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Introduction THERZS

# In Europe's journey towards climate neutrality by 2050, sustainable food systems play a crucial role.
Organic farming stands out for its promotion of eco-friendly practices and support for post-COVID

recovery.

# The Farm to Fork and Biodiversity Strategies aim to boost organic agriculture and aquaculture by 25%

by 2030. However, challenges like fraud and adulteration threaten the integrity of organic products.

# To address this, the European Commission is leveraging digital technologies such as blockchain to

enhance traceability and transparency, fostering consumer trust.

# THEROS project explores the significance of sustainable food systems, the role of organic farming, set

targets, challenges posed by fraud, and ongoing efforts to ensure integrity in European food systems.
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The Growing Demand for Organic and Gl Products

Funded by the
European Union

Growing Demand for Organic and Need for Transparency, Traceability, and

Geographical Indication (Gl) Products Authenticity

Transparency: Transparent supply
chains allow consumers and
stakeholders to track a product’s
journey, building trust in its
organic or Gl status.

Consumer Interest: Rising
consumer awareness about health,
sustainability, and product
authenticity drives demand for
organic and Gl products, with
consumers seeking options that
promise minimal chemicals and
origin authenticity.
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Traceability: Essential for
maintaining quality and
compliance, traceability systems
track each supply chain step to
uphold standards.

Market Expansion: The organic and
Gl markets are expanding globally,
with Gl products (e.g., wines,
cheeses, olive oils) holding unique
economic and cultural value,
commanding premium prices for
their quality and regional heritage.

Authenticity: Authenticity
safeguards consumer trust and
preserves the economic and
cultural value of organic and Gl
products, preventing fraud and
protecting regional identity.

Supply Chain Complexity: Meeting
demand requires complex supply
chains with multiple stakeholders,
where each stage must be carefully
managed to preserve product
integrity from origin to consumer.

THEROS project, ENTRUST training event, 12 November 2024
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The Challenges for Organic and Gl Products

ADULTERATION
AND FRAUD RISK

* Quality label food
products, especially
organic ones, are
susceptible to
adulteration due to
their high value.

« Financial incentives
exist as these
products are
generally more
expensive than
conventional
counterparts.

Funded by the
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COMMON TYPES OF
FOOD FRAUD

Mislabelling: False
claims on packaging.
Dilution: Mixing high-
value ingredients with
lower-value ones.
Unapproved
enhancement: Adding
unknown or forbidden
compounds.

« Concealment: Hiding

low-quality
ingredients.

* Substitution: Replacing

nutrients or
ingredients with
lower-value
alternatives.

INTENTIONAL
NON-COMPLIANCE

* Cases of food fraud
and non-compliance
are often driven by
economic gain.

¢ Lead to eventual
deception of
customers and
consumers.

CHALLENGES IN
TRACEABILITY AND
INTEGRITY
* Dlifiedltyin LACK OF CONSUMER
maintaining
traceability, integrity, KNOWLEDGE
d ity duri
ﬁgndslsncgu,r;)tlyoczggizg, * Insufficient NEED FOR
and transferring consumer
operations. awareness about DIGITAL
« Consumers struggleto ~ organic labelsand gy UTIONS

distinguish original
organic and
geographic indication
(Gl) products.
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associated
farming practices.
Contributes to the
erosion of
consumer
confidence in
quality-labeled
products.
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« Adoption of digital

technologies like
blockchain and
digital passports
promoted by the
European
Commission.

Aim to facilitate
inspections,
monitoring, and
information
exchange to enable
informed consumer
decisions and
combat fraud.




THEROS Key Facts THER®S

An integrated toolbox for improved verification and prevention of adulterations

and non-compliances in organic and geographical indications food supply chain
HORIZON-CL6-2022-FARM2FORK-01-04

“Innovative solutions to prevent adulteration of food bearing quality labels: focus on

organic food and geographical indications”
01.01.2023 - 31.12.2025 (36 months)
|A — Innovation Action
EUR 3,999,961.00

Institute of Communication and Computer Systems (ICCS), Greece
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Motivation | =
S SUSTAINABILITY THERC

Promote sustainable farming to create resilient food
systems that protect the integrity of organic products and
benefit local farmers.

COMBATING FOOD FRAUD

Prevent adulteration and fraud in high-value organic and Gl
foods to protect consumer trust and product integrity.

P T

TECHNOLOGICAL ADVANCEMENTS

Use digital technologies like blockchain and digital
passports to improve traceability, integrity, and security in
the food supply chain.

CLIMATE GOALS

Aim for a climate-neutral Europe by 2050 through
sustainable food systems and eco-friendly farming.
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ECONOMIC AND SOCIAL BENEFITS

Support fair economic returns for local farmers, contribute
to economic growth, and ensure safe, healthy, high-quality
food for consumers.

Vi B

POLICY SUPPORT

Align with European Commission initiatives to enhance
transparency and restore consumer confidence in organic
trade.
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© THEROS Objectives THER™S

Improve detection of adulterations and non-compliances in
the organic and Gl food products including efficient
monitoring of quality and sustainability parameters
through low-cost, digital & scalable solutions.

Enhance traceability in the quality labelled food
supply chain via novel technologies and approaches
that will ensure secure and transparent data
governance across the whole value chain.

Ensure efficient management and harmonization of data
collected from the different stages of the supply chain,
enable their uptake for improved decision making and
assure interoperability and integration with existing
systems.

Assess and formulate new business-oriented models
and approaches towards preventing quality labelled
food adulteration as well as increasing awareness
and quality assurance.

Validate and demonstrate the effectiveness of the THEROS
integrated toolbox through 4 validation campaigns that will
pave the way for rapid uptake of the proposed systemic
innovations.

THEROS project, ENTRUST training event, 12 November 2024
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THEROS Vision & Concept THER:®S

THEROS aims to implement an integrated toolbox

b - Dynamic Digital . . L
gr'&"?“ﬂé 7 _Product Passport being capable to modernize the process of verifying
~ ; ) Pl [ et . . . . .
; s P organic and geographical indications food products
THER S ~o D

and preventing adulterations and non-compliances,
while demonstrating enhanced traceability, security
and transparency in the supply chain, through the
use of various technologies and innovations

Green
accountability tool 1
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that leverage Earth Observation, photonics, internet
of things (loT), DNA metabarcoding, blockchain,

| Blockchain based .f,-“/l
itraceability system/
- s _;“,“ -

Dg Data  * | + digital interfaces and product passport, advance
management SECl) === e analytics, machine learning, artificial intelligence
harmonization b > . .
platform - . - and business models.
A
I
R e SEEsEmrs SR e s ! At the same time, efficient mechanisms will
| EO based \  MEMS based IoT sensors DNA based I .
ecosystem services photonics systems network authenticity kit be employed in order to ensure

.‘g interoperability with  existing control
I++_I m systems, as well as improved accessibility
EEE R I and sharing of data through harmonized

and standardized means, whilst also
demonstrating their uptake by relevant
I stakeholders for improved decision-making.
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THEROS main
envisions

Low-cost, digital and
scalable solutions.

Platforms and algorithms
allowing management
and harmonization.

Blockchain
enhanced
traceability system.

Interfaces to facilitate
monitoring and
inspections.
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Pilot 1: Serbia

The pilot demonstration will
focus on the employment of
THEROS toolbox
components in order to
facilitate efficient large-scale
monitoring of organic food
assets.

/7 . N
Pilot 2: Greece , g
_§ -
The pilot

demonstration will
focus on the
verification of organic
production practices.

EO based ecosystem services, MEMS based photonics
systems, Green accountability tool, Dynamic Digital
Product Passport, Blockchain based traceability system,

Funded by the
European Union

Verification engine, and Data management and
harmonization platform

4 N\
Pilot 3: Czech Republic

"

The pilot demonstration will focus
on the design and validation of
an extended innovative business
model aimed primarily at
supporting the availability of
organic food.

loT sensors network, Blockchain
based traceability system,
Verification engine, Digital
marketplace, and Data
management and
harmonization platform

THERQOS project overview

THER<S

Pilot 4: Spain -

This pilot demonstration will define and
engage a group of supply chain
participants, aiming to cover 100% of the
value chain, including initial harvesting,
aggregation, transformation, shipping,
packaging and selling events.

DNA based authenticity kit,
Dynamic Digital Product
Passport, Blockchain based
traceability system, Verification
engine, and Data management
and harmonization platform



Earth Observation (EO) Services THERZ

01. Establish sustainable supply chains for innovative Earth observation value added products and services,

focusing on monitoring the compliance with organic standard using satellite imagery from Sentinel-2,
including a model to distinguish between organic and conventional parcels.

oERRa
e Use satellite imagery for monitoring parcels
remotely

 Compute “markers” (machine learning) on satellite
imagery to monitor agricultural activity

 Combing these markers to help agencies with risk
assessment and monitoring of organic farming
regulations compliance

NDVI time series of neighboring FOIs with winter wheat claim

A neighboring FOI
—— Average of all neighbors
Standard deviation of all neighbors

NDVI
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Earth Observation (EO) Services

01. Establish sustainable supply chains for innovative Earth observation value added products and services,

focusing on monitoring the compliance with organic standard using satellite imagery from Sentinel-2,
including a model to distinguish between organic and conventional parcels.

The project developed and validated several Earth Observation (EO)
markers to monitor compliance with organic farming practices,
including:

*  Homogeneity,

* Greening and harvest marker,

* Baresoil marker,

e Similarity and Euclidian Distance Marker,

e Crop marker, and

* Organic/non-organic markers.
These markers were tested in pilot areas in Serbia and Greece, and
their results are integrated into the THEROS toolbox via a RESTful
API.
These tools significantly enhance the ability of certification agencies
to monitor large areas and identify non-compliance efficiently.

Funded by the
European Union

THEROS project, ENTRUST training event, 12 November 2024

W00 107003 0008 20007 02000



MEMS-Based Photonics System THERZS

»

02. The MEMS system in THEROS advances food adulteration detection by providing quick, non-destructive

analysis of organic products with high accuracy using low-cost, portable spectrometers.

* Deployed low-cost MEMS sensors for non-destructive analysis of organic products, like wheat flour and apple juice.
* Achieved high accuracy (R?=0.93 for wheat flour).

* Developed Al models to differentiate between organic and non-organic oranges and analyze soil properties.
* Created a comprehensive spectral library supporting fraud detection and environmental impact assessments.

Mean +/- Std of Spectra grouped by different adulteration levels . " " "
P groupec by PCA of Organic Wheat Flour Dataset with Adulteration Levels (Normalized
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loT Sensors Network THERZS

03. loT sensors enable the monitoring of quality/climate parameters related to the transport of organic/Gl

foods, including the effective recording of all key tracking events and thus preventing potential misuse of
the trademark.

* Designed and deployed an loT network to monitor
quality and climate parameters during the transport
of organic/Gl foods, addressing both intentional and
unintentional adulterations.

* Monitored air temperature, humidity, and package
integrity, with real-time data transmission to the

/ THEROS platform.

Y Timrmomatr sraer * The integrity status of the package represents the

@ pcoge mpsaue opening or closing of the package by connection or

e disconnection of a magnetic button in the cover of

e | the box.

\‘ * Conducted successful initial tests in the Czech

—~ Republic, demonstrating the system’s effectiveness

in ensuring product integrity.

THEROS project, ENTRUST training event, 12 November 2024
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loT Sensors Network THERZS

03. loT sensors enable the monitoring of quality/climate parameters related to the transport of organic/Gl

foods, including the effective recording of all key tracking events and thus preventing potential misuse of
the trademark.

* Developed web map application to visualise positions and measurements by points  with
colours scale depending on temperature
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DNA-Based Authenticity Kit THERZS

04. THEROS developed portable DNA analysis kit to verify the species origin and authenticity of food
products, particularly focusing on organic and Gl-labelled products, with high-resolution melting profiles
and DNA sequences providing accurate identification of species and product origin.

In the Spanish pilot the kit was used to analyze mussels,
using DNA barcoding regions such as COl and 16S to

* Proper lysis of the
tissue
* DNA concentration/

* COI gene region
* Preparation of PCR
Mastermix

= Analysis of Melting
peaks per sample
* Range of Melting

ensure the authenticity of the products. sl Temperatures
* Machine learning models were created to predict the
origin of mussels based on DNA sequences and melting 2 DNA Authenticity Kit | Data Ingestion App
temperatures, significantly enhancing the detection of o S L
mislabeling and adulteration. o . S o ews D% s imieen .
* The kit significantly enhances the detection of mislabeling s o o am wl 8
and adulteration, providing a robust tool for stakeholders wmowovzos s W e s e é
in the food sector, including certification authorities. v || meowems | S ke .o o :
e e M we e w DL @
Gkt Spen 203000002670 EU vty 9781 w e 08009142 o

L
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Blockchain-Based Traceability System THER;{;!S

05. THEROS developed a blockchain platform to ensure secure and transparent tracking of food products

across the supply chain.

OHganization Name

* Developed a blockchain platform to secure and
transparently track food products across the supply

chain.
* Recorded every transaction and movement from farm
e — to consumer, facilitating the detection and tracing of
Product Gwnership Source: Froduct Ownership Destination: discrepancies_
1 I

— * Integrated the blockchain system with existing ERP
—/ L systems in pilot cases, with additional manual data
entry screens for unexpected situations.

P —

Allows the addition of
mtiple cenificane
deEtailE

<« Collapie Sidebas

L
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Mobile application for MEMS THERZS

06. The project achieved significant progress in developing the mobile application that controls MEMS-based

photonic systems.

* This application was designed to facilitate data acquisition from THERZS
spectrometers, with seamless integration via Bluetooth connectivity.

$1 CALIBRATE

* The app supports offline operation, ensuring that data is stored locally o
. . . . . Signin 9\:500
and synchronized once an internet connection is available.

Key functionalities include user login, device selection, data
acquisition, and secure data transmission via a REST API, which
integrates TLS encryption to protect data during transmission.

* The application also allows manual data ingestion for non-compatible

devices, making it versatile for various user needs.

* This app plays a critical role in enabling on-the-spot verification of
food authenticity, particularly in detecting adulterations in organic
food products.

.\ﬂ- THEROS project, ENTRUST training event, 12 November 2024
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Dynamic Digital Product Passport (dDPP) THER,.{\-‘!S

»

07. The Dynamic Digital Product Passport (dDPP) offers real-time traceability and verification of organic and

Gl food products, integrating seamlessly with other THEROS tools for a unified interface.

* By scanning a product’s code or entering an identification
number, users such as farmers, transporters, certification
bodies, and consumers can access detailed data on the

® i i product’s status.

Producer CeNTROPLODLTD  The app was designed with a user-friendly interface and

Address 29313 Beograd §9 ricwcer pronucy tailored features for different user groups, ensuring that

Serbia 25.4.2024 05:45 AM

Product Desp Frozen rganc SR relevant data is accessible and actionable.

Quality IQF without seed

THEROS Digital Product Passport ikl * The backend system of the dDPP fuses data from the

Scan the product's code, or type its ID, to see more Vanety

traceability and verification modules, presenting it in a

Origin sersia € ) PicKoUT PRODUCT

( osmmey ) i structured format that supports decision-making across the

Net weight

i ) —_— supply chain.
Use before 2. 2004  pickur pronuer @ ||| ° Theapp’s architecture is flexible, allowing for the inclusion of
i e f ,. ‘ L " various data types, including product verification, compliance,
sustainability, and traceability.

+ Product info Verifications

R ROLE/COMPANY LABEL

Transport temperature -18C

[€ EXIT TO CIRCULAR

* X %
* *
* *
* *
. L
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Data management, harmonisation and interoperability THER({!S

»

08. The project implemented a robust data management and harmonization platform that integrates diverse
data sources from all THEROS toolbox components. This platform acts as a broker between components,

facilitating seamless communication and data exchange.

* Implemented a robust data management platform integrating diverse data sources from all THEROS components.

* Facilitated seamless communication and data exchange via a single interface (Toolbox API) using open standards
(SensorThings OGC).

* Supported secure user access and interoperability with existing systems, essential for widespread adoption of the

THEROS toolbox.

End users'
infrastructures and
operations

MEMS based

é} photonics systems +{==» Connector | =» TranslatorJ @ Connector
_and mobile app J Blockchain enhanced @
traceability system &

Verification engine é"

k EO based ]
’-’- 8/ ase . ‘> Connector TranslatorJ
*:; @ ecosystem services
4

Toolbox API - i Green ‘ L]
SensorThings accountability tool | ult|

DNA based
é}@ authenticity kit and+{++» Connector |—* Translator
platform

Business model
driven digital

marketplace = =§
é!} IOTstensT:s =» Connector |—» TranslatorJ —'—/
I & networl
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THEROS verification engine THERZS

09. A critical component of the THEROS toolbox, the verification engine was developed to automate the

process of validating the integrity and authenticity of organic and Gl food products.

%i ,_.} ._:-_ e This engine processes data from various sources, applying business
- & [].: O rules defined by data providers to ensure that products meet specific

DATA PROVIDERS “ VERIFICATION ENGINE BLOCKCHAIN

Incoming data

standards.

e The engine then issues verification events, which are recorded in the
system and can be consulted later for traceability purposes. This
automated system enhances transparency and trust in the supply chain

i o by providing a reliable mechanism for verifying the organic origin and

| compliance of products.

_ e The first version of the verification engine has been completed, with
remrnveﬁﬁimm J APIs developed for integrating it with other components of the THEROS
toolbox.

THEROS project, ENTRUST training event, 12 November 2024
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Green Accountability Tool THERZS

10. The Green Accountability Tool (GAT) was developed to help stakeholders assess and monitor the

environmental impact of their activities across the supply chain.

* This tool integrates data from various sources, including EO-based monitoring and MEMS photonic systems, to provide insights

into the sustainability of farming practices.
* The GAT offers a user-friendly interface that allows users to track key environmental metrics, such as carbon footprint and

compliance with green certifications.
* The tool also supports decision-making by offering recommendations for improving environmental performance.

* The initial version of the GAT has been completed, and it is integrated into the THEROS platform to ensure that environmental
accountability is a core aspect of the supply chain management process.

= Q Search 7 Supethdmin

Green Accountability Tool
23 S T . ‘,‘ Int ‘ Hi
& e Csupplychain Complanceand > " e "
| Tackng  Certfication ' ) Gz
e GD .@
Gemmmesy @ Dota Visualization Compiance and Centification Suppsy Chein Trasking
; Envircremeneal Manitoring
;;, L apors
3
: S| %
w

Data Layer
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Business model driven digital marketplace THER;{;!S

11. The Digital Marketplace was developed as an online platform that connects organic and Gl food

producers with consumers and other supply chain actors.

e This marketplace leverages loT and blockchain technologies to ensure

S T, TE real-time monitoring of product conditions during transportation and
" ooy B § erga SORERR storage, enhancing traceability and transparency.
‘ Maso A Uzeniny ) . - e . .
0 e 8 R ) e The marketplace allows producers to showcase their products, ensuring
‘.- Ry s Cukrovinky - We | Koe HY o H H
100% BTG Kvalits that consumers have access to verified and authentic quality-labelled
food items.
O‘I,g;’,{;c e The platform also supports transactions and interactions between
various stakeholders, providing a secure environment for the exchange
o of goods and information.
f.':°1°:;;:"‘-“ s B - Y X o=y | [Reviey _ _ o _
——ry il e e The first version of the Digital Marketplace has been launched, with 15

suppliers and 80 products already involved, and the platform is
expected to expand as more stakeholders join.

THEROS project, ENTRUST training event, 12 November 2024 24 '
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Expected Impacts of THEROS THER-S

L

One
Establish sustainable supply chains with commercial
value and targeted client communities

Two

Create an integrated system that tries to minimize
shortcomings/limitations

Three

Providing needed business support to short supply
chains of quality labelled food that increase efficiency

Four

Establish sustainable supply chains with innovative
technology

é%ﬁ) Five

Lead to new or improved products, processes or
services on the market

.\‘ . THEROS project, ENTRUST training event, 12 November 2024

. N Funded by the
W ~ European Union
N




Ol

e
O

Expansion of
THEROS Toolbox
Components

The THEROS toolbox is
poised to continue
advancing its
integrated system,
incorporating tools for
fraud detection,
traceability, and
compliance monitoring
for organic and Gl
products

N

02

Broader
Adoption in
Supply Chains

The THEROS
platform’s success
across pilot countries
(Serbia, Greece, Spain,
and Czech Republic)
will set the foundation
for adoption in
additional regions.
Future scaling could
involve adapting the
toolbox to support
diverse regulatory
requirements and
expanding applications

\

Future Prospects and Expansion

03

Enhanced Data

Management &
Interoperability

THEROS will focus on
optimizing its data
harmonization
platform to support
diverse data sources.
The platform will
further integrate with
external systems and
standardize data
management,
enhancing decision-
making capabilities
and fostering a unified
monitoring framework

04

a 7O \
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Development of

New Business
Models and

Revenue
Streams

The project envisions
exploring new
business-oriented
models, such as
subscription services,
licensing of the
traceability tools, and
paid integration with
third-party systems

/

05

~

Strengthening
Environmental
and Social
Impact

Future developments
will further emphasize
tracking ecological
outcomes, providing
insights to
policymakers on
sustainability metrics,
and supporting social
awareness initiatives
around organic food
benefits and fraud
prevention

THER™S
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www.theros-project.eu
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THEROS project

Thank you for your attention!

Dimitra Tsiakou,
dimitra.tsiakou@iccs.gr
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e b This project has received funding under grant agreement No 101083579. It is funded by the European Union. Views and opinions
ok expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Research

Executive Agency (REA). Neither the European Union nor the granting authority can be held responsible for them.
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