo documentation. To
support project visibility, all dissemination materials, including the event poster and photo
highlights, were shared via LinkedIn and other social media channels, where the training attracted
engagement from academic staff, students, and industry professionals. The closing session and
assessment were conducted by Dan Vodnar and Lavinia Muresan.

Case study activities
Case study 1: Alternative protein sources
Working group activity
Participants worked collaboratively to analyze the theme “Alternative protein sources”, focusing
on the development of sustainable, innovative food solutions derived from non-traditional protein
inputs.
Key discussion points
e 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 ingredients into 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 agreed learners should be able to:

Competently describe emerging bioactive compounds derived from alternative protein
sources

Identify and articulate relevant technologies used for protein valorisation

Apply and explain circular economy principles in designing food products based on
alternative proteins

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

Teaching methodology proposed

Format: in-person
Duration: 2 weeks

Methods:

Flipped classroom
Hands-on workshops
Storytelling
Challenge-based learning
Pedagogical tools:

Peer reflection
Short pilot exercise
Model design activity

Assessment Approach

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 “Citric Acid Circular Fermentation”, focusing on valorising food side-streams
through biotechnological processes and designing a training module around sustainable
fermentation systems.
Key Discussion Points

e lIdentification of major problems linked to current citric acid production (waste, cost,

inefficiencies)
o Identification of opportunities created by circular fermentation models
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e Analysis of environmental and economic benefits of circular systems
e Exploration of potential applications of citric acid derived from circular processes (food

preservation, beverages, bioproducts)

e Mapping the skills required for students in such a module (technical, analytical,

entrepreneurial)
Learning outcomes defined by the group
Learners completing the module should be able to:

¢ Understand the biotechnological principles of citric acid fermentation

e Evaluate the sustainability impacts of circular fermentation systems

e Analyse and apply risk assessment and safety strategies for fermentation

e Propose innovative uses for citric-acid-based ingredients

e Develop problem-solving competencies related to circular bioeconomy models

Teaching Methodology Proposed

e Format: hybrid or in-person

e Duration: 1-2 weeks
Methods:

e Hands-on workshops

e Team-based project work

e Use of real-world case studies

e Challenge-based learning

e Short expert interventions or guest lectures
Assessment Approach

e Group project

e Pitching session

e Participation in discussions

e Portfolio submission

o Creativity and applicability of solutions

Working Group Evidence
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1. Annexe 6: Group Picture
Annexe 7: Event brochure and poster
3. Training lectures and presentations: PPT presentations in the “GEEK4Food training
modules” Dropbox folder, WP4
https://www.dropbox.com/home/Geek4Food/WPs/WP4%20%20Innovative%20HE%20tools%20
and%20methodologies/GEEK4Food%20training%20modules/Content Optimised%20fermentatio
n

N

7.2.2 Module training on Optimised fermentation — organized by TU Dublin,

Ireland
Date and time: 22 May 2025, 14:00 — 17:00 Irish time, English, organized by TU Dublin, Ireland
Location: On-site & online
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The Optimised Fermentation module delivered at TU Dublin was delivered as hybrid afternoon
training. The session followed the GEEK4Food training structure and aimed to familiarize learners
with the scientific, technological and safety of fermentation-based food.

A total of 24 participants enrolled in the training module, 17 online and 7 in person. The participant
cohort included a balance from university, industry and research institutes associated to the agri-
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 fermentation products: Pros and Cons

Graham O’Neill started with an introduction to what is Fermentation? Presenting examples in
Foods Then discussing Why Fermentation Matters in Health, Sustainability, Innovation. This was
followed by Modern Uses in Food Industry of fermentation. Graham then focused on the
technology of fermented foods, focusing on the key differences between traditional
fermentation—driven by natural, uncontrolled microbial activity—and optimised fermentation,
which uses bioreactors to precisely regulate conditions for consistency and efficiency. This was
followed by a review on how microbial cultures have evolved from wild, naturally occurring strains
to carefully selected pure cultures tailored for flavour, speed, and functionality. Finally, Elena
covered applied biotechnology, safety requirements, and sustainability practices that support
modern, safe, and environmentally responsible fermentation systems.

Adrian Mortau presented an overview of safety and risk assessment in optimized fermentation,
explaining the key concepts that underpin safe, efficient, and sustainable microbial processes. She
outlined the importance of strain selection, substrate quality, contamination control, and
supply-chain traceability as critical components of fermentation safety. Her presentation also
covered how process efficiency can be improved through resource optimization, microbial strain
enhancement, time and energy management, and waste minimization. She highlighted the
regulatory frameworks governing fermentation, including EU rules for food safety, novel foods,
labeling, and microbial strain approval to ensure consumer protection and compliance. Finally, she
emphasized sustainability through advanced technologies, circular-economy approaches,
environmental impact assessment, and continuous process improvement to support safe and
scalable fermentation systems.
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Gemma Lyons presented the first case study on the challenge of replacing conventional animal
proteins with single-cell proteins (SCPs) such as mycoproteins and yeast-derived 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 consumer-acceptance factors before proposing a viable microbial protein
alternative for a food company. It also emphasised practical production considerations—such as
fermentation design, concentration and drying steps, and scalability—to ensure SCPs can be
successfully integrated into high-protein food products.

The unit from Jesus Frias explored how optimized fermentation is used in the food industry to
create products such as probiotics, mycoproteins, enzymes, alternative oils, and algae-based
ingredients, highlighting real-world examples like Quorn, Nature’s Fynd, Algama, DIC Corporation,
and C16 Biosciences. It outlined the advantages of optimized fermentation, including improved
efficiency, consistency, cost-effectiveness, and environmental benefits. The session also examined
limitations, such as high initial investment, system complexity, contamination risks, and regulatory
challenges. Finally, it presented emerging future trends like precision fermentation, alternative
substrates, microbial engineering, clean-label production, and circular-economy integration.

Elena Alexa presented the second case study in which a food manufacturer aims to switch from
purchasing conventional citric acid to producing it in-house using food waste such as citrus peels
and starchy residues, creating a circular and sustainable fermentation process. The case challenges
students to evaluate the technical suitability, environmental impact, and economic feasibility of
converting waste into citric acid through controlled fermentation. It also requires proposing an
innovative, scalable fermentation system, addressing issues like feedstock variability, quality
control, automation, and regulatory compliance. Finally, students were challenged to develop a
transition plan that integrates sustainability goals, cost savings, and consumer acceptance to
support the company’s move toward a circular production model.

1. Annexe 8: Participant feedback

2. Annexe 9: Group Picture

3. Annexe 10: Event brochure and poster

4. Training lectures and presentations: PPT presentations in the “GEEK4Food training modules”
Dropbox folder, WP4

7.3 Module training on Food waste valorisation in food product
design (UNITE)

Date and time: 06/06/2025, 10:00 am to 15:30 pm CEST, English | Organised by Teramo
University, Italy, in collaboration with TU Dublin, Ireland
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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.

-
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Training

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

11:45 am-12:00 pm | Break
Circular ec 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

the circular economy

1:15 pm-1:45 pm

Joint discussion on case study 1and 2

TU Dublin/UNITE, all

1:45 pm - 2:00 pm | Wrap up and conclusions
2:00 pm — 12:00 am | Assessment
ﬁ @ SkyHive sy -
i T Sefheion _—
_ I DUBLIN o cons ace EFFoST

JURel Co-funded by
(AL the European Union
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The module attracted a rather high number of participants after the dissemination via social and
email with 119 pre-registered but only 69 confirmed 69 and 40 were the effective participants.
The course started with a brief introduction by Paola Pittia on the project GEEK4Food, aims and
activities with the scope of creating the frame where the short course was developed. Thereafter,
prof Pittia continued with the “scenario” or challenge presentation related to the topic “Food
waste: from what, what, what for and how: current and future sustainable strategies for
valorization that focused on definitions, causes of the food waste and potentialities of the
valorisation of both lost and wasted foods in to new biomolecules or ingredients. The challenges
related to the food waste recovery, management and valorisation were illustrated considering the
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 prof Jesus Frias (TUD) dealing on “Biorefinery
approaches and innovative technologies for food ingredients”: biorefinery is one of the more
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 content lecture was delivered by dr Marco 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 used in food formulations
based on their capacity to have a role on the final quality, stability, nutritional value of the final
product.

After the break, a lecture title “Circular economy, industrial sustainability and social impact was
delivered by Jesus Frias focused on the aspects that should be considered when food waste/loss
is re-introduced as “second — raw material” into the food production system, its role on the
sustainability and in our society”.

Therafter, participants were divided in two groups and each of them dealt with one of the two
cases studies related to the food waste recovery, namely

- Activity/Case-study 1- From waste to value: the case of chocolate (rapporteur: UNITE)

- Activity/Case-study 2— Mushroom production and the circular economy (rapporteur: 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.

An assessment session with 9 questions (multiple choice, open) was then open to the participants
and 30 (75% of participants) responded to all the questions, 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 11: Event brochure and poster
2. Training lectures and presentations: PPT presentations in the “GEEK4Food training
modules” Dropbox folder, WP4
https://www.dropbox.com/home/Geek4Food/WPs/WP4%20%20Innovative%20HE%20tools%20
and%20methodologies/GEEK4Food%20training%20modules/Content Waste%20valorisation%20
in%20food%20product%20design
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8. GEEK4Food Foodathon

The Foodathon is an intensive competition based on a challenge-based and learning-by-doing
approach, implemented within WP5 of the GEEK4Food project as the final stage of the training
pathway. Particularly, WP5 encompasses three major training streams:
1. Training for Trainers focused on upskilling academic staff in emergent green skills
and transversal competences
2. Training for Learners in higher education and agri-food sectors, based on the skill
needs identified in WP2 and WP3 and the training modules developed in WP4
3. The Foodathon, a challenge-based experiential activity

The Foodathon was organised as a fully online 3-day event (10-12 October 2025), following a
clearly defined structure, which alternated between:

e |learning moments

e autonomous teamwork

e iterative feedback

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

1. Eco-design of food packaging

2. Waste valorisation in food product design

3. Optimised fermentation (including novel ingredients and waste-based processes)

As regards participation, the Foodathon targeted students and young professionals in the agri-
food sector. Participants (34) developed 6 project ideas and worked in interdisciplinary teams.
While a strong emphasis was placed on peer-to-peer learning and continuous interaction, support
was ensured by mentorship (1/2 mentors per partner institution), focussing on scientific validity,
technical feasibility and project development.

The evaluation system consisted of the following aspects:
o A set of criteria, each assigned a relative 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 quality and scientific-entrepreneurial communication (20%)
e Ascoreranging from 1 to 5 for each criterion (potentially expressed as a decimal for greater
accuracy) — these scores were then combined taking into account the different weighting
of the criterion
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¢ The involvement of multiple evaluators, in order to guarantee transparency and minimise

evaluator bias
Below are the teams participating in the Foodathon, along with the corresponding projects:

e Yeasteam — Project’s title: Giving New Life to Wine Lees (Applicability of dehydrated wine
lees in food and feed industries)

e RedShift — Project’s title: Natural 8-Carotene from Tomato Waste (From Waste to Worth
— Clean-Label Colorants for a Healthy Fitures)

o Loopack — Project’s title: Sprayable PHA film for climacteric fruits preservation

e LegumeCycle — Project’s title: Upcycled Synbiotic Flour from Legume By-products

e GrainOva — Project’s title:

e Beanbeyond — Project’s title: Turning legume by-products into sustainable nutrition

The Foodathon served as a simulated environment for assessing the acquisition of green skills

throughout the training pathway. Therefore, a full account and report of its development is
provided in Deliverable D5.3.
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ANNEX 1: Content mapping file, syllabus and content of the

module “Eco-design of food packaging”

1. Content mapping file
Type of content

Challenge
lecture /
discussion

Content part 1

Content part 2

Session’s Title

based 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?

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

Safety and risk
assessment of eco-
designed food packaging.

Co-funded by
the European Union

Content’s
core
duration

Partner
responsible
for content
creation
AU Food Expert’s
lecture
lasts 30

min

AU Food 30 min

AU Food 30 min

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/Ecodesign for
Sustainable Products Regulation-
preliminary study on new
products/Link 3

1. European 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
(NIAS)/European Commission
(EU) Regulation 10/2011/Link 5
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https://publications.jrc.ec.europa.eu/repository/handle/JRC138903
https://www.efsa.europa.eu/sites/default/files/2023-12/12-efsa-technical-report-on-natural-compound-10th-fcm-network_0.pdf
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32011R0010

N

Activity based
content —
aiming systems
approach,
identify the
problem
Content part 3

Activity based
content —aim to
bring solutions

Refining
solution/Conclu
ding session

Learning
outcomes

Assessment
method

Activity/Case-study 1

Existing eco-designed
food packaging materials.
Pros and cons

Activity/Case-study 2

Overview of the 2 case
studies/discussion (e.g.
Eco-design: Balancing
functionality,
sustainability and cost)

AU Food

AU Food

AU Food

AU Food

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

Activity's
core

duration:

30 min

30 min

Activity's
core

duration:

30 min

30 min

3. Food contact chemicals in Ife-
cycle assessment/ Challenges of
including human exposure to
chemicals in food packaging as
a new exposure pathway in life
cycle impact assessment/Link 6

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.

Several sources*/ Food waste and
date labelling/Link 7

Propose/describe an innovative
solution from holistic perspective
(applications, environmental
impact, raw materials, cost etc.)

1. Understand the fundamentals of eco-design and its importance in the context of food

contact materials.

2. Identify 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.

1. Group exercises (Case studies 1 and 2).
2. Multiple choice quiz/questions

N Co-funded by

the European Union
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2. Module’s syllabus

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

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
10/2011/Link 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

L] @ & skyHive LCOO «:_{ -
0 o 0By e @
GEEK4FOOD o Eorgenn Unon
‘ @ 1. Food contact materials (FCM)
5’ 2. Introduction to
‘¢ eco-design
Agenda — 5. Conclusions
« = 3. Risk assessment and
m§ =  Risk management
(Safety)
: %3 4. Critical considerations
GEEK4FOOD S Union
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
B. Types of FCM

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

Bio-based
PET, P
Not
biodegradable
Conventional
plastics
e.g. PE, PR,
PET

Not biodegradable or
bio-based

Biodegradable and
blo-based
Bioplastics

e.g. PLA,

PHA, PBS,
Starch blends

*** Biodegradable

Bioplastics
e.g. PBAT, PCL

Biodegradable

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,

oxidation).

Co-funded by
the European Union
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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

STICS

+ Legal

+ Economic
+ Environmental
+ Consumer Safety
+ Food Waste Reduction

+ Social Considerations

GEEK4FOOD B
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

BASELINE STUDY
Final report

8. Metals and alloys
9. Glass

1&-Ceramics and enamel

11. Wax
. TG 0 coatngs—>
13. lon exchange (and adsorbent) resins
14. Printing inks
15. Adhesives

e R .,

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

GEEK4FOOD
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: Eurcpean 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.

«  Separates economic growth from the use of finite resources.

Project n.: 101087203

Corfunded by
the European Unien

Designoutwaste = Keepmaterialsand  Regenerate natural

The ES of acircuk

products in use systems
" ) Source: Elln Macarthur Foundation, 2024 (https: {/www. rfoundation.org/toplcs/cireUlar-sconomy-intrad e |
Co-unded
the European Union
GEEK4FOOD 4
Environmental 6 é
impact
Functionality
Ufecycle and
assessment performance
Innovation
potential Regulatory
compliance

\ Social and

ethical
considerations

Co-funded by
the European Union
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| Fossil fuel plastics I | Biobased/biodergdable plastics
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\\\““\@“\ Veay
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Product Use (°
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C. Eco-design and sustainable packaging

« 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.

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

D. Challenge for Sustainable Packaging in a Circular Economy

Passcs peoducton

Sources: *OECD/Global Plastics Outlook — Policy Scenarios to 2060
20ECD (2022), Global Plastics Outlook: Economic Drivers, Environmental impacts and Policy Options, OECD Publishing,

Co-funded by
the European Union

Puaetic waste. i  Prastcs in e snveonment 5

Paris, https://doi.org/10.1787/de747aef-en.
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3. Risk assessment and Risk management

GEEK4FOOD

Risk management

European
Commission

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

COMMISSION

proposes
legislation

COUNCIL | PARLIAMENT
codecisior

GEEK4FOOD

A. FCM from mixtures of natural sources

(Safety)

Project n.: 101087203

Corfunded by
the European Union

Risk Assessment

__ .| ™~.efsam

Input from natural origin for food packaging

European Food Safety Authority

Cotunded by
the European Union

NIAS

4
Technical Report e‘sa 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)

GEEK4FOOD [ -

4. Critical considerations

39
oe
it
5y

GEEK4FOOD B3]
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5. CONCLUSIONS
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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.

B
CHALLENGE???

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

* Requirements?

* Legilsation

KIN the European Union
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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] o RO oeLin P @ 2 g
GEEK4FOQOD 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
GEEK4FOQD S,

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

Longevity: Design for durability, reuse, or repair.
Recyclability: Simplify recovery of materials at end-of-life.

Reduce Toxicity: Eliminate hazardous substances from the design.

on e B NR

Circularity: Enable closed-loop systems through design.

GUEEK4FOOD
B.SSbD
1. What s it ?

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

Material Optimization: Use fewer resources and prioritize renewables.
Energy Efficiency: Minimize energy use in production and operation.

Gotunded by
e European Union

“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.
. 4.Testing and Validation: Verify safety and functionality standards

GEEK4FOOD

Absolute Sustainability
considerations (e g. planetary

¥ GREEN CHEMISTRY *

PN

Green Chemistry

P ”
Green Engineering
— g

PRl Co-funded by
et the European Union

Cotunded by
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Safe and
_Sustainable
by Design

i

Deliverable 5.2 — Report on training delivered |

41



a ,§OEEK4FOOD Glocal Ecosystems and Expanded Knowledge for

green skills and capability in the Food sector

Cotunded by
GEEK4FOOD i L B
ORATE AND
SOVE CORP Socteny sn
G A o
\l
Uy o sus(NNABILITY GOV[” oo
*”Ow Yon g Sound chemicols and Ni‘“
i "0 materialy monagement v"\“dv 3 ol o
Ser PETEN, o 0%
oM ClE, o'
¢ % S qo¢
ONTA MANAGEMEN,. 7,
Optimal use of
wtainthe LN
design phase
Safety.
Incentives
tal
Y \e5
sy Volidation and standardized test Sus;
pe 1a)n,
s ‘guidelines for safety and & ot/
1 7 o b ol sustainability dimensians Oy
b et
: f %"i‘,«
* 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 i Eraperon
A. Eco-design
i 1BERDROLA
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 Innrap 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.
1 Saurce Ew-Fundig
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B. SSbD

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

2. Economic:
* Cost savings through material efficiency.

* Competitive advantage in eco-conscious markets.

3. Social:
* Healthier products for consumers.
* Positive brand reputation.

4. Safety

+ Safe products for consumers.
* Reduced exposure to chemicals

’ . 5. Functionality

GEEK4FOOD

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

Cofunded by
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Functionality Environmental

S S b D (LCA)

Co-tunded by
the European Union

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

GEEK4FOOD

Co-funded by
the European Union

JRC TECHNICAL REPORT

Safe and Sustainable by Design
chemicals and materials

asspay

Ul Co-funded by
L the European Union
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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.

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

GEEK4FOOD B

4. Discussion/Q&A

GEEK4FOOD B

"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 MILCOC oo -
o) B o obaLin e @ it
GEEK4FOOD [ [
Agenda
1. Basicterms
2. Introduction to safety
3. Regulatory framework
4, Risk assessment framework
GEEK4FOOD [ .
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. position o
FOOD (iquid, solid)
Migration limits
Defined by European Regulations or national legislation.
GEEK4FOOD B

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

Table 1

List of food simulants

Compliance testing/

= : exposure I R

oreraroob 2, Type of polymers ==

Polyolefins : PE - PP POLYVINYLS -
pon %

% 2 ¥~ SF;‘E

_g' v P

W.‘ i A a‘:

GEEK4FOOD [ [t

3. Type of polymeric materials

5
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4. Supply chain
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l STARTING SUBSTANCES |

|
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%

upstream

PRODUCERS/CONVERTERS
(process to the finish product)

/ AN

DISTRIBUTORS/AGENCIES h

fep|  FILLERS/PACKERS |

N\ /

RETAILERS

I downstream

U

FINAL CONSUMERS

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

GEEK4FOOD

5. Contamination sources

Component

Plastic layer in contact
withfood
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

Cap, lid
Gasket
Varnish

Ink

GEEK4FOOD

Exposed
Formulation s U
contact
level
surface
A
B
ERas ++
et
+++ 10 +4++++ R
et +10 +++

Co-funded by
the European Union

nteraction Contaminatio

with food n risk
+10 444 seees
-to+ +
to to
to

Corfunded by
4 Europesn Union

2. Introduction to safety
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food contact article (FCA)x: fox CMsk chemicals (FCCs):
- yoghurt cup - plasticis) - monomers
- aluminium - polymers
- coating - oligomers
- additives
printing inks - pigments
- metals.
- impurities
- reaction by-products
- degradation products
A\ ”
/ s ©
& & L
?
T 2
QR = J{-,\‘ o
Initial product Consumer exposure
GEEK4FOOD [ .
Chemicals in the FCM
(I1AS? NIAS?)

Toxicity

X

-
(IVA,/’
o~

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

>®
s@/

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

»  Migration = consumer exposure

e

unknown
- &cnmuu
> —
o] "
§ P u e unknown
\'__k E \ chemical y
o~ "
chemical 2 Oy

Finished food contact articles
contain both intentionally

added substances and

non-intentionally added

substances (NIAS).

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

SouA[ge: Muncke et al. 2023. Envrionmental International; https://doi.org/10.1016/j.envint.2023.108161
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2. Regulatory framework
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EU FCM Regulatory Framework

1
Commission Regulation (EC) Mo 2023/2006 on good manufacturing practice for materials and articles intended to come into contact with food

_______________________________________________________________ 1
= Commission Regulation (EC) 450/2009 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 foodstuffs

Councl| 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

Council directive (EU) 2019/904 on the reduction of the impact of certain plastic products on the environment (single use plastics) :

GEEK4FOOD B,
Risk and Safety Risk management
assessment )
. Guidance Directorate-General for Health

and Food Safety (DG SANTE)
« Criteria for safaety

* Risk assessment
« Scientific opinions

Regulations;
Official controls
Complaince rules
Authorisations
Official controls

of$§ wmosnnc
W URICANONS

DG SANTE

GEEK4FOOD e Eapan

the European Union

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

nd Recognize Protection

HAZARD V§ RISK T oo —

Risk Assessment

[a Anticipate |:> Fvaltate Control and ponﬁrm]

OXpOBUIR-TTOrTed
Hazard Assessment
Identify and define dose-respon:

» Hazar
1 t ‘ t t Characterize risks asociated
‘with "realistic” combinations
/ hazard-informed ‘ol hazards and exposures
Exposure Assessment

Collect all “relevantand reliable”
n

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

(‘J 25

Npw 27/03/2021

. €
o T b SIS Mevd 27/03/2021
- = i
GEEK4FOOD o Eapean unon
. .
3. Toxicity (Hazard)
Extipnon ro§ikétnrag
levoto§ikétnra, pzmM&iwévsaq, KOPKIVOYEVEDT ANa el&r; To§IKOTNTOG
inivio In silico o In silico
(QSAR alerts) (katnyoprlonoinon/kAdoetg Cramer (1, 11, 111)
QSAR — Quantitative structure-activity relationship
EFSA JOURNAL o @i0FCD EECHA Oasis
Gustance Document B v © ® @
Guidance on the use of the Threshold of Toxicological Concern
* | appr in food safety
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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

Codunded

GEEK4FOOD e Bt unon

4. Setting of safety levels (hazard characterisation)

NOAEL=100 TDI=1 TDI=60 P

1
A RALION

CEEaroob 5 Exposure (migration testing) =

Accelerated conditions - Worst-case scenario

Table 1

List of food simulants
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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

@W :;_v;gfskyn.ve VILCOO? “—1 -
L.  dEm A &
GEEK4FOOD [ [
Agenda
1. Introduction
2. Existing eco-designed food packaging materials
3. Pros and cons
4. Conclusions
GEEK4FOOD R
1. Introduction
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Plastics use i raibon toanes (M. Basebme scenaro
i

Note The nommrs e o
30 2060 for ench tegon fe g 12

Source: OECD ENV-Linkages model.

e ————

Production of
plastics

GEEK4FOOD

Importance of
packaging I

‘Source: OECD ENV-Linkages model.

Plastic packaging
waste

Gofunded by
the European Union

-

Conventional packaging
(i.e. plastic)

Problems.
- Preservation of food and its quality characteristics. Challenges.
o

- Extending shelf life (bacterial growth). inthe

5

Regulation requirements
(Upcoming PPWR).

- Facilitate transport.
- Protection of the food (e.g. contamination).
- Avoiding food spoilage (bacterial growth, oxidation).

Eco-design food
packaging
i

Need for eco-friendly
alternatives

Eco-design food
packaging

oyl

Type of food

| Pl orcocns betmeen Food e Plst Fack e Moo

(oxygen, water vapour,
carbon dioxide, ather gases)

Cost

a

Monomaterial (e.g. PHA)

-

Ul Co-funded by
L the European Union

Mullllafve.r material

(monomers, additives
or IAS, NIAS)

(aroma, fats, organic
acids, pigments)

Environmental
attributes and impact

5
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Caty
meE

2. Existing eco-designed food packaging
materials

Categories of eco-desighed packaging materials

1. Biodegradable materials
2. Recyclable materials
3. Compostable/edible packaging materials

4. Reusable designs

1. Biodegradable materials

Polylactic Acid (PLA) o
Polyhroxyalkanoates (PHA) 0
Polybutylene succinate (PBS)

CH; O
H :
Q OH

" Starch-based

i Polylactic Acid Polyhydroxyalkanoates plastics
* Starch-based plastics (PLA) (PHA) o
* Chitosan-based materials Ca wortH
. Ho\)sl.w.».;.-—..’.ol o
= Polycaprolactone (PCL) o ‘oH
| /"\)’l‘\o/\\/"vo . o

Polyglygolic acid (PGA)

Cellulose-based

Le Plastics
Polybutylene Succinate (including bacterial

(PBS) cellulose)

[} ] o]

Joo L Pt on oH -
o X L Co "
P A H071-!7-'.

HO 00/
Polycaprolactone Polyglycolic acid '\’m e

(PCL) (PGA) OH n

Blends and composites....

ST Co-funded by
Tt the European Union

Chitosan-based
materials
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2. Recyclable materials

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

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

* 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)

INFUT

Post ssasamers arictes
COLLECTION _ __ (mainky boates, coosaines, ways)

P = ¥

v
RECYCLED ARTICLES | SORTING, GRINDING, WASHING

1

A T=  imelingisirmion, merysiaieaion recomioneng,
= - = mperses)

Pastcansumers articles
procaction of PET food comtadt
maenalyanies)

- High energy consumption

- 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

Chemical Recycling

CHEMICAL RECYCLING

CHEMOLYSIS.

- ENZYMATIC
i o RECYCLING

PLASTICS ﬂ SMART
5

l

High energy consumption

Use of solvents.

For EU is not Recycling but regeneration of monomers =
PURITY shall be declared and risk assessed (NIAS).

1. Starch-Based Films (from starch)
2. Protein-Based Films (from proteins like gelatin,
casein from milk, whey, soy, or wheat gluten).
3. Seaweed-Based Films: Extracted from seaweed or
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

Co-funded by
the European Union
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4. Reusable designs

¢ Glass Containers ™ =
¢ Stainless Steel Containers L‘ \_J 2=l P B Eed B L) B
. Silicqns??’? (Toxic silica oligomers) A = m =
¢ Plastic??? = o= [} =| l !

bt ) Nt L] N/ et Same’ bt & _.‘

* A-B-A monomaterial polymers (Virgin-recycled/
decontaminated - virgin)

GEEK4FOOD B,

3. Pros and cons

1. Biodegradable materials

A. Pros

* 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....

KIN the European Union
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2. Recyclable materials (bio-Pe, bio-PET; non-biodegradable)

A. Pros

* Recyclability: Easily recycled in most systems.

+ Compatibility: Works with existing recycling systems.

* Lower Carbon Footprint: Production reduces reliance on fossil fuels.

* Performance: Comparable to traditional plastics in strength and flexibility.

B. Cons
* Non-Biodegradable: May still contribute to long-term waste if not recycled.
* Resource Competition: Relies on agricultural inputs like sugarcane or corn.

* Cost: Generally more expensive than fossil-based plastics.

2. Recyclable materials (paper)

A. Pros

+ Recyclability: Easily recycled in most systems.

+ Renewable: Sourced from trees and agricultural byproducts.

+ Customizable: Can be shaped, printed, or coated for various uses

B. Cons

* Water Resistance: Susceptible to moisture without additional coatings, which can hinder
recyclability.

* Energy-Intensive Production: Pulp and paper manufacturing requires significant energy and
water.

* Durability Issues: Less durable compared to plastic alternatives.

3. Compostable/edible materials (waxed, cellulose-based)
A. Pros

+ Zero Waste: Can be consumed with the food product.

-

Innovative Appeal: Offers novelty and aligns with zero-waste principles.

Renewable Ingredients: Uses food-grade and natural components.

Compostability/degradability: Biodegradable in home and industrial composting systems.

-

Resource Efficiency: Utilizes agricultural byproducts that would otherwise be waste.

Wide Applications: Plates, bowls, and trays for food service industries.

B. Cons

+ Limited Durability: Not suitable for high-moisture or high-pressure conditions.

+ Costand Scalability: More expensive and less available for large-scale applications.

* Specialized Facilities Needed: Composting requires controlled conditions.

+ Consumer Acceptance: May face cultural or regulatory barriers.

+ Moisture Resistance: Requires coatings to handle wet or oily foods, which may hinder compostability.
+ Cost: Production can be more expensive compared to plastic alternatives.

+ Durability: Less sturdy than plastic or metal counterparts.

LA the European Union

Co-funded by Deliverable 5.2 — Report on training delivered | 60



ug\*ﬁ‘@ Glocal Ecosystems and Expanded Knowledge for
green skills and capability in the Food sector

4. Reusable designs

A. Pros

* Durability: Can be used multiple times, reducing overall waste (e/g/ a bottle of beer can be
reused more than 60x times!)

* Recyclability: Materials like glass and metal are fully recyclable.

* Consumer Preference: Increasingly popular for environmentally conscious buyers.

B. Cons

* Energy-Intensive Production: Initial manufacturing has a high environmental impact.
* Weight: Heavier than single-use options, increasing transportation emissions.

* Cost: Higher upfront costs for consumers and businesses.

4. Conclusions

Plastic alternatives in a circular economy are of great importance.

Sustainability will increase together with Plastic waste = recycling NOT enough.
Recycling technologies not covering all materials (only PET) = new technologies needed
Scaling up is needed (cost reduction) = raw materials??? Not sufficient at the moment
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).

Policies (Risk managers) are making progress....(slow).

© ® N O R LN

A single solution approach is not enough.
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Activity/Case-study 2

Propose/describe an innovative solution from holistic
perspective {applications, environmental impact, raw
materials, cost etc.)

g & bk LS ] g B
o | o oOELN Woierrs e
(GQEEK4FOOD B
Scenario
"Developing Eco-Friendly Edible Coatings to Extend Food Shelf Life: A Holistic

Perspective"

+ Fictional Scenario: “You are a team of innovators tasked by a
multinational food company (EcoPack solutions) to develop a
sustainable and eco-designed coating to reduce food waste in
freshly produced vegetables without increasing plastic usage.”

GEEK4FOOD B
Information provided to the students

Working in different teams:

1. Problemproblem: Fresh fruits and vegetables often spoil before
reaching consumers, contributing to 30% of food waste globally. Existing
plastic-based packaging solutions exacerbate environmental pollution.

2. Proposed eco-designed solution e.g. development of a biodegradable,
edible coating made from food-grade polysaccharides (e.g., pectin) and
essential oils.

3. Identify key functionalities: barrier properties to moisture and oxygen.
Enhances shelf life while maintaining food safety. Can be safely
consumed by end-users or washed off.

4. Assessment from holistic perspective (see next slide)

Co-funded by Deliverable 5.2 — Report on training delivered | 62
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Holistic perspective

A. Applications:
1. Coating fruits, vegetables, and bakery products.
2. Market suitability for high-waste categories like avocados, bananas, and berries.

B. Environmental perspective:
1. Eliminates single-use plastics.
2. Made from renewable, biodegradable resources.

C. Raw Materials:
1. Derived from food industry by-products (e.g., citrus peels for pectin).
2. Derived from non food industry by-products (from fresh fruits).

D. Regulatory requirements
1. Compliance
2. PPWR (Upcoming Regulation on wastes)

E. Cost Considerations:
1. Compared production cost vs. traditional plastic coatings (indicative).
2. Assess scalable manufacturing potential for small and large producers.

F. Consumer perspective
1. Acceptance to pay additional cost.
2, Safety of raw materials (waste, new materials)
3. Scalability (raw materials, sustainability).

Interactive discussion/Stakeholder perspectives

* Groups represent stakeholders (1) Food manufacturers, (2)
Environmentalists, (3) Regulators, and (4) Consumers.

* Evaluate the proposed solution from your stakeholder's perspective (1-4; see
above). What are the benefits and potential challenges?”

* Guiding Questions:
1. Istheinnovation practical and scalable?
2. What regulatory or logistical barriers might arise?
3. How does this align with consumer trends and expectations?

[ [
For the tutor

Discussion Points Post-Case Study

* Encourage critical thinking and inter-group dialogue to explore conflicting priorities (e.g., cost vs.
sustainability)

Recap:

* Restate the importance of taking a holistic perspective when proposing innovations.

* Summarize the key points discussed (applications, environmental impact, raw materials, cost).
Take-Home Message:

+ “"Sustainable solutions in the food industry require balancing technical feasibility, economic
viability, and environmental responsibility."

Closing Engagement:

* Ask participants: “What other sustainable innovations could address similar challenges in the food
industry?”
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Thank you

www.geek4food.com

. . . Project n.: 101087203
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Contants

Question 1: Whalt is the goal of tha EU plastics strategy regarding plastic packaging?
A) To increase tha use of single-use plastics
B) To make all plastic packaging placed on tha EU market reusable or easily recyclable by 2030
C) To reduce the use of biodegradable plastics
D) To promate the usa of fossil fusls
Corract answer: B) To make all plastic packaging placed on the EU market reusable or easily recyclable by 2030.

Question 2: What is the definition of a circular economy?
A) An economic system aimed at increasing waste and the use of finite resources
B) An economic system aimed at eliminating waste and the continual use of resources through principles like reuse, recycling, and regeneration
C) An economic system fecused on reducing the use of plastics
D) An economic system fecused on increasing the use of fossil fuels
Correct answer: B) An aconomic system aimed at eliminating waste and the continual use of resources thraugh principles like reuse, recycling, and regeneration.

Question 3: What is the main differance betwasn IAS (Intentionally Added Substances) and NIAS (Non-Intentionally Added Substances) in the context of food
contact materials?

A) IAS are regulated, while NIAS are not

B} IAS ara not ragulated, while NIAS are

C) IAS are biodegradable, while MIAS are not

D) IAS are used in food packaging, while NIAS are not
Correct answer: A) |AS are regulated, while NIAS are not

2. GONTENTPARTY
Question 1. What is meant “Sustainable-by-design”

A) A systern that is sustainable only after its useful life is over.

B) A framework ensuring safe products for human and the envimoment .

C) A systemn thal is made from recycled materials,

D) A system that is energy-efficient only.

Correct answer: B)

Question 2: According to eco-design key principles, which of the following is an example of the principle of "Longevity™?
A} Using recycled materials in product manufacturing.
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B) Designing a product with durability, reusability and potential to be repaired.
€) Minimizing energy consumption during the product’s operation.

D) Eliminating hazardous substances from the product's design.

Correct answer: B) Designing a product with interchangeable pars to facilitate repair and reuse.

Question 1: What is migration in tha contaxt of food packaging, according to the documant?

A) The transfer of food from packaging to the environment.

B) The transfer of substances (chemicals) from packaging lo food or vice versa.

C) The breakdown of packaging materials over time.

D) The recycling of packaging materials.

Correct answer: B) The transfer of substances {chemicals) from packaging to food or vice versa.

Question 2: What is the purpose of satling specific migration limits (SMLs) in food packaging regulations?

A) To establish a minimum ameount of chemicals that must be present in food packaging.

B) To sel a maximum permitted amount of a particular substance that can migrate from foed packaging to foed.

C) To determine the ype of materials that can be used in food packaging.

D) To establish a standard for packaging design.

Correct answer: B) To sel a maximum permitted amount of a particular substance that can migrate from food packaging to food.

Question 3: What is the purpose of the EU's Framework Regulation (EC) 1935/2004 on materials and articles intended to come into contact with food?
A) To regulate the use of recycled plastic materials in food packaging.

B) To establish guidelines for good manufacturing practice in the food industry.

C) To provide a framework for the safety assessment of food packaging matsrials. D) To prohibit the use of certain chemicals in food packaging.
Correct answer: C) To provide a framework for the safely assessment of food packaging materials.

Question 1 Whal are the four calegories of eco-designed food packaging materials mentioned in the document? (ref: 1)
A) Biodegradabla, recyclable, compostable, and reusable

B) Biodegradabla, recyclable, compostable, and edible

C) Biodegradabla, recyclable, compostable, and bioplastic

D) Biodegradable, recyclable, compostable, and non-biodegradable

Corract : A) Biodeg , racyclable, compostable, and reusable

Cuestion 2 Whal is one of the cons of biodegradable materials mentioned in the document? (ref: 1)

A) High cost

B) Limited infrastructure

C) Non-renewable resources

D) All of the above

Correct answer: D) All of the above [High cost, Limited infrastructure, and Raw materal/Resources: May divert agricultural resources from food production)

= Glocal Ecosystems and Expanded Knowledge for
~“GEEK4FOOQOD
- green skills and capability in the Food sector

Question 3: Whal is one of the pros of recyclable materials (paper) mentioned in the decument? (ref: 1)
A) Waler resistance

B) Enargy-intansive production

C) Customizable

D) Durability issues

Correct answer: C) Customizable
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ANNEX 2: Content mapping file, syllabus and content of
the module “Optimised fermentation”

1. Content mapping file

Type of content Session’s Title

Partner
responsible
for content

Content's Indicative resources
core
duration

Challenge based How can we explore

lecture / optimised fermentation

discussion processes to produce
sustainable, nutritious, and
affordable food ingredients
while addressing potential
challenges in resource
efficiency, consumer
acceptance, regulatory
compliance, and
environmental impact?"

Content part 1 Fundamental principles of
traditional and optimised
fermentation, and safe &
sustainable production
practices

Content part 2 Safety and risk assessment
of optimised fermentation
products

Co-funded by
the European Union

creation
TUD

TUD, MINHO

USAMVCN

Expert’s
lecture

lasts 30
min

30 min 1. FOOD FERMENTATION
EUROPE; EFSA; GOOD FOOD
INSTITUTE: Understanding
optimised fermentation/ Link 1

2. European Commission, Eur-Lex,
European Union Law: Key
Principles of Safe & Sustainable
by Design (SSbD) in Optimised
Fermentation/Link 2

3. European Comission; EU’s
Novel Foods Regulation (EU
Regulation 2015/2283):
Frameworks and standards for
responsible production/Link 3

30 min 1. European Food Safety
Authority (EFSA):
Understanding safety protocols
in optimised fermentation
process/Link 4

2. EFSA's risk assessment
procedures/ EFSA’s scientific
publications: Risk Assessment
Methodologies/ Link 5

3. Novel foods regulation:
Consumer safety and public
perception/ Link 6
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Activity based Activity/Case-study 1 USAMVCN, activity's Identify alternative microbial-
content —aiming TU Dublin core derived protein sources (biomass
systems duration: | fermentation) to conventional
approach, 30 min ones. e.g. mycoproteins/single-cell
identify the proteins to vegetal/animal origin
problem proteins. Discuss the challenges of
cultivated meat production.

Content part 3 Existing eco-designed food = USAMVCN 30 min 1. Several resources

packaging materials. Pros 2. Quorn mycoprotein: Microbial

and cons derived protein/Link 7

3. Good Food Institute
4. I|somerase: Microbial natural
products/ Link 8

Activity based Activity/Case-study 2 MINHO activity's | Propose/describe an innovative

content —aim to core solution for controlled

bring solutions duration: | fermentation-derived products
30 min from holistic perspective

(applications, environmental
impact, raw materials, cost etc.)

Refining Overview of the 2 case USAMVCN 30 min
solution/Concludi = studies/Discussions (e.g.
ng session Optimised fermentation:

Balancing functionality,
sustainability and cost)
Learning 1. Understand the fundamental principles of optimised fermentation, including the selection of
outcomes microorganisms in producing specific food ingredients and bioreactor parameters
2. Differentiate between optimised fermentation and traditional fermentation
methods/products, highlighting the technological optimization involved.
3. Knowledge of the regulatory landscape surrounding optimised fermentation products 4.
Develop innovative and sustainable optimised fermentation processes.
4. Develop innovative and sustainable optimised fermentation processes.
Assessment 1. Group exercises (Case studies 1 and 2).
method 2. Multiple choice quiz/questions

LA the European Union
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Module’'s syllabus
Title: Optimized fermentation

General information

Course Optimized fermentation

Scope Sustainability, design thinking, food biotechnology
Language English

Evaluation Case studies/ multiple choice guestions

Holders Dan Cristian Vodnar

Length One day course

Didactic method Lectures with activity-based content

Location Online or in class or hybrid

Learning objectives

1. Understand the fund | principles of optimised fer ion, including the selection of microcrganisms in

producing specific food ingredients and bioreactor parameters

2. D\fferent\ate h!tween cptlmlsed fermentation and traditional fermentation methods/products, highlighting the
ioni

3. |ge on the reg ¥ surrounding optimi: fer ion products.
4.Develop ive and i fer ion processes.
Required skills

Leamners need a multidisciplinary skill set, including a foundational understanding of fermentation processes (types of
fermemallcn, microbial grcwlh, and bioreactor operations), sustainability principles {circular economy, resource
i and and the ability to assess envirenmental impacts (life cycle analysis, carbon
footprint, and resource efficiency). Profici in microbiology and biof is ial, particularly microbial
strain selection for optimized production.
Additionally, learners should develop process design and innovation skills, including computer bioreacter monitoring,
scalability considerations, and real-time data analysis. The ability to integrate functionality, sustainability, and cost in
decision-making is critical, as is the capacity to analyze case studies, interpret process efficiency data, and ensure
compliance with food safety and environmental regulations.

Glocal Ecosy and K ledge for
green skills and capability in the Food sector

Strong mmmunlcatlon and interdisciplinary collaboration skills and awareness of emerging trends in green

tech sustai bioprocessing, and microbiology are essential. Basic k ledge of statistical hods for
analyzing process efficiency and environmental impacts |s also beneficial.

Subjects

Challenge-based lecture/discussion: How can we explore optimized fermentation processes to produce sustainable,
nutriticus, and affordable food ingredients while addressing potential challenges in resource efficiency, consumer
acceptance, iance, and envir limpact?

Teaching session 1: Fundamemal principles of traditional and optimized fermentation and safe & sustainable
production practices

Teaching session 2: Safety and risk assessment of optimized fermentation products

Case study 1: Identify alternative microbial-derived protein sources (bi fer jonjtoc ional ones. e.g.,
mycoproteins/single cell proteins to vegetal/animal origin proteins.

Teaching session 3: Existing optimized fermentation products: Pros and Cons

Case study 2: Proposing an innovative solution for controlled fermentation-derived products - a holistic perspective
on applications, environmental impact, raw materials, and cost

Teaching methods
Lectures, case studies

Verification of learning

The achievement of the training objectives for Optimized Fer ion will be d through interactive methods,
including multiple-choice questions and case study analyses. These assessments will evaluate the learmers' ability to
understand and apply fermentation concepts, analyze and synthesize information, and make informed decisions in
scenarios that mirrer real-world conditions in fermentation-based processes.

Specifically, multiple-choice questions will test foundauonal kncwledge, while case studies will challenge learners to
solve problems related to process optimization, sc and | impact. Practical exercises, such as
fermentation process simulations or data interpretation, will measure their ability to effectively apply theoretical
knowledge to operational contexts. These methods ensure a comprehensive evaluation of both conceptual
understanding and practical skills.
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Indicative resources

- FOOD FERMENTATION EUROPE; EFSA; GOOD FOOD INSTITUTE / Understanding optimized
fermentation / Link 1

- European Commission, Eur-Lex, European Union Law / Key Principles of Safe & Sustainable by Design (S5bD)
in Optimised Fermentation / Link 2

- European Commission; EU's Novel Foods Regulation (EU Regulation 2015/2283) / Frameworks and standards
for responsible production / Link 3

- European Food Safety Authority (EFSA) / Understanding safety protocols in optimized fermentation process
J/ Link 4

- EFSA's risk assessment procedures/EFSA's scientific publications / Risk Assessment Methodologies / Link 5

- Novel foods regulation / Consumer safety and public perception / Link 6

- Quorn mycoprotein / Microbial derived protein / Link 7

- |somerase / Micrebial natural products/ Link &

-
- *
* *
" *
P
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3. Module’s content
i .u."II
o ¥ [ B

“Optimised fermentation process” onsite
training

GEEK4Food project

overview

Can Cristian Vodnar, Adrian Martau,

Lavinia Muresan, Graham Q'Meill, Claudiu Ovidiu Pop
USAMY, TUD, MINHO, LES5AFRE

infaf@geskdfand.au
www.gqeekdfood.com

EEK4AFOOD

Project description

» Develop an Al-based Skills Intelligence tool ta farecast current and iuture green
skills needs (GEEK4Food Platfonm).
Design and deliver future-fecused training for higher education and cross-sector
laarning Lo slrengthan gresn skills.
Promote innovative teaching methods and entrapreneural educatian focu an
green 2kills.
Support evidence-based policy actions to drive skill development for the green
lransilion in the Taaod saclor.

GEEK4Food skills platform at a glance

o al-paweered platform for tracking and developing skills in the ago fead secter, develeped by
SkyHive by Cornestone.

+ Cffers personalised learning paths z2nd career opportunities.

* Supports the shift to a skills-based labour market.

* Helps employers identify needed skills for emerging roles.

¢ Guides educators in updating training programmaes.

v Provides policymakers with real-time labour market Inslghts.

* Now live across Europe, supporting upskilling, reskilling, and career growzh.
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Join the Foodathon

% Complete the training and earn the chance to join the Foodathon.
» Challenge-based event to pul your skills into action.

C I Collaborate with learmers, lrainers, mentors, and agri-iood stakeh
C 2 Apply your knowledge to rea ‘

@ Create impactful olutions for the future of the agr-food s

Agenda

Session Local howr
asad kBchre I [han odnar
k2t of Iraditonal and oalimised femenlalion, and sale & sushirabi: 9:3010-00 LLawinga L N s
-1 10
nent of opbimized fementssion produsts 1001048 Adrian Mertau
Cplimised fermentalion pro w5 T shudies ar fenmentalion in lhe Teekng Dislilery 10:40 11:20 Graharn O Neidl

Prrak

Metivational soeech — LESAFTRE Fermenlations 1:30-12:00 Claidiv Owvidia Pop

Asmossment thraugh mulliphe quiz cuestions

2
ey T e
i . i
T SkyHive. -
by cornerstone B e o P

l‘.'-"' T
DyYEBELIN U @ .

Associated partners

[ ] . Tt
— - EFFOST @
rueaFrlL &
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Challenge based lecture

Session 1:

o- EDyore 5 shyion (VLU= == -

HEER4AFOOD T
»
Question
Briefly explain fermentation
EEK4FOQOQD .

Fermentation

Definitions
“The chemical breakdown of a substance by bacteria, yeasts, or other microgmanisms”

“Fermenlalion. chemical process by which molecules such as glucose are broken doawn
anaerabically®.

“Fermentation is & biochemical process that breaks down crganic matarials into simpler
comgpounds, sech as alcohols, arganic acids, and carbon dioxide. Itis carried aut by
micraorganisms, such as bacteria, yeast, or filamentous fungi, in the absence of axygen.

Firmentation is essential for lving organisms, especially microorganiams, as it is thelr primary way
- ol producing energy. Humans have used lermentalion since the Meolithic perod o develop many
products, including foods, medicines and fuel”
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?

Question

Name / discuss examples of fermentation in foods

EEK4FOQD [ .

Fermentation — Cheese

fole — acid production and flavour production P R

Steps £ I —— !_

1.Ineculate: Lactic acid bacteria and rennet are added to milk e e
in & vat. :

2. Curdle: The laclic acid and rennel cause Lhe milk Lo curdle,
separating the curds and whey.

3. Drain: Ercess liguid is drained away.
4, Salt, press, and ripen: The cheese |s salted, pressed, and
ripened

Did you know — during ripening, bacteria, yeast and fungi can play

a erilical role in Navour development in cheese. Furlhermore, Lhe
- microorgarisms are often location specific, giving rise to unique

flavour profiles. Check out the paper for more infarmation,

b s fiereeacic et caenySeienerfa s pi S095369461 5001292

GEEK4FOOD

Fermentation — Bread

Hole = Carbon Dioxide production

Fermentation is a biological process that occurs in
bread dough when yeast and other microorganisms
consume sugars and produce carbon dioxide and

other compounds.

This process causes the dough to rise, contributing
to the texture of the hread. Furthermore, it
contributes characteristic flavor. 5 e

Iitgs flmwensern o d veclconysoecs fa o EaS 2Ee 532 71130004 7 3asect

0ree Mo Sy LR

73

KIN the European Union

Co-funded by Deliverable 5.2 — Report on training delivered |



%@EEK‘LFOOD Glocal Ecosystems and Expanded Knowledge for

green skills and capability in the Food sector

EEK4FOOD s

»
Question

How can fermentation help in producing maore
sustainable and nutritious ingredients?

(GEEK4FOOD o

Discuss this diagram and
consider the potential of
fermentation.

Consider
* Fermented foods and health

* Fermented foods and the
microbiome.

* Fermentation as a tool in =
valorization. e e ——

o v it s

*Hpa A nadsrcs sireck Lom e s e s o | S0 ES1608 220013 24412005

»
Uuestion

Are you familiar with companies using
fermentation to develop a new range of food
products.
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A new wave of fermented products

NTRODUCING

EVERY Egg

EKAFOO

Tha worlats ficet anisal-froo 29g white
protedn that 4s cature-aquivalent 1o chicken
#5G shite praoteis - snabliing » transiticn 1o
suatasinable, aniral-fres products without
corpronise in taste or functionality

Juet like o ohioken egy white, EVERY Egghhite™
hax similar protein conteant and xll nine
vorential weinoe seide. It Jelivers on foosing,
whipping, gelling, snd binding capabilities
and cun wesily be used as o 1:1 replocerent
o0ross mony of the sewe epplicetions one mould
urs agae in: cakan, cookiean, hrand, protain

bury, plunt buved mseuty, puvtu, und sorv.
* O " »

PERFECT

DAY
Biology as a service

* Perfect day genetically engineered microbiota
by including the DNA sequence responsible for

producing whey proteins in cows milk.

* The microbiota are grown in tanks with a sub
straight (sugar) which is converted into the
milk protein whey.

* The approach uses recombinant technology.

* Once extracted and separated from the
microbiota, the protein is dried and functions
as an ingredient similar to whey derived from
milk.

ST Co-funded by
et the European Union

=

Deliverable 5.2 — Report on training delivered | 75



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

Canmandby
e

Optimised fermentation process

Session 2:

Fundamental principles of traditional and optimised fermentation,
and safe & sustainable production practices

¢ S Japiren ] g =
.} — _"' c;u.m Ve e o
GEEK4FOOD [ .

Fundamental principles of traditional and
optimised fermentation

Iy

GEEK4FOOD e

Fermentation

Iraditional Fermentation

Shaped by natural precesses with minimal input or control from the
operator. Fxamples would include traditional farmhouse rheeses or

homemade sauerkraut.

Optimised fermentation

Often conducted in a bioreacter to give a higher level of control and
recision over the environment (temperature, pH, light, atmosphere),
eading to a more consistent product. Ihe use of filters prevents

conlamination and precise control dllows scale up of production.
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Use of cultures — from wild to
pure (1/2)

Microorganisms are the powerhouse of fermentation

Trachinnally vedvd culiures woukd Faue pliged a significant reln
inthe fermensation of dittereat foods.

Less prenvalent today, o, sume products wach us
saoerkraut rely on odtures present on the cabbage while
certain types of cheeses, such 2= those matured In caves rely on
wild cudtures for flavour dewsdopment. Lasbic heer is natarally
fermentad using, wild yeasts

In recant decades thers has been a move towards more speciiic
strains fur Terrnentstion, e ressuns vary Bul incods fesaur
profile, spaed and product attributes. saccharomyces cermdsiae
s commonly used In beer oroduction whie Lactcbacllu:
hulgaricus and Streptarcecus thannaghilus are commondy used
i yughurd

GEEKAFOOD [t {1

Use of cultures — from wild to pure (2/2)

Cell activities are critical to the successful completion of fermentation, these include;
Angerolas melabolisen;

= Qecurs in Lhe gheerce of weypen, micioomemnisme such g yessts s biclenis bresong dowr oepanic corppourids soch g
carbohydrates,

Ghenlysia
* Ihe production of pyruvate following the braakdown of glucosa
IPyruvate Conversion

= [he conversion ol pyrasate inte dillenent end prodocts including ethanol, Gotic avid or oiganic acids [peogionic
arir, butyric arid)

MAD= Renen=ration

- ';:'MI'I NP-l:'.H- I corrverted to MADH as part of fermentation (glyoolyss), it needs to be coreerted back to NAD+ 10 cantinae
rrrncntakion.

iebd (Crosrpeyl.
= Frrmentatian is less efficient than armabic rmspinatice,

GEEK4FOOD et S

Environmental Control

Cultures have optimum ranges for a series of ervironmental conditians,

providing these conditions increases fermantation rate and output

Light

* Impartant to  microalgae who  require A light source  to
photasynthesis.

pH

* Cultures have an aptimized pH range for metabalism. Outside of this
tanpe s polentially detrirnental o the culture and can therelore

significently slow or halt fermentation. Bioreactors often have oHl
probes built in.

lemperature

» Cultures can become heat stressed, leading to possible by praducts,
reduced lermentation ate o cell death. Resctors gre often iatkeled
to control temgersture to one degree

Dissolved oxygen

* Many bioreactors monitor for dissolved oxygen and cargon dicxide to
onsurcsufficent lovels for respiration and to avoid towicity. This can
be controlled by bubbling in the required gas via a sparge ring.
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Enhanced process efficiency

Thin 15 of farmetars equippad with sencars, prabas, cell counting
Turiclionaiily and @seplc addition ol prowh reedia belps wopovides e
P el envirermen L

This leads to;

= Irreased gkl

= lecraasad farmertation fime
= Umtimised suhsirate wse

* Mirimse cantamination

GEEK4FOOD

Bioreactors

GEEK4FOOD
Downstream processing

Downstream can improve functionality and add value

Filtativn

* Mivioliltstive, nenolilgtion srd ultafilirgton cen o e schommed asing
membrane technobopy. This sbows different fractions to be separsted bess:
an iralecar vaeight

* Reversa csmosis can be used 10 remave o sliter the minersl peofile of guid
Tunrlstives,

Canls fupstion

» Cun sepraryle dillerenl products lrge lennsneiivn Sesed vy P denstivs, 1
can mrg:m salid parrr“m o chadtication, isolation b Ilplf? gr.\r.ﬂm‘.

Fxtraction

+ This can include phyaical disruption af ealls ta ralease wlusak: componsnrs. Ir
ulr.sn includes ather techaglogies sadh s adscrption methods, evaacration
and filtraticn.

Purtfizatian

* sed ta aptimize functionalzy 2ad tharefore Increase valae, aurtfication can
be achleved in = series of ways imxludng chrometographic 2poroaches,
arezipitation, freeze dying and crystallzation.

Co-funded by
the European Union
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Scale up

* Process design — allow for ditferences in scaling; l'.ni)(ingé aeration, heat transfer as they do not scale in a
linear manner. Larger fermenters can have mixing dead zones while cooling systems become more
important at scale.

Mass and Heat transfer = consider oxygen transfer and COZ rermoval rates.

Ainreartar design = selact appropriate type (sticred, air lift) and its ability to scale, can help with flow
dynamics.

Microbial considerations — nuttient distribution, strain pedormance at increasing volume and suict SO¥ for

s

Mobius®* 3L Mobiws® S0 L Mobdus® 200 L Mobius® 1000 L Mobius® 2000 L

Bioreactor Bioveactor Bioreactor Bioreactor Bioreactor
al Tal ]
DEERAFQQLD et

Applied Biotechnology

Garmlic |'-||gi||-::-::ri|||g|. metabolic cngineening, and synibetic biology
ares used todrsign Better micrbos Tor speeific products.

= Fnzyma optimization  and  matabnlic  pathway  moditications
improne yields

* Amnproved Stain Devclopment — genetic enginesning, Mot bolic
Imgineering

Industrial Enzyme Production — armylases, proveasas,

¢ Microbial ferrmentation produces biodegradable  plastics fike
pulyhrpdrosyalkanoies 1I'IIF.|!I|:I wntd polylsctic aid (PLAJ

Flavaer and Additives: Production of food-grade flavor compounds
and additives  through microbial  fermentation.  Example:
Biotechnelogical production of civic acid using Aspergillus niger

GEEK4FOOD

Safety in fermentation

1. Personal Safety
1. Use ol cantainment maasiees [Rinsatery cabinet)
2. Suerilicativn procedures — effective 09
A At moniteeing = budd ap ol Bseardous gasss,
1. fppropriste PPC
S, Sullizient lrainmny

2. Environmental Safety
1. Centanment of GAMO's if in use.
2. Wasta management
3. Emissiara contral.

3. Proaduct Safety
1 Quas ity vorire = sty lor sessible contaminants,
2. Assurance of stedile conditicns.
1. Bepuistony curmpisne = GMP
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Sustainability in fermentation

* Sustainable Feedstacks

* Energy Efficiency

* Water Management

* Waste Reduction and Management

* Carbon Footprint Reduction

* Use of Biodegradable Products

* Process Optimization and Green Technology

* Regulatory and Social Responsibility

S At by
e Cormpam Vo

Optimised fermentation process

Session 3:
Safety and risk assessment of optimised fermentation process

MEEKAFOOD [ [l
Agenda

Key concepts in fermentation

Introduction to process efficiency

Regulatory considerations in fermentation

Framework for process optimization and sustainability

=
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1. Key concepts in fermentation

Definition: Contredled use of microoaganisms 1o produce sastairable and notritieaes loaod or lood ingredients,

Goal: Address sustainability, affordability, and safety while minimizing ervironmental impact

(MEEK4FOOLC [ [
Key concepts in fermentation

1. Selection strains

2. Fermentation substrates

3. Types of fermentation processes
4. Supply chain in fermentation

5. Contamination risks

(MEEK4FOOD [ [t
1. Strains selection
Microbial Strains

Mirrabel stians e sprahic types of miciaomganismes psed nfarmantsbaon. e,
Influancing the cuslity and cheractenstics of the fnsl product. e

Types of Microbial Strains

Cermentahion cmploys baclens, yesst or fungi, s
lisc: 1 fermentatan ad Soccharampons con
praduchon

Selection Criteria for Microbial Strains e G e
Sirsins ere chosen for ther sthciency, toarancs 1o srvronmental feators,
and high groduciion yicshids

Role In Fermentation
Micrebial strans transtorm substrates ke sugers nto vauebls products
such 85 sthenol, organic acics, or dicactve compounds

Regulatory Limits
Thie use ol miciobial shsives = govemed by CFSA o FDA guidalines Lo
ersaie safoly wod conglisne:

KIN the European Union
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2. Fermentation substrates

Importance

The substrate {e.g., sugar, fruit pulp, or agricultural by-preducts)

feeds the microorganisms.

Safety risks

Potential contaminants, such as pesticides, heavy matals, or
mycotoxins.

Allergenic raw malerials that could fransfer risks to thea final
praduct.

Control measures

Pre-screening and pre-treatments of the substrates for punty and

safety.

Using sustainable and traceable supply chains for raw materials

BEER4FOOD

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

Ty
-

3. Types of fermentation processes

Bateh fermentation: satar ard saser s condral confamiratinn nse<s | a
AIBan0rE PrOsass)

Feed-batch fermentation: a some cordrmious pracess whome nuirienks e
arkdnd dunng tmrmeniabon, oalimizing qroas and et

Continuous fermeniation. lighen eficieecy bul grealer conlaminalion —
lisk.

Submearas Termentation. [prabielic, ebe, in liguid meadia) T
Holld-state fermentation: minmmal awiar nse Dok equras stk

rartAmIratian cantrol |
Riiak Factors

Subopimal condiliong (e.q., pH, temoerabara) ther allow contamination or |

mann farmatian o
CIperi-ayEham prasassAs prona i setamal cordamenation |

Cantrol Measures
Raal-time moritaing of kay parameiars [pH, temgerabune, oeyoan).
U ol mubonabond and closand syulems o linil exlennal sk,

(GEER4FOOD
4. Supply chain in fermentation

Bioreactor Operation Modes
=
. = =

el
e

Risk fartors

Improper storage Irading to microhial or
choemical dogrodation

wups in docementation allecting treceabilivy
during recalls

Contral maasures
tracrability systems for all materials
supplicr awdits and compliance with intermatioral
walely standads

Cnzuring tl'.:ll:E':lhl"t'fﬂf raw matarials,
rovivriksial sbraire, and prooess
conditions.,

Blanaging slorage and Transperslalion
to pravent contamination.

Co-funded by
the European Union
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5. Contamination risks

Sources
Raw materials, environmantal exposura, squipment, or operatar amors.
Farmation of harmiul by-products (e.g., biogenic amines, off-lavars).

Impact
Health risks, regulatory non-complianca, or product recalls.

Mitigation

Implementation of Hazard Analysis and Critical Contral Points {HACCP)
Cleaning and sferilization protacals for equiprment.

GEEK4FOOD | - .

2. Introduction to process efficiency

GEEK4FOOD B

Process efficiency refers to the ability to
maximize the desired output while e (Fegestaton)  recuesiin bt

minimizing the use of resources {e.g., —«mms ¥ | . O
energy, raw materials, water) and & 2%

reducing waste during the fermentation SR~ :
process. [— T
== = BT e

It involves optimizing conditions to b Y e ety 4 ”J—-'%.z
achieve high yields, minimize time, and :,y_-,:v o G ! e,

. z b v ¥ T R |
ensure sustainable practices in the == R i J’
production  of  fermented food | ~=TT fermie P
_ . o, o oo
ingredients.

Sowrce: hapsidolompM0. 3 ELArs 2023104172
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GEEK4FOOQOD e
Key aspects of process efficiency — Resource optimization

Raw material utilization

Ellicienl use ol fermentalion substrales (eg.,
sugars, starches, or agricultural by-products) to
ensure minimal waste and maximum conversion
into the desired product.

Water and energy management

Heducing energy consumption and water usage |
during fermentation by using technologies like 7
energy recovery systems, temperature control, = |
and water recycling. g

GEEK4FOOD [ -

Key aspects of process efficiency - Time efficiency
Fermentation rate

Oplimizing lermentalion Lime by controlling variables
such as lemperalure, pH, and microbial strain activity
to  ensure faster processing  times  without
compromising product guality.

Continuous vs. batch fermentation

Selecting the appropriate fermentation system (batch
ar continuous) based on desired production rates,
pruduct consistency, and vperational costs.

MEEK4FOOD | Eett

Key aspects of process efficiency — Microbial strain optimization

The selection of efficient and robust microbial strains that can
tolerate stress (e.g., high ethanol, acidity) while maintaining
high productivity levels. Strain optimization helps reduce
process time and increase yield.

Genetic Engineering

In some cases, using genetically modified organisms to enhance
microhial productivity and strain efficiency, though this requires
careful regulatory compliance.
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Key aspects of process efficiency — Waste minimization

By-product management

Efficiant management and utilization of by-products (e.g., fermantation residuals,
spent grains, or biomass) ta minimize waste and possibly recycle them inta other
valuable products (e.g., animal feed, biofuels, or fertilizers).

Circular economy

A circular approach within fermentation processes aims to close the loop by
reusing and recycling materials and energy.

EEK4FOOD | =t

Importance of process efficiency

Cost reduction

By minimizing raw material usage, reducing fermentation time, and optimizing
energy consumption, companies can significantly reduce production costs, making

fermented products maore affordable.
g the environmental @
p the carbon footprint,

Optimized processes enable sealing up production without a correspanding
increase in resource usage, allowing far large-scale production that remains
cost-effective and sustainable,

Sustainability

Efficient fermentation processes are key
impact of food production. This includes g
reducing waste, and using renewable reso

Scalability

HEEKAFOOD ot e

Challenges in achieving process efficiency

Variable raw material gquality

The gualily ol raw malerials @n Hucluale, allecling the censistency and yield of
Lhe lermenlalion process.

Microbial contamination

Uncantrolled micrehial growth can lead to suboptimal fermentation conditions and
Inss of product quality, making strict hygiene and steriliration protocols essential.

Technological constraints

Mot all fermentation systems are designed for large-scale applications, which may
limit process efficiency when transitioning from laboratory to industrial-scale
production.

the European Union

Co-funded by Deliverable 5.2 — Report on training delivered |

85



GEEK4AFOOD Glocal Ecosystems and Expanded Knowledge for
green skills and capability in the Food sector
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3. Regulatory considerations in fermentation

HEEK4FOOD - [n—
EU Regulatory Framewark

:Regu lations for food safety — General Foad Law Reguiation (Reguliation EC No 17820021, whlch.
| EnsUres traceability, risk management, and censumer salety throughaut the supply chain. H

.Authorlzatlon of novel foods — Novel Food Regulation (EL 207152283) — pre-market aumorlzatlol‘]
1o ensura safely for human consumplion and sdharence 1o ethical standards.

i Microbial strains approval — regulated under the EFS4 Guidelines.
| Only strains classifiad as Qualified Presumplion of Safaty (PS) by the Europaan Foad Safety
VAuthority (EFSA) can be ulilized without further assessment.

:L,ahnlirlg requiremants — Food Information fo Consumers Reguiation (EU Mo 1168/2011) — proper |
|I.5|I:|allm_:| af ingredients, nutritional value, allargans, and health claims, ansuring transparancy far !
;mnsume-rs !

GEEK4FOOD | .

EU Regulatory Framework

P el i e R e e il m i i “ E

1 Hygiene and Good Manufacturing Practices : " \

| (GMPs) — The Hygiene of Foodstuffs i i

| Regulation (EC No 852/2004) mandates that E L
i
|
|

: fermentation facilities follow GMPs and Hazard

. Analysis and Critical Control Points (HACCP] ' ‘”;‘. ‘
v o

! Use of Additives in Fermentation — E 5 d e
. Regulation (EC No 1333/2008) on food | i ¥ |.—i
\additves. ! T
| Environmental Impact Regulations -~ : 08 . ., MmO
| Regulation (EU) No 995/2010. | ; Pty i e
>3 > A
S~ =) I
7::::':““;.‘ |mvmww~w

St MagecWIoLNg M 0.1191.1541 43571504

R Co-funded by Deliverable 5.2 — Report on training delivered | 86
the European Union

.



=3 %OEEK4FOOD Glocal Ecosystems and Expanded Knowledge for

green skills and capability in the Food sector

4. Framework for process optimization and
sustainability

BEEK4FOOD

Adoption of sustainable practices

- reducing waste, utilizing renewakble resources, and improving
anargy aefficiency

Integration of Advanced Technologies

- automation, artificial intelligenca (Al), and Intarnet of Things
{loT) devices can monitor and control critical parameters like
temperature, pH, and cxygen levels in real time

Use of Life Cycle Assessment (LCA)

- allows manufacturers to evaluate the environmental
footprint of their processas

GQEEK4FOOD e

Improvement of microbial strain

performance

- slrain optimization through genetic engineering
or adaptive evolution can further enhance
productivity and sustainability

Energy optimization

- employing energy-efficient equipment and
renewable energy sources can significantly
raduce carbon emissions and operational costs

Water recycling and management
- implementing water recycling systams ensures
minimal freshwater use, reducing the
environmental burden and operating expenses
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Valorization of by-products - e
- upeyeled into valeable products like animal Deed, = | St i |
Blefuels, or bloactve compounds

Regulatory compliance and

: - ]
certifications =
- compliance with local and intermational sustainability SourTe: Wit P
standards snd certifications B

1530 10 (5] S pdbon SO0 £t

Continuous improvement through
data-driven insights

- continueous Impravemant methodolegies such as
Lean or Six Sigma can then be applied to streamline . i ::":__ T
epiratiens while maintaining product quality E — -

s sigive Listin Sl Sigiea

[: o

Optimised Fermentation

Two studies on fermentation in the Teeling
Distillery

TEHG = T -
ﬁgﬂ f’?f.rrFkL':.:_')-;-'g D uBLJN

TU Dol
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Wooden wash back tank analysis — the role

of bacteria
TeEEG T oo
whw ek DUBLIN
W oo DUBLIN
Teamwork
TEEL'NG
WhiskeY
DUBLIN
W Wrioon DUBLIN
Teeling

Co-funded by Deliverable 5.2 — Report on training delivered | 90
the European Union




%@EEK4FOOD Glocal Ecosystems and Expanded Knowledge for

green skills and capability in the Food sector

TEL pr T manr
b 8.0 DYBLIN

Process

J

QELMECK s CXAMMNATION EXAMINATLON
YEAST VIARILITY TANE A WADN WAGH

Agars used for initial studies

AGAR PORTFOLIO SPECIALLY SELCTED FOR OUR STUDY

LS

Nutnent Agar Potinn Dastrose MAS Agnr Raka- Ray Agar WL
Agar Dittarnntis
Agar
TRELAG Tov==
o v DyBLIN

Initial identification

b oo Common bacteria
ncAc0 * Acetic acid bacteria

* Lactic acid bacteria
* Pediococcus

FELACCAICUS
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Genomic analysis 1/2
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Changes in % ABV
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#ig 11: Change In ABV % aver 2 72 haur fermentation In wooden (red) and stainless steed {black)

fermenters)

Changes in volatile profile
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Role of wild yeast in fermentation
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Introduction

Lab Scale v Production environment
fermentation
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First fermentation — no isolation

* Initial Inoculation of full sample
o« A.27%ABV In 0B hrs,

* Senzcry Observations:
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Plating for wild yeast isolation
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Wild Yeast Isolation
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Wild Yeast Fermentation - Characterisation
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Wild yeast fermentation - %ABV
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Pawestea a inceput in 1999, si, dr atund, am crescut constant,
devenind unyl dintre lider)l de platd 5| partener de Incredere

pentry brutarii, patiseri si praducatorii indusiriali din Raminia.

Investim constont in cercetare si dezvoltore pentiu = oferi
procuse sisoluti de ultima generatie.

inovatoare, sustenabile, la cele mai Inalte standarde de calitate,
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(S i)

g s
Zahar ! Here
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Assessment questions

Practicality and scalability
Horw can advanced fermentation technelopies je ., batch, feed-baich, continueus| and automation improve scalability and maintain
rificiency acrmss variows applications?

Regulatary and logistical barriers
What are the key regulatory and Inglstical challenges In Implemanting aptimized formentation prooesses, and how can they be

ouercome to ensure safety and compliance?

Consumar trands and expactations

o can optirmized fermentation aign with consurner rends for sustainability and natural products while addressing concerms sbout
walely and cast?

Envircnmental impact and dircular economy
How doos aptimized fermentatian contributs o reducing resoures wse and cmilssions while promating circular coanomy princdples in

varkaus Industrics?

Cost considerations
Whit sre L cust advantapes of optimized lesmentation compared Lo traditional rmethods, sod bow sanmanolsciuers snsure
srununic leasibilivy and ROIF

Technical lrld‘pm:m efficiency
Hurw diratvancemenls in micrabial engineeing, real-lime roonitoning, snd prooess sulomation enbamee Lhe elliciency and corsstency
of optimized farrentation processes?

(MEEK4FOOD
Multiple choice quiz

1, Which of the (3 [Prooesses i Ehez st effkaens But has 2 higher risk of cortamington?
3} Bamch Rrmencaton

b Fasd-batds fersrmmiation

<] Commuous fermensation

) Sakd-mane Terma masian

L Whiat is the imain avanege of ssing feod waste 5 2 substane in fimematioaT
) & abminates the need for miceabial slrairm.

b Hreduces greenhowe pas emissions and Rrdfl vane

1 It e Tarmen o spead.

] o rreses bioreachors unnscEy,

% Whick aof the fullnwing i an ssamgle of 4 product made using fermentation?
af EBread

b Yogurt

<] ¥inagar

o) Al o thie abave

4. What is 3 Bioreacver used Tor i Tarmentadon?

a) Wiisingg chasmicabi in & Tagtovy

b Growing and controling micoongantmms for product production
<) Fhering wanes in incisrial procesas

] Conbang foad wt Righ temparrturss

5. Which i i ol by s in fe mnt
a} Bacharia

b Yaast

<) Fung

o) Al o e abave

o Wihak 1z 3 by age of fes v A p
a) I reguines bais sneey and uses natural oo
"] can only be wsed for rversges.
] It cTeates synrhenic chemicals fastor.
E T A ——

T, Wity s Farrrvenat indied s Iy rienid by
a} i eliminabes the need dor packaging macerials.

&) hises ranewsb i rescurces ke agriculural waste

] It dosmse't prodyce Food

o) Hereguines no il croorganisme.
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Activity/Case-study 1

Identify alternative microbial-derived protein sources
(biomass fermentation) to conventional ones. e.g.
mycoproteins/single-cell proteins to vegetal/animal
origin proteins.

@ &  awpan MO - =
o %] (V ‘ P J f‘:jﬁ b
MEEK4AFOOD s
Scenario

+ Conventional protein sources, such as animal basced prateins (beef, poultry, and flsth nd plant based
prateins {zay, peas, and beans), have lang baen assential in global nutrition due to their high-quality aming
acid profiles and widespread availability. However, their production often leads to significant environmental
impacts, including Iw,lr]rﬁm{-nhuusc gas emissions, land use, and water consumption, especially in the case
of animal proteins, Furthermors, the ethical and sustain nhuﬁw concerns surrounding industrial Ivestock
farming have driven interest in altermative protein sources.

v Mycoproteins and single-cell proteins (SCPs), derived from fungi and yeasts, respectively, present a
promising sustainable alternative. These proteins require tar lezs land, water, and ensrgy compared to
comventional animal protein sources, and they can be prown en agricultural waste or low-valee substrates,
reducing food system inefliciencies. However, challenges related w scaling production, nutntional profile
and consumer acl:etﬂt,a nce of these alternative proteins still need to be addressed to fully replace traditicnal
probein sources in the diet.

Your company, BioProTech, has lasked you with developing & sustainable allernative prolein source Lo
traditional anmal protein sources for 2 client, a mid-sized feod company locking te adopt eco-Triendly
practices, The company currently sources animal proteins, including beef, paultry, and fish, for its produscts,
which include ready-to-eat meals, hurgers, and nutritional su pplements. Thear conventional protein sourmes
cnréula wtiith significant environmental impacts, such as high greenhouse gas emissions, water consurmption,
and land use.

GEEK4FOOD e
Task Overview

Waorking in different teams:

1. Analyze the suitability of animal-origin proteins and 5CPs for high-
protein food industry, considering nutritional profile {e.g. high-guality
amino acid profiles] and compati |IitE with food ingredients, dietary
supplements, or high-protein foods (burgers, protein powder
5upplementsﬁ.

2. Evaluate the environmental impact and costs of both protein sources
across their lifecycle (2.g., carbon footprint, water and energy
cansumption).

3. Propose an alternative-protein source tailored to the client’s needs,
iclentifying challenges and trade-offs.

4, Devalop a transition plan for the client, considering economic
* feasibility, regulatory compliance, and consumer acceptance.
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GEEKAFQOD [ -
Resources to be provided to the students

= Mutritional profile for animal-origin proteing [beef meat) and SCPs
(fungi).

« Summary of LCA data for beef meat and fungi SCPs,

* Case examples of companies that transitioned to fungi-derived SCPs.

* Access to online tools for calculating material carbon footprints.

GAEEKAFOOD [ [
For the tutor

Discussion Points Post-Case Study

= What are the limitatlons of SCPs as a replacerment for anlmal-crigin
proteins in food industry?

* How can advancements in food biotechnology improve the adoption of
sustainable practices?

* What role do consurmer perceptions play in tha success of alternative
protein saurces (SCPs) transitions?

* This case study is designed to equip industry professionals with the skills to
evaluate and implemeant alternative-protein sources salutions in the high-
protein food products sector, supporting innovation and sustainability,

Resources to be provided to the students
1. NUTRITIONAL PROFILE FOR ANIMAL-ORIGIN PROTEINS (BEEF MEAT) AND SCPS (YEASTS).

Meat is a fundamental component of the human diet, serving as a significant source of high-quality nutrients. It is particularly valued
for its rich supply of essential proteins, lipids, vitamins, and minerals, which are critical for numerous physiological processes. The
macronutrient profile of meat, characterized by its high biological value proteins and varied fat content, supports tissue synthesis,
metabolic regulation, and energy provision. Additionally, its micronutrient composition—specifically B-complex vitamins, iron, zine,
and selenium-—plays key roles in enzymatic reactions, oxygen transport, and immune function (Table 1).

According to European legislation, meat refers to the edible pavis of livestock species such as cattle, pigs, sheep, and poultry.
Warious factors, including animal species, breed, diet, environmental conditions, and the anatomical origin of the cut influence the
nutritional attributes of meat. For instance, lean meat cuts, such as chicken breast or turkey, provide higher protein concentrations and
lower lipid content, whereas fatty cuts yield greater energy density due to elevated fat levels (R. 5. Ahmad, [mran, Hussain, &
nutrition, 2018).

Meat Protein Sat. Fat Energy :;lz Na Zn P Fe
Cut (=) Fat (g) (=) (keal) {meg) (mg) (mg) (mg) (mg)
Chicken
breast, | 242 | 02 | 5 178 | 03 | 7 0.9 we | 12
raw
Beef,
seak | 210 | 19 | 45 123 19 54 17 67 | 13
cuts, raw |
Chicken, | 554 | g 19 s | o7 | 7 14 | 22 | o7
raw
Pork,
chop, | 181 | 108 | 317 | 353 11 60 18 wo | 14
raw
Turkey,
skinless, | 198 | 18 | 71 136 19 az s | e | 21
raw
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The amine acid profile of beef meat represents a comprehensive and bioavailable source of essential and non-essential amino acids,
which are fundamental for various physiological functions, including protein synthesis, enzymatic activities, and tissue repair. Beef is
particularly valued for its high content of branched-chain amine acids (such as leucine, isoleucine, and valine) that are crucial for
muscle metabolism, as well as lysine and methionine, which are vital for collagen formation and metabolic processes. The precise
composition and concentration of these amino acids can vary among different beef cuts, reflecting differences in muscle composition
and biochemical properties, thereby influencing the meat’s nutritional and functional qualities. The table below presents the amino
acid composition of different beef cuts (Chuck, Round, and Loin), highlighting variations in their nutritional profiles based on dry
weight measurements (Wu et al,, 2016).

Table 1. Amino acid profile of beef meat

Amino Acid Chuck (mg/g dry Round (mg/g dry Loin (mg'g dry
weight) weight) weight)
Essential Amino Acids (EAAs)
Histidine 204 310 3.7
Isolencine 38.4 40.5 41.1
Leucine 61.8 65.1 66.7
Lysine 66.6 70.4 72.0
Methionine 237 248 253
Phenylalanine 309 331 335
Threonine 343 358 37.0
Tryptophan 9.34 9.77 10.0
Valine 448 46.9 474
Non-Essential Amino Acids (NEAAs)

Alanine 422 44.5 454
Arginine 479 51.0 524
Asparagine 303 329 334
Aspartate 377 40.3 41.1
Cysteine 10.1 10.8 11.2
Glutamate 68.9 EX] 75.1
Glutamine 46.8 48.5 49.9
Glycine 310 333 3.7
Proline 30.0 315 329

Serine 320 342 | 354

Tyrosine 27.1 28.9 ‘ 30.1

4-Hydroxyproline 1.73 1.74 | 1.77

The term "single cell protein" (SCP) is widely regarded as the most accurate descriptor, as it refers to protein produced by single-
celled organisms. Yeast, for example, has been shown to be capable of proeducing approximately 250 tons of protein within 24 hours.
The concept of SCP was first introduced in 1968 during a ing at the M. h Institute of Technology (MIT), where
researchers sought to identify a more precise term to replace previously used terminology, such as "microbial protein”. Various
microbial species, including algae, bacteria, fungi, and yeast can synthesize SCP. In addition to its high protein content, which ranges
from 60% to 82% on a dry matter basis, single cell protein (SCP) also contains carbohydrates, nucleic acids, lipids, minerals, and
vitamins (Sharif et al., 2021). Yeast for example is a good choice for SCP production as it grows rapidly on different sugars-rich

feedstocks. Moreover, most yeasts are safe for ption. The most mycop P on the market, Quorn™, has
been produced since 1985 following 15 years of research and development (M. I. Ahmad, Farooq, Alhamoud, Li, & Zhang, 2022).
Fusarium venenatum, a fungus, has been cultivated in England for more than a decade to produce mycoprotei ially known

as "Quom." This product boasts a fibrous texture and is an excellent source of high-quality protein, including all essential amino acids.
Fusarium venenatum-derived mycoprotein comprises approximately 44% protein by weight on a dry basis, and its net protein
utilization (NPU) is similar to that of milk.

Fig 1. Schematic representation of the process for the production SCP (Source: Original)

The quantity and quality of single-cell protein (SCP) are influenced by the microorganism used and the culture conditions. For
instance, the protein yield from microalgae can vary significantly, ranging from 30% to 80%. SCP generally contains a higher
percentage of protein compared to conventional food sources, such as soy (38.6%), fish (17.8%), meat (21.2%), and whole milk
(3.28%). Table 2 presents a comparison of protein and amino acid content between conventional foods and SCP. SCP derived from
Haematococcus pluvialis and Saccharomyces cerevisiae is a rich source of threonine (up to 7.41%) and tryptophan (up to 14.22%),
both of which are considered limiting amino acids in milk and meat, respectively. SCP also provides essential amine acids such as
methionine, threonine, and lysine, with lysine being deficient in cereals, suggesting that combining SCP with cereals could enhance
the nutritional value of the food. Studies have shown that SCP protein can surpass the protein content of other sources, potentially
offering health benefits to isms that « it. For iple, suppl ing the diet of Jian carp (Cyprinus carpio var. Jian)
with the methanotroph Methylococcus capsulanis (Bath) significantly improved their mean final weight, rate of weight gain, specific
growth rate, and serum antioxidant capacity while reducing malondialdehyde production, compared to fish fed soybean meal (Salazar-
Lapez et al,, 2022).
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Protein Meat (Beef) Milk (Cow) Fish (Carp, Rhodopsendomonas Candida wriliz (Y east) Haematococcus
composition Taw) Jfaecaliz (Bacterium) and Brevibacterium pluvialis
(%a) lactofermentum (Microalgae)
{Corynebacterium)
TOTAL 212 328 17.8 51.5 54.5 64.93
PROTEIN (%)
Essential amino acids (%)

Isoleucine 241 0.12 2.71 37 345 2.58
Leucine 4.06 0.23 4.35 7.6 4.13 10.87
Lysine 4.45 0.13 5.16 5.6 25.00 11.05

Methionine 1.35 0.04 1.62 0.5 1.86 0.54
Phenylalanine 2.20 0.13 2.22 4.1 1.65 3.17
Threonine 229 0.08 2.59 0.3 393 741
Tryptophan - - - 38 - -
Valine 2.50 0.14 346 55 384 -
Histidine 1.70 0.06 2.00 1.9 0.79 1.84
Non-essential amino acids (%)

Cysteine 0.64 - 0.66 1.0 - 1.19

Tyrosine 1.80 0.12 2.07 23 2.49 6.91
Arginine 3.l6 0.05 3.21 1.1 3.35 21.44
Alanine 292 0.08 3.39 6.6 282 12.68

Aspartic acid 4.50 0.13 5.86 4.7 4.87 18.71
Glutamic acid 7.65 0.35 7.99 37 12.00 5.62
Glycine 243 0.04 2.73 6.1 3187 28.12
Proline 1.89 0.15 2.08 5.4 2.74 9.96
Serine 202 0.10 245 37 1.24 7.70
Asparagine - - - - - 6.67
Glutamine - - - 4.3 - 6.83

2. SUMMARY OF LCA DATA FOR BEEF MEAT AND YEAST SCPS.

A nationwide Life Cycle Assessment (LCA) was initiated as part of the US Beef Sustainability Research Program to establish baseline
environmental impact metrics and 1dentify opportunities for improvement within the beef value chain. Primary cradle-to-farm gate
inventory data were collected from the Roman L. Hruska US Meat Animal Research Center (USMARC), the largest agricultural
animal research facility in the United States. The primary objective of this LCA was to establish a baseline for the environmental
impacts associated with current practices throughout the US beef value chain. Specifically, the study aimed to quantify the
sustainability impacts linked to the production and consumption of 1 kg of beef in a representative US system. The target audience for
the results included stakeholders within the beef industry, consumers, and the broader public.

Table 2. Emission rates from fertilizer and manure application on feed crops used in US beef life cycle impact assessment

Emission Type Rate

0.15 g P/kg P applied

0.60 g N/kg N applied

0.20 g N2Ovkg applied

30% of N applied
0.75% (2.25 kg N2O-N/kg fertilizer N applied)
200 g CO2-C/kg (NHz):CO applied
C0O; from limestone 120 g COz-Clkg CaCOs applied
Volatilization of NHs from fertilizer-N 100 g NHy/kg N applied
N20-N = annual direct N2O-N emissions produced from soil amendment (urea or limestone) decomposition, kg N20-N/year
C02-C emission = annual C emissions from soil amendment (urea or limestone) decomposition, kg Clyear

The Life Cycle Assessment (LCA) results (Table 3) for the beef value chain revealed that the feed and cattle production phases were
the predominant contributors to most environmental impact categories. Key impact metrics included water emissions (7005 L diluted
water equivalent per kilogram of beef [L eq/CB]), cumularive energy demand (1110 MJ per kilogram of beef [MJ/CB]), and land nse
(47.4 m” per kilogram of beef per year [m” a eq/CB]). Air emissions were quantified in terms of acidiffcation petential (726 g SO:
equivalent per kilogram of beef [g S0: eq/CB]), photechemical ozone creation potential (146.5 g C:Hs equivalent per kilogram of
beef [g CzHs eq/CB]), global warming potential (48.4 kg CO2 equivalent per kilogram of beef [kg CO: eq/CB]), and ozene depletion
potential (1686 pg CFC-11 equivalent per kilogram of beef [ug CFC-11 eq/CB]). Other metrics included abiatic depletion potential
(10.3 mg Ag equivalent per kilogram of beef [mg Ag eq/CB]). consumpiive water use (2558 L equivalent per kilogram of beef [L
eq/CB]), and solid waste (369 g municipal waste equivalent per kilogram of beef [g municipal waste eq/CB]). In terms of relative
contribution, the feed phase accounted for 0.93 of the human toxicity potential

Runoff loss (corn fields only)

Air emissions (direct + com crop residue)
N fertilizer leaching
Leached N to N20-N
CO; from urea
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Table 3 Environmental impact metrics quantified in the life cycle assessment of US beef where 1 unit of consumer benefit (CB) is
equivalent to 1 kg of consumed, boneless, edible beef in the USA

Impact Units Feed Cow-calf | Finish Packing | Case ready | Retail | Consumer | Restaurant

Abiotic depletion mg Ag eq/CB | 1.51 3.95 268 0.24 (.16 (.14 0.59 1.01

potential

Cumulative energy MI/CB 9880 |16 6.0 1.4 83 6.6 293 484

demand

Consumptive water use | L eg/CB 2506 1.9 11.2 37 1.9 1.7 6.8 14.0

Absolute consumptive L abs./CB 5023 239 225 15 9 34 13.7 281

water use

Human toxicity potential | norm. tox. 0.93 0.034 0.027 0.003 0,002 (001 0.001 0.002
pis.

Land use mfaeq/CB | 458 0.8 0.7 0.1 02 0.0 0.1 02

Acidification potential g50:eq/CB | 1274 | 3592 210.7 2.6 1.7 23 7.8 139

Global warming potential | kg CO: 742 28.51 6.39 0.55 027 046 2.01 283
eq/CB

Ozone depletion pg CFCun 1214 |01 1.4 369 3366 180.7 | 9.0 1008

potential eq/CB

Photochemical ozone g C:Haeq/CB | 1369 | 6.8 18 02 0.1 0.2 0.4 0.1

creation potential

Solid wastes g municipal | 91.3 101.4 215 45.1 7.0 10.1 253 67.3
waste eq/CB

Water emissions L diluted 6127 179 24 126.1 4849 22 1988 459
water eq/CB

Abiotic depletion mg Ag eq/CB | 1.51 3.95 268 0.24 016 014 0.59 1.01

potential

This LCA is the first comprehensive assessment of its kind for beef production and has been third-party verified in accordance with
150 14040:2006, IS0 14044:2006, and [SO 14045:2012 standards. A subsequent nationwide study of beef cattle production is
currently underway, utilizing region-specific data to establish benchmarks at the regional level and identify opportunities for further
improvements in the sustainability of US beef production {Asem-Hiablie, Battagliese, Stackhouse-Lawson, & Alan Rotz, 2019).

Yeast-based single-cell protein (SCP) produced using oat side-streams as feedstock (O0S8-SCF) demonstrates notable differences in
environmental impact when compared to other protein sources. O8-SCP results in a 6.1% reduction in land use compared to
conventional products such as soy protein concentrates. However, it exhibits higher environmental impacts across several categories,
including global warming potential (205-754% increase), water consumption (166-1401% increase), freshwater entrophication
{118-333% increase), and ferrestrial acidification (85-340% increase). When compared to other novel protein sources, such as yeast
protein concentrate, methanotrophic bacterial SCP, and msect meal, OS5-8CP shows a more significant environmental footprint.
Nevertheless, 08-SCP also demonstrates a reduction in global warming (11% decrease) and freshwater eutrophication (20% decrease)
compared to dry microalgae biomass(Kobayashi et al., 2023).
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Figure 2. Comparative Environmental Footprint of OS-SCP vs. Other Novel Protein Sources

The production process for single-cell protein (SCP) derived from biomethane emerged as the dominant contributor in five out of six
evaluated environmental impact categories: ecotoxicity (42.5%), global warming potential (39.2%), human toxicity—cancer (59.5%),
human toxicity-—non-cancer (48.3%), and water scarcity (70.1%). In contrast, the landfilling of rejected materials from the
pretreatment stage was identified as the primary driver of freshwater eutrophication. Given the SCP production process’s significant
contribution to these impact categories, a detailed assessment of its operations is imperative. Analysis revealed that electricity
consumption is the critical factor responsible for its environmental burden, contributing between 43.7% and 72.7% across five of the
six impact categories, including ecotoxicity, eutrophication, global warming, and both cancer and non-cancer human toxicity.
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To mitigate these environmental impacts, transitioning to renewable energy sources is strongly recommended. For instance, a study by
Jarvid et al. reported an 88% reduction in global warming potential for microbial protein production using autotrophic hydrogen-
oxidizing bacteria (HOB) when hydropower replaced the conventional electricity mix in Finland. This highlights the transformative
potential of integrating renewable energy into SCP production to reduce its environmental footprint (Femndndez Gutiérrez, Argiielles,
Martinez, Disla, & Lara-Guillén, 2022).

Table 4. Life Cycle Inventory for the single-cell protein to obtain | kg of protein from microorganisms (SCF)

Stage Inputs Qutputs Emissions to Air
CHa: 0,083 kg
Leftover biogas (to upgrade): Co: 107 g
Biowaste: 71.4 kg T1lkg COz 0296 kg
Biowaste FeCl3: 0.1 kg Solid fraction of digestate: NOg: 1% g
Pretreatment | Polyelectrolyte: 0.04 kg 47.5kg NaO: (L0104 g
and Anaerobic Tap water: 28.8 kg Liquid fraction of digestate: 80600107 g
Digestion Driesel: 0.09 kg 302kg NH: B.00 = 10 g
Electricity: 12.0 MJ Rejected materials to landfill: NMVOCs: 0.156 g
6.4 kg PMio: 1,079 g
PMzs: 0,079 g

Protein from microorganism:
L.00 kg
Uniprotein (8% H20) : 1.55 kg
‘Wastewater to wastewater
treatment plants: 8.6 kg

SCP ) CH« 0.057 g
Production Chemicals: 62.38 kg C0:223g
COz: 1.019 kg
NOw 5.08g

N20: 6,00« 107 g
NMVOCs: 015 g
PM10: 0.051 g
PM2.5:0.051 g
The term “Chemicals” includes biomethane, oxygen, water, natural gas, sodium hydroxide, and the sources of nitrogen, phosphorus

and sulfur,

3. CASE EXAMPLES OF COMPANIES THAT TRANSITIONED TO YEAST-DERIVED SCPS.
Quorn

+ Background: Quorn is a global leader in meat alternatives, producing mycoprotein-based products derived from fungal SCP.

+ Transition Details: The company pioneered the use of fermentation to produce mycoprotein, which is cultivated from Fusarium
venenatum, a type of fungus, and blended into various meat substitute products.

+ Impact: Quomn's SCP-based products offer a sustainable protein source that uses significantly less water, land, and energy
compared to traditional meat production, helping address climate change and resource scarcity.

«  Web site: hitps://www.quom.co.uk/mycopratein

Quom mycoprotein is a sustainable, meat-free protein source that is rich in dietary fiber and low in saturated fat. Its production
begins not with livestock but with Fusarium venenatum, a natural, nutrient-dense filamentous fungus found in seil. The manufacturing
process utilizes fermentation, a traditional biotechnological technique commonly emploved in the production of bread, beer, and
yogurt. Through controlled fermentation, Fusarium venenatum is cultivated to produce mycoprotein efficiently. The environmental
advantages of Quorn mycoprotein are significant; its production genevates 95% less CO: compared to conventional beef mince,
making it a highly sustainable protein option. This approach represents an innovative and eco-friendly solution to meet the nutritional
needs of a growing global population while reducing the environmental impact of protein production.

Unibio Group

« Background: Unibio Group is a biotechnology company that focuses on producing sustainable protein using microbial
fermentation, including veast-based SCP.

« Transition Details: The company developed its proprietary U-Loop® technology, which converts methane into SCF for use
as animal feed. Their product, Uniprotein®, offers a high-protein, sustainable alternative to traditional feeds like soy and
fishmeal.

« Impact: By utilizing methane as a feedstock, Unibio significantly reduces land and water use, offering a lower-carbon
solution to meet the growing global protein demand.

+  Wehszite: https://'www.unibio.dk/end-product/protein/

Uniprotein® is a high-quality, protein-rich biomass containing approximately 72% protein, designed as a direct supplement for
animal feed formulations. It is presented as a free-flowing, reddish-brown granule with a particle size range of 150-200 pm and
features an extended shelf life. The production process ensures consistent product uniformity. Derived from a natural, non-genetically
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maodified process industrialized by Unibio, Uniprotein® is produced through microbial fermentation using natural gas as the sole
carbon and energy source. This method is environmentally sustainable, as the only by-product is clean water. Uniprotein® is free from
toxins, dioxins, and heavy metals, owing to its highly controlled production environment and the exclusive use of food-grade minerals.
Its innovative production process highlights its potential as a sustainable and safe alternative protein source for the animal feed
industry.

4. ACCESS TO ONLINE TOOLS FOR CALCULATING MATERIAL CARBON FOOTPRINTS.
SIMAP (Sustainability Indicator Management & Analysis Platform)

Description: A comprehensive tool for assessing carbon footprints in supply chains, energy use, and material inputs. Institutions and
companies often use it.

Website: https://unhsimap.org/
PlanBe.Eco Carbon Footprint Calculator

Description: PlanBe.Eco offers a user-friendly carbon footprint calculator designed to assess and mitigate environmental impacts. This
platform caters to both individuals and businesses, emphasizing simplicity and actionable insights for sustainability goals.

Website: PlanBe
Carbon Trust Footprint Calculator

Description: Offers a user-friendly interface to calculate the carbon footprint of materials and products. It is designed for businesses
and organizations seeking to estimate their emissions.

Website: https://www.carbontrust.com/en-eu

OpenLCA

Description: A free and open-source software for life cyele assessment (LCA). Users can model carbon footprints of materials and
products using publicly available databases.

Website: https:/‘www.openlca.org/
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Optimized Fermentation

Session 4;

Existing optimized fermentation products: Pros and Cons
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1. Optimized Food Fermentation Products
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2. Real-World Examples of Optimized
Fermentation Products
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2.1. Mycoprotein-Based Products

Quiarh:

*  Alternative protein produced from Fusariven venenatuem;

¥ Uses fungal biomass grown wia fermentation on sugar-based
substrates;

* Used as ingredient for alternative meat-free food products.
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GEEK4FOOD P

2.1. Mycoprotein-Based Products

Nature’s Fynd

v Alternative protein praduced from Fusorium strain flovolopis;

v’ The substrate used is often agricultural by-products;

v" Developed for inclusion as an ingredient for food products such as meat,
dairy, and flour alternatives.

BN

Fumania o ol

termentation https/ fevawnaturesfynd.com/f
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2.2. Seaweed or Algae-Based Products

Algamafoods ALGAMA
v' Use microzlgae, such as Chlorella and Spirulina, to create sustainable
proteins for use in beverages and snacks.

v' Algama has been recognized with awards like the "Tech for Future 2024"
prize for its innovative contributions to sustainable food production.

‘ d https:/falpamafoods.com/

(EEK4FOOD | Bt

2.2. Seaweed or Algae-Based Products
4

DIC Corporation Color b Comfort

¥ DIC produces food-grade natural pipgments, particularly from microzalgae, which are
used as colorants in food and beverages,

¥ Phycocyanin: A natural blue pigment extracted from Spirulina, widely used in
confectionery, beverages, and as a clean-label alternative to synthatic dyes,

¥ Lutein and Astaxanthin: Nutritional carotenoids derived from microalgae, used in
dietary supplements and functional foods for their antioxidant properties.

ks Ay

EEKAFOOD P

2.3. Alternative Qils Ci6
BIO

C16 Biosciences

¥ A sustainable alternative to palm oil using optimized fermentation processes. The
company leverages yeast strains to produce a palm oil substitute with a similar fatty
acid profile, making it functionally equivalent to palm oil in various industries,
including food and personal care.

¥ Their product, Palmless™, is produced by fermenting non-GMO oleaginous yeast,
which can generate oils rich in palmitic acid—a key component of palm oil.

=

L0 Mascivneons
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3. Advantages

Increased yield and efficiancy
Cost effectiveness
Consistency and quality control
Environmental benefits

Customization for novel products

] | ]
| e bd

o

MEEKAFOOD | L.

4. Limit_ations

[ High initial invastmant

Y o -, Y
i | . -\._ |
! i i -

Complexity in implementation
Risk of contamination
Dependence on precise parameters

. Potential for reducad genetic divarsity

g
| Regulatory challenges
—

GEEK4FOQOD e

5. Future Trends of Food Fermentation

Precision fermentation

A

Alternative substrates

o )

Expanded applications

Sustainability and circular economy

\ ‘,_\ X 1‘_\

Advances in microbial engineering

Clean label products

O Y

Affordable alternatives

Regional and cultural integration

BN RN

Regulatory and consumer acceptance
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Questions

1. What is one of the main benefits of optimized fermentation in the food industry?
A} Reducing production time tor traditional food products

8] Reducing ervirenmental impact by using alternative substrates

G Increasing the price of fermoented food prodocts

o) Increasing the reliance on animal-darived ingredientas

2, Which of the fellowing companlas produces animal-frea dairy products using
optimized fermentation?

Al Galtar
8) Mature’s Fynd
G Algarmalioods

D) Meatl Fooda
Froject n: 101087203

GEEKAFOOD L.

Questions

2. Which of the following alternative substrates are being used in optimized fermentation
processes?

&) animal fat and muscla fissua
Bl Flant supars, agricuttural wasta, and Gy
1 Rew animal byproducts

O] Cnly chamical compounds darivad fram synthetic sources

4. What Is one of the primary adwantages of aptimized fermentation tor tood praduction?

Al It always produces products that are less expensiva than tradivonal methods

B It allowes for the production of high-guality, sustainable ingredients withoul relying on
animals

G It is faster but Iess efficiant than tmditional fermentation

01 Itincreases the depandence on fossiltuals for production Propect 1. 101067203
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Activity/Case-study 2

Proposing an Innovative Solution for Controlled
Fermentation-Derived Products

A Holistic Perspective on Applications, Environmental
Impact, Raw Materials, and Cost

o 2 fisusrion Tasa - T
o ! (V_ r:zn n s - '.‘:63:‘ or
HEEKAFOOD | Pk

Scenario

= Citric acid, widely used in the food industry as a flaver enhancer, preservative, and acidity regulator, is
pradominantly produced via micrablal fermentation. This process utilizes sugar-rich feedstocks, such as comn,
rvolasees, or cassava starch, as the primary substrate. While this methad s efficdent and cost-effective, it s
heavily reliant on agricuftural inputs, which can contribute to land use, resource depletion, and food sscurity
challanges.

Your client, 3 mid-sized food manufacturer "Greentycle Ingradients” specializing in ready-to-eat meals, snacks,
and Beversges, is looking (o make their production processes mose sustainable. They curiently reby on Buying the
comrnercially svailable citrie acid but seek a deaner and maore circalar approach 1o produce it thermselves. Their
gaal is to leverage food waste and by-preducts generated during their manufacturing processes (g, fruit pesals,
pulp, vepetable scraps from beverapes production) as alternative substrates for citric acid fermentation. This
aligns with their commitrment to reduce waste, achisve net-zero emissions, and transition te a circular

= Kay client dataib:

Thair currert supaly of citrle acld depends on external suppliers wsing traditional Ssroaeatation methodds, adding signifizant
transpartation-related emissians and costs.

+ They generate substantial waste during their aperations, induding citrus peels, starchy resklues, and other organic by-products,
which are: current by discanded or andenstlized.

= The comparny i commrmilied o achiesing sustainability goals by 2030, inducap waite reduction and & foous on natural
« ingredients,

GEEK4FOOD e

Task Overview

Working in different teams:
1. Analyze the suitability of circular fermentation for citric acid production

Fealuate fond waste as a substeate for fermentation, assess citric acid's functionality {flavor, acidity,
preservalion] snd Compare wasle-derived Glric std will conventional production in perleimance
Al qualily.

2. Evaluate the environmental Impact and costs

Amvalyee carbon loolprinl, waler, and encrgy savings o wasle-based cibiic acid versus convenlional
mthods, Assess coonomic feasibility, cost savings, and scale-up challenges of using food waste as
feedstock.

3. Propose a fermentation salution

Design a scalable process bo convert food waste inte citric acid, addressing feedstock wvariability,
quality consistency, and regulatory compliance. Fropose inmovations to boost yvield and cut costs.

4. Develop a transition plan for circular eitric acid production

Develng a roadmap for fermentation-hased citric acid, covering ford safety certificatian, investment
“slralegies, coonemic leasibilily, and consumer engagement Lo promele sustainsbilily benelils.
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Resources to be provided to the students

* Chemical and functional profiles - properties of citric acid and its
applications in food products (e.g., preservation, flavor, and acidity
regulation)

* Raw material data — compaosition and availability of food waste
feedstocks

* LCA data for citric acid production

+ Case studies of circular fermentation for citric acid - examples of
successful food companies adopting waste-to-value solutions.

+ Access to analytical tools
+ Regulatory guidelines

Deliverables to be provided by the students

Each team will produce:
* A detailed report on their assigned aspect.

* A visual presentation summarizing key findings and proposed
solutions.

* A collaborative proposal outlining a comprehensive fermentation-
based solution.

Teacher’s Role

* Facilitator: Guide students through the problem-solving process by
posing questions and offering clarifications.

* Evaluator: Assess the feasibility, creativity, and thoroughness of
proposed solutions.

* Discussion Leader: Encourage critical reflection on challenges, trade-
offs, and potential advancements in fermentation technology.
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A. Applications HO ll St iC
Preservative for beverages, sauces, and processed foods. pers pective

Flavor enhancer in ready-to-eat meals, snacks, and confectionery.
Acidity regulator in baked goods, jams, and dairy products.
Suitable for industries seeking natural replacements for synthetic additives.

B. Environmental perspective

Reduces food waste by using by-products like citrus peels and pulp as feedstock.
Supports circular economy goals by minimizing reliance on virgin agricultural inputs.
Lowers greenhouse gas emissions compared to synthetic citric acid production.
Helps divert waste from landfills, reducing methane emissions.

C. Raw materials

Food Industry By-Products: Citrus peels, fruit pulp, and starchy residues.

Non-Food Industry Contributions: Organic waste streams suitable for fermentation.
Pre-Treatment Requirements: Enzymatic hydrolysis to convert waste into fermentable sugars.

D. Regulatory Requirements

Compliance with food safety standards (e.g., EFSA, FDA) for waste-derived ingredients.

Alignment with clean-label certification to meet consumer demand for natural products.
Upcoming regulations (e.g., EU Waste Framewaork Directive) supporting waste-to-value transitions.

E. Cost considerations

Cost comparison between traditional citric acid production (from sugar-rich crops) and waste-based fermentation.
Assessment of scalability for small- and large-scale manufacturers.

Evaluation of cost-efficiency improvements from integrated waste-to-value processes (e.g., reduced raw material costs).

F. Consumer perspective

Willingness to pay: Higher acceptance for natural, sustainable citric acid among eco-conscious consumers.
Safety assurance: Clear communication about the safety of waste-derived citric acid.

Sustainability: Market appeal driven by its role in reducing food waste and carbon footprint.

Interactive discussion/Stakeholder perspectives

Food manufacturers

* Does the innovation meet clean-label and sustainability demands from retailers and consumers?

* Can manufacturers market products as natural and eco-friendly while maintaining competitive pricing?
Environmentalists

* Does the shift toward waste utilization strengthen broader sustainability efforts?

* How does this solution influence consumer awareness about waste reduction and environmental impacts?
Regulators

* Are policies in place to support consumer-driven trends toward natural and sustainable ingredients?

* Can the innovation drive broader changes in waste management and resource efficiency?

Consumers

* Are consumers willing to pay a premium for waste-derived, eco-friendly products?

* How does this align with the growing demand for transparency and sustainability in food production?

Co-funded by Deliverable 5.2 — Report on training delivered |
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For the tutor

Discussion Points Post-Case Study

» What are the main challenges of using food waste as a substrate for citric acid
fermentation?

* How can advancaments in fermeantation technaology improve the scalability and
efficiency of waste-based citric acid production?

+ What strategies can help address regulatory and consumer acceptance challenges
for waste-derived food ingredients?

* \What are the economic and emvironmental trade-offs of transitioning to a circular
fermentation modeal?

* How can companies collaborate across the value chain to maximize the benefits
of circular fermentation?

Key Features of the Solution

1. Raw materials: utilization of food and agricultural waste feedstock:

* Use of food production by-products such as citrus peels, fruit pulp, and starchy residues as fermentation substrates.

* Pre-treatment technology: deployment of green technologies to convert waste into fermentable sugars, ensuring optimal substrate quality.
+ Environmental impact: reduces reliance on virgin agricultural inputs, diverts food waste from landfills, and minimizes methane emissions.
2. Process design: loT-enabled automation

* Smart bioreactors: equipped with real-time sensors to monitor pH, temperature, nutrient levels, and preduct concentration during citric
acid fermentation.

+ Automated control systems: machine learning algorithms adjust fermentation parameters to optimize citric acid production efficiency.
* Scalability: modular designs support seamless scaling from pilot to industrial production for citric acid.

3. Circular economy: integrated downstream processing

* Energy recovery: capture of off-gases like CO; for reuse in beverage carbonation or other applications.

* Water recycling: advanced filtration systems recycle water used in the fermentation process to minimize waste,

. Walste minimization: residual biomass from fermentation repurposed as bioenergy or agricultural fertilizer, completing the waste-to-value
cycle.
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Assessment
Multiple choice quiz

Safety and risk t of optimized fer tation process

1. What is the main purpose of fermentation in food production?
a) To produce alcohol for beverages

b) To enhance flavor, preserve food, and create useful by-products
¢) To eliminate microorganisms from food

d) To increase the temperature of the food

2. Which of the following are examples of products made using fermentation?

a) Bread
b) Yogurt
c) Vinegar
d) Cheese
S o o [ - -
o ! ~ °5“," ’,—.— (2 EFosT

3. What is a bioreactor used for in fermentation?

a) Mixing chiemicals in a factory

b) Growing and controlling microorganisms for product production
i) Filtering water in industrial processes

d) Cooking food at high temperatures

4. Which microorganisms are commonly used in fermentation?
a) Bacteria

b) Yeast

) Fungi

d) Algae

5. What are the key advantages of fermentation compared to chemical processes?
a) It requires less energy and uses natural processes.

b) It eliminates the need for microorganisms,

) It creates synthetic chemicals faster.

d) It uses renewable and sustainable resources.

6. What role does temperature play in fermentation?

a) It has no impact.

b) It affects the speed and efficiency of microbial activity.
) It makes the fermentation process Unnecessary.

d) It stops microorganisms from growing.

7. Why is fermentation considered environmentally friendly?
a) It eliminates the need for packaging materials.

b) It uses renewable resources like agricultural waste.

) It reduces reliance on synthetic chemical production.

d) It produces no by-products.

Existing optimized fermentation products: Pros and Cons

- S
(-] - | s e oléce: 2 & EFFost
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1. What is one of the main benefits of optimized fermentation in the food industry?
Reducing production time for traditional food products

Reducing environmental impact by using alternative substrates

Increasing the price of fermented food products

Increasing the reliance on animal-derived ingredientes

hich of the following companies produces animal-free dairy products using optimized fermentation?
Geltor

Nature's Fynd

Algamafoods

Meati Foods

2.

N T

3. Which of the following alternative substrates are being used in optimized fermentation processes?
1. Animal fat and muscle tissue
2. Plant sugars, agricultural waste, and CO2
3. Raw animal byproducts
4. Only chemical compounds derived from synthetic sources
5.
4. What is one of the primary advantages of optimized fermentation for food production?
1. It always produces products that are less expensive than traditional methods
2. It allows for the production of high-quality, sustainable ingredients without relying on animals
3. It is faster but less efficient than traditional fermentation
4

It increases the dependence on fossil fuels for production

=
0]
i
A

(-] - ad -"5‘“‘ - - 2] EFFoat
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ANNEX 3: Content mapping file, syllabus and content
of the module “Food waste valorisation in food

product design”
1. Content mapping file

Challenge- Food waste: from  UNITE 30 min https://food.ec.europa.eu/food-
based what, what, what safety/food-waste en Compr Rev Food
lecture for and how: Sci Food Saf. 2024;23:e70011.
current and https://doi.org/10.1111/1541-
future sustainable 4337.70011 Springmann et al., Nature,
strategies for 2018, 562, 519 Wang et al. Nat Food
valorisation (2025).
https://doi.org/10.1038/s43016-025-
01140-z
https://op.europa.eu/en/publication-
detail/-/publication/3803332e-2d1d-
1lef-a6lb-0laa75ed71al/language-en
Content part  Technological UNITE 30 min Galanakis, Trends in Food science and
1 (or2) functionalities of technology, 6 (2012) 68-87 Pittia &
food waste for Gharsallaoui, Food waste recovery(pp.
green ingredients 155-170). Academic Press.
design https://doi.org/10.1016/B978-0-12-
820563-1.00007-X
Content part  Biorefinery TUD/UNITE 30 min
2 (or1) approches and
innovative
technologies for
food ingredients
Activity Activity/Case- UNITE activity's
based study 1 (see core
content — below) duration: 30
aiming min
systems
approach,
identify the
problem
Activity Activity/Case- UNITE activity's
based study 2 (see core
content — below) duration: 30
min
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https://doi.org/10.1111/1541-4337.70011
https://doi.org/10.1038/s43016-025-01140-z
https://doi.org/10.1038/s43016-025-01140-z
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https://op.europa.eu/en/publication-detail/-/publication/3803332e-2d1d-11ef-a61b-01aa75ed71a1/language-en
https://doi.org/10.1016/B978-0-12-820563-1.00007-X
https://doi.org/10.1016/B978-0-12-820563-1.00007-X

N

aim to bring
solutions
Content part
3

Refining
solution
Learning

outcome

Assessment
method

Circular economy,

industrial

sustainability and

social impact

Overview of the 2

case

studies/discussion

"1. Understand the concepts of food waste recovery, technological functionality of waste

TU Dublin

(valorisation
of food waste
from food
value chains,
technological
solutions)

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

30 min

15 min

biomolecules and their potential for valorisation along with the technological aspects 2.

Understand the role of food waste recovery withing circular economy and the bioeconomy

models and the link between the circular economy and social impact.
"1. Group exercises (Case studies 1 and 2).

N Co-funded by

the European Union
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2. Module’s syllabus

Module's syllabus
Title: Food waste valorisation in food product design

General information

Course Food waste valorisation in food product design

Scope Sustainability, Food waste, design thinking, food formulation,
techno-functional properties

Language English

Evaluation Case studies/ multiple choice questions

Holders Paola Pittia

Length One day course

Didactic method Lectures with activity-based content

Location Online, or in class, or hybrid

Learning objectives

1. Understand the concepts of food waste recovery, technological functionality of waste
biomolecules and their potential for valorisation along with the technological aspects

2. Understand the role of food waste recovery withing circular economy and the
bioeconomy models and the link between the circular economy and social impact.

3. Identify potential food waste and side-streams for food ingredients and products
development, based on technological functionality and technologies available.

4. Apply biorefinery and food technology concepts for food ingredients and products
design.

Required skills

Learners need a multidisciplinary skill set, including unit food chemistry, food unit operations
and processes, sustainability principles (circular economy, resource optimization, and waste-
to-value systems), and the ability to valorise the techno-functional, nutritional and health
properties in food product design.

Additionally, learners should develop process and product design along with innovation skills.
The ability to integrate technofunctionality, sustainability, and cost in decision-making is
critical, as is the capacity to analyze case studies, interpret process efficiency data, and ensure
compliance with food safety and environmental regulations.

Strong communication and interdisciplinary collaboration skills and awareness of emerging
trends in green technologies, sustainable processing, and biorefinery are essential. Basic
knowledge of experimental design approaches, resppnse surface methodology and statistical
methods in food waste bioactives process optimisation and food product design is also
beneficial.

Subjects

Challeng based lecture: Food waste: from what, what, what for and how: current and future
sustainable strategies for valorisation.

Teaching session 1 : Technological functionalities of food waste for green ingredients design
Teaching session 2: Biorefinery approches and innovative technologies for food ingredients

Co-funded by Deliverable 5.2 — Report on training delivered |
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Case-study 1: |dentify a specific food value chiain and related waste and side-streams to be
valorised for innovative food ingredients and products based on their technological
functionalities. E.g. From waste to value: the case of chocolate

Case-study 2: Propose/describe a technological solution to develop/produce a food
ingredient/product from holistic perspective (applications, environmental impact, raw
materials, cost etc.). E.g. the case of mushrooms processing chain.

Teaching session 3: Circular economy, industrial sustainability and social impact

Teaching methods
Lectures, case studies

Verification of learning

The achievement of the training objectives of the Food waste valorisation in food product
design will be assessed through interactive metheds, including multiple-choice questions and
case study analyses. These assessments will evaluate the learners' ability to understand and
apply the new knowledge on technological functionality of biomolecules, the potential of food
waste as new second raw material for new products developmen, analyze and synthesize
information, and make informed decisions in scenarios that mirror real-world conditions in
food waste valorisation.

Multiple-choice questions will test foundational knowledge, while case studies will challenge
learners to solve problems related to process selection and optimization, scalability, and
environmental impact. Practical exercises, such as real case studies and data interpretation,
will measure their ability to effectively apply theoretical knowledge to operational contexts.
These methods ensure a comprehensive evaluation of both conceptual understanding and
practical skills.

Indicative resources

1. EC: Food waster (frameworks, standards for food waste): website link

2.| Review: Makiso-Uruso et al., A comprehensive review of current approaches on food
waste reduction strategies [Link 1

3.| Review: Springmann et al 2018. Options for keeping the food system within environmental
limits [Link 2]

4.| Review: Wang et al 2025. Food waste used as a resource can reduce climate and resource
burdens in agrifood systems [Link 3

5. Review: Galanakis C. 2012. Recovery of high added-value components from food wastes:
Conventional, emerging technologies and commercialized applications [Link 4]
Book Chapter: Pittia & Gharsallaoui, Food waste recovery [Link 5

7. Review: Patel et al., 2024. Innovative biorefinery approaches for upcycling of post-
consumer food waste in a circular bioeconomy context [Link 6

8. Review: Fazle-Rabbi & Bin Amin, 2024, Circular economy and sustainable practices in the
food industry: A comprehensive bibliometric analysis [Link 7]

KIN the European Union
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3. Module’s content

L0 o,

(e . . - . -
0N =9 y\»—-:ij Food waste valonsaton in food product design Pt o
2 Juns, &th 2025
<
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Challenge based lecture

Session 1
¥ shyhivo BT =T =
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Codewm by
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Food waste:
from what, what, what for and how:
current and future sustainable
strategies for valorisation

o B {3 shyHie R <z =
o e i I ofein Wheer & e
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Food waste: from what and what
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Food loss and waste (FLW)

Definitions and boundaries in the supply chain

FOOD LOSS FOOD WASTE
Decrease in guantity or quality of food resulting from Decrease in quantity or quality of food resulting
decisions and actions by food suppliers in the chain, from decisions and actions by retailer, food
excluding retail, food service providers and consumers service and consumers
A |

POST

H tf
arves harvest/

Storage/ Food Service

In-field (pre- Processing &

harvesting/sl slaughter/
aughter)

Transportation
distribution {1}

Household
consumption

slaughter/
fishing

packaging
fishing

| R Source; FAQ, State of Food ond Agriculturs, 2019

QEEK4FOOD i

Food loss and waste
Definitions and boundaries in the supply chain

EU definitions

Food loss refers to any food that is discarded, incinerated or otherwise disposed of along the food supply chain from
harvest/slaughter/catch up to, but excluding, the retail lewel, and is not used for any other productive use, such as
animal feed or seed.

*Food waste refers to food that is discarded at the level of retailers, food service providers and consumers.
Food is wasted in many ways, &.g.
- Fresh produce that deviates from what is considered optimal (e.g. size, shape or colour) and is removed during
sorting actions
- Foods that are discarded by retailers or consumers when it's close to or beyond the best before date.
- Unused or leftover food that is thrown out from households or restaurants.
Food waste is discarded food and its associated inedible parts (such as bones ar fruit cores). Food waste occurs at all
* stages of the feod supply chain, from farm to fork. Howewer, the largest share is generated at consumption,
which is a key area of focus for food waste prevention programmes.

’ https:/ food.ec.europa. euffood-safetyfood-waste/fre quently-asked-guestions-reducing-food-waste-eu_en
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Feod wasse estitations is the EU, 2022
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FLW statistics -

2 The total amount of food waste
Statistics g represents co. 10% of the total food
» supply
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https://ec.europa,eu/eurostat/statistics-explained/index.php?titte=Food _waste_and_food _waste _prevention_-_estimates
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Food waste

(million tonnes, EU, 2012-232)

Statistics Ve
Reducing food loss and waste is an integral part of the farm 4 ®:g-=0
to Fork Strategy action plan. The figures presented in this 0y Fowdwd
section cover all types of waste generated in praductive 30 Bticae
; _ procassing
activities {including. among others, waste frem feod, feed, by
products and other plant or animal products). Agriculture, 3 - m:i
forestry and fishing and the pracessing of food, beverage and 59 W m u " fishing
tobacco generated a combined 55.1 million tonnes of waste B
across the EU in 2022, Together these activities accounted for 15
2.{% of all waste from productive activities. -
Across the EU, waste generated by focd, beverage and
lobacco processing lell overall by 15.7% bolween 2012 and 5
2022; with decreases each 2 years except in 2018. By contras,
-5 = (v G alRe = £ ° - - . . -

8 . the level of waste frem agriculture, forestry and fishing o 0 2012 2014 201620182050 2032
increased each 2 years, other than a contraction in 2014; this
waste stream increased 10.6% overall during the period under  Scure Eutostat (online data codde eny_sasger!

consideration
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Food waste: why?

GEEK4FOOD UNEP, 2024

Food loss and waste

Causes of losses and wastes in food supply chains

Limitations of agricultural practices
Transport and storage infrastructure
Climate and environmental issues
Production surplus

Regulations and standards /

Limitations/issues in the distribution chains
Orders and stock errors

Packaging and product damage

Marketing and selling strategies
International custom issues

Regulations

f
FOODLOSS 2If'a ssan MW|  ©y | . FOOD WASTE

Limitations/issues in the production
processes

Not optimised processes
Packaging and labelling mistakes

Co-funded by Deliverable 5.2
the European Union

\

Excessive purchase

Overportioning

Difficulties in labels understanding
Storage mistakes

Lack of care
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Food loss and waste
EU and International policies

@IS GOALS - - --030 (EC, 2016)
= SVILUPPO SOSTENIBILE h and innovation policy
‘orm food systems and
MODALITA DELLO SVILUPPO ECONOMICO weryone has enough
MONDIALE IN GRADO DI ASSICURARE e, nutritious food ro

xalthy life.

"IL SODDISFACIMENTO DEI BISOGNI DELLA
GENERAZIONE PRESENTE SENZA

ool 7_ ) COMPROMETTERE LA POSSIBILITA DELLE
et P B == GENERAZIONI FUTURE DI REALIZZARE | PROPRI". )
4 United Nation ot

w ; ‘ / | :150.
gy el (2 / |

15 (&) W systems fair, healthy and

st — environmentally-friendly.

GEEK4FOOD UNEP, 2024 B
Food loss and waste
Impact
ETICAL AND SOCIETAL
Food waste = -> no accessibility (food
security)

Food surplus = - Malnutrition
Nutrients wastage = > lack of nutrients

\ -

. 17
FOOD LOSS MM ' FOOD WASTE

ECONOMIC ENVIRONMENT
Cost and value of the wasted food Greenhouse gases
Costs-opportunities of Water wastage
farming/land Environmental degradation
Energetic costs
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GEEK4FOOD FLP: Global and by food group

Food loss and waste voro | 55

The magnitude

An estimated 13 percent of for
supply chain, from after harv
reaching retail shelves in 202

nEs producs _ 124% _

An estimated 19 percent of fo
households, food services ar
the equivalent of 132 kg per ca

= Households account for Retm 131 i
%) of the food that is way|
Around the world, each d| | Household Food Waste by Region (kg/capita’year):

. +  Sub-Sabaran Afni 93k
meals are thrown away it] | . Ko smeics ek

alone. (UNEP, 2024), o Western Europe 80k .
(UNEP, 2024) : YobaBewe s o Source: f

P e v e | e v oo | 125%
as

Feod wrrvice 200
milllon toas (28%)

Key Global Food Waste Statistics

GEEK4FOOD [ [

Food waste valorization: how and what for?

Co-funded by Deliverable 5.2 — Report on training delivered | 136
the European Union



§ %QEEK4FOOD Glocal Ecosystems and Expanded Knowledge for

green skills and capability in the Food sector
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Food loss and waste
Causes of losses and wastes in food supply chains

Causes ofjivoJ loss

suSpwtage - s
{ » Ofwwses [ witaw musoriul { s Ouiated \I 'f' ::;::':“ \
o Bomn & safocn practs  Ovirseking |
rudevas lhmfn lbll- " .mwnmr ® Insdiwwate
o Exoyme " !
- -me Mot . umuum " STaaar
I D rge durtmy pemlucty v o
\, Mwrimiag k i g ) ‘FOOJ Waste
.. -
'Y
!
i
Produci llcm stage (mumur st$
AE-175% 0.‘;].‘. lo;J.lN
4

Prod Frovessing Distribution P <
rodMOTion \ amd paching \ L mnrl.o.'tnu-\ RN o
;o P o o o W
e el -
2 S

) Households & Food Service ® Retail
Various sources of food waste generation

AN - Fig. 1. Sources and generation of food waste from various sector (UNEP, 2021).
Source: Di Fraia et al_, 2024

GEEK4FOOD UNEP, 2024 S mopess Uawe
Food loss and waste
What?
Oilseeds and Fish and Share of various global food waste.
PUinhs: 3% ™ Source: Roy et al, 2023
Meat 5% ‘
Fruits and vegetables are the major contributors
Milk and to the total FW in different jurisdictions followed
eggs by cereals, root and tubers, milk, meat, and
Fruand  others.
39%
However the generation of FW depends on the
Rm types of food, processing stages, and food supply

chains, as well as the jurisdictions.]

Cereals
24%
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UNEP, 2024

[
Food loss and waste

The complexity of FLW in processing (prior to retail)

« Quality vary at different processing steps (initial vs. end)
+ Single ingredient vs. formulated products

« Formulated foods (complex recipies, multidomains,...)
o complex composition

composition may vary

o difficult to extract/separate individual compounds
» Packed vs. unpacked

Iy
+ Wasted packaging? S
I
Sow
GQEEK4FOOD UNEP, 2024

Codpraknl by
the Europen Urios

Food loss and waste: valorization paths

=N

N oy Searce

Other prostusis Bhw

> o .
L ] “ Reuse Fateuctinn —_ e
Low o >

<
o~ Vaturication .

Mangement ’

e

-
'3
Food waste |\ &
£
Hiervarchy =
-~

~

Composting
. '\m‘s y Theraw-
High &~ ) : e
N - Biologsenl
A Recover
v - Chemsical
— Lendiill &
Ineineration

Fig. 2. Food wiste manageswst and upsealing process for biofwls and value-added prodocts geossation.

Co-funded by
the European Union
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Reduce — S
-~ reduct
s P~
® : Reuse
Low « ‘/ ‘ 5
-~ .
- w 3
"2 g .
Food waste T g A
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Hierarchy X .”%-‘ Recyele
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- =]
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-
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1
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Fig, 2. Food waste managsm=nt amd apscaling provess foe biofuels and value-sdded products gensation.

GEEK4FOOD

Food loss and waste: valorization paths

N
et > S
.
s -l
® e
Lew . -
‘.‘.;,".
Food waste ¢ 3 1

,
Mangement ':

£ -—
R
S
High 47 @
: N -
\ Recover
D ot
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Extraction
Valorization

Fatraction/
Valorszation

Fig. 2. Food woste mamagement and opsealing process for binfasle and valos-added prodocts gensoation

Deliverable 5.2 — Report on training delivered |

Codunaont by
e Lusapeer Urvon

New
ingredi

ents/p
roduct

S

139



GEEK4AFOOD Glocal Ecosystems and Expanded Knowledge for
green skills and capability in the Food sector

(GMEEK4FOOD [ .

Food loss and waste: prioritization of actions

R
/

and Redwctio- oo d-use-not-waste hierarchy:

» Emphasis is always placed on prevention and
reduction of FW at source,
Followed by recovery & redistribution of surplus
food.

» Food waste, surplus food, scraps and byproducts can
still be upcycled into food or valuable products or
recycled through composting.

# The least favorable and most damaging option is
disposal

Awareness raising and education of
consumers is crucial for preventing food

. waste
MEEK4FOQOD i
Recovery paths (bio-refinery) for FLW resources
L Macroicoge: Premaiment
Cha“E“ ges Wt L. Thasna Gacar \@osam Conoarimten, Fouum M Gy Becing: Tl Drwoionng.
- COSTS m:"“ r'ilu:ur::,:m: Lome=Toorm st b Fbavis Trissieosa i
- Each step has to consider plants, infrastructure, stz T —— p—
costs (and capabilities Hicahgl Pemcpiaton, USmabEmicn, il ol Gan Aghrrm, Limeacund-Sasivnd
- COMNVEMTIONAL < costs than EMERGING Ersich Srubkeen e piden Crysiamsion, Pressurizad Nckrims-
- SAFETY PR ——

- Presence of contaminants (initial raw materals)
- Mew generated compounds (e.g. Maillard reaction
products, et
= Legislation {food-grade, novel foods)
TECHMNOLOGIES
- Availability
- Dptimisation
STAFF
" - Knowledge, skills, capabilities
. A

Fig. 1. Recoveny stages of high-added value components from food wastes:
T ' {8 established and (B} emerging technalagies.
Source: Galanakis , 2012
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Recovery paths (bio-refinery) for FLW resources

Strategy Critical points To be studied/developed/implemented
Reduce St
Upcycling: reuse (side- + Quality and safety of the + Understanding the technological
streams, waste, etc..) initial product performances
+ Suitability for the scope  « Definition of initial and final quality
(individual raw material parameters

vs. formulated product)  «  Identification and optimisation of technolagies
and/or formulations for the re-use (if needed)
+ Definition limits of the use

Up-cycling: recovery * Quality and safety of the =+ Identification and optimisation of technologies
(biorefinery approaches) initial product * Understanding the technological
» Costs performances of the biomolecules and process
efficiency
» Stabilisation technologies
MEEK4FOOD [ -

Food waste valorization: examples
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= Upcycled, plont-based, fibre rich, versatile and high in
1. Duvnle protein (DuyGrain* )

Obtzined from Brewers' Spent Grains, co-product of
the beer brewery industry; it mainly consists of the
outside and protein parts of the barley.

From carrots from the food industry, co-product released

during the processing of food grade carrots. =
Made of: off-sized shapes or top and bottom pieces of carriots
after washing or steam peeling

Sustainability savings on carbon footprint, water footprint and
land use compared with conventional alternatives,

Obtalned from off-sizes shapes EU, no-GMO potatoes
Suitable as thickener, structuring, etc...

https:/fwww.duynie.com/en/ffood/products/

(GEEK4FOOD .
1. Sweets Factory & University of Teramo askfood
s sl hutelis
(Reversed Incubator, www.askfood.eu) s
Company challenge: Solution 1: Whﬁ‘ —_—
Recovery of 2 by-products of of patisserie and Formulation of a new dairy- ‘ -
bakery by-products: dessert cream, high protein)

- caramellised ground almonds
- meringue powder

- cheesecake, filler for
chilled pastries, croissant u

Solution 2:
Re-formulation of a
typical Italian cookie
(nugat) made of the
upcycled products

Issues: high presence of sugar and caramel
(almonde<?

Daily production, only partly upcycled .
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Food loss and waste
WVALORISATION

MEEK4FOOCD

IS5UES TO BE OWERCOMED

knowledge for
producing and

guality grades

PRl Co-funded by
o~ the European Union

LIMEE, 2024

Confusion
with labelling

Stringent 1
safety
regulatio
policie

Market prices
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b Farmpmen e

Cnmdoribe
T B SHEa

Higzh level Fanel of Experts of Food Security an
Mutrition - Report on Food losses and waste in the
context of sustainable food systems

MICRO-LEVEL: Particular stages

from production to consumption, as

FLW: result of action or no action

Lt MESO-LEVEL: found at different

stage from where the FLW accur or
from relationship along the food
chain
MACRO-LEVEL: mare systamic
issues, that can favor all other FLW

Organizing

Causes of
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GEEKAFOOD

I55UES TO BE OVERCOMED

[ [
Causes of FLW may derive from different Conditions EHUSiﬂg FLW
reason: that may be inter-related

Drivers of (Mon-Utilized)
Food Waste
st 1 - e s i
P EE":J.-".'-‘T- - Fraployment sructune LT
Unemoloyment ardards
Cabure | sing s Imfrastructure
Tivny Drdein Glakalizatian
| Ll | inflatian
L |
‘arser Tl Legitc
) Driver Birmmn Sourme; Segra et 3l 13
e i ool 9 A
s | e
“EEK4AFOOD

Fiampemy Urinr,

Question

How can fermentation help in producing more
sustainable and nutritious ingredients?

Co-funded by
the European Union
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Discuss this diagram and
consider the potential of
fermentation.

Consider
* Fermented foods and health

* Fermented foods and the
microbiome.

» Fermentation as a tool in
‘valorization.

GEEK4FOQOD UNEP, 2024

Food waste

Statistics

Co-funded by
the European Union
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Case studies https:/foodtank.com,/news/2024,/04 fcompanies-creating-
upeycled-foad-from-waste-products/

httos:/fwwwebarry-callebaut.comfenfcacaofruit-ingradiznts-
are-now-upcycled-certified

https:/ fwwrw francescoselicato.it/birra-fatta-con-il-pane/

httos:fevwwethegood intown. it/hicva-project-la-hirra-che-
nazce-dagli-scarti-del-pane-diventa-b-corpy

GEEK4FOOD e Erepees i

Cenfectionery upcycling

https://www.foodnavigator.com/fArticle/2024/05/16/how-
fazer-makes-confectionery-with-upcycled-ingredients/

https:/faww.confectionerynews.com/Article/2025/03/05/upcy
cled-cacao-fruit-the-future-of -sustainable-chocolate-

innovation/

https://www.candyrecycling.com/en/

https://refed.org farticles/suest-blog-combating-climate-
change-through-upcycled-candy/ {candies from fruit and veg
upcycled)

https://refed.orgfstzkeholders/manufacturers/
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Reducing food loss. Journey of the winter tomato ~ TRADITIONAL PRACTICES
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Prioritising actions towards food was!

)
/
/

/
;’nwm e
/ waredicne Food-use-not-waste hierarchy:

» Emphasis is always placed on prevention and
reduction of FW at source.
Followed by recovery & redistribution of surplus
food.

» Food waste, surplus food, scraps and byproducts can
still be upcycled into food or valuable products or
recycled through composting.

7 The least favorable and most damaging option is
[ disposal

Awareness raising and education of
consumers is crucial for preventing food

waste

FAD, 2019

8 Aped 2025

. i s 0 A ~ Areminder of the opportunity...
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Content Part 2
Session 2
[ = T skyHive = -
6 i o @* EFFosT

: Bl
GEEKV4FOOD

Technological functionalities of food
waste for green ingredients design

GEEK4AFOOD vy

‘food ingredient’ (definition)

any substance, including additives, used during the production cf fecod, and present in the
final product, in an unaltered or altered form.
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Quality and techno-functional properties of ingredients

Each ingredient/ (food, bio-) component may play a major role in determining the
quality of the final product, i.e. it is characterised by a specific “functionality”

- nutritional Nutrition Facts

s Dy 3
A van, R

- technological
- sensorial

- health

- stability

GEEK4FOOD - Ee

“techno-functionality>> or technological functionality
"...performing or being able to perform a function...

"sach property of a food or faod The non-nutritional characteristics aof
ingredient, excluded the nutritional ingredients that influence their use

ones, thatinfluences its use and that s and behavior during food processing
brought about from how the different - and preparation.

food components interact among These properties are crucial for
them and/or the other components in creating specific food textures,
the system.: viscosities, and structures and
- (Mangino, 1984) affect sensory acceptability and
. stability
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Techno-
functionality

- 4

= =
| Structuring San
and physical WF::.IS stabilicy
praperties
l surfaca lhydrudmaml-: I colour I ‘I lantlml{:mbml I antloxidant ‘

Colaur Odorous
Snluhlllt\r vl:msltv smntnnus compounds
Wettability Thickening Salting
‘Emulsying - Film farming Bitterness
Foaming gelling Sourness
. y : Umnani
Pittia, 2025
“EEK4AFOOD bt A

Factors affecting technological functionality (TF) of biomolecules

INTRINSIC FACTORS EXTERNAL FACTORS
Biomolecules properties Matrix/system Environmental
properties conditions
Chemical properties Chemical and physico- Temperature
Structure chemical properties: Pressure
Polarity and charge compuesition Light
|:|Hr a,.
lanic force

L = —— Modification
¥ S c Interactions/ -" {e.g. denaturation, phase/ FOOD
E ot dapis reactions state transitions, ..) QUALITY
R

o= & STABILITY
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TF of food biomolecules

Techno-
I ;
,s.,db “,,.,‘“;;"';';. To structure a food {or a beverage) we need:
. + Components with structuring abilities _
+ Processes and processing conditions inducing structuring L
surface hydrodynamic
Surface: related to the ability to contribute in developing structures based on their
Solubllity Viscosity "surface" features (polarity/apolarity, charges, etc..) and extrinsic factors
Wettability Thickening - by interacting with other molecules of the same type in the system and/or
Emulsying Film forming ; : : s
Foaming - by allowing the interaction of other molecules and/or phases {e.g. emulsifying
Gelling - abilities)
Hydrodynamic: properties related to the behavior of the biomolecule/ingredient
in fluids (e.g. water) ... thickening, stahilisers, etc...
GQEEK4FOOD o Crmpent Urion

TF of food biomolecules
Emulsions 4mm Food structuring elements ﬂ Foams

Properties
- Amphiphilicity
- Ability to form a stable interface

b‘etWE)the t@cible phases

Qil-water Air-water
- Maono-, di-glycerides (E-number)

- Phospholipids (e.g. lecitin}
- Proteins (milk, whey, etc....)

sopreE Potential presence in food
waste and side-streams
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TF of food biomolecules
Gels 4= Food structuring elements
_:,,..,. ' Compounds able to generate gel systems:
= - proteins
o= - carbohydrates and polysaccharides (starch,
e pectines)
v - hydrocolloids
Potential presence in food
waste and side-streams
Source: Cao & Mezzensa. 2020
‘a Examples of real gelled
- systems: jellies, jams, custard

dessert

TF of food biomolecules

Techno-

functionality

-

Structuring
S
and physical pl'ﬂpn:lr']'tr:l:s stability
properties
I I i
surface hydrodynamic colour taste aroma antlowldant
- - . b - -
e.g €.8- Colour e.g. Odorous
Soluhilil.'l_.r Viscosity Sweeteness campaou nds
Wettahilit Thickening Salting
¥ Film farming Bittarnass
Emulsying gelling Sournass
Faaming a Umani

Pittia, 2025
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TF of food biomolecules

Techno-

functionality

Senso
(synthetic, natural) molecules !

properties
able to interact with and absorb . |
visbile light
- synthethic . Y
- E-number (natural/ modified)
- colouring foodstuff S e aroma
Colour CH-3 Oderous
Concentrated natural Sweeteness catrpounds
plant/algal extracts containing Salting
natural pigments Bitterness
Potential presence in food Sourness
te and side-streams tmani
waste Pittia, 2025
Techno-
functionality
| =
[
properties . .
— Bitter phenolic
Salts, sugars, acids i compounds, bitter
- naturally present in Y | acids, peptides
foods colour taste aroma - naturally present
' Colour a8 Qdorous I
Potential presence sw;;:::“ compounds Potential presence
in food waste and Bitbarmets in food waste and
side-streams Sourness side-streams
Umani
Pittia, 2025
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Techno-
functionality

Sensory
properties Volatile aroma/odorous

compounds

: 5 ~ Essential oils
| - Naturally present
colour taste aroma - synthetic

Colour e.g. Odorous l

Sweeteness compounds Potential presence
Salting ;
Bitterness in food waste and
Sourness side-streams
Umani

Pittia, 2025

Techno=
functionality

Antioxidants and anti-

. . stability
mlcruhlals: Taba |. Sourves of 1 Bywvrs! Anibridae
Com 1de Hazeral Saerce
- Natural (e.g. plant extracts, | e Te————
terpens, glucosinolates | = e ~
dervatives, AIkAIOIDS, | jpews ey i v i pprcane (WL W antiostdant
esse ntlal 0”5" pure Lpoapesi Tiwmaioes, papinda Wil ek prai
COMpou nds) P———— A pT—rp—
B pEPtIdEE itamin & :::.:\dwvllr::hhrrllmlrlu presn
L ——— Cieeed padn ul#i:ﬂ:ddrr pﬂ:-:u while: )
- Enzymes T Potential presence
- Synthetic fe-number, use in | == orgae oo, 0. bran in food waste and
foods regulated by law) » side-streams

Pittia, 2025
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f 4
D
Could be food waste ingredients and

biomolecules valorized for their techno-
functionality?

GEEK4FOOD B

Could these raw materials, food waste and side-
streams processing products become food ingredients
(or additives?)
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Issues and challenges
1. LEVEL OF PROCESSING

- basic/minimal: sanitisation, stabilisation (es. such)
e.g. powders, extracts...
High level of compaositional complexity
Use: bulking agents, colouring, flavouring ...

- advanced/biorefinery approaches (extraction, isolation, purification)

- different levels

From simple solid-liquid separation (see above) to pure compounds/extracts
{obtained by complex sequence of process stages) with specific techno-
functionality

GEEK4FOOD .

Issues and challenges N
[Techsologe for Ercducicg Caerot Powder from, Camoe Posace |
| Samp e of redaced complicty
. and mosture content
\ b ey

l Ohewi hoteget -+ W
Diintegaticn of the cel walls o o se— e
Pre—
.o
3 16

Extraction of the cacotenais

Y
e
ft

Compounds detenmination wo

\
Baskovtceva et al, 2023 Dncnn:n/:n: PT—
Carrot pomace =S g
Use of Enzymes to enhance content of b-
carotene in carrot powder

Mi, ekus etal, 2019
Green Chemistry Extractions of Carotenoids from

H:;g'h health potential powder Dharlcis canon L

Medium-impact processing Pure compound

High-impact (sustainable) processing
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Latureno g
Por Liwvgueer Lrdan

Food waste and side-streams: Technological functionality of biomolecules obtained from food waste (Pittia, 2018)

Compound Origin/source of waste and by-products Solubility Technological/quality functionality
Peclis Fruwt and vegetable peels, pomaces Water Cellusg and struclurmg
Surface actwviry
Protems Meat (ammmal), Fivh Water, Enulsfymy and fomnamug achvty,
Milk (whey), Fars Amphyphylic behavnonr Cdling and stnwehening
Vegetables (legames) Binding (aromn, lipids)
(micro-yalpse. senweads . Seads Antoxidant propeeties
Peptaides and azmoscads | Meo! (zmmal), Frsd, Malk Water Selubshty, Baulselvag azd fviammyg aclivily
Vegetables, Seads Anplypliylic beluviowr Duoactavaty. Headils properties
Oligosacclandss Fruut and vegetables Water Solubality
I W Healthy properties
Pulysacchandes Trunt smd vegetables Water Waler holdmg 22 bandig properties
Codling and stnwhernp
Hydrocolloids and guuss | Vegetables, seeds Waret Gelling and struchusmg
Water holding capaciry
Onls aand fuls Meat, Frel, (3} Structurs lomuung, Buschng (arvans, protems)
Seads Sensary properties
Pleoolic compounds [ Plant and frug peels, pomace, and extracts Water-to-01l depending on chemical | Antwoxidant | Health properties
stmcture and moleentar waight Surface activiny

Senvony propertes (colovzard taste) |

Issues and challenges

2.SAFETY AND REGULATIONS
a. waste and side-streams may:

Phytochemacals Plant extracts Water-to-cal depending oo chemcal | Solubshity. Surfnes activity | Emulsafymg properties
strocture :md molecular weaght Healthy properites
(Same) amphiphilic kehawar
o | Prgeuts Plaet and frust extracts. Algse snd ssaweads resrdoes, Mest | Water-1o-cal depenshnng o the Codour and senscey properties
(myoglobia) comspoved
Flavour compounds and | Plact wmd frusl exinacls Witler (v val dependsg ve (he Azcais sl sezseey properies
essential adls compod
MEEK4FOOD [ ———

- have high level of microbial and chemical contamination

- highly prone to degrade (enzymes, chemical reactions, microbial growth)

Co-funded by
the European Union

-> stabilisation, sanitisation
b. Valorisation of biomolecules not used for food purposes

- approval required to become food grade according to the (EU) «novel
foods» regulations
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Issues and challenges f"

3. COSTS and ECONOMIC benefits L "/
« Each process/step has specific costs (end environmental impact)
« Evaluate the availability of technologies + need of process optimisation

« Need to evaluate costs/benefits in relation to the added-value and
technological potential of the final product

4. SKILLS and Human Capital COMPETENCES
+ Food waste and side-streams management and processing skills
« Sustainability and green skills
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week\4FoOD

Waste valorisation in food product

design
Session 3: Biorefinery approaches and innovative technologies for food
ingredients
- B & Tisave (VIL.CET = =
o _ /_?" ‘333‘-_":‘ '.""P-' @ EFFasT
GEEK4FOOD B

Agenda

Biorefinery concepts

Innovative technologies in biorefinery
Examples of biorefinery processes
Benefits of biorefineries

o NR
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Why biorefineries

Overproduction of biomass

Alternative sustainable utilisation,

Example: Biorefinery Ireland is to design, construct and operate 8 commercial green biorefinery in Ireland
using herbaceous biomass such as grass, immature cereals, legumes and sugar beet as feedstock; and
produce energy, biofuels and high value biochemicals with food, feed and industrial applications.

One of the instruments to improve the sustainability of the food system.

Produce s range of added vilue peoducts,
Including food Ingredients, through
Innovative tachnologies and integrated
processes

atefimeries alfor o sastiainable
alternative 10 taditionsl manulacuning,
reducing waste, and creating new
economic opportunities.
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Integrated Biorefineries:

¢ Combine various
conversion processes
(thermochemical,
biochemical, biological) to
maximize resource
utilization and produce a R -
spectrum of products. N

https://doi.org/10.1016/| tibtech.2013.10.005

Food Waste
Biorefineries:

* Specifically address
food waste streams,
converting them into
valuable ingredients like
biofuels, chemicals, and
bio-based materials.

https://doi.org/10.1016/j.biortech.2017.07.176
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Hghwius products
Entration Polgansaturated fatry ackss

Ppments '

& | ’ : ranaddars
I"'}v Ejl'i / / { Eioocive compaunds
e Focus on cultivating | C— : (7
microalgae for high- . G
=@ sicvpsoges _____.--'KI:‘:._::‘T' /

value compounds such
as pigments, vitamins,
and polyunsaturated

fatty acids. m = 5

s ;

iy

Wriam—-
\

Mgy

S S ——

S, Indastry & factary

httpa/idol org/ A0 J0IL/] comx 2022, 100 52§

2. Innovative technologies

B —
Carbonization:

Advanced Extraction
Technigues:

+ Develop methods

Enzymiatic
Conversion:

Utilize enzymes to Break down organic A thermochemical

Employ

break down milcroarganisms to matter in the process that like high
complex biemass ferment biomass abzence of oxygen converts biomass hydrostatic
COmpanents into inta products like to produce bicgas, inta a carbon-rich pressure,

simpler, more alcchals, arganic a renswahle solid (biochar) and ultrasound, and

usable forms, acids, and biogas. energy source. a liguid phas= microwave-

aiging in the containing assisted extraction
extraction of valuable for efficient and
valuable chemicals, environmentally
ingredients. friendly ingredient

recovery.
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3. Examples of Food Ingredients Produced
Through Biorefineries

Polyphenols and * Extracted from plant and animal sources, these compounds offer various
Polysaccharides: health benefits.

* Recovered from seaweed, these ingredients possess beneficial

Fucoidan and Beta'glucanS: properties like antioxidant and immunomadulatory effects,

* Derived from seaweed, they are used in food processing as a thickening

Alg inates: agent and stabilizer.

¢ Derived from agro-industrial sources, they enhance gut heaith and

Prebiotics: contribute to the development of functional foods.,

= Spirulina, 2 type of microalgae, is a rich source of protein, vitamins,

Microalgae-based Products: minerals, and antioxidants, offering a sustainable food and feed source.

4. Benefits of Biorefineries

Sumil‘llbh e B [ (P o e
. ) Enhanced Resource Development of
M ResOuree 3 Credfar Eoonomy: Efficiency: Functional Foods:
anagement:

» Utilizes renewable * Promotes the * Maximizes resource * Enables the
hiomass, reducing closed-loop utilization and production of food
reliance on fossil recycling of minimizes waste ingredients with
fuels and resources, generation, enhanced health
minimizing waste. minimizing contributing to a benefits, addressing

environmental more sustainable the growing
impact and creating and efficient food demand for
new economic industry. functional foods.

opportunities.
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4. Multi-product biorefineries: evolution,
benefits, and future

Economic Viability - First-Generation

Resource Efficiency Second-Generation

Environmental Benefits -- .
' ' Third-Generation

Rural Development Multi
Product
Biorefineries

Process Integration
Integration with Renewable

Catalysis
Systems

“ o~ Separation Technologies
Circular Economy Concepts

hitps.f dolors/E0. 2090 5/ Acodbreray 7605

Thank you

Froject e 101087703
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GEEKA4FOOD

Waste valorisation in food product
design

Session : Circular economy, industrial sustainability and social impact

- O~ P skymive ATt = =
o £ e DUBLN o @& e
(MEEK4FOOD et

e Fmriguar Linias

Agenda

The limits of growth.
Principles of the circular economy.
Industrial sustainability.

B oW N R

Social impact of the circular economy.
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THELIMITS
1. The Limits of I‘.W"‘]
grOWth Club de Figure 44 WORLD MODEL WITH STABILIZED POPULATION
. 15
Roma 1972. T : T
4
* World has 3
interconnected @
Systems AFv s TWE CLIN BF FOBT T Sruten e S

SN

* If growth trends
continue unchanged
there is a large
possibility of an
overshoot of the
carrying capacity of
the Earth in the next
100 years

Pt a0 it
had 4 PETBMLL dnsadiaren noOK s

~neareconomy Reuse economy Circutar economy

1. From a
linear to a

circular
economy

Non-tegd e woste

https://umaine adu/sustainability/2021/04/25 ffood-waste/
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less raw materlal, less waste, fewer emlssions

Suztainshle
chisign

2. The
Circular

E_.
[
Amnidial wasks CIRCULAR Production
ECONOMY

Economy
model

Sonrne; Esrnpeay Pas lament Resears- Samvice = |

2. Principles of circularity

T e . Design for

* Minimize the » Extend the * Recover » Extract energy * Develop
use of raw lifespan of valuable from waste products and
materials and products materials from materials systems that
energy in the through repair, end-of-life through are designed to
production refurbishment, products and incineration ar be easily
process. and re- use them in other repaired,
purposing. new production processes. reused, and
cycles. recycled.
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2. Circularity
and Systems
Thinking

C ) A
'r', , : \“‘ P: production
Jp e M |." C: consumption
p IR g M: management

https://link.sprngercom/article/10,1007/511356 020117259

3. Circularity and industrial sustainability

Circular econnmy practices encourags industries to use resourcas
mare efficiently, reducing the demand for raw materials and

anargy.

f} Resource Efficiency:
By designing products for durabality, reparability, and recyclability,
industries can significanthy reducs waste genaration.

B  waste Reduction:

Reducing waste and resource consumption through circular
practices can laad to a redisction in grernbouse gas amissions,

oontributing to dimate change mitigation afforts.

x Climate Change Mitigation:

168
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4. Changing the
system. Climate : TN oo

PRACTICAL

KIC Deep B gt

B aten ol

DemOnStrathn \ 2 " = :., v ~_'. conra:ted rnyeton

Transforming
Ireland
Agrifood
system ( PN jointsy commit

1o a vislon:
a dimate-neutral

foud system

4. Seven Social Impact Areas of the Deep
Demonstration for Ireland

* 2050 focus
= Vision 2050: re-imagine Ireland’s land and agri-food system

* Grow the sector through innovation and investment in new value chains
* Implement circular bio-economy models at regional or multiple value chains
level
» 2030 focus
* Diversify incomes through carbon farming and nature credit frameworks
* Produce and certify climate-neutral beef
* Accelerate emission reduction and sustainability in dairy farms
* Grow and diversify the tillage sector

hitps:) Parermdirnate-kic. ong fep-contentfuplosds 302 3703/ EIT-Climate -k - Ireland-Lard-fgri-Food-Systems-da popd |
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Additional
target
mitigation
measures for
agriculture

and land use
by 2030

GUEEK4FOOD
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A reduction of at least 10% in biogenic methane,

A reduction of 5% (below 2005 levels) in ammonia emissions, to
improve air guality.

& reduction of over 50% of nitrous oxide emissions associated
with chemical fertiliser.

A reduction in nutrient losses from agriculture to water, to
improve water guality by 50%.

H At least 7.5% of utilisable agricultural area to be farmed
= organically.

w Achieving 30% of marine protected areas, to
improve seafood sustainability,

Double the sustainable production of biomass from forests to 2

million tonnes (by 2035)

Ca-fursded by
t5a Eusapans Urkn

Thank you

www.geek4food.com

Co-funded by
the European Union

Project n: 101087203
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Activity/case study 1

From waste to value:
the case of chocolate

| B2 &~ i skyMive
o ! /" - DUBLIN " ace

A
il

EFFosT

(MEEK4FOOD o g e

Scenario

The chocolate confectionery industry is very broad, including chocolate bars, chocolate
blocks, boxed chocolates and other chocolate products.

Chocolate itself includes dark, white and milky chocolate, but it is frequently combined
with other components such as nuts, dried or candied fruit, or other confectionery.

Chocolate is a dense solid made up of 60-70% particulate solids (Afoakwa, 2008),
with cocoa, sugar, vegetable fats or cocoa butter or both as main ingredients,
obtained from a highly complex process.

Activityrcase study 1
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Sucrose, Cocoa, Vegetable Free fatty acids, Polyphenols, Energy 507 calories
fat/ Cocoa butter, Milk, Lactose, Protein, Potassium, Water 1.1%
Lecithin Magnesium, Copper, lron Carbohydrales 57 g/100 g
Protein 4.2 g/ 100 g
Fats 35.7 g/100 g

i Activity/case study 1

GEEK4FOOD P ot e
Fibers, bioactive
compounds
Below standard
Degraded/spoiled
Fibers, bioactive
Fibers, bioactive compounds
compounds
SUPPLY CHAIN WASTE
Various products and composition
High energy
High nutritional value products
/intermediate products
. = Sc_ngars., other
, ingredients wmmp |iesssman |
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OEEK4FOOD  After chocolate production LRt
Not properly
packed/inefficient J{—" packaging
packaging

Storage/
Not properly W transportation

stored/bloomed

Distribution

Not properly Jje——————

stored/bloomed
Home

Mot properly  J————— Food service

stored/bloomed

Activity'case study 1

GEEK4FOOD | [y

Defective beans (germinated, insect-damaged, etc...) : ca. 5%

The waste streamls) consists of:

* un-used raw materials,

« wastes from the pre-processing stages (e.g. forming chocolate)
« production wastes in the form of chocolate mass.

In the production chain (ca. 2%):

- products that are misshapen or do not meet specifications

- waste generated when the high-speed production lines are interrupted or fail, when
there is a change of product production

- Wasted material that cannot be re-warked/re-processed into product.

AFTER PACKAGING: ca. 5.7% of chocolate products become waste products (= disposal,
* to landfill as food waste)

Activity/case study 1
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Source: Miah et al., 2018
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Question 1

(%]
00
an
Chamee (3] FLE 1]
Reude-made meal | (I .
[ [
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Cafarces by
e Eurcpaan Urkan

AN Mo el Jarmal f e Prockrdon 157 (31M) T8-75T

L. ____ [l

Tor e eneeey. D
il charoliee ranlscrosery I - 50
Pk chocolabs et conbectionery I .04

M-boed ronfectineery NN 310
Wit chocolaia (1] (I L0
G b ony (5] I 551
il choeolwie |1] I 10
D chwiobate (1 I I
Suger conbeclioeary (8] NN 2D
Do b (1] - 130
Choozele cosied bacuit (7] DN | B
Sagar conbertioaery N 1.7
Bread (3] N | GE
Aanana (5] BN 091
Drypwafdl W 883
TN 100 AU RO0 B0 10K 120D 1400 1630 1HOE IV L0000

Activifyicase sfudy 1 Greenhause g emisson (i O e e Ag)

Codunded oy
thas Barapaan Lk

FROM THE FULL PROCESS DIAGRAM, IDENTIFY THE POTENTIAL OF

- UP-CYCLING
- RECOVERY

of the wasted products/intermediate products.

Co-funded by
the European Union

clivity/case study 1
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Lodundec

Question 2

FROM wasted products/intermediate products, IDENTIFY THE POTENTIAL of

the wasted products considering their potential technological properties

Activinwcase study 1
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Case Study 2. Mushroom production and the circular
economy
Jesus Frias, Technological University Dublin

Objectives

1. To identify the circularity components in mushroom production and propose potential
increments.
2. To understand the systems related to mushroom production.

Mushroom farming fundamentals
From DOI: 10.3390/foods12142671

iludid el

umm ' Substrates for temperate climate (16-29°C)
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Activity 1 Mushroom production and circular economy
(15 mins)

Discuss the following increments in cricularity of the edible mushroom production chain from
DOI: https://doi.ore/10.18011/bioens.2024.v18.1241

Table 1. Relutionsliip betweun e Clrowlur Economy and the edible muslheoom production caln.
Clrcular Economy aspects Description Interview
The prodocer does not use chemical pesticides

in his production, seeking altermative bio-inpats
if mecessary

Producer implements sustainable coltivation
technigues, but faces challenges I some
aspocts xovnuu-‘ the process more msum)bie

L’fﬁcm e of watey and encrgy theough a

Avoidd the tse of nos-reoewabile and o
Rsbure (W9) materials from the outses

) Redesign processes to maximirze efficiency
- R1) ard mimimize waste

Reduce (R2) Reduos comm :‘:":‘:“ . % | somi- anestan well and solar panels, but thero
| K av Himndtacions ko reducing M\ packaging
R RS Reuse products and components whenever | Rouse growing substroses for compost and
possible manure, lage bags of substraie & garbage bags
Cultivation equipment undorgoes constant
Repalr (R4) Repalr products (o extend thelr useful lile | proventive malosenance and was bullc by the

producer (hussidibier, fan)

Aduptation and comstraction of equl prenc ued
in prodhaction

Products that have not been markoted are used
o produce antipasio o mshroon quibbles

Renovate (R3) 1 Renovate old products for contimuns e

R facturing (R6) Remanulacturing prodocts 0 testore ek

funcuiomality shese are Rot marieted
Redefloe (R7) Rescliowe t msterials (0 new s Used sulntrates ave redicucted (o compost and
Y
Recycling organic waste (o compost and
Recycling (RB) Recycling m:h Ty manure, but recycling plastics s will a
Promecs challenge
R (R9) Recover miengy from winte through Energy recovery is not practiond doe to s lack
processes such as ine ineration of infrmtn e

Identify three potential more effective and the more feasible
potential improvements of circularity.
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Activity 2 Mushroom sector as part of circular economy
(15 mins)

From https://www.interregeurope.eu/good-practices/mushroom-sector-as-part-of-circular-
£conomy

Discuss this good practice and identify the key elements of the circular economy
that are associated to the integration of mushroom production.

About this good practice

In Castilla-La Mancha there is an agricultural-based economy specializing in wine
production, cereals, olives, etc. In the 70s, people looked for complementary
activities to reinforce the economy. Connected to that, in Villamalea the production
of mushrooms was developed, using straw from cereal production and locally
available chicken manure.

From the end of the 90s until the present day, this complementary activity has
created a steady business based on mushrooms, linked to a logistics and
distribution network to supply the supermarkets and retailers of the country. In
consequence, and due to the specialization of the business and the cooperation
between the different companies, Villamalea has substantially improved the local
economy.

The mushrooms are one of the main agents responsible for decomposing the dead
organic material. This practice takes advantage of the ability of mushrooms to
make use of secondary products obtained from agriculture and farming (straw,
chicken manure) which create a specific compost ready to produce mushrooms. At
the ends of the growing period, mushrooms have not used up all the nutrients of
the substrate. For this reason, this material is ideal for adding to the fields as
fertilizer, because it improves the water holding capacity of the soil. Itis rich in
nitrogen, humus, and other minerals and nutrients and it does not contain heavy
metals or the seeds of competitor grass.
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Resources needed

The company set up as an agricultural cooperative was recognized as an
organization of fruit and vegetable producers. Thank to that, they benefits from
European funds (FEOGA), and has around 50 mushroom facilities, 2 compaost yards,
warehouses, specific logistics and more than 800 direct employee.

Evidence of success

It provides a solution for some residual materials, such as straw, chicken manure,
etc., transforming them into mushrooms. In the composting process employment is
required and also many people are needed to pick mushrooms in the farms, so it
provides a living for one thousand families in the region.

The current volume of compost is 130,000 tons per year, producing around 35 M kg
of mushrooms, and generating 87 M kg of spent mushroom compost with a total
turnover of 70 M€ per year.

Potential for learning or transfer

In every part of the world there are different kinds of residual materials coming
from agricultural and other food industries, and most of these products can he
composted, to get a substrate ready to produce mushrooms.

Therefore, this experience of good practices can easily be exported to other
regions, which translates into economic wealth and circular economy boostin line
with current policies.

Further information: Website

Good practice owner

You can contact the good practice owner below for more detailed information.

Organisation: Champinter Cooperative Society - Sociedad Cooperativa

Champinter, Spain Castilla-La Mancha
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ANNEX 4: Participant feedback - Eco-design of food
packaging

éé Diego Quispe Sayago « rd+ + Follow

Estudiants en Universidad Nacional de San Cristobsl de Hy
Imo - Edited - ®

7 Grateful for an incredible seminar on Eco-Friendly Food Packaging O

| am beyond grateful to have had the opportunity to attend the Ece-Design Food
Packaging online training on 28 April,

As we all know, the need for sustainable packaging solutions has never been
more urgent. From reducing plastic waste to embracing biodegradable and
compostable alternatives, it's clear that we have the power to make a significant
impact on our planet. ¥

A huge thank you to the speakers, panelists, and organizers for providing such a
rich learning experience and for driving forward a cause that is close to my heart,
Special thanks to Department of Food Science, AU FOOD and

the GeekdFood Project for bring us a space to conect and learn with
proffesionals from diferents countries around the world.

THIS CERTIFICATE IS PRESENTED TO

Diego Quispe Sayago

In recogreton of pArCpton snd commirment 1o e Eco-desgn of Food Pacagng

0rbne Farng moduke, held on 28 Apel 2025

ot Sne Plove Roscors IR Conssaky

Pacts Prin Maro Hocce Mdera [ sTesg

/v
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Igra Liagat - Queen Elizabeth Commo... - 2nd + Follow
Looking for PhD position

mo - &

=" Proud to share my latest learning milestone! ﬂ'

| recently completed the online training module on “Eco-design of Food
Packaging"held on 28 April 2025, organized by GEEK4Food and co-funded by
the European Union IH.

This training deepened my understanding of sustainable food packaging
strategies, circular economy principles, and the role of innovative eco-design in
reducing environmental impact across the food value chain.

Grateful to the trainers and institutions behind this initiative:
#GEEK4Food (Green Education for Evolving Knowledge in Food)
#EIT #Food

#TeramoUniversity

#AarhusUniversity

Special thanks to @PaolaPittia, Mario Roccaro, Milena Corredig for their
leadership and insights throughout the program.

V& Looking forward to applying these principles in research and practice to
contribute toward sustainable food systems!
#Sustainability #FoodPackaging #EcoDesign #GEEK4Food #EITFood #FoodTe

ﬁ\-‘a‘ A Co frctedt by
e . -

EKarOUL e Lirnpens Umsms

CERTIFICATE
OF PARTICIPATION

THIS CERTIFICATE IS PRESENTED TO

Iqra Liagat

In recognition of participation and commitment to the "Eco-design of Food Packaging'
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@ Hellen Renata . 2ro + Follow
Food RAD Analys=t | Master in Food Science and Technolog...
Tmo -« @

Yesterday | participated in the online training medule Eco-design of Food
Packaging, promoted by the Geekd4Food project and co-funded by the European
Union.

The course addressed sustainable strategies for food packaging desiagn,
highlighting the impertance of innovation aligned with environmental
responsibility.

It was also a great space for exchanging ideas with participants from different
countries.

Grateful to the team involved for this opportunity!

AL
‘.’9"5 EK4FOOD - —

CERTIFICATE
OF PARTICIPATION

THIS CERTIFICATE IS PRESENTED TO

Hellen Renata

o of ond W 5 e Eco-design of Food Packagng

n 'y
onbise inang otk hd on 28 Agnl 2005

0.0 AT
l‘\l-ﬁ" L% Mwﬂ.‘w Mu.nnlﬁ
Ve Pesw Mure oiasy Mierw Convodg
v
Rukmini Brahmachari . 151
Doctoral Researcher in Food Sustainability | Postharvest & Horticulture | ...
1Mo + @
Short update!

| recently took part in an online training on Eco-Desian for Food Packaging
hosted by Geek4Food in collaboration with Aarhus University! =

The session brought together participants from various backgrounds and offered
a well-rounded introduction to sustainable packaging principles. For me, it
served as both a refresher and a chance to gain insights into recent
developments in the field. One highlight was a case study on fruit and vegetable
packaging—a topic | had explored in depth during my master's studies, which
made the experience even more engaging.

Grateful for the opportunity to deepen my understanding of eco-design and
explore its real-world applications. Looking forward to more such insightful
learning experiences in the context of fresh produce supply chains! @ @
#SustainablePackaging #EcoDesign #GEEKAFOOD #FoodPackaging #FreshPr

CERTIFICATE YPGEEKAFOOL — —— /S
OF PARTICIPATION

THIS CERTIFICATE 1S PRESENTED TO

Rukmini Brahmachari

In 0 of 0l 10 the Eco-design of Food Packaging’
onine Iraming module. held on 28 Aprit 204

I
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Dr. Melike Nur Tosun - 2nd + Follow

Food EngineerfMicroblologist

1mo «
| had the opportunity to both reinforce what | already knew and gain new
perspectives through the "Eco-designed of Food Packaging” training. The
content was multifaceted, covering everything from the environmental impact of
food packaging to safety, from design principles to material selection.
In addition to topics such as sustainability, material safety, and migration, the
training highlighted the importance of considering intenticnally and non-
intentionally added substances {IAS and NIAS) in packaging within the
framework of risk assessment and eco-design approaches.
The use of case studies to support theoretical knowledge made the training
more engaging and memorable. Many thanks to everyone who contributed.

Geekd4Food Milena Corredig llke Uysal Unalan EMMANOUIL
TSOCHATZIS Konstantina Ntrallou PAOLA PITTIA Marlo Roccaro

NS » .

CERTIFICATE I GEEKAFOOI -t

OF PARTICIPATION

THIS CERTIFICATE IS PRESENTED TO

Melike Nur Tosun Demir

n of ane tvart 10 the Eco-dasgn of Food Packagng’

ok trmning modube, Sk on 28 Apel 2005

fede ¥ o Mosis Roccons B8, Conskiy
Paza Prtia Maro Raci s Miers Commag
P
TranNgo @ - 2na + Follow -
Ressarch Scientist ® VTT
¢ ima- 0

It was a great opportunity to deepen my knowledge in "'Eco-design of Food
Packaging'' through Geekd4Food training. Thank you for it. The training is
insightful for the development of our eco-design framework for circular food
packaging within STOPP PROJECT.

CERTIFICATE ’\-Y,:.r,'_”,__,‘,_‘ [ [

OF PARTICIPATION

THIS CERTIFICATE IS PRESENTED TO

Tran Ngo

In recogntion of pertopation and commiiment to the ‘Eco-design of Food Packaging'
onbne raning mocule, hekd on 28 Aprd 2025

}L'(c 1 L Move ‘L«m SR ':M\
Vag e Mare lvciars Mo Corretg
v
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ernatonal Experion alve and manage real-world projects | 38 &

mo »

0 Thuseinthan Inpabalan MSc.Eng(Aarhus), MBA(U... . st

Happy to share that | recently taok part in the GEEK4Food [ AU Food training
5@55i00, 3 great opportunity to connect, learn, and explare the intersection of
food systems, innovation, and research!

Big thanks 10 Milena Corredig and the organizing t1eam for a well structured and
Insightful session. Gratefud for the chance 10 engage with such a dynamic group

of peers and experts.

Looking forward to applying these learnings, especally regarding the training
and knowledge platform and joining more events like this in the future!

#GEEKAFood #AUFood #LiTelonglearning #ResearchAndinnovation #Sustaing
GeekdFood Aarhws University

#2CN10

TS CERTIFICATE 1S PRESENTED TO

Thuseinthan Inpabalan

N nscugeon of petopeton and corvrieed 1 T Eoodewg o Foos Packagry

cadn a0 Agre 2004

fede b “L“Cr' - A “asadoy
. e [PRSy——
/v
On 28 April 2025, Asrhus University FOOD proudly hosted the online | more

2 Evo-deaign snd sustamabls puchagng

* Ofrehen argiwr ¢ paragng S ) ™ 01 ([ . ot sahaad
'
. - '
- b Ao
S — e g
Ao
« " AN iy "W
o o N
.  merd - )
L . . - .
—— z S
- S
4
CeO Yuu and 50 others 1 comrnent « 4 reposts
@ Celebrate @ Comment ) flepost -7 Send

M2t relavect ¥

C- Temétope Akinyemi @ - 20 wStadd] 1

et Feuncatioe Schalar @ The Usiversty &f Edisturg|

1t was quile an iMensive training and worth my time. | would like to
appeaciate Milena Corredig and othars @GEEKAFcod whoe designed the
ourriculum of the traning. Thank you so much

Lke B8 4 neply
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Remigio Graziani . 11

PhD candigate in Private and Agrifood law

mo - Q

I’'m thrilled to have participated in the Eco-design of Food Packaging training
module organized by the GEEK4FOOD project and supported by Aarhus
University, Teramo University, and EIT Food,

It was a truly enriching experience, especially from the perspective of a PhD
student in agri-food law. Exploring the intersections between sustainable
packaging, innovation, and legal frameworks offered valuable insights into the
future of food systems.

Once GA4F, forever G4F!
Geek4Food Universita degli Studi di Teramo EIT Food Aarhus University

#GEEKAFOOD #EcoDesign #FoodPackaging # AgriFoodLaw #PhDLife #Sustair

A-

CERTIFICATE YV GEEKAF { i -
OF PARTICIPATION
THIS CERTIFICATE IS PRESENTED TO

- - - -
Remigio Graziani
In recog ol par e 1o the Eco-dewgn of Foud Packagng’
ordne Paeeg mode, heid on 28 Apnl 2025

.L(L ‘ L2V M-Q.m H“r““‘ﬁ
Pacia Peta Maw iy Miwra (oveny
/v
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Feedback received via email, after the cerifications were sent to
trainees:

1.

Thank you very much for your kind message and for sending the Certificate of
Attendance.

It was a pleasure participating in the GEEK4Food/AU Food training session. It
Was insightfl and enriching. Thank you once again for the warm welcome
and the excellent organization. | hope fo join more of your evenis in the future,

Thank you 50 much for sending me the certificate. | sincerely apologize for not
replying earfier and for not completing the questionnaire. Unfortunately, due to
family maftters, | was only able to retum fo work foday.

I am trwly grafeful fo you, to Professor Corredig, and to the fantastic team at
Aarhus. Please accept my apologies once again, and | very much look
forward to participating in future G4F activities.

Thank you for the warm message and for organizing the GEEK4Food/AL
Food training session. | lruly appreciated the valuable insighls and khowledge
shared during the event. I'm grateful for the Certificate of Atffendance.

| was wondering it it would be possible fo access the PPT files from the
fraining session? That would be really heipful for future reference.

Looking forward to fulure events and polential opportunities for dala sharing
or collaboration.

Thank you for organizing the GEEK4Food/AU Food fraining session. It was a
truly informative and engaging experience, and I'm grateful for the opportunity
fo take part. | hope (o foin another training in the future and continue learning
through these great initiafives.

Thank you for your email and the attached Certificate of Aftendance. |
received it with thanks.

I appreciate the opportunity to attend the GEEK4Food/Al Food fraining
session. It was a pleasure fo participate, and | found the experience fo be
guite valuabie.

Thank you very much for the certificate.

It was indeed an interesting session providing valuabie insight into the current
work being done in the fieid of eco-design for food as well as the true timeline
of it all.

Hope to find more such sessions in the future!

7. Thank you for your kind words and for the opportunity to participate in the

GEEK4 Food/AU training session. | found the experience to be valuable and

insightful, and I appreciate the knowledge and skill shared during the training.
| have received the certificate of attendance!

Thank you very much once again, and | look forward to participating in future

events!

Thank you for the certificate. The certification increases my motivation. More
importantly, the training was really enjoyable and productive.

I hope | will have the opportunity to meet again in future events.

Thanks again for everything.
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ANNEX 5: Event brochure and poster - Eco-design of food
packaging

Eco-design
of food packaging

28 April 2025 | 13:00-17:00 CET | Online

Designed for

Postgracuate students, and junior and senior professionals from industry.

Learning objectives
« Undarstand tha ‘undamentais of aco-desion and its importanca in tha

conlext of food contact s

Eco-design
of food packaging

28 April 2025 | 13:00 - 17:00 CET | Online

Organised by Aarhus University, Denmark

43
? YOEEK4AFOOD
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Eco-design
of food packaging

28 April 2025 | 13:00 - 17:00 CET | Online

Organised by Aarhus University, Denmark

o

¥ GEEK4FOOD
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ANNEX 6: Group picture - Optimised fermentation in
USAMYV Cluj-Napoca
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ANNEX 7: Event brochure and poster - Optimised

fermentation in USAMV Cluj-Napoca
J ™ . A3
. J » : , \

Optimised
fermentation

5 May 2025 | 09:00 - 13:00 EEST | On-site

Organised by USAMV Cluj-Napoca, Romania

FOOD @

L

EK4
A Ve

Optimised
fermentation

5 May 2025 | 09:00 - 13:00 EST | On-site

Organised by USAMV Cluj-Napoca, Romania

54
AYOEEKSFOOD

the European Union
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Optimised
fermentation

5 May 2025 | 09:00 - 13:00 EEST | On-site

Designed for

Postgraduate students, and junior and senior professenals from iIndustry

Learning objectives

Indnifigrekidoed.cu

W geckslooz.com Learn more and enrol now

nay
{“GEEK4FOOD @

Optimised
fermentation

22 May 2025 | 14:00 - 17:00 Irish time | On-site & Online

Organised by TU Dublin, Ireland

enrol now
Cofunded vy

T
Yoeekaroon DUBLIN s Brropan Wilon
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ANNEX 8: Participant feedback - Optimised fermentation
TUD
LS + Urmiénti X

_ ‘ Ina Boor = -
¥ Exploring the Future of Fermentation at TU Dublin
P

| was delighted to participate In the #Optimised
Fermentation Seminar hosted by Technological
University Dublin (TU Dublin) in collaboration
with Geek4Food, held on May 22, 2025, at

the ¥Grangegorman campus.

This thought-provoking seminar brought together
academic researchers, industry professionals, and
postgraduate students to explore how fermentation can
be applied and optimised for sustamable food
production. The session bridged theory with practscal
insights, addressing real-world challenges in inca

Afisati traducerea

CeO 17 4 comentarii - 1 dis

nouire

PRl Co-funded by Deliverable 5.2 — Report on training delivered | 192
et the European Union



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

ANNEX 9: Group picture — Optimised fermentation
TUD
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ANNEX 10: Event brochure and poster — Optimised

fermentation TUD
Vs o)

Optimised
fermentation

5 May 2025 | 09:00 - 13:00 EEST | On-site

Deslgned for

Postgraduate stucents, and junior and senior professionals from industry

Learning objectives
« Undorstand the fundamontals of oplerssod farmantatoen, including
choosing mearcorganiasms and bioreactor ings for spacific fooc
Ingradiants

pare oplimised fermantation with iriesional mehoes, focusing on

« Lexm about the reg 0 ted 10 oplaresed fermentation products

- Davalop innovabve and su nabla cptmisod farmantation processas

Learn more and enrol now

Optimised
fermentation

22 May 2025 | 14:00 - 17:00 Irish time | On-site & Online

Organised by TU Dublin, Ireland

L5 T
Y oeekaroon DUBLIN
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ANNEX 11: Event brochure and poster - Food waste
valorisation in food product design

in food product design

6 June 2025 | 10:00 - 15:30 CEST | Online

Designed for

Posigraduste sludents, end junvor and ganor professionals rom indusiny

Learning objectives

stand food wasta recovery, the functionality of waste

InfoRgecic’ocd.eu
shiyfasd com Learn more and enrol now

T
DyYBLIN

" -:/ R W~ g
ol S

Waste valorisation
in food product design

6 June 2025 | 10:00 - 15:30 CEST | Online

Organised by Teramo University, Italy, in collaboration with
TU Dublin, Ireland

3 - T
"GEEKSFOOD m DyBLIN
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Waste valorisation
in food product design

6 June 2025 | 10:00 - 15:30 CEST | Online

Organised by Teramo University, ltaly, in collaboration with
TU Dublin, Ireland

A r = T So-hneda by
7{3".3}OEEK4FOOD m DUBLlN 1 : ltntump.:r’v Uriion
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