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EXECUTIVE SUMMARY 
This deliverable presents the strategies and results of the DMaaST project in enabling 
end-to-end product traceability by transforming production data into Knowledge Assets 
(KAs) within the OriginTrail Decentralized Knowledge Graph (DKG). It demonstrates how 
fragmented and system-specific records can be converted into interoperable, verifiable, 
and discoverable resources that underpin compliance, collaboration, and innovation 
across the European manufacturing ecosystem. 
 
The central objective of DMaaST is to ensure that product and process data is 
trustworthy, reusable, and aligned with European regulatory frameworks. Within the DKG, 
traceability is achieved through unique identification of assets, verifiability of data 
integrity using blockchain-based proofs, and interoperability provided by ontology-driven 
semantic mappings. These mechanisms are embedded directly in the publishing 
process so that every KA contributes to a transparent and auditable chain of 
accountability across the product lifecycle. By integrating Digital Product Passport (DPP) 
and Life Cycle Assessment (LCA) requirements into the framework, DMaaST ensures that 
identifiers, sustainability attributes, and compliance rules are enforced before assets 
can be published. 
 
The practical application of these strategies has been validated in real-world use cases, 
such as the JPB and KAM production lines. By leveraging provenance-backed KAs within 
the OriginTrail DKG, DMaaST partners can generate compliance-ready reports, detect 
anomalies for early incident alerts, assess shipment risks across supply chains, and 
provide insurers with immutable proofs that reduce disputes. In this way, DMaaST 
demonstrates not only how the DKG and KAs support regulatory compliance, but also 
how they deliver tangible value in operational contexts. 
 
The outcomes of this work extend beyond the technical framework. The integration of 
traceability and sustainability into every KA provides manufacturers with reliable data for 
optimization, while stakeholders benefit from assured provenance, trusted 
environmental accountability, and seamless interoperability. Together, the OriginTrail 
DKG and KAs establish a scalable trust infrastructure that enables transparency, fosters 
collaboration, and strengthens resilience across the European manufacturing 
ecosystem. DMaaST thereby lays the foundation for a future-proof system of traceability 
and interoperability that directly advances the EU’s goals of sustainability, transparency, 
and industrial innovation. 
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ABBREVIATIONS 
 

Abbreviation Definition 
AI Artificial Intelligence 
CBV Core Business Vocabulary 
CTUe Comparative Toxic Unit for Ecosystems 
CTUh Comparative Toxic Unit for Humans 
DKG Decentralized Knowledge Graph 
DPP Digital Product Passport 
EF Environmental Footprint 
EPCIS Electronic Product Code Information Services 
ESPR Ecodesign for Sustainable Products Regulation 
GLN Global Location Number 
GTIN Global Trade Item Number 
KA Knowledge Asset 
KC Knowledge Collection 
kBq U235 eq Kilobecquerels of uranium-235 equivalent (measure for ionizing 

radiation impact) 
kg CFC-11 eq Kilograms of trichlorofluoromethane equivalent (measure for ozone 

depletion) 
kg CO₂ eq. Kilograms of carbon dioxide equivalent (measure for climate change 

impact) 
kg NMVOC eq. Kilograms of non-methane volatile organic compounds equivalent 

(measure for photochemical ozone formation) 
kg P eq. / kg N 
eq. / mol N eq. 

Phosphorus or nitrogen equivalent (measure for eutrophication) 

kg Sb eq. Kilograms of antimony equivalent (measure for resource depletion of 
minerals and metals) 

LCA Life Cycle Assessment 
LCI Life Cycle Inventory 
LLM Large Language Model 
MJ Megajoule 
mol H⁺ eq. Moles of hydrogen ion equivalent (measure for acidification) 
m³ world eq. of 
deprived water 

Cubic meters of water deprived (measure for water use impact) 

PEF Product Environmental Footprint 
PLCA Product Life Cycle Assessment 
RDF Resource Description Framework 
SDGs Sustainable Development Goals 
UAL Uniform Asset Locator 
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1. INTRODUCTION 
This deliverable outlines strategies for achieving end-to-end product traceability by 
transforming production data into Knowledge Assets (KAs) within the Decentralized 
Knowledge Graph (DKG). By structuring manufacturing information (lot records, machine 
logs, supply chain events, etc.) according to established standards, fragmented data 
becomes interoperable and verifiable. These assets can then be securely indexed, 
queried, and shared across organizations. 
 
The work is closely aligned with the European Union’s Digital Product Passport (DPP) 
initiative, which aims to ensure lifecycle transparency and regulatory compliance across 
industries. Within DMaaST, traceability strategies are applied in practical ways, enabling 
manufacturers to track products throughout the value chain and to generate concrete 
outputs such as utilization reports, incident alerts, shipment risk assessments, and 
blockchain-based proofs for insurance claims. 
 

1.1. Interoperability and traceability 
Within the EU-funded DMaaST project, interoperability and traceability form the 
foundation for building trusted, future-oriented digital services: 
 

• Interoperability ensures that data from diverse partner systems can seamlessly 
interact, be reused across different domains, and support cross-border 
applications without costly re-engineering. 

• Traceability guarantees that data is authentic, verifiable, and auditable, essential 
for governance, compliance, and accountability at the European scale. 

 
The OriginTrail DKG, already proven in food, railway, and pharmaceutical sectors[1], is 
central to this approach. It leverages widely adopted standards such as GS1 Electronic 
Product Code Information Services (EPCIS) and Core Business Vocabulary (CBV) to 
capture data provenance. Each KA, as the basic unit of the DKG, is fingerprinted on the 
blockchain, providing immutable proof of origin, history, and updates. This creates 
transparency and trust by design. 
 
Interoperability is further supported by a flexible, ontology-driven mapping system. 
Participants can use their preferred ontologies, while data can be transformed and 
aligned to specific requirements. This flexibility enables integration with a wide range of 
partner applications and industrial domains. Together, these capabilities establish a 
robust technical foundation for data sharing, directly supporting DMaaST’s strategic 
objectives: cross-border collaboration, compliance with EU standards, and trusted 
knowledge exchange across manufacturing ecosystems. 
 

1.2. Digital Product Passport (DPP) 
The DPP is a key initiative in the EU’s sustainability and circular economy agenda, 
established under the Ecodesign for Sustainable Products Regulation (ESPR). Its purpose 
is to create a digital record of each product’s identity, composition, and lifecycle. This 
record makes it possible to trace materials, processes, and environmental impacts 
across the entire value chain[2] Within the DKG, DPP compliance is ensured through 
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validation rules and metadata requirements applied to KAs. For a KA to qualify as DPP-
ready, it must include recognized identifiers such as Global Trade Item Number (GTIN), 
Global Location Number (GLN), or other product- or process-specific identifiers 
mandated by EU standards. 
 
Beyond identifiers, KAs must contain rich product-related data aligned with ESPR 
requirements, including: 

• Material composition and chemical resources used throughout the lifecycle 
• Production processes and associated documentation (e.g., compliance 

certificates) 
• Environmental and sustainability indicators such as durability, repairability, and 

end-of-life treatment 
 

By embedding these requirements directly into the DMaaST publishing process, KAs 
inherently become machine-readable DPP. This ensures interoperability across 
industries, facilitates regulatory compliance, and supports Life Cycle Assessment (LCA) 
by providing the necessary data for sustainability analysis. This integration enables the 
creation of trusted, standardized, and reusable product passports, advancing EU goals 
of transparency, sustainability, and innovation. 
 

1.2.1. Value of DMaaST developments for traceability 
The combination of traceability, DPP compliance, and LCA integration brings measurable 
value to DMaaST, both technically and strategically: 
 

• Enhanced reporting and accountability: In DMaaST use cases (e.g., the JPB and 
KAM production lines), traceable data feeds compliance reports and audits, 
ensuring operational transparency for regulators and stakeholders. 

• Incident detection and alerts: Provenance-backed KAs allow early anomaly 
detection in manufacturing and supply chains, improving resilience and reducing 
downtime. 

• Shipment risk profiling: Logistics and production KAs provide better insights into 
cross-border supply chain vulnerabilities. 

• Insurance proofs: Blockchain-backed data from DMaaST pilots delivers trusted 
evidence for insurance claims, reducing disputes among manufacturers, logistics 
providers, and insurers. 

 
DMaaST demonstrates in practice how traceability strategies are enforced: partner 
systems cannot publish data into the DKG unless they include standardized identifiers, 
material composition, and lifecycle attributes. This ensures compliance and 
interoperability at scale, while creating a trust infrastructure validated in real-world 
pilots. In this way, DMaaST goes beyond theoretical frameworks. It shows how the 
integration of traceability, DPP, and LCA can be practically implemented and validated in 
industrial environments, paving the way for broader EU-wide adoption. 
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2. KNOWLEDGE ASSETS (KAs) ENABLING TRACEABILITY 
KAs play a central role in ensuring end-to-end traceability across the manufacturing 
ecosystem. By embedding requirements directly into the publishing process, KAs 
guarantee that every piece of data is uniquely identifiable, verifiable, and connected to 
preceding process steps. This design enforces a chain of accountability, where each new 
KA references the context of earlier ones, making the entire production lifecycle 
transparent and auditable. 
 

2.1. From data to actionable insights 
Once production and process data are published as KAs in the DKG, they become more 
than static records, they can be queried, analysed, and transformed into actionable 
insights that directly support manufacturers and partners. 
 

• Utilization reports: Operational data can be retrieved through SPARQL queries, 
enabling precise monitoring of resource usage, machine efficiency, and 
throughput. 

• Incident prediction and alerts: By combining KA data with rule-based logic or AI 
models, anomalies can be detected early, triggering alerts that allow proactive 
intervention. 

• Shipment risk profiling: Logistics and production KAs can be aggregated to 
assess shipment risks, helping companies anticipate delays, disruptions, or 
quality concerns. 

• Insurance proofs: Blockchain-backed, immutable KA records provide 
transparent evidence for insurers, reducing disputes and streamlining claims 
processes. 
 

Through these applications, traceability moves beyond compliance into operational 
intelligence, turning raw data into insights that improve efficiency, resilience, and trust. 
 

2.2. Value creation for manufacturers and stakeholders 
For manufacturers, KAs ensure that every production step is not only captured but also 
verifiable on-chain, creating a reliable basis for compliance, reporting, and optimization. 
This reduces administrative overhead, supports regulatory audits, and provides 
structured, machine-readable data for real-time decision-making. 
 
For stakeholders across the value chain, including regulators, insurers, and supply chain 
partners, the DKG ecosystem acts as a ready-to-use service layer. It offers access to 
verified records, sustainability metrics, and interoperable datasets that can be 
seamlessly integrated into existing workflows. 
 
By transforming fragmented, system-specific information into discoverable, verifiable, 
and interoperable KAs, the DKG provides more than just data integration. It delivers full 
transparency across the lifecycle, supporting EU regulatory and sustainability objectives 
while also fostering collaboration and trust between partners. 
This transformation creates measurable value for the entire manufacturing ecosystem — 
ensuring not only compliance but also innovation and long-term competitiveness. 
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3. CONVERTING PRODUCTION DATA INTO KNOWLEDGE 
ASSETS (KAs) 

Production data is one of the most valuable resources for creating KAs, as it reflects the 
real-world processes, resources, and decisions that shape manufacturing. In its raw 
form, however, this data is often fragmented, locked into proprietary systems, and 
difficult to reconcile across different partners. To unlock its full potential, it must be 
standardized, validated, and semantically enriched so that it can be published into the 
DKG. 
 
Transforming production data into KAs allows organizations to: 

• Ensure traceability of resources and production steps. 
• Verify integrity and authenticity of information. 
• Enable interoperability across systems, partners, and domains 

 
This transformation not only reinforces trust and compliance but also creates the 
foundation for advanced applications such as DPPs, LCAs, and cross-partner data 
exchange. 
 

3.1. Traceability process in DMaaST 
In DMaaST, traceability within the DKG is achieved through a structured data 
transformation pipeline that turns raw production inputs into verifiable and interoperable 
KAs. The process includes the following steps: 
 

1. Raw data ingestion: Data is extracted from partner systems in formats such as 
CSV or JSON (e.g., machine logs, lot records, supply chain events). The specific 
ingestion method depends on how partners provide their data. Tools such as 
Debezium may be used in some cases, but other pipelines described in 
Deliverable 2.1 are also applicable. 

2. Mapping pipeline creation: 
a. Phase 1: Raw data and description files are analysed. Large Language 

Models (LLMs) propose initial mappings and suggest ontology alignments, 
which are then reviewed by a human expert to ensure semantic 
consistency. 

b. Phase 2: Ontology terms are formally selected, and a mapping script (e.g., 
JavaScript) is created to transform raw inputs into JSON-LD. 

3. Transformation into JSON-LD: Data is semantically enriched and structured in 
line with ontology requirements, preparing it for publication to the DKG.  

4. Publishing and verifiability: Before publishing, a Merkle root is calculated. Each 
JSON-LD assertion is divided into 32-byte chunks (Merkle tree leaves), which are 
iteratively hashed to produce a single root. This root and its metadata are stored 
on the blockchain, ensuring verifiability. Any recalculated root can later be 
compared against the blockchain to confirm data integrity. 

5. Uniform Asset Locator (UAL) assignment: Once published, each KA is assigned 
a UAL, a blockchain-anchored identifier linking the Merkle root to the graph 
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database values. This ensures discoverability by making every KA uniquely 
identifiable, searchable, and queryable. 

6. Ontology-driven alignment: Carefully chosen ontology terms ensure semantic 
alignment of each KA. This guarantees interoperability, allowing KAs to integrate 
with external systems such as Digital Twins, LCAs, and machine learning models. 

 
Together, these steps embed traceability into every KA: 
 

• Discoverability: Each KA is uniquely identifiable and accessible via its UAL. 
• Verifiability: Integrity is guaranteed through blockchain-based Merkle root 

validation. 
• Interoperability: Semantic mappings ensure compatibility across partner 

systems and applications. 
 
For example, production data relevant to a DPP (e.g., GTIN or GLN identifiers, machine 
documentation) can be transformed into a KA, enriched with ontology references, and 
assigned a UAL. The KA can then be queried, verified through the blockchain, and 
connected to other assets in the DKG, ensuring full lifecycle traceability. 
 

3.1.1. Practical examples of semantic alignment 
Interoperability is achieved by cataloguing data with ontology mappings that define both 
structure and meaning, and by linking assets across different domains. For instance, a 
machine can be represented as a machineResource class from the MASON ontology 
(see D2.1 for more details on the MASON ontology). This representation can be linked to 
a Digital Twin plugin, mapping machineResource objects to Petri net places used for 
simulation. Event KAs can record the history of interactions between these objects, 
enabling system-level modeling and cross-partner analysis. 
 

3.2. Manufacturing data conversion 
Manufacturing data is critical for producing trusted and reusable KAs on the DKG. 
Accuracy and interoperability are achieved through a structured process of 
identification, verification, and semantic alignment. Each stage requires specific 
identifiers (e.g., for resources, components, suppliers), ensuring every element of the 
production lifecycle can be traced back to its origin. The sequence of production steps 
must logically follow the real manufacturing workflow, creating a verifiable chain of 
processes. All data and metadata are written to the blockchain, providing an immutable 
record that guarantees traceability, provenance, and compliance. 
 
By mapping data to predefined ontologies, the framework ensures semantic alignment 
across systems. This makes the information portable and reusable, whether for 
regulatory reporting, DPP compliance, or LCA studies. Through this process, raw 
production records are transformed into KAs: standardized, verifiable, and interoperable 
resources that deliver value well beyond their original context. 
 

3.3. Data included 
In Task 1.2, titled “Products Life Cycle Analysis (PLCA) Considering Products 
Traceability”, HOLO will apply LCA methodologies to evaluate the use case products 
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developed under DMaaST. As this assessment specifically focuses on products, the 
Product Environmental Footprint (PEF) method will be adopted. The PEF approach, 
proposed by the Joint Research Centre (JRC), is based on LCA principles and provides a 
standardized framework for assessing the environmental sustainability of products in a 
consistent and comparable manner. 
 
A Product Life Cycle Assessment (PLCA) begins with the definition of its goal and scope, 
which sets the overall context and direction of the assessment. Clearly defining the 
objectives ensures that the procedures, results, and intended applications remain 
aligned toward a common purpose. A comprehensive goal and scope definition for the 
PLCA typically includes the following key elements: 

I. Functional unit and reference flow;  
II. System boundary; 

III. Impact categories; 
IV. Additional information to be included;  
V. Assumptions/Limitations 

 
The integration of the PEF method requires a thorough understanding of the 
manufacturing processes associated with each product. Within DMaaST, the Lulylok 
from JPB and the PCB + Water Meter from KAM were selected as use cases for this 
analysis. To gain this understanding, HOLO conducted an in-depth study of the 
respective manufacturing systems. Building upon the findings from Deliverable 4.1, 
HOLO identified the main production steps for each use case, forming the basis for a 
structured approach known as process mapping. Process mapping involves creating a 
detailed template in which each stage of the production process is systematically 
documented, validating the position of every step and identifying potential inputs and 
outputs. This serves as a preliminary stage of data collection, ensuring an accurate and 
transparent representation of the manufacturing sequence that underpins the 
environmental assessment. Moreover, process mapping is particularly valuable for 
traceability, as it provides step-by-step insights and a clear framework to guide 
subsequent data collection activities. 
 
In LCA studies, the data collection phase is known as the Life Cycle Inventory (LCI). 
During this stage, a detailed inventory is compiled, capturing all inputs and outputs 
associated with the production process under analysis. The information gathered in the 
LCI phase provides the basis for identifying environmental hotspots within the process. 
In other words, by analyzing the collected data and performing subsequent calculations, 
it becomes possible to determine which specific steps of the production process have 
the greatest environmental impact. 
 
The Inventory Analysis phase includes data collection and/or calculation of the LCI 
results. It makes use of system analysis to divide the product systems into unit 
processes, e.g., coal mining, electricity production, transportation, metallurgy. The data 
inputs can belong to three classes: (I) Technosphere, which describes inputs and 
outputs of technological systems, such as energy and material consumption; (II) 
Biosphere, which gives interactions with the natural environment such as the 
consumption of natural resources or emissions to soil, water, or air; and (III) 
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Characterization Factors, which link biosphere flows to concrete harms, such as 
climate change or health damage from air pollution [4]. Each dimension requires specific 
data to be collected to measure its impact, which will be described below.  
 
After conducting the Goal and Scope phase, the step II, includes quantifying all flows of 
the examined system per Functional Unit (FU). This stage involves data collection and 
calculation to quantify the relevant inputs and outputs.  
 
The LCI must be compiled with careful consideration of all the data required to perform 
the LCA, encompassing every process related to the product and its associated inputs 
and outputs. In cases where limited or no data is available for background processes, 
specific datasets can be used to supplement the missing information. These datasets 
are considered secondary data and must be Environmental Footprint (EF) compliant. 
Secondary datasets are used to represent processes over which the company has no 
direct operational control, ensuring that the analysis remains complete and 
representative. Their compliance and quality are assessed according to three main 
criteria: time (the age or relevance of the data), industry (the degree of similarity to the 
industry being assessed), and geographic location (the proximity to the original site or 
region of production) [5]. 
 
Data for each unit processes within the system boundary is needed to be identified 
according to the following topics: 
 

• Inputs: Energy, raw material, materials, and chemicals.  
• In terms of each process, the energy consumption, rate power of the equipment 

and operation time.  
• Outputs: End products, sub-products, and emission (including liquid, air and 

solid).  
• Other environmental aspects. 

 
An important aspect to consider when completing the LCI is the inclusion of two key 
elements: (I) the various types of waste generated throughout the product value chain, 
and (II) the End-of-Life (EoL) considerations, which cover product recovery and recycling 
processes where applicable. EoL considerations encompass the collection and 
transport of the product and it’s packaging to end-of-life treatment facilities. These may 
include the management of wastewater from products dissolved in or used with water, 
conversion into recycled materials, incineration and disposal of bottom ash, as well as 
landfilling and the operation and maintenance of landfill sites. For intermediate 
products, the EoL of the product in scope is generally excluded [3]. 
 
The data collection phase of the LCI is inherently dynamic, as it may require the inclusion 
of new data types or constraints over time. Such adjustments ensure that the procedures 
remain aligned with the defined objectives and scope of the assessment. Once the data 
is collected, it must be validated through calculations to ensure accuracy and to link it 
appropriately to the unit processes and the functional unit’s (FU) reference flow [7]. 
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The types of data collected can vary depending on the product under analysis but 
typically include GTIN/GLN identifiers, information on resources used in production, 
toxic substances, carbon footprint, and other LCA-related variables relevant to 
evaluating the product’s environmental performance. 
 

3.3.1. LCA Indicators (Impact categories) 
The preliminary selection of impact categories, together with the inclusion of any 
previously unconsidered information, represents a crucial step in defining and 
consolidating the final objectives of the PLCA. When properly applied, the PLCA enables 
the identification and evaluation of environmental impacts associated with each stage of 
a product’s life cycle. In accordance with the ISO 14040 guidelines, Table 1 provides a 
brief description of each impact category and the corresponding unit of measurement. [8], 

[9]. 
 

Table 1 - Impact categories for the environmental assessment (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) 

Impact category Unit Description 

Climate change – total kg CO2 eq. 

Emissions of greenhouse 
gases that raise global 
temperatures are measured 
by the global warming 
potential indicator. These 
emissions are mainly 
caused by the combustion 
of fossil fuel, land-use 
changes, bio-based and 
fossil resources. 

Ozone depletion kg CFC-11 eq. 

This indicator measures 
emissions, including gases, 
which affect the integrity of 
the stratospheric ozone 
layer, speeding its 
degradation. The ozone 
layer is responsible for 
protecting life forms from 
harmful ultraviolet 
radiation. Its degradation is 
mainly caused by chlorine 
and bromine gases. The 
deterioration of the ozone 
layer can lead to an 
increased risk of developing 
skin cancer, and damages 
to flora and fauna leaving an 
impact on global 
ecosystems. 
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Acidification mol H+ eq. 

The environmental impacts 
brought on by the emission 
of gases like NOx and SOx 
are measured by the 
acidification potential 
indicator. These gases 
produce H+ as they 
mineralize, which makes 
soils and waterways more 
acidic, particularly in places 
with a limited neutralization 
capability. can also result in 
lake acidification and the 
degradation of forests. 

Eutrophication – 
freshwater 

kg P eq. The influence of 
compounds containing 
nitrogen (N) or phosphorus 
(P) on ecosystems is 
measured by the 
eutrophication indicator. 
These nutrients, when 
entering certain 
environments, can cause 
plants or algae to grow 
disproportionately. Fish 
survival is harmed by this 
growth, which also changes 
the natural ecology by 
lowering the amount of 
oxygen in the water. Excess 
nitrogen, frequently from 
combustion and 
agriculture, is the main 
contributor to marine 
habitats. Phosphorus, 
mostly from agricultural soil 
leaching and sewage 
treatment plants, has a 
significant impact on 
terrestrial environments. 

Eutrophication – marine kg N eq. 

Eutrophication – 
terrestrial 

mol N eq. 

Photochemical ozone 
formation - human health kg NMVOC eq. 

Humans are protected by 
the stratosphere's ozone 
layer, but the troposphere's 
(ground-level ozone) is 
dangerous. It causes 
respiratory problems and 
harms organic compounds 
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in plants and animals, 
especially in cities where 
photochemical smog (also 
known as "summer smog") 
is prevalent. Photochemical 
ozone, which is measured in 
kilograms of non-methane 
volatile organic compounds 
(NMVOC) equivalent, has an 
impact on the environment 
both locally and regionally. 

Resource use, fossils MJ 

The Earth has a finite 
amount of fossil fuels, such 
as coal, oil, and gas. This 
impact category measures 
the use of fossil resources 
based on the concern that if 
these resources are over 
extracted today, future 
generations may not have 
access to fossil fuels 
because of their depletion. 

Resource use, minerals, 
and metals kg Sb eq. 

This category of 
environmental impact 
addresses the use of non-
renewable abiotic natural 
resources, such as minerals 
and metals. This indicator is 
focused on the over 
exploitation of materials, 
causing abiotic resource 
depletion which is 
transformed into kilograms 
of Sb.  

Human toxicity – cancer CTUh This indicator assesses the 
adverse effects on human 
health caused by exposure 
to toxic substances. 
Exposure can occur through 
inhalation, ingestion, or skin 
contact. The index uses a 
model called USEtox to 
estimate the increase in 
population morbidity based 
on the mass of chemical 
substances emitted. The 
indicator encompasses 

Human toxicity – non-
cancer  
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both carcinogenic and non-
cancerous effects, as there 
are currently no direct 
measures of the specific 
impacts of products. 

Ecotoxicity (freshwater) CTUe 

This indicator assesses the 
potential toxic impacts on 
ecosystems. Some 
substances tend to 
accumulate in living 
organisms, which concerns 
a risk to the ecosystem. The 
index uses the USEtox 
model to estimate the 
fraction of species 
potentially affected over 
time and volume, per unit 
mass of chemical emitted. 

Water use 
m3 world eq. of deprived 
water 

The withdrawal of water 
from lakes, rivers, or 
groundwater can contribute 
to its availability reduction. 
The withdrawal of water 
from lakes, rivers, or 
groundwater can contribute 
to a reduction in its 
availability. This indicator 
analyses the potential for 
water deprivation for 
different uses, considering 
that lower availability 
implies a greater risk of 
deprivation. It is measured 
in m3 of water in terms of 
user deprivation potential 
(deprivation-weighted water 
consumption). 

Land use, Soil Quality 

Dimensionless 

This indicator assesses the 
impact of land occupation 
and transformation for 
various uses, such as 
agriculture, construction, 
and mining. The effects can 
include loss of species, 
decrease in organic matter 
content and soil erosion. A 
soil quality index that 

Land Use, Biotic 
Resources 

Land Use, Biodiversity 
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considers four key 
characteristics—biotic 
production, erosion 
resistance, groundwater 
replenishment, and 
mechanical filtration—is 
used to quantify it. 

Ionizing radiation, human 
health 

kBq U235 eq. 

Exposure to ionizing 
radiation can affect human 
health causing nausea, skin 
and hair damage, and 
general damage of cells. 
This indicator considers 
standard emissions during 
standard operations, 
excluding accidents at 
nuclear power plants. 

Particulate matter (PM) 
emissions 

Disease incidence 

 

The detrimental effects of 
PM and its precursors (NOx 
and SO2) emissions on 
human health are evaluated 
through this indicator. The 
potential impact is 
measured by the chance of 
mortality due to PM 
emissions, expressed as the 
incidence of disease per 
kilogram. 

* Kg: kilograms; Eq.: Equivalent; CFC-11: Trichlorofluoromethane; NOx: Nitrogen Oxides; Sox: Sulphur Oxides; H+: 
Hydrogen ions; NMVOC: Non-Methane Volatile Organic Compound; Sb: Antimony; CTUh: Comparative Toxic Unit for 
Humans; CTUe: Comparative Toxic Unit for Ecosystems; MJ: megajoules; m3: cubic meter; kBq U235: KiloBequerels of 
Uranium 235. 

 
The indicators presented in Table 1 are connected to different EU policy ambitions, such 
as the Circular Economy Action Plan[21], Zero Pollution Action Plan[22], and the 
Sustainable Development Goals (SDGs)[23]. Since the impact categories focus on 
evaluating different environmental aspects within a process, their results facilitate the 
investigation of both the current situation and the measurement of some indicators for 
tracking and monitoring changes.  
 
This process is particularly useful in traceability strategies like the EU-DPP, as it 
quantifies how much and which parts of a production system contribute to the different 
impact categories. It allows for the identification of different substances of concern on 
an environmental level. The information provided from the PLCA allows: 
 

• The manufacturer: to identify which parts of a system can be optimised in terms 
of consumption of resources and raw materials; substances used that may 
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impact the health and safety of workers in the manufacturing process; understand 
which step in the production contributes with more emissions to air, land, or soil.  

• The end-user: to make informed decisions when acquiring a product; an 
understanding of the composition of a product; the EF of a product; potential 
substance of concern in the product’s composition. 

 
The information provided by the PLCA has various applications, but their adoption will 
depend on the necessities of the manufacturer and the end-user. 
 

3.4. Searchable indexes for product information 
Every KA published on the DKG is assigned a unique identifier, ensuring that it becomes 
part of a wider, interconnected system of trusted data. Once published, these assets can 
be fully explored and retrieved using SPARQL queries, which return not only the KA’s 
identifier but also its links to related assets. An example is presented on Figure 1. This 
makes it possible to navigate seamlessly across the ecosystem and access all 
information connected to a specific product or process. 
 
At the core of this system is the Uniform Asset Locator (UAL), a standardized identifier 
that provides a consistent way to reference and query KAs. Its structure is as follows:  
 
<did:dkg:blockchainId:contractAddress/KC_ID/KA_ID/(private||public)> 
 
The UAL encodes several important elements: 
 

• Knowledge Collection (KC): A group of one or more KAs created in a single 
blockchain transaction. For example, the different steps of a machine station 
process may generate several KAs that together form one event KC. 

• KAs within a KC: Each KA corresponds to an Resource Description Framework 
(RDF) subject, ensuring that every component of a process is represented 
individually but still linked within the collection. 

• Public/Private flag: Indicates whether the KA is openly accessible or restricted, 
allowing data owners to control its visibility while preserving provenance. The flag 
is set at the time of publishing the KA; if the visibility needs to be changed later, 
the KA must be republished to apply the updated access settings. 

 
This system ensures that every KA is not only uniquely identifiable but also verifiable and 
searchable. Combined with semantic queries, it creates a powerful indexing layer for 
product information. As a result, partners can efficiently explore, cross-reference, and 
reuse manufacturing data across the DMaaST ecosystem, turning fragmented records 
into a coherent, interoperable knowledge network. 
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Figure 1 SPARQL query that returns the KAs of Bottom Assembly events 

4. ENABLING INTEROPERABILITY AND EU DIGITAL PRODUCT 
PASSPORT INTEGRATION 

4.1. Embedding DPP requirements into KAs 
Integration with the EU DPP is achieved by embedding its requirements directly into the 
structure of KAs. Before a KA can be published on the DKG, it must include a set of 
mandatory fields, such as globally recognized identifiers (e.g., GTIN, GLN) and essential 
sustainability attributes. The knowledge pipelines perform a validation function and can 
be customized to ensure that all required fields are completed before publication, 
thereby guaranteeing compliance with DPP specifications. 
 
This approach ensures that every KA is DPP-ready by design. By enforcing these rules at 
the publishing stage, the system guarantees that data is standardized, machine-
readable, and automatically aligned with EU regulatory requirements. In practice, this 
creates a seamless pathway for product information to flow into the DPP framework, 
reducing compliance risks and ensuring long-term interoperability across industries. 
 

4.2. KAs as the compliance backbone 
Beyond meeting mandatory data requirements, KAs form the compliance backbone of 
the DMaaST framework. From the earliest stages of production, KAs capture critical data 
points that are referenced through unique identifiers. These identifiers ensure that 
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product information is discoverable, verifiable, and immutable, with authenticity 
validated on-chain through blockchain mechanisms. 
 
This structure does more than preserve data integrity. It also enables the calculation of 
LCA metrics by drawing on verified information at each stage of production. Domain-
specific ontologies can be applied within KA pipelines, enforcing compliance with both 
DPP rules and recognized sustainability methodologies. 
 
As a result, the system not only meets regulatory standards but also supports advanced 
analytics for environmental performance, circular economy practices, and continuous 
improvement. In this way, KAs create a dual value: compliance assurance and actionable 
insights for manufacturers and stakeholders. 
 

4.3. Partner-driven data and sustainability calculations 
Collaboration among partners ensures that the DMaaST framework remains both 
comprehensive and reliable. Factory partners contribute operational data directly from 
production environments, capturing real-world processes and product attributes at the 
source. This data is then ingested, standardized, and transformed into KAs within the 
DKG. 
 
At the same time, partners such as HOLO apply specialized methodologies to calculate 
LCA metrics, ensuring that sustainability indicators are consistent, transparent, and 
aligned with EU policy objectives. 
 
Through this workflow: 
 

• Production data is collected and standardized in real time. 
• KAs serve as the semantic and technical backbone for compliance and 

interoperability. 
• Partners’ expertise contributes to accurate sustainability metrics and lifecycle 

transparency. 
 
This collaborative approach ensures that DMaaST is not only aligned with the EU Digital 
Product Passport, but also establishes a scalable foundation for compliance, 
traceability, and sustainability innovation across the entire European manufacturing 
ecosystem. 

5. OUTCOMES 
5.1. Data traceability 

In both use cases, JPB’s production line and KAM’s line, production data is being 
transformed into KAs within the DKG. Each KA is discoverable, verifiable, and 
interoperable, ensuring that production records are uniquely identifiable and validated 
for authenticity. These pilots demonstrate how end-to-end traceability can be embedded 
directly into live manufacturing environments. 
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The next step is to finalise the traceability coverage on the selected lines by progressively 
incorporating additional processes and partner systems to test scalability across the 
broader ecosystem. In parallel, we will map the remaining data pipelines, compare the 
available datasets with the requirements of the DPP, and determine which data should 
be included in the framework. This will ensure that traceability is not only technically 
robust but also aligned with regulatory expectations. 
 

5.2. EU Digital Product Passport (DPP) integration 
The pilots also demonstrate how KAs act as the foundation for DPP compliance. For both 
JPB and KAM, the captured data already includes some of the mandatory identifiers, 
along with attributes relevant for LCA. This guarantees that compliant data enters the 
DKG, making every KA DPP-ready by default. The action plan is to map any remaining gaps 
in product and process data, particularly sustainability indicators, and align these with 
the evolving DPP requirements. As part of this, the consortium will evaluate which 
additional data fields need to be included in KAs. This mapping exercise will prepare 
DMaaST partners to meet future regulatory obligations once the DPP becomes formally 
enforced. 
 

5.3. Product traceability across the lifecycle 
The entire production workflow can be represented as a chain of verifiable KAs within the 
DKG. Each step of the lifecycle, from raw material inputs to assembly, and eventually to 
end-of-life processes, is captured, linked, and validated on-chain. This creates data that 
is not only accessible but also trustworthy, with blockchain-backed provenance 
guaranteeing its integrity and authenticity, as seen on Figure 2. Taken together, these 
outcomes deliver far more than a technical proof of concept. They establish a scalable 
framework for traceable, compliant, and interoperable product information. This 
framework will generate measurable value for manufacturers, partners, and regulators 
across the EU ecosystem by supporting transparency, sustainability, and cross-border 
collaboration. 
 



D2.2 – Traceability strategies 
 

                                                       Grant Agreement N 101138648 27 

 
Figure 2 Sequence diagram of calculating traceability components 
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CONCLUSION 
This deliverable has demonstrated how KAs within the DKG can transform fragmented 
production data into trusted, verifiable, and interoperable resources. By embedding 
principles of discoverability, verifiability, and interoperability directly into the publishing 
process, the framework ensures that every step of the production lifecycle, from data 
creation to publication and reuse, is transparent, auditable, and reusable across different 
organizations and systems. This approach bridges existing data silos, enabling a unified 
and verifiable flow of information that can be leveraged across multiple industrial 
domains. 
 
With KAs in place, manufacturers and stakeholders gain a dependable foundation for 
regulatory compliance, performance reporting, and operational optimization, while also 
unlocking new analytical and business capabilities. These include utilization reporting, 
incident detection, shipment risk profiling, and automated insurance proofs, all powered 
by verifiable on-chain and off-chain data. Moreover, the alignment with EU DPP and LCA 
requirements enhances both regulatory compliance and sustainability outcomes, 
ensuring that environmental and operational data can be transparently shared and 
verified. 
 
Because KA ontology mappings are designed for interoperability, data can be seamlessly 
reused and recombined across different systems, tools, and organizational contexts. 
This modularity ensures scalability, flexibility, and long-term value, allowing the same 
assets to serve multiple purposes, from internal monitoring to cross-company 
collaboration and certification. Together, these achievements establish a future-proof 
foundation for traceability, transparency, and interoperability, directly advancing the 
strategic objectives of the DMaaST project. The resulting framework not only strengthens 
trust across the European manufacturing ecosystem but also paves the way for data-
driven innovation and cross-sector collaboration, supporting the transition toward a 
more sustainable, intelligent, and interconnected industry. 
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