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2 Executive Summary

The European Union’s Digital Product Passport (DPP) will introduce a legally mandated standard for
digital tire traceability across the Single Market. Once implemented through product-specific
delegated acts under the Ecodesign for Sustainable Products Regulation (ESPR), every tire placed on
the EU market will require a persistent, interoperable, and digitally accessible product identity.
While the precise data requirements and enforcement timeline for tires are still under definition, the
direction is clear: item-level digital identification will become a prerequisite for market access.

For tire manufacturers, the DPP represents more than a compliance obligation. It establishes a
standardized digital interface between the physical tire and network-based product information,
forming the basis for new service models, improved lifecycle transparency, and digital interaction
with downstream actors and end users. In an environment of intensifying global competition, growing
regulatory pressure, and increasing price-driven commoditization, the DPP should be understood as a
strategic inflection point rather than a purely regulatory exercise.

Tires constitute a particularly demanding product category for digital identification. They are
exposed to extreme mechanical, thermal, and environmental stress, and manufactured from
materials that limit the applicability of common consumer-electronics identification technologies. As
aresult, durable, surface-integrated marking solutions on the tire itself are effectively
mandatory to ensure barrier-free long-term accessibility of DPP information.

This White Paper presents 4JET’s SCANNECT laser-engraved QR code technology as a practical and
scalable response to these challenges. By creating high-contrast, permanent two-dimensional codes
directly on the tire sidewall, SCANNECT enables smartphone-readable, web-based access to
Digital Product Passport data without specialized hardware. The approach is compatible with GS1
Digital Link, supports technology-neutral resolver architectures, and integrates into existing tire
manufacturing and finishing processes.

Beyond regulatory readiness, SCANNECT allows tire manufacturers to establish a direct digital
touchpoint with the market, even within multi-layered distribution structures. This connection
enables preventive maintenance, Tire-as-a-Service, and more efficient downstream processes such
as storage, retreading, and recycling. At the same time, it supports targeted customer interaction,
improved demand forecasting, inventory optimization, and stronger brand loyalty.

The document further shows that QR codes and RFID are complementary technologies within a
unified DPP ecosystem. While RFID excels in automated, high-speed B2B environments,
laser-engraved QR codes provide a universally accessible, consumer-facing, and visually resilient
identifier that remains readable throughout the tire’s service life.

Finally, the White Paper outlines key implementation challenges, including regulatory uncertainty,
data availability at batch and item level, production system readiness, and resolver infrastructure
selection. Based on experience with prior EU regulations, manufacturers should expect ambitious
timelines once the tire-specific delegated act is adopted.

In summary, the Digital Product Passport will fundamentally change how tires are identified and
managed across their lifecycle. Manufacturers who engage early can turn regulatory compliance
into a competitive advantage, while delayed action risks reactive implementation under time
pressure and reduced strategic flexibility.
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3 The EU Digital Product Passport

3.1 General Concept and Aim

The Digital Product Passport (DPP) is conceived by the European Union as a structured,
standardized and machine-readable digital record that is uniquely linked to a physical product via a
persistent data carrier, such as a two-dimensional code (e.g., QR or Datamatrix) or electronic
identification technologies like RFID. The DPP is designed to enable interoperable access to verified,
product-specific and item-level information throughout the entire product lifecycle, from
manufacturing and market placement to use, repair, reuse, and end-of-life treatment.

Beyond individual product identification, the overarching EU vision behind the DPP is the creation of a
harmonized digital product information infrastructure across the Single Market. The DPP is
intended to function as a cornerstone of a pan-European digital platform, allowing consistent and
controlled exchange of product and lifecycle data between all relevant stakeholders. These include
consumers, manufacturers, distributors, service providers, repair workshops, and downstream
value-chain actors such as recyclers and waste management organizations. By enabling this
standardized data exchange, the DPP aims to eliminate information silos and to support informed
decision-making across the entire value chain.

A key policy objective of the DPP is to increase transparency for consumers, allowing them to
access reliable and up-to-date information about a product’s origin, composition, performance
characteristics, durability, and end-of-life options using universally available technologies. In parallel,
the DPP serves as an essential enabler for environmental transparency, providing structured data on
sustainability-relevant aspects such as material composition, recycled content, carbon footprint, and
circularity indicators. This transparency is intended to support the EU’s broader goals under the Green
Deal and Circular Economy Action Plan, while also facilitating compliance monitoring and market
surveillance by authorities.

From an implementation perspective, the DPP is being introduced in a phased rollout. Following the
entry into force of the Ecodesign for Sustainable Products Regulation (ESPR), initial product
categories are being addressed through delegated acts. The EU DPP Registry became operational in
July 2026, and the first mandatory passports apply to certain battery types from February 2027. A
progressive expansion to additional product groups is foreseen, with the objective of achieving a
comprehensive, cross-sectoral rollout toward the end of the decade, ultimately covering most
physical products placed on the EU market. This staged approach allows industries to adapt technical
systems, data models, and identification technologies while ensuring long-term interoperability and
scalability of the DPP ecosystem.

For consumer-facing interaction, optical 2D codes - particularly QR codes - represent the most
universal and inclusive access point, as they can be read by any modern smartphone without
specialized hardware. As such, they play a central role in bridging the physical product with its digital
passport and in realizing the EU’s ambition of making product information easily accessible to
consumers, while remaining fully compatible with complementary technologies such as RFID for
high-volume, business-to-business applications.
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3.2 Process Ecosystem

The implementation of the Digital Product Passport is founded on the principles of technology
neutrality and interoperability. In this context, interoperability explicitly means that access to DPP
information must not rely on proprietary systems or specialized hardware, but instead be enabled
through widely available, open technologies. No specific data carrier technology is prescribed. The
product- or item-level identifier contained in the data carrier is defined only to the extent that it must
enable web-based access to product information hosted in networked systems. Likewise, no
specific digital service, platform, or technical architecture is mandated. Manufacturers remain free
to deploy open or commercial solutions, or to operate their own services, provided that regulatory
requirements are met and interoperability across the value chain is ensured.

In practice, the data carrier attached to the physical product does not store the complete Digital
Product Passport dataset itself. Instead, it contains a globally unique identifier that serves as a
persistent access key to distributed digital information. Widely established standards such as GS1
Digital Link provide a suitable framework for this purpose by defining a web-enabled URI structure.
Using this approach, standardized identifiers - such as a Global Trade Item Number (GTIN) combined
with batch or serial information - can be encoded in a two-dimensional code and used to reference
product- and item-specific data available online.

The scope, structure, and mandatory content of DPP data are defined by regulatory authorities
on a product-group-specific basis through delegated legislation. Depending on the product
category, the Digital Product Passport may include technical specifications, compliance-related
information, environmental indicators, and lifecycle-relevant data. Importantly, the framework allows
for differentiated access rights, enabling partial or role-specific data visibility. For example, end
customers may be granted access to selected, consumer-relevant information, while extended
datasets are made available to authorized stakeholders such as repair operators, recyclers, OEM
partners, or market surveillance authorities.

The provision of DPP data and the organization of access logic are typically handled by resolver
services, which translate the identifier contained in the data carrier into context-appropriate digital
resources. Resolver services act as an intermediary layer that manages routing, access permissions,
and content delivery based on predefined rules, roles, and interfaces. Sector-specific
implementations already exist, such as the Global Data Service Organisation for Tyres (GDSO) in the
tire industry, illustrating how resolver-based ecosystems can support structured and interoperable
data exchange across complex value chains.

These services usually let the manufacturer keep its branding and web domain. The manufacturer
manages product data on the resolver service, ensuring accuracy, compliance, and consistency while
retaining control and flexibility over its digital products.

The technical framework for DPP implementation has been substantially consolidated by
CEN/CENELEC JTC 24. Six horizontal standards — EN 18216 (data exchange), EN 18219 (unique
identifiers), EN 18220 (data carriers), EN 18221 (storage and persistence), EN 18222 (API lifecycle
methods) and EN 18223 (data model and semantics) —were published on 27 May 2026 and cited in the
Official Journal on 15 July 2026, conferring presumption of conformity. Two further standards covering
access control (EN 18239) and authentication and tamper evidence (EN 18246) are expected to
follow. EN 18220 is of particular relevance for tires: it recognises optical 2D codes, specifically QR
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codes and Data Matrix, alongside RFID and NFC tags as permitted data carriers, and requires
demonstrable durability against lifecycle conditions including mechanical abrasion and solar
exposure. Laser-engraved, surface-integrated codes are structurally well positioned against this
durability requirement. The EU DPP Registry, which issues and manages the identifiers, became
operational in July 2026.

3.3 Expected Data Content of the Tire DPP

While the tire-specific delegated act has not yet been adopted, the substance of the future
information requirements is no longer a matter of speculation. Under the ESPR Working Plan 2025-
2030, the European Commission commissioned a preparatory study on tires, carried out by VITO
together with Oko-Institut, Ecomatters and Trinomics. The study started in March 2025 and follows
the MEErP methodology across seven tasks. Its draft Task 6 report (Design Options) and draft Task 7
report (Policy Options) were published in May 2026 and discussed with stakeholders in Brussels on
8 June 2026. Among the fourteen design options assessed, DO-12 is dedicated to the Digital Product
Passport and is characterised in the study as the central enabler for declaring substances for sorting
and recycling and for supporting retreading.

On this basis, the draft Task 7 report proposes eight categories of DPP data for tires:

# Data category Indicative content

1 Product identification and Tire type, category (C1/C2/C3), technical specifications
classification

2 Producer identification Manufacturer name, contact details, production data

3 Material compliance and SVHCs above 0.1 % w/w, POP-regulated substances,
substances of concern substances hindering recycling (polyurethane foams, sealant

gels, aramid fibres, halobutyl rubber, lithium batteries in TPMS,
zinc oxide impurities), including location and concentration

4 Environmental and Life cycle assessment data, recycled content per material
circularity information group, bio-based content
5 Tire labelling and other Rolling resistance, wet grip, external rolling noise

regulatory data

6 Retreading information Buffing radius, buffing depth, original tread width,
retreadability declaration
7 Physical hindrances to Components and materials blocking specific recycling routes
recycling
8 Lifecycle state and event log = Usage history, service and repair events, retreading history

Table 1: Categories of tire DPP data proposed in the draft Task 7 report of the ESPR preparatory study on tyres, May 2026. SVHC = substance of very
high concern under REACH. POP = persistent organic pollutant. TPMS = tire pressure monitoring system. C1, C2 and C3 are the tire classes for
passenger cars, light commercial vehicles and heavy commercial vehicles as defined in Regulation (EU) 2020/740. The list is a draft deliverable of an
ongoing study and is not legally binding.
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Beyond these categories, the draft also discusses silica content as a routing criterion for pyrolysis,
textile class (standard versus aramid), mileage and durability data, production date, and abrasion
data linked to the Euro 7 microplastics agenda.

Granularity. The study explicitly envisages DPP data at model, batch and item level. Categories 6 and
8 in particular cannot be satisfied at model or batch level: a retreading history, a buffing record or a
repair event is by definition attached to one individual casing. Item-level identification, persistent
across the full service life and surviving the retreading process, is therefore not an optional refinement
of the tire DPP but a structural precondition for it.

Differentiated access. The draft proposes public data for consumers, restricted regulatory data for
market surveillance authorities and waste operators, and write access to the lifecycle event log for
authorised B2B actors such as retreaders and recyclers. Sensitive technical parameters - the buffing
radius is named explicitly —would be visible only to certified retreaders registered in an EU database.
This confirms that the data carrier must act purely as a pointer to a resolver-managed dataset, as
described in the preceding section, rather than as a store of the data itself.

In parallel with the regulatory process, industry pilot projects are validating DPP building blocks for
tires under real-world conditions. Within the CIRPASS-2 framework, pilot PC1 - led by Michelin
together with GDSO, GS1, Aliapur, Euromaster, Pneuhage, RECAMIC, BASF and Scandinavian Enviro
Systems — addresses data models, identifier schemes and carrier technologies along the production,
retreading and recycling chain. It should be noted that this pilot is built around RFID, and that the
preparatory study itself currently assumes an RFID-based carrier while explicitly asking stakeholders
whether RFID chips hinder mechanical recycling, pyrolysis or devulcanisation, and which alternative
carriers —a marking on the inner sidewall is named — would be appropriate. Optical, laser-engraved
carriers are not yet reflected in the study text, although they are expressly recognised by the
harmonised DPP standards discussed above.

It should be emphasised that these documents are draft deliverables of an ongoing study and are
explicitly marked as preliminary findings subject to change. The preparatory study is scheduled for
completion in autumn 2026, followed by an impact assessment support study running until August
2027; the delegated act itself is indicatively foreseen for 2027, with first obligations realistically
applying from 2028 onwards. Nevertheless, the direction and the order of magnitude of the data
burden are now sufficiently visible for manufacturers to plan against them.

3.4 Tire-Specific Technical Constraints

Independently of the data content discussed above, tires present a set of physical and process
constraints that materially narrow the range of viable data carriers.

Tires present distinct technical challenges compared to many other consumer products. Unlike
packaged goods, tires are typically sold without any packaging or accompanying label that consumers
would retain over the product’s lifetime. Consequently, the physical tire itself becomes the de facto
mandatory location for any durable product identification and DPP access mechanism. This
makes on-tire marking not merely an option, but a practical necessity for ensuring long-term barrier-
free accessibility of DPP information.
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From a materials perspective, the tire is a wear component exposed to continuous mechanical,
thermal, and environmental stress throughout its service life. The elastomer surface, heavily loaded
with conductive carbon black, combined with embedded steel reinforcements, rules out the use of
many standard consumer-electronics identification technologies. In particular,
smartphone-readable NFC" technologies are generally not feasible, as RF coupling is severely
impaired by conductive rubber compounds and steel structures. Similarly, printed labels or
adhesive markings are unsuitable due to abrasion, deformation, and detachment during operation.

Tire manufacturing itself imposes additional constraints. Harsh production conditions, including
vulcanization temperatures of up to approximately 180 °C, high pressures, and subsequent
mechanical handling, significantly limit the range of viable identification technologies. While UHF-
RFID? solutions can technically withstand such environments, they are technically demanding to
integrate, require careful protection, and add complexity to both manufacturing and lifecycle
processes.

During use, the tire surface is continuously exposed to climatic influences, UV radiation, chemicals,
dirt, and mechanical wear. For this reason, current and past tire-related regulations have typically
relied on markings integrated into the tire surface structure, a well-established and proven
approach. However, enabling reliable machine readability of such surface-integrated markings
introduces its own challenges, including maintaining sufficient optical contrast, ensuring readability
under contamination, and preserving functionality despite progressive wear over the tire’s lifetime.

These combined constraints make tires a particularly demanding product category for the Digital
Product Passport and underscore the importance of robust, surface-integrated, and
technology-neutral data carrier solutions that balance durability, manufacturability, and universal
accessibility.

3.5 Opportunities for Tire Manufacturers

De facto, the introduction of the Digital Product Passport establishes, by law, a standardized
framework for digital tire traceability across the European market. For the first time, this creates a
consistent and interoperable digital reference for individual tires throughout their lifecycle. Beyond
regulatory compliance, this development opens up significant new business opportunities for tire
manufacturers and other actors along the value chain.

The availability of standardized, item-level tire identification enables the implementation of new
service-oriented business models, most notably preventive maintenance and Tire-as-a-Service.
Both models allow the generation of additional revenues while offering strong potential to increase
long-term customer retention. By linking usage data, service events, and lifecycle information to the

"NFC (Near Field Communication) is a short-range form of RFID operating at very close proximity (typically a few centimeters),
commonly used for smartphone-based identification and contactless payment.

2 UHF-RFID (Ultra-High-Frequency Radio-Frequency ldentification) is the RFID technology standardized for tires, operating in
the 860-960 MHz band according to ISO/IEC 18000-63 (EPC Gen2 / RAIN RFID), enabling long-range, non-line-of-sight
identification.
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individual tire, manufacturers and service providers can move from reactive replacement models
toward predictive, data-driven offerings.

At the same time, many existing tire-related services and business processes become
significantly more efficient when supported by digital tire identification. Typical examples include
tire storage management, seasonal changeover processes, fleet services, warranty handling, and tire
retreading. A standardized digital identity reduces manual effort, errors, and administrative overhead
while improving transparency and process reliability across service providers and downstream actors.

Crucially, the Digital Product Passport allows tire manufacturers to establish direct interaction
with end customers, even in markets characterized by multi-layered distribution and wholesale
structures. This direct digital link enables targeted communication, understanding of specific demand
and tailored marketing initiatives. As a result, manufacturers gain new opportunities for margin
improvement, customer retention, and brand loyalty, which are becoming increasingly critical in an
environment of intensifying competition and growing pressure from new market entrants and low-cost
imports.

Finally, direct customer interaction and access to aggregated lifecycle data allow manufacturers to
actively steer sales and distribution processes. Improved demand forecasting, usage insights, and
feedback loops make it possible to better aligh production planning and inventory management with
real market needs. This, in turn, supports optimization of production processes, reduction of
inventory levels, and more resilient supply chains, turning regulatory compliance into a strategic
advantage rather than a mere obligation.

This regulatory and business context defines the technical requirements for the data carrier.

4 Datamatrix and Quick Response (QR) Code for the DPP

The following section explains why QR codes are technically and practically best suited for
consumer-accessible tire DPP implementations. In contrast to one-dimensional barcodes, which are
designed to be scanned by a narrow, line-based beam of light, two-dimensional

(2D) matrix codes are captured by a two-dimensional digital image sensor and
subsequently processed by image-analysis algorithms.

In the case of QR codes, the three distinctive finder patterns located at three
corners of the symbol are first detected. An additional alignment pattern -
typically positioned near the fourth corner - is used to normalize the image with
respect to viewing angle, scale, and orientation. QR codes are natively
decoded by virtually all modern smartphone cameras, and when configured
to contain a web link, the encoded URL is directly actionable, enabling

=  immediate launch of a web browser without the need for additional
applications and making it the de facto standard for consumer related
processes.

Above : QR Code

For Datamatrix codes, the characteristic finder pattern in the form of an
Below: DMC “L-shaped” solid border is localized. Based on the orientation of this finder
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pattern, the data regions are identified. The alternating timing pattern located opposite the L-pattern
defines the grid structure of the symbol and serves as the basis for matrix reconstruction. In contrast
to QR codes, Datamatrix codes are typically not decoded by default smartphone camera
applications and often require dedicated scanning software or industrial readers making them less
suited for the implementation of the DPP.

The individual elements of the symbol (the so-called modules) are then sampled and converted into
binary values. Error-correction algorithms are applied during decoding to compensate for partial
damage, contamination, or distortion of the code, ensuring robust data recovery under real-world
conditions and minimizing the risk of accidental mis-reads.

4.1 Capacity and Error Tolerance

The amount of data that can be stored in a two-dimensional (2D) matrix code depends on several
factors, including the data type (input character set, e.g., numeric, alphanumeric, or byte), the
symbol version (which defines the number of modules and thus the spatial resolution), and -
specifically for QR codes - the selected error correction level.

QR codes are defined in versions ranging from Version 1 to Version 40. Each version corresponds to
a specific module configuration, starting with Version 1 at 21 x 21 modules and increasing up to
Version 40 at 177 x 177 modules. With each increment in version number, the symbol grows by four
additional modules per side. Depending on the encoding mode and error correction level, the
maximum data capacity of a QR code ranges from 25 alphanumeric characters (Version 1) up to
4,296 alphanumeric characters (Version 40).

LF-..

Left: QR Code with 11 alphanumeric characters
Right: Code with 207 characters, each level L (smallest) error correction

QR codes incorporate Reed-Solomon error correction, which allows data to be reconstructed even
if parts of the symbol are damaged, contaminated, or partially obscured. Four error correction levels
are available - L, M, Q, and H - providing recovery capabilities of approximately 7%, 15%, 25%, and
30%, respectively. Increasing the error correction level improves robustness but proportionally
reduces the usable data capacity for a given symbol size.
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Left: DMC as a square 16 x 16 modules, right: rectangular DMC 12 x 26 modules. Content:
www.4jet.de

Datamatrix codes can store up to 3,116 numeric characters in their largest square configuration of
144 x 144 modules. Unlike QR codes, Datamatrix symbols may also be rectangular (for example,
16 x 36 modules), allowing greater flexibility where available marking space is constrained.
Datamatrix codes employ a single standardized error correction scheme based on Reed-Solomon
coding, providing an error correction capability of approximately 30% of symbol damage.

4.2 Example: DPP Implementation with GS1 Digital Link Using Tire QR

Codes as Data Carrier

The GS1 Digital Link standard defines a web-enabled identifier format that allows physical products
to be directly linked to digital information using a standard web URL. A GS1 Digital Link is expressed as
a Uniform Resource Locator (URL) and consists of the following main components:

o ascheme prefix and hostname (e.g., https://4jet.de), which define the web domain under the
control of the brand owner or manufacturer, and

e apath, representing a structured sequence of GS1 identification keys together with their
respective Application Identifiers (Als).

The path encodes standardized GS1 keys enabling unambiguous identification of products at model,
batch, or item level. A typical example is:

https://4jet.de/01/09506000134352/2 /128456769

o yellow: scheme prefix and hostname

e grey: 01 denotes the Application Identifier for the following GS1 identification key Global Trade
ltem Number (GTIN).

e grey: 09506000134352 represents the GTIN value, uniquely identifying the product type.

-: 21 denotes the Application Identifier for a serial number.

-: 123456789 represents the tire serial number, unique per tire.
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The GS1 system defines a wide range of additional identification keys and application identifiers,
allowing the Digital Link to be extended, for example, with production dates, plant identifiers, or
alternative batch codes, depending on regulatory or business requirements.

4.3 Payload Optimisation and Encoding Efficiency

The physical size of a laser-engraved code is governed by the smallest module that can be reliably
produced and read. Every symbol version that can be avoided therefore translates directly into a
smaller marking area on the sidewall, or into a higher error-correction level at unchanged size.
The most effective lever for this is not the marking process but the structure of the encoded payload.

QR Code defines four encoding modes. The alphanumeric mode covers only digits, upper-case letters
Ato Z, the space character and the symbols $ % * + - ./ : and packs two characters into 11 bits, i.e. 5.5
bits per character. The byte mode required for any other character costs 8 bits per character. A single
lower-case letter, or a question mark, equals sign, ampersand or underscore, forces the affected
segment into byte mode and thus increases the payload by roughly 45 %. The resulting capacities are:

Ver. Modules Byte L M Q H AlnumL M Q H
1 21 x21 17 14 11 7 25 20 16 10
2 25 x 25 32 26 20 14 47 38 29 20
3 29 x 29 53 42 32 24 77 61 47 35
4 33 x 33 78 62 46 34 114 90 67 50
5 37 x 37 106 84 60 44 154 122 87 64

Table 2: Maximum payload of a QR Code symbol in characters, by version and error-correction level, after ISO/IEC 18004. Ver. = symbol version.
Modules = symbol size in modules per edge. Byte = byte mode, 8 bits per character, mandatory as soon as a single character lies outside the
alphanumeric set. Alnum = alphanumeric mode, 5.5 bits per character, available for digits, upper-case letters A-Z, space and $ % *+-./:only. L, M, Q
and H are the four error-correction levels, recovering approximately 7 %, 15 %, 25 % and 30 % of a damaged symbol respectively. Module counts
exclude the mandatory four-module quiet zone on each side.

Starting point. The canonical GS1 Digital Link introduced in the preceding section serves as the
reference case. Throughout the following comparison the highest error-correction level of 30 % (H)
is applied. On a tire this should be treated as a design rule rather than as one option among four: the
marking is exposed to abrasion, contamination and progressive wear over the entire service life, and
the payload should therefore always be reduced far enough for the highest error-correction level to
remain affordable, instead of buying a smaller symbol by lowering it to 25 % (Q) or 15 % (M).

https://4jet.de/01/09506000134352/21/123456789

At 46 characters in mixed case this URI must be encoded in byte mode. It requires a Version 6
symbol of 41 x 41 modules at 30 % (H).

Step 1 -upper-case scheme and host. Under RFC 3986 the URI scheme and the host name are
case-insensitive. GS1 recommends exploiting this explicitly in its QR Code best practices: upper-case
letters are more efficiently encoded than lower-case ones in barcodes, while on the internet the

scheme and domain name are case-insensitive. The path of a GS1 Digital Link is case-sensitive, but a
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canonical Digital Link built from numeric Application Identifiers consists exclusively of digits and
slashes and is therefore already alphanumeric-compatible:

HTTPS://4JET.DE/01/09506000134352/21/123456789

The identical information now encodes in alphanumeric mode and fits a Version 4 symbol of 33 x 33
modules at 30 % (H). Two versions are saved without any change to the identifier scheme, to the
resolver service or to the GS1 conformance of the URI.?

Step 2 - shorter resolver host. The prefix HTTPS://4JET.DE/ accounts for 16 of the 46 characters. A
short dedicated resolver domain reduces this overhead:

HTTPS://4).EU/01/09506000134352/21/123456789

While the full GS1 syntax is retained this does not yet remove a symbol version: at 44 characters the
URI still requires Version 4 at 30 % (H). The effect of a shorter host becomes decisive only in
combination with the following steps.

Step 3 - compressed identifier. A large part of the payload is consumed by the GS1 Application
Identifier syntax itself. Of the 247 bits the URI above requires even under optimal mode segmentation,
roughly 65 bits are spent on the elements 01/ and /21/ and on the mode switches they force. AVersion
3 symbol provides 208 bits at 30 % (H), so the Digital Link cannot reach that version in any encoding;
compressing only the serial number does not change this either, and the GTIN cannot be compressed
at all because Al 01 is defined as exactly 14 numeric digits. If the syntax is dropped and the GTIN and
the serial number are expressed together as a single value in a higher base, the complete product
identity is nevertheless retained. The alphabet must remain inside the alphanumeric character set, so
Base36 — the digits 0 to 9 and the upper-case letters Ato Z— is the appropriate choice; a case-

sensitive alphabet such as Base62 would force the payload back into byte mode. GTIN
09506000134352 together with serial number 123456789 becomes 1JQ64RPRRFX8LQT:
HTTPS://4).EU/1JQ64RPRRFX8LQT

At 29 characters this requires 173 bits and therefore fits a Version 3 symbol of 29 x 29 modules at 30
% (H), with headroom to spare. No product information is lost compared with the starting point; only
the standardised syntax that made the identifier self-describing has been given up.

Step 4 - dropping the GTIN. A GTIN carries not only the GS1-registered item reference but also an

explicit manufacturer identifier. The latter is already implied by the host name of the Digital Link, while
the former is, in the tire industry, typically already embedded in the individual tire serial number. If this
redundancy is removed, the compressed serial number alone remains; 123456789 becomes 2113V9
in Base36:

3 GS1 Digital Link compression is available as a standardised alternative for shortening the URI, but it produces a Base64url
string of mixed case, which forces byte mode. For a canonical Digital Link built from numeric Application Identifiers, the
compressed form therefore yields a larger symbol than the uncompressed upper-case URI.
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HTTPS://4).EU/2113V9

At 20 characters this is the shortest form that still carries a globally unique item identifier, and it
exactly exhausts the alphanumeric capacity of a Version 2 symbol at 30 % (H). The result is a symbol
of 25 x 25 modules, four versions smaller than the starting point at the same error-correction level.

Steps 3 and 4, however, produce a URI that is no longer a GS1 Digital Link. It provides a resolver
service with everything needed to identify the individual tire, but it removes the ability of any third party
to interpret the identifier without querying that resolver. Such a strategy must therefore be agreed with
the resolver service provider before implementation, and it should be checked against the data
carrier and identifier requirements of the future delegated act, which may prescribe a specific
syntax.

5 SCANNECT Technology

5.1 SCANNECT Superblack - Creating Optical Contrast on Black Rubber

Unlike other organic materials, tire surfaces do not change color when heated or laser engraved. The
carbon black used is too chemically stable to react and alter its color.

_"‘ The term “black” is relative. While an ideal physical black body
= "\ absorbs all incident electromagnetic radiation, a surface is

—— r—— ——— described as “black” if it absorbs most of the visible light,
i #'1‘1“;& distributed evenly across the spectrum. Standard tire “black”
= by O | fits this description by absorbing approximately 95% of

— visible light at all wavelengths.

With the application of 4JET SCANNECT laser marking, the tire surface receives a specialized
structure measuring a few hundred micrometers. This structure, comprising small dots and grooves
with a high aspect ratio, inhibits direct reflection of visible light. Instead, most light becomes
trapped between structural elements, resulting in predominantly indirect reflections occurring only
after two or three steps. Consequently, reflection is reduced by a factor ranging from 2.5 to 4. The
modified surface exhibits a deep black appearance, and the contrast between the original “tire
black” and “SCANNECT superblack” is sufficient for detection by even compact cameras in modern
smartphones.

For SCANNECT superblack laser-engraved markings, the minimum module size is 550 um and allows
the realization of a QR Code Version 3 with an overall symbol dimension of roughly 16 x 16 mm
(approximately 20.4 x 20.4 mm including the four-module quiet zone required on each side).
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5.2 SCANNECT Black-on-White

To further increase optical contrast beyond SCANNECT super-black, 4JET has developed the
SCANNECT black-on-white technology* in collaboration with UP-Labels GmbH. This process
enables a significantly higher contrast ratio between code modules and background, resulting in
improved readability and greater visual prominence of the code on the tire sidewall.

In this process variant, a colored heat-transfer label is first applied to the tire surface at the intended
marking position. In a second step, the laser selectively removes the label material in the areas
corresponding to the dark (black) modules of the QR code. As a result, the remaining label material
forms a bright background, while the exposed rubber surface defines the dark modules of the code.
The QR code is therefore created as a black-on-white symbol, in contrast to the black-on-black
contrast achieved by the SCANNECT super-black structuring process.

A key advantage of the black-on-white approach is that the micro-structuring required for
super-black contrast is no longer necessary. This allows the QR code to be realized with smaller
module sizes, typically in the range of approximately 350 to 400 pm per module. This corresponds, for
example, to a QR Code Version 3 with an overall code size of roughly 10 x 10 mm to 11.5 x 11.5 mm.
As a result, high data density and robust readability can be achieved even where available sidewall
space is limited.

In addition to size reduction, the black-on-white code is visually more conspicuous than a
black-on-black marking. This improves human detectability on the tire sidewall and reduces the
time required for users to locate the code. The higher optical contrast also enables faster and more
reliable decoding by smartphone cameras, particularly under sub-optimal lighting conditions.

The black-on-white technology is implemented with a moderate increase in process effort and cycle
time. In addition, moderate consumable costs are incurred for the blank heat-transfer label material.

5.3 Laser Engraving Process and Process Times

Marking is performed using the latest generation of 4JET’s proven
T-Mark laser marking systems, which are widely deployed in both
new tire manufacturing and retread operations worldwide. The laser
markings are applied to the fully cured tire, either directly within the
tire production facility or further downstream, for example in tire
warehouses where markings are applied in accordance with
customer-specific requirements.

The SCANNECT marking process can be combined with
human-readable serial numbers. In addition, logos as well as other
customer- or country-specific engravings can be integrated into the

* same production step. This flexibility supports larger production
batches and contributes to reduced stock keeping and improved production efficiency.

4 SCANNECT black-on-white is currently under development. Market introduction pending.
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For a standard 16 x 16 mm QR code, a typical engraving cycle comprises approximately 16.5 s of
auxiliary handling time and 2.5 s of direct laser processing time. The direct processing time
increases with the size of the 2D matrix code and with the number and dimensions of additional
engravings. Challenging tire surface conditions (see section on readability) may also require
additional processing time. Furthermore, optional validation steps, such as grading of the 2D code,
will increase the overall cycle time.

In the case of SCANNECT black-on-white, an additional process step is required for the application
of the heat-transfer label. This results in an additional time requirement of approximately 5 s per tire,
while preserving the same laser engraving principle for code generation.

5.4 Commercial Availability

The proprietary process, comprising special optics, laser parameters and control software integrated
in 4JET’s standard marking systems is commercially available in the latest version of 4JET’s proven
line of T-Mark systems.

For commercial tires, an update of existing
systems may be possible and can be performed
on site.

A light version of 4JET SCANNECT is also available for the mobile system, T-Mark Compact. The
resolution of the handheld is reduced compared to the
automated system. Itis suitable for QR Codes for
commercial vehicles in sizes bigger than 17 x 17 mm
(compare chapter 5.3) for QR Codes Version 3H.

Please see SCANNECT Spec for T-Mark Compact for
more information.

5.5 Reading of SCANNECT Codes

The reading principle of SCANNECT Codes is identical to an ordinary printed Datamatrix or QR codes
—namely based on contrast between the individual modules of the 2D matrix code. Hence, like any
other code, it can be read with a standard matrix code reading device, which can be an industrial ID
reader or a mobile phone camera powered by Apple OS, Android or Microsoft apps.
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Like printed 2D matrix codes the readability of the SCANNECT
Code depends on several different parameters, some of which
are relying on the Code itself like contrast, resolution and
size. Other important parameters are type and capability of
the reading device and the lighting conditions.

4JET has intensively tested with several modern ID readers and
smart phones/apps. 2D matrix codes were prepared on rubber
pieces and for confirmation of such results on tires.

The tests prove excellent readability with the tested
industrial reading devices®. SCANNECT Codes are also
suited for fully automated inline tire tracking. Tests performed
in the Cognex application laboratory confirm recognition rates
well above 99 % at regular industry conveying speed (up to 1.0
m/s).®

Modern smart phones that provide a good camera system can easily read the SCANNECT Codes
over a broad range of code sizes and versions.

Laser engraved 2D SCANNECT superblack matrix codes are recessed into the surface of the tire and
hence protected from wear. Depending on its location on the tire sidewall SCANNECT black-on-white
codes may be more sensitive towards wear.

5.6 Tire Requirements

For a typical commercial tire, SCANNECT can be applied on the existing tires without any
modifications of the tire or special homologations processes. In very few cases adaptations to the
design of the tire sidewall must be made in order to meet the space requirements for applying the
SCANNECT Code’.

4JET recommends diligent testing of the compatibility of 2D matrix code and tire.

6 Complementary Data Carrier Technologies

A comparison of the two relevant data carrier technologies clearly shows that QR codes and UHF-
RFID address fundamentally different requirements within the tire lifecycle and therefore exhibit
distinct strengths and limitations. Rather than competing approaches, they should be understood

5 SCANNECT Codes are verified to comply with B quality referring to ISO/IEC TR 29158:2011
8 For more details and configuration of SCANNECT Reading System, please contact sales@4jet.de

7 For further details, please contact sales@4jet.de
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as complementary technologies serving different use cases within a unified Digital Product Passport
ecosystem.

UHF-RFID technologies, enable non-line-of-sight identification and simultaneous reading of
multiple items. These characteristics make UHF-RFID particularly well suited for high-throughput,
automated business-to-business processes, including logistics, warehouse management, fleet
operations, and industrial tire tracking. UHF-RFID performs especially well in controlled environments
where dedicated reading infrastructure is available and where bulk identification and process
automation are the primary objectives. Integrating RFID tags into existing tires may require changes of
the tire structure, change of tire building processes and re-homologation of existing products.

In contrast, laser-engraved optical codes such as QR codes offer a different set of advantages. They
provide a universally accessible, visual, and persistent identifier that can be read by standard
industrial cameras as well as by any modern smartphone, without the need for specialized
hardware. Optical codes are easily recognizable and invite user interaction, are easy to verify
visually, and can be implemented at low per-item cost, making them particularly attractive for
large-scale deployment and retrofit scenarios. Their direct compatibility with web technologies further
enables immediate access to browser-based Digital Product Passport information and
consumer-oriented services. As the deployment process of this technology require less challenges
than RFID it may also serve as a more cost-efficient and faster process to comply with EU
regulations. It is particularly well suited in cases where only part of the production is dedicated to
Europe and avoids increasing the number of SKUs.

For the implementation of the tire Digital Product Passport, these differing characteristics support
a complementary deployment strategy. UHF-RFID can be used where speed, automation, and bulk
identification are required in professional B2B environments, while QR codes serve as the
consumer-facing access point and as a resilient, visually identifiable link between the physical tire
and its digital representation. Together, both technologies enable comprehensive coverage of
regulatory, operational, and user-centric requirements without forcing a one-size-fits-all solution.

7 Implementation Challenges

7.1 Regulatory Uncertainty and Time Pressure

At the time of writing, the product-specific delegated act defining mandatory data content, granularity
and enforcement dates for the tire Digital Product Passport is still pending. The preparatory study
drafts published in May 2026 give a substantiated indication of the expected data content, but they
carry no legal force and remain subject to change through the impact assessment and consultation
forum stages. Based on experience with previous EU regulations, the final implementation timeline
can be expected to be ambitious, leaving limited time for technical and organisational adaptation
once the requirements are formally adopted.
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The assumption that DPP obligations will extend beyond model-level data is no longer speculative: the
lifecycle event log and the retreading records proposed in the preparatory study can only be
maintained at individual tire level. Manufacturers should therefore plan for item-level data
granularity from the outset.

7.2 Strategic Implications for Tire Manufacturers

Beyond compliance, the Digital Product Passport introduces structural changes to competition in
the tire market. Manufacturers are expected to actively assess not only regulatory obligations but
also the strategic opportunities and risks associated with DPP adoption. Failing to develop a clear
DPP strategy may result in competitive disadvantages as new service-oriented business models and
direct customer interaction become more widespread.

From our perspective, the competition for customer retention and brand loyalty at the end-user
level will be a central element of any successful DPP strategy. Manufacturers must therefore
evaluate how digital tire identification and DPP access can be leveraged to strengthen customer
relationships, differentiate offerings, and avoid losing relevance in an increasingly digital and
competitive market environment.

7.3 Technology-Specific Challenges: RFID vs. QR Codes

From a technical standpoint, the introduction of RFID-based solutions typically requires substantial
effort. This includes the installation of appropriate RFID-tag embedding equipment, the
development or qualification of RFID technology (if not already in place), and its integration into
every existing product variant. In addition, extensive internal and external qualification processes,
including OEM approvals, are usually required. Given the number of product variants and production
lines, development and engineering departments can quickly become overwhelmed by the
cumulative complexity of these requirements.

In contrast, the implementation of QR-based solutions benefits from a technology that is already
fully developed and ready for deployment. From a development perspective, the primary task is to
identify and validate a suitable location on the tire sidewall for the marking. Nevertheless, similar to
RFID, QR code implementation still requires the installation of marking equipment. This typically
takes place in the final finishing area of tire production, a part of the manufacturing process where
space is usually extremely limited, making integration planning a non-trivial challenge.

7.4 Data Availability and Consistency Challenges

Regardless of the selected data carrier technology, manufacturers must ensure that the required
production and lifecycle data - at least at batch level and potentially at individual tire level - are
reliably available. This represents a major challenge, as not all relevant information is currently
stored in the required format, with sufficient accuracy, or at the correct point within existing IT
systems.
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Atypical example is the DOT week code. In many tire
manufacturing environments, this information is only
approximately known within production systems, as
mold inserts are often exchanged manually at a given
pointin time. As a result, it may not be fully clear which
individual tires are already affected by a new week code.
Any discrepancy between the week code physically
present on the tire and the information stored in the
Digital Product Passport must be strictly avoided.

4JET addresses this challenge with a patent-pending process marking solution, which allows either:
e engraving the week code together with the 2D matrix code, or

e readingthe week code from the tire and automatically adopting it into the 2D matrix code
content prior to engraving.

This ensures full consistency between physical marking and digital product data.

7.5 Encoding Standards and Resolver Infrastructure

In addition to marking and data generation, manufacturers must also address the selection of
encoding standards and resolver service providers, or alternatively establish their own resolver
infrastructure. Decisions must be made regarding identifier formats, data governance, access
rights, and long-term system operation. These aspects are often underestimated but are critical for
ensuring interoperability, regulatory compliance, and future scalability.

8 Conclusion

Given the expected regulatory pressure, technical complexity, and strategic relevance of the Digital
Product Passport, it is highly advisable for tire manufacturers to engage with this topic at an early
stage. Now is the appropriate time to evaluate technical solutions, assess internal data readiness,
compare alternative implementation paths, and develop a coherent DPP strategy. Early preparation
reduces risk, preserves strategic flexibility, and enables manufacturers to turn regulatory
requirements into a competitive advantage rather than a last-minute compliance burden. 4JET’s
SCANNECT technology is designhed to support both regulatory readiness and strategic
differentiation.
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