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1 Executive Summary

This report presents the findings of an initial analysis of the current state of the art in the area of
Manufacturing-as-a-Service (MaaS). The work has been performed as part of the EC funded MASTT2040
(Manufacturing as a Service for the EU’s Twin Transition until 2040) strategic foresight project. The aim of
MASTT2040 is to build an understanding of the industry changes, opportunities or disruptions emerging both
inside and outside of the “Manufacturing as a Service” (MaaS) domain to guide decision making, strategies
and actions for the EU manufacturing sector in the context of twin transition up to 2040. Notably Maa$S
promises a unique value proposition compared to the existing traditional centralised manufacturing
approaches by offering increased flexibility and resilience, and scale-up driven by rapid advances in
connectivity, digitization, access to vast amounts of data and exploitation of Al.

The consortium has performed a broad literature review and gathered a wealth of background material on
companies that utilise different MaaS approaches. Companies have been actively contacted and this was
followed up by performing 41 interviews with key stakeholders. Key proponents of MaaS were invited for in-
depth interviews and inclusion in the casebook. In total 16 cases have been identified for inclusion in the
casebook as leading examples of industrial use of MaaS. The data collection process has been highly
productive and led to a much greater understanding of the key Maa$S approaches being exploited resulting in
the consortium defining a clearer definition of the key features of Maa$S systems:

e Real-time, easy to use, instant cloud services employing learning algorithms.

e Short, reliable lead-times provided by highly digitised and automated processes enabling “micro-
caring of customer needs”.

e Cost effective hyper-scaling of the service with limited need for human resources.

e Integrated in-depth manufacturing knowledge reducing the need for highly skilled workers.

Development of such systems requires new skills in manufacturing, combining software development,
data analytics and Artificial Intelligence with manufacturing expertise. The interviews have also led to
many insights into the challenges and barriers that companies face in using Maa$S approaches. Taking a
distributed system of production as a core aspect of Manufacturing as a Service, the identified
approaches can be ascribed to one main theme, i.e. on-demand manufacturing of products as a
service, and three supporting themes. These 4 themes in themselves encompass highly relevant,
complementary, and synergetic fields in manufacturing. All four are outlined below:

o Distributed on-demand manufacturing of parts and components through manufacturing platforms
and digital services, provides SMEs and large enterprises seamless online access to distributed
manufacturing capabilities. This enables the on-demand manufacturing of custom parts and
components with high flexibility and short lead time.

e Custom design automation and access to digital product models, generating or providing access to
all digital product data (digital twins) enabling the distributed on-demand manufacturing of parts and
components.

e Provision and servitisation of production equipment, termed "Equipment as a Service," offering
flexible access to equipment, infrastructure, or production facilities, along with cloud platforms and
digitized services that remotely optimize their operation.

[ s
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e Enabling the Circular Economy through platforms, digital product passports and digitized services
playing a critical role in enhancing sustainability and supporting the R-cycles in the product’s more
circular life cycle. The R-cycles refer to "inner circles of the circular economy" aimed at reducing waste
and supporting value retention strategies for the resources by focusing on reusing, repairing,
refurbishing, reconditioning and remanufacturing products.

The business model archetypes in each of these themes are described in detail along with examples of
companies that exploit one or more of them. Best practices in these areas are presented along with
drivers and challenges for companies using such approaches. It is noted that rapid scale up is key to
success and several examples of market failure due to the inability to scale up are highlighted. Several
different scaling approaches are being utilized including acquisitions (with risk of high integration
costs), collaboration with a financial partner, or via own resources. Another key factor for success is the
ability to provide fast quotations in a competitive marketplace. Barriers to implementation include lack
of data standards (particularly semantic interoperability for exchange of data) and the need to protect
IP.

A SWOT analysis has also been performed covering social, economic, technological, environmental,
geopolitical, legal and ethical aspects and a review of the impact that Maas in these themes may have
on the European manufacturing industry with respect to digitisation, circularity, sustainability and
decarbonisation is presented. Notably it is identified that existing MaaS companies are concentrated
on growing their business as a priority (scale-up is key) and are only weakly driven by green goals.
Although sustainability and carbon emissions reporting have become important to the manufacturing
industry as a whole, with examples of approaches to decarbonisation, energy reduction, resource
optimisation, and waste reduction, there are few examples of circularity. The wider adoption of MaaS
presents opportunities for life cycle management, management of regional supply chains, and
collaboration between companies to share inventories and equipment. Here it is believed that the
introduction of product passports could be a key enabler. Digital product passports and digitized
services are expected to play a criticalrole in supporting R-cycles (inner circles of the circular economy)
aimed at reducing waste and supporting value retention strategies for the resources by focusing on
reusing, repairing, refurbishing, reconditioning and remanufacturing products.

MASTT2040 D1.1 Casebook: current state of Maa$S approaches and best practices to advance the CE
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2 Rationale and Project Outline

2.1 Rationale

When considering the future of manufacturing it is common to extrapolate from past data assuming that
current trends will continue. This assumption is often incorrect because the dynamics, complexity, uncertainty
and ambiguity of the wider environment systematically “produce” various discontinuities that can disrupt
trends.

Many trend disruptions are possible. Some phenomena can strengthen certain trends, such as the COVID
pandemic, which has significantly boosted the growing digitization of the global economy. Alternatively, other
phenomena, such as increasingly frequent cyberattacks, or energy crises can slow down existing trends or
create new priorities in the industry. Two key trends are currently impacting the future of European
manufacturing:

e European industrial companies need to enhance their strategic position with regard to key
technologies, services and resources in order to build resilience against geopolitical shifts and rising
uncertainty in the global operating environment.

e In order to remain the engine of prosperity, and a key driver in economic and societal transitions,
European industry must lead the digital' and green? transformation by reshaping their goods and
services towards a new climate-neutral reality.

Within these industrial changes Manufacturing as a service (Maa$S) provides a vision of industry that
proposes unique value compared to the existing traditional centralized manufacturing approach. By
offering increased flexibility, scale-up and decentralization, MaaS can support the transition to an
innovative and resilient® European industry. However, currently it is unclear what role MaaS can have in the
future regarding the Digital & Green transition of EU industries.

e MaaS-providers and emerging distributed approaches to production highly impact supply chains and
the manufacturing landscape thanks to rapid advances in connectivity, digitization, access to vast
amounts of data, Al and Industry 4.0. However, they are currently only weakly driven by the green goals.

e The introduction of Digital Product Passports (DPPs) could be a game changer. Digital Product
Passports provide information about a product's origin, materials, production processes, and end-of-
life options. DPPs will play a key role in supporting the transition to a circular economy by promoting

! Digital: reforms that unlock digital growth potential and deploy innovative solutions that put people first, foster an open and
democratic society, enable a vibrant and sustainable economy, help fight climate change and achieve the green transition. Based on:
https://ec.europa.eu/reform-support/what-we-do/digital-transition_en

2 Green transition: the shift to a more sustainable production and consumption model that remains within the planetary boundaries
through a drastically reduced use of virgin raw materials, increased renewable energy and circular materials flow, and the capture and
disposal of remaining waste flow (including unavoidable carbon emissions). https://www.stockholmresilience.org/research/planetary-
boundaries/the-nine-planetary-boundaries.html

3 Resilience: the ability to withstand challenges by identifying the investments in skills, technologies and capabilities that are crucial
from a future perspective and by reducing the reliance on third countries for critical raw materials. For this definition we have used the
social/economical and geopolitical dimensions of resilience, as defined in the foresight report, only; the green and digital dimensions
from the Strategic Foresight Report are addressed here through the Green & Digital Transition.

[ 7
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transparency, traceability, and sustainability in product production*. DPPs also enable sharing of the
information required to provide for R-circle services in a CE-ecosystem (supported by Data Spaces).
However, sustainability is the aspect that is currently lacking in MaaS Platforms. These at present are
completely concentrated on on-demand production of new parts and growing their manufacturing
business, driven by ease of service, access to production, speed, cost and quality.

e Most innovative cases and solutions in Maa$S and the Circular Economy (CE) that aim to unlock the
digital growth potential are recent, being less than 10 years old. The acceleration of the speed and scale
of these transitions and the convergence of both worlds presents both a challenge as well as a huge
opportunity for existing manufacturing approaches and the centralized manufacturing industry. The
disruptivity of MaaS within the manufacturing sector requires a novel way to analyse the drivers of
change, in order to anticipate truly disruptive, emerging developments in this area.

2.2 MASTT2040 Project outline

To address the challenges highlighted, the MASTT2040 project will analyse key aspects of MaaS in 4 phases
as shown in Figure 1 with the following objectives:

e Scan & Scope: Phase 1 analyses the “Manufacturing as a Service” approaches, business models and
best practices and their current contribution to advance circularity, decarbonisation, and sustainability
of industrial production.

¢ Envisioning the Future: Based on foreseeable developments and trends, phase 2 develops a shared
MaaS transformative vision for Europe until 2040 including the potential advantages and
disadvantages, with respect to distributed Manufacturing as a Service vs. centralized manufacturing.

e Strategic Roadmap: Phase 3 elaborates a strategic roadmap and action plan addressing the short-
term (5 years), medium-term (10 years) and long-term (15 years) timescales to identify and track
desired developments in order to anticipate these changes and advance digitalization, circularity,
decarbonization and sustainability of industrial production towards the 2040 vision.

e Recommendations: Phase 4 develops recommendations to enable Europe to target strategic
investments and identify the needs for industrial data standardisation to promote uptake.

4 Navigating uncertainties of the EU Digital Product Passport (DPP): How to prepare now as a company, https://www.whcsd.org/

[ 8
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Using strategic foresight methods in an inclusive and participatory manner should help in building a shared
understanding of which changes, opportunities or disruptions are present and emerging both inside and
outside of the “Manufacturing as a Service” (MaaS) domain to guide decision making, strategies and
actions for the EU manufacturing sector in the context of twin transition up to 2040.

This project actively engages various target groups, stakeholders and experts in the project activities
(research, workshops, evaluations), widely disseminates the project results and transfers information and
technologies with/between HE projects and relevant initiatives. This includes all relevant stakeholders
from industry, Horizon Europe projects and other relevant initiatives such as the Manufacturing Data
Spaces and the network of European Digital Innovation Hubs (EDIHs).

MASTT2040 D1.1 Casebook: current state of Maa$S approaches and best practices to advance the CE



MASTTEIE

3 Overview and structure of the casebook

After an introduction to Maa$S and how it relates to traditional manufacturing approaches in the chapter 4,
the core of the booklet is structured around the different themes that were derived from literature, which
fit to the definition of Manufacturing as a Service (Chapter 5). Taking a distributed system of production as
a core aspect of Manufacturing as a Service, the identified approaches can be ascribed to one main theme,
i.e. on-demand manufacturing of products as a service, and three supporting themes. These 4 themes in
themselves encompass highly relevant, complementary and synergetic fields in manufacturing.
All four are outlined below:

o Distributed on-demand manufacturing of parts and components through manufacturing platforms
and digital services, provides SMEs and large enterprises seamless online access to distributed
manufacturing capabilities. This enables the on-demand manufacturing of custom parts and
components with high flexibility and short lead time.

e Custom design automation and access to digital product models, generating or providing access to
all digital product data (digital twins) enabling the distributed on-demand manufacturing of parts and
components.

e Provision and servitisation of production equipment, offering flexible access to equipment,
infrastructure, or production facilities (termed "Equipment as a Service"), along with cloud platforms
and digitized services that remotely optimize their operation.

e Enabling the Circular Economy through platforms, digital product passports and digitized services
playing a critical role in enhancing sustainability and supporting the R-cycles in the product’s more
circular lifecycle. The R-cycles refer to "inner circles of the circular economy" aimed at reducing waste
and supporting value retention strategies for the resources by focusing on reusing, repairing,
refurbishing, reconditioning and remanufacturing products.

For each key theme, archetype Maa$S business models were identified across different contexts and
industrial sectors. They provide a framework for understanding commonalities and differences. In practice,
companies might combine different business models in their service offering. All business models are
illustrated with examples from best practices in different industrial sectors.

Enabling the
Circular Economy

Product ) Distributed, on-demand Production s Incineration
Design of parts and components istribute Landfill

B

Custom design automation Provision and servitisation
and access to digital models of production equipment

CAIWNB OSNBASE 2F GKS RAGSNBYG GKSYSa GKI
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Following the outline of the MaaS-themes and business models we have identified, chapter 6 provides a
deeper analysis of the key advantages and success factors along with the current impact on sustainability.
The conclusions (Chapter 7) provide a SWOT of MaaS covering the spectrum of social, economic,
technological, environmental, geopolitical, legal and ethical aspects. In the last chapter 8, a number of
industrial Maa$S cases are being described in full.

Industrial cases

Within the document, examples of industrial cases are described, highlighting the
application of a specific aspect, service or business model discussed in the accompanying
chapter or paragraph. When the icon, shown here on the left, is found along the logo of a
company, a full description of this company case is provided in Chapter 8.

List of interviewed organizations

1000Kelvin, 3DPrintUK, Additive Industries, Additive X, AMFG, AMRC, Autodesk, Bowman 3D, CASTFAST,
Fraunhofer 10SB, Circularise, Close Brothers, CloudCNC, CNC Rotary, DVC myProto, EOS, Fameks,
Fieldmade, Hewlett Packard, Hexagon, Hive CPQ, J&S Engineering, Kaisen, Kluthe, LANtek, Laserlines
Additive, LloydsBank, Maker Verse, Manufacturing Connections, MarTech 3D, Materialise, Matsura, Mazak,
PRAXMARKET, Resourcly, RobCo, Sharing in Growth, Spanflug, TRI-TECH 3D, UK MoD, VisionVelo, Wiirth
Additive, ZiggZagg.

11
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4 Manufacturing as a Service

4.1 Definition

As digitization, connectivity and Industry 4.0 enable many functional areas of manufacturing to be offered as
services, Manufacturing as a Service (MaaS) offers a paradigm shift in modern manufacturing. Different
definitions for MaaS$ can be found in the literature. Below is the definition of Maa$ provided by the European
Commission, which is the starting point for this study.

Manufacturing as a Ser\

is a distributed system of projducti

i n which resources (including data and sof
all owing manufacturers to access distri

to i mplement their manufacturing pr o«

Apart from the key aspects mentioned in the definition above, other O2 YY 2y OKI NJ Ol $NA &40 04
all Maas approaches are:

e Easy to use, instant cloud services with short lead-times,

e Digitized and highly automated processes which can be hyper-scaled in a cost-effective way while
retaining the ability for micro-caring on the specific needs of a customer,

e Theintegration of in-depth manufacturing knowledge in the digitized services limiting the need for highly
skilled workers.

e The cloud services highly rely on real-time data exchange and learning algorithms to improve over time.

e Their development requires new skills in manufacturing, to combine software development, data
analytics and Artificial Intelligence with manufacturing expertise.

4.2 MaasS versus main traditional manufacturing approaches

Subcontracting, on demand manufacturing and services have existed in the industrial manufacturing sector
for a very long time. The Figure below shows where MaaS is compared to Contract Manufacturing and
Centralized Manufacturing.

Contract
Manufacturing\
I/Maas

\

e / SYiNIt AT SR iab yhelz#fdctQringd2pgroscH
where all manufacturing activities are concentrated in a single
location or a few strategically chosen locations.

e / 2y GNI OG a lis hedhtsolrding 2 Ihe/pibduction
process, which makes that a | | ifa specific form of Contract
Manufacturing. At the same time not all Contract
Manufacturing is MaaS, as most types of manufacturing do
not comply with the definition of MaaS being digitalized,
automated and decentralized with different possible suppliers. CA 3 dyNBh S NIIA Sg 2

u

Maas$ facilitates manufacturing activities to be spread across a I | { pz\ i f( AY ',K Sv
multiple suppliers and locations. FLILINE EBK&ay 3 u2RI
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e (Centralized Manufacturing can be used in combination with Contract Manufacturing (incl. MaaS) for the
manufacturing of parts/components in a supply chain, but it stops being centralised if most of the
manufacturing process is being outsourced to third parties.

The Table below gives an overview of the main characteristics for Maa$, Centralized Manufacturing and
Contract Manufacturing>®. It shows how these manufacturing approaches overlap of differentiate from each

other.

al I {

/| SYGuNy £ AT SR

/| 2y UGN OU al

5A3IA0I

High level of digital
integration, including loT,
Al, and cloud-based
platforms for real-time
monitoring and automation
of processes.

Moderate to high, but
dependent on the specific
manufacturer. May have
some digital integration but
not as advanced as Maas.

Varies widely; some
contractors may have
advanced digital
capabilities, while others
may have minimal
digitalization.

t N2 R dzO

Distributed and flexible,
utilizing a network of often
smaller, specialized facilities

closer to demand points.

Centralized in large, often
single, production facilities
located based on cost
efficiency and logistics.

Typically decentralized,
with production occurring
in various locations based

on the contractor's
facilities and client needs

/ dza G 2 Y &

High degree of
customization, facilitated by
digital tools and flexible
production capabilities.
Clients can make real-time
adjustments and receive
tailored solutions.

Limited customization; often
focuses on mass production
with standardised products.
Customization, if available,
can be slow and costly.

Moderate to high
customization, depending
on the contract and the
manufacturer's
capabilities. Changes can
be made but might
involve significant lead
times and costs.

N
S
No
<

(n) [aN

r
Z
-

Direct and frequent client
engagement through digital
platforms, offering greater
customization and
responsiveness.

More standardised processes
with less frequent client
interaction; communication
typically happens through
scheduled updates and

Can be direct or mediated
through intermediaries.
Typically involves more

negotiation and contract-

based interactions.

meetings.
¢l oM ShOSNIBASG 2F (GKS RAGSNBYyOSa o6Sis6SSy all{xz
F2NJ 42YS aLISOAUO OKI NI} OGSNRasO

5 https://industrytoday.com/centralized-vs-decentralized-manufacturing/

5 https://www.roboze.com/en/resources/distributed-and-decentrilized-manufacturing-the-future-of-part-production-for-

localized-production.html
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5 Identified business models in the MaaS Themes

5.1 Distributed on-demand manufacturing of parts and components

Onrdemand manufacturi pl atforms connec|t cu:¢

ng

enabling démxndl| grrodwmcti on of custom parts| and
product Distributed on-demand manufacturing ...
Design of parts and components Distribute
= R s * * w
A AR
paL:tptllloeas(ijgn Instant/Fast Review & Quality Shipment
and Quote | placement = Part_ > Control of parts
e of order Production
specifications
Tracking of order status
* g
DfM .
Manufacturing * .
Advice ‘ Customer Platform Provider
CAImENB 2N b2 IRSNY¥ YIRY Y2 W dzF I OG dzNRA Yy 3 LI | (2 NY

9EGISYyaArdS RoAHAdzES o 23/SNE 220 baidl NlIa 6AGK | ljd2il a2y
Traditional quotation generation and order processing are manual, slow processes, where it is difficult to

quickly gather the necessary information to speed up response time or to increase consistency and accuracy.

These office activities typically account for a third to half of the turnaround time, and about a quarter of the

cost in the production of customized parts. Providers of on-demand manufacturing digitize and automate

with platforms these customer facing processes.

wS@2ft dze2y Al Ay A0ERSE 2 YISWIHZR ly O & eI XS

On-demand manufacturing platforms focus on different production technologies, geographies and
customers. Different providers already offer “on demand” manufacturing of a large choice of customised
products, with high flexibility, short lead times and guaranteed quality for a wide range of production
technologies: 3D printing, sheet metal, machining, injection moulding, electronics or various other tailor-
made production processes.

They share for the customer a common way of functioning through innovative, user-friendly services offered
online: customers upload a 3D model of the part, define the specifications and instantly — or nearly instantly

7 Adapted from Roland Berger (2023), On-demand manufacturing platforms,
https://www.rolandberger.com/en/Insights/Publications/On-demand-manufacturing-platforms.html
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— receive a transparent quote and a reliable delivery date. The customer can review and place his
manufacturing order in a few clicks. The parts are produced according to the requirements and their quality
is controlled to ensure that products meet specified standards. Quality reports are provided to customers.
These reports outline the quality checks performed and confirm that the product meets all specified criteria.
Finally, products are shipped to the client. Since ordering requires no human interaction, error margins are
kept to a minimum.

The automated processes unburden the customer and provide instant 24/7 quotation and ordering. On top,
customers get advice on the manufacturability of their parts (Design for Manufacturability, DfM). This early-
stage analysis helps designers to simplify and improve their designs for the material and production
technology, reducing both the design lead time and production costs. The simplicity of these online services,
transparency and reliable (very) short delivery times are transforming the competitive environment of supply.
On demand manufacturing platforms set new standards in industrial production. They turn instant responses
to manufacture parts quickly and precisely to customer specification from a luxury into a norm.

G¢KS SELISOGlIea2z2y 2F Odzali2YSNBE Attt YI 1S FlLad NBaLx
H. O2yGSEGZ S@Sy F2NJ O2YLX SE LINE Odz2NBY

58y FYAO LINRAROAYS3

On demand manufacturing provides transparent and consistent pricing but does not equate to cheap prices.
An unrivalled service leads to a unique position for dynamic pricing and profitable jobs from premium
services. The pricing algorithms to define a competitive quote are dynamic, in example by actively monitoring
the market or current production capacities. By changing input parameters prices for different options can be
compared (i.e. order quantity, delivery time, required quality guarantees, availability at suppliers, etc.).
Quotes and ordering for standard jobs are handled automatically. The sales team can focus on negotiating
contracts for large buyers and orders.
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On-demand platforms made the manufacturing of a product an online accessible service that allows an
extreme customer orientation and production only by customer order. Although they provide similar services,
on-demand platform providers operate with different business models. These models will be discussed in
detail in the next paragraphs.

hyRSYIFYR YIFydzZFlI OGdzNAYy 3 YIF NJ SGLX |
Manufacturing marketplaces offer a networked production model
that bundles and matches the free production capacity in a wide
network of manufacturing suppliers with business demand and

Online
. once consumers. These online marketplaces control and organise
. production through cloud services and offer as a one-stop-shop
marketplace _ solution access to a broad range of production technologies. By
customers Suppliers facilitating secure payment systems, quality control measures and

customer support, marketplaces promote trust and reliability in

cooperation between customers and suppliers.
hyRSYlFYR YIFydzZFlI OGdzNAy3d 20SNBR o0& |
Suppliers offer, based on their in-house factory/factories, online
services for 3D printing, sheet metal, machining, injection

g”'".‘e In-house moulding, electronics or various other tailor-made production
ervice
Platform Production processes. Thanks to extensive digitisation, advanced technologies
and ample production capacity, the manufacturing company can
ensure fast and high-quality quotations, production and delivery for >
customers manufacturer customised parts and components.

| @0NAR ySUg2N] VY2RSft

Some on-demand manufacturing platform providers combine both

g:r'\'/'::e i house models and complement their in-house manufacturing capabilities

Platform by providing access to a network of independent, qualified
manufacturing partners.

‘ marketplace

customers Suppliers

2

/| 2ttt 02Ny a®@S 2LISYy FSRSNFGSR

Research developed open, standard based and interoperable
foundations that encourage collaboration, third-party services and
secure, controlled data sharing to achieve greater innovation and
efficiency across industries. In this open ecosystem multiple
stakeholders, including OEMs, suppliers, and service providers, can
participate.
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The marketplace operates as a central hub connecting platform customers with suppliers from a large
distributed network. The marketplace operator does not own, maintain or need to invest in own production
facilities, but leverages on the free production capacity in their large network of participating suppliers. The

(Al powered) platforms match buyer orders for parts and manufacturing suppliers with unprecedented
efficiency. The orders are presented to suitable manufacturers who can respond if they have free capacity

and if they find the order profitable. On-demand marketplaces can quickly scale operations up or down based

on demand, thanks to optimization algorithms that match production needs with suitable suppliers.

The manufacturer who wins the order and produces the part stays anonymous for the buyer. The platform
acts as the central point of contact and takes full responsibility for the quality of the parts delivered. This
centralized approach simplifies accountability and ensures that quality issues are handled efficiently and that
all manufacturing processes comply with industry standards and regulations. However, the digital thread is
broken when marketplaces involve a supplier from their network. While marketplaces automate the
preliminary process and delivery, many of their participating suppliers still operate on traditional production
offerings that are little digitized or automated. The data from the customer facing processes handled by the
platform are not integrated to the manufacturing steering processes handled by the internal systems of the
supplier. Moreover, the lack of direct access to the customer limits their insight in the customer application
for more complex jobs. A better understanding of the specific needs and requirements, can lead to a better

8 Tolio, T.A.M., Monostori, L., Vancza, J. and Sauer, O. (2023). Platform-based manufacturing. CIRP Annals, [online]
72(2), pp.697-723. https://doi.org/10.1016/j.cirp.2023.04.091

° Roland Berger (2023), On-demand manufacturing platforms,
https://www.rolandberger.com/en/Insights/Publications/On-demand-manufacturing-platforms.html

10 Schoppenthau, F.; Patzer, F.; Schnebel, B.;Watson, K.; Baryschnikov, N.; Obst, B.; Chauhan,Y.; Kaever, D.;
Uslander, T.; Kulkarni,P. Building a Digital Manufacturing as a Service Ecosystem for Catena-X.Sensors 2023, 23,
7396. https://doi.org/10.3390/s23177396
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design for the manufacturing technology and enables to optimize the production process and quality to meet
the necessary specifications and performance standards.

Onestop shop

Most marketplaces act for their customers as a one-stop shop to a broad range of manufacturing processes
to quickly obtain parts. Product developers and product builders exploit the access to a wide range of efficient
production techniques to order and have parts delivered quickly, allowing them to successfully achieve a
short time to market without their own production capacity. Although the provider might only have limited
in-depth manufacturing expertise, the platform offers a sophisticated customer interface and automated
solutions incorporating advanced technologies such as Al and machine learning. Some marketplaces
specialize on a limited number of manufacturing technologies, enabling them to integrate specific in-depth
manufacturing knowledge.

La

Respond to win
order

palﬁtpé(:eas(ijgn Instant/Fast Review & Matchmaking
and > Quote > placement [ Allocateto [

specifications

Part
Production

Quality Shipment

of order producer Control of parts

,V‘\

A‘k&‘kh{'ﬂc
&

Tracking of order status -~ 4
® - . g
o e Py P
Manufacturing . Supplier
Advice D|gt|tal t0(|)_|s to Access to Einancial Vetting
streamiine Raw Materials Services Customer
processes Feedback

o Services for suppliers
Digital Tread

CAIWENE 2N b 2 IRSNY¥ YVIRY Y2 WdzFl OGdzNAyYy 3 LI FG2NY SyNROKSR
adzLJLJ A SWJ ySig2N]
{ SNWAOSa ySOSaalNeE G2 ONBIGST O2yiNRf | YR adzJLJ2 NI
Services supporting the creation and curation a network of high-quality suppliers and services towards
suppliers are critical, significantly impacting both the marketplace's | PAOAOET 1 A1 AANEAEAT A
OOAAAQOS
o { dzLJLJ A S MarketBldcepidvider takes full responsibility for the quality. As they are liable, platform

operators carefully vet their suppliers before being allowed to participate, to include only those with
proven quality records that meet the required quality benchmarks.

11 On-demand manufacturing_platforms.pdf (rolandberger.com)
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/ dza G 2 YSNJ CS SR a lctpmer Lfasdbdska fihin aoiefs is collected and analysed to
continuously improve quality. Any recurring issues are addressed promptly, and suppliers are held
accountable for maintaining high standards.

| 2y oy dz2dza L Y LINE @ISt YperatdrsNdzageNd cohfinuous improvement programs,
working with suppliers to enhance processes, reduce defects, and improve overall quality. The
participating suppliers are at different maturity levels with regard to digitization. Dedicated services or
tools support suppliers to reduce lead times, increase their digital capacity and meet quality standards.
This helps to build strong relationships and supplier loyalty and is essential in maintaining customer trust
and satisfaction.

CAY Ll yORAI By failBahidg) Ae€di® dayment systems, quality control measures and customer
support, online marketplaces aim to promote trust and reliability in cooperation between manufacturers
and customers.

¢NF yEALI NBy il JA2tMeYsamylidr QdyssaBogfymous, transparent communication channels
between the customer and platform, and platform and supplier need to ensure that all parties are aligned,
and expectations are clearly understood.

Industrial cases

o |NY™8(2LIVA K2 BJ2dzN LI NI HATNRY tAYS &2
’~ FACTUREE As an Online Manufacturer with a network of more than 2,000 manufacturing
' The Online Manufacturer 12 . .o e
partners, FACTUREE"™ has access to virtually unlimited capacities for the
manufacturing of all kinds of custom parts, thus securing your supply chains.

hyd a2 L) ad26LAYy 3 YWRWIZRGARENA ¥3 2y F
With a network of over 2,000 suppliers in Europe and 10,000 suppliers
xometry worldwide, Xometry has scaled its capacity in a wide range of manufacturing
44 technologies. Xometry offers on demand manufacturing of custom parts, from
prototyping to production. Xometry’s Workcenter, a free cloud-based MES
system, digitises workflow at their SME suppliers and enables them to view all
their Xometry and non-Xometry orders, optimise efficiency, speed up
payment and get goods to the market.

' YIEN]QSOLIXIFOS YR a2Dgl NB LI NIyS
Spanflug!* operates a manufacturing platform specialized in CNC turning and
milling parts. Spanflug Buy focusses on the procurement process for
\ customers, offering an automated flow from price calculation to order
Spanflugd placement .for milled and turned. p.arts. This service effectively matches
demand with a network of specialized local manufacturers. Meanwhile,
Spanflug Make delivers a cloud-based solution for manufacturers to generate
their quotes for turning and milling jobs accurately, automatically, and in a
transparent way. This automation enables manufacturers to reduce their
effort for time-consuming quotations by up to 90% and to achieve more
reproducible, objective prices.

12 https://www.facturee.de/en/

13 https://xometry.eu/en/

14 https://spanflug.de/en/
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Batchforce NL @ https://www.batchforce.com/en/
Beelse Cloud Manufacturing F | @ https://www.beelse.com/#
Beamler NL| @ https://www.beamler.com/
Bijnis IN @ |nhttps://www.bijnis.com/
Castfast DE @ https://castfast.de/
CNC24 DE | @ o @ @ @ https://www.cnc24.com/
CraftCloud by AllI3DP DE | @ o @ @ @ https://craftcloud3d.com/
Facturee DE | @ @ ® @ https://www.facturee.de/en/
Fashinza IN @ |https://fashinza.com/
Fictiv us | @ o @ ® @ https://www.fictiv.com/
Fractory UK @ @ @ @ https://fractory.com/
HeyScottie us @ https://heyscottie.com/
Kornit Digital IL @ |nhttps://www.kornit.com/
Kreatize DE . . . . https://www.kreatize.com/
Laserhub DE (] @ https://laserhub.com/
MACROFAB us @ macrofab.com
3DEXPERIENCE Make (Dassauk) | @ @ @ @ https://www.3ds.com/make
Makerverse (Siemens-Zeiss) DE | @ @ @ @ @ https://www.makerverse.ai/
MFG.com us . . '. . https://www.mfg.com/
mipart DE | @ (] @ https://mipart.com/en
Orderfox (Partfox) CH @ https://www.orderfox.com/
PartzPro us | @ @ @ @ @ https://www.partzpro.com/
Rapid Axis us| @ @ o ® @ https://rapidaxis.com/
RapidDirect CN | @ o @ ® @ ® https://www.rapiddirect.com/
Replique DE | @ https://replique.io/
Sitateru Jp @ |https://sitateru.com/
Spanflug (VDW) DE @ @ https://spanflug.de/en/
TechPilot DE https://www.techpilot.net/
Truventor (Chizel) AUl @ o @ ® @ https://www.truventor.ai/
Xometry us| @ @ @ @ @ https://xometry.eu/
Zetwerk IN @ @ @ @ @ https://www.zetwerk.com/
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Besides MaaS marketplaces, manufacturers automate with on-demand manufacturing platforms their
customer facing processes enabling flexible, just-in-time on-demand production of custom parts and
components based on in-house manufacturing infrastructure and capabilities.

Extensive automated paperless processes are crucial for efficiently scaling on-demand services. Thanks to
ubiquitous digitisation, advanced technologies and ample production capacity, these highly specialized
manufacturers can ensure fast and high-quality quotations, production and delivery for customised parts and
components. They do not need an intermediary and gain efficiency from this. Manufacturers can integrate in
the platform deeper manufacturing knowledge and all end-to-end processes from quotation, through work
preparation, planning, production, and delivery. The production and logistics of orders can be managed fully
automatically. They have full control over quality and delivery time themselves. As the matchmaking process
is avoided, they can offer even shorter and very reliable delivery times.

Ct SEAGES tdzi2zYFGiSR FR@OFYOSR LINRRdzOs2y SljdzA LIYSy
Providers leverage advanced production equipment and automation as central components of their business
model to drive efficiency, cost-effectiveness, scalability, quality, and an enhanced customer experience. Highly
automated production lines significantly reduce the time required to produce custom parts. Sophisticated
software and algorithms automatically generate the necessary machine programming and production
planning. Flexible automation ensures that orders are processed and manufactured swiftly, often with ultra-
short lead-times, which is a cornerstone of their service promise. High-precision machinery and integrated
quality monitoring and control ensure high precision and consistency in every part produced. Quality
standards can be managed from order to delivery. Advanced software and equipment optimize the processes,
enabling to achieve first-time-right for custom products, minimizing errors, waste and the need for rework.
The generated production data can be analysed to improve processes and enhance operational efficiency.
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The software platforms and automation of production reduces the reliance on manual labour and lowers
labour costs. It enables to easily scale production up or down based on demand without significant changes
in workforce or infrastructure. This flexibility is crucial for handling varying order volumes and customer needs
with short lead times.

The highly skilled staff and work planners at the manufacturer can focus on more complex jobs and on
increasing the software's production knowledge and capabilities. The sales team can focus on acquiring and
negotiating contracts for large buyers and orders. Quotes and ordering for standard jobs are handled
automatically. However, providers keep their lines to customers open to optimally identify and respond to
customer needs and requirements. Some providers provide a design partnership (for larger volumes) offering
file guidance for users fine-tuning existing projects or crafting new ones to create 100% manufacturable 3D
files.

bSSR F2NJFyR FtoAfAGe G2 aolfs

On-demand providers combine both a production and a software company. The development of an on-
demand platform and a flexible automated production system requires significant investments. The platform
development by the software, data and Al-experts benefits from in-depth manufacturing expertise. However,
the acquisition of these competences and the long timeframe required to integrate production knowledge
into the platform does not make the concept easily replicable. Significant investments in production capacity
are required to scale, assure free capacity for short delivery times and achieve economies of scale effects.
Some providers are supported by an investment company. This partnership enables to expand rapidly, open
new branches, improve existing processes, and implement innovations in their production methods.

The self-service platform and a flexible automation of production enables them to scale efficiently, reduce
costs, and maintain high levels of service with limited need for additional human resources. This creates a
snowball effect. As a result, on-demand manufacturers rapidly scale or already have scaled to a huge
production and automation capacity concentrated in-house. Although the initial strategy focuses on small
batches, their model and capacities enable to scale up with customer demand for larger series. Over time,
they can thus be significantly more efficient than their traditional competitors in mass-customization as well.

Based on production technology and strategy, production can take a central or distributed approach. Some
providers scale a central production plant from which they serve a wide region, while others scale by setting-
up local production resources near to customers.

{2DgFNB LI NIYSNRE F2NJ avltf YIFydZFlIOldz2NAy3 O2YLIYyAS
Already there is considerable competition between MaaS suppliers via best prices, quality and short delivery

time. Due to their success and rapid growth, 'copycats' profile themselves over frontrunners. These copycats

are trying to copy the model, but without similar tools or production systems. The instant easy-to-use online

services, the available production capacity and a thorough end-to-end automation for fast production of small

series is hard for newcomers to match. Developing your own, online front-end requires a big investment, too

big for many SMEs. A number of startups/scale-ups are developing software solutions for traditional
manufacturing companies, ensuring that the most advanced tools are no longer the preserve of large
companies.
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Industrial cases
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247Tailorsteel®® provides on demand, on time production of tailor-made metal
‘ISAI_IELERC products. Their self-developed Sophia® software platform enables customers
to quote and order your laser-cut sheet, tube and bent components easily and
quickly. Sophia® serves 50.000 customers and autonomously handles daily 3000
to 4000 requests for quotes. Orders are produced out of six locations in The
Netherlands, Germany and Belgium near to local customers.
¢ KGdza i 2YSNI t AyS adrea 2LSyo
ZiggZagg'® provides 3D printing applications through a combination of online
services and an automated scalable production process. Automation requires
no interaction for orders and an Al bot handles recurring questions. However,
zZJGG Z,/ﬁGG ZiggZagg keeps communication channels open for customers who need more
' . engagement. About 70% of the orders are one-offs fully automated without
% interaction, 15% are one-offs requiring additional information, and the
remaining 15% involve larger series or repeat customers, where ZiggZagg
engages more directly to discuss prices, contracts, and delivery schedules.

lOAf AU (RKS OOKAG2YSNI EtAYS aidl ea
i.materialise!’ offers customers online services for 3D printed products in a wide

Iy iali \L range of materials. Materialise was a forerunner with the development of a

ateria 'se‘%F platform of supporting tools that manage and control the 3D printing process

more efficiently (e.g. Magics 3D Print Suite), help scale 3D printing to larger runs

: s g CO-AM Software Platform) or support 3D printer builders in developing their
i.materialise | ) or support 3D p Ping

controls and build process. For industrial customers, the service is designed
with a view to customer support. The industrial service includes additional
% materials and finishes and allows direct contact with in-house engineers.
Materialise has the largest fleet of 3D printers in Europe.
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15 https://247tailorsteel.com/en/
16 https://www.ziggzagg.com/
17 https://i.materialise.com/en
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247TailorSteel NL (] https://www.247tailorsteel.com/
A3D Manufacturing us | @ [N ] (] https://www.a3dmfg.com/
BMW Additive Manufacturing Campus DE | @ https://www.bmwgroup.com/en/
DyeMansion DE | @ https://dyemansion.com/services/black-diamond-finishing-hub/
Fathom s | @ @ @ @ o ® @ https://fathommfg.com/
Immensa UAE | @ https://immensa.io
Imnoo SW (] https://www.imnoo.com/en/
i.Materialise BE | @ https://i.materialise.com/en
myProto BE . myProto | Prototype PCB Assembly Service | Fast & Reliable
P&G Laser BE (] https://www.pgmetaalwerken.be/portal-werking/
Ponoko US/CN (] https://www.ponoko.com/
Print&Logistics PL @ |https://printlogistic.eu/
Protolabs (incl. 3D Hubs) UK . . . . https://www.protolabs.com/
Quickparts (3D systems) us | @ o o @ https://quickparts.com/
Rapid Axis us | @ (] o ® @ https://rapidaxis.com/
Sculpteo (BASF) F (] https://www.sculpteo.com/en/
SendCutSend us ® @0 https://sendcutsend.com/
Shapeways NL | @ (] (] https://www.shapeways.com/
spreadshirt DE @ |https://www.spreadshirt.de/
Spreadshop DE @ |https://www.spreadshop.com/
Star Rapid cN | @ [N ] () (] https://www.starrapid.com/
Stratasys Direct US/IL . . https://www.stratasys.com/en/stratasysdirect/
VDL (OrderOn) NL (] https://www.orderon.com/
Weerg IT (0] (] https://www.weerg.com/
ZiggZagg BE | @ https://ziggzagg.be
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Customer
. . Marketplace operator
. gen:\'/?fe In-house Manufacturer
Platform Service providers (on quality, financial, continuous
. marketplace improvement)
customers Suppliers

In the hybrid model on-demand manufacturing platform providers combine their own in-house
manufacturing capabilities with access to a network of independent, qualified manufacturing partners.

Ly Rdza G NJK |

/
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PROTOLABS

Manufacturing. Accelerated.

PROTOLABS
NETWORK by Hubs

SAIAGEE CIFOG2NASa E
Protolabs®® combines its in-house
digital manufacturing factories
with a network of external
suppliers to provide on-demand
manufacturing of parts through a

O dzNA ]

TERI

hybrid approach. Their almost
infinite in-house  capabilities
include advanced digital

manufacturing technologies such as 3D printing, CNC machining, and injection
moulding. These capabilities allow Protolabs to offer rapid prototyping and
low-volume production with quick turnaround times. Protolabs has acquired
Hubs® and established a network of more than 250 highly vetted
manufacturing partners around the world. The Protolabs Network expands
their capacity and capabilities, enabling them to handle larger production
volumes and offer a wider range of materials and specialized processes that
may not be available internally. By integrating this supplier network into their
digital platform, Protolabs ensures seamless sourcing of parts, quality control
and reliability for their customers.

18 https://www.protolabs.com/ , https://www.protolabs.com/about-us/digital-factories-x-partner-network/

19 https://www.hubs.com/
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Research projects offer more open, flexible, and collaborative Maa$S solutions compared to proprietary

platforms, which are often closed, rigid, and less conducive to broad collaboration and data sharing (i.e. within

the German Manufacture-X initiative). The open, standards-based and interoperable foundations and

solutions aim to create trustworthy data ecosystems. This requires easily available and consistent data
networking and the willingness to share data multilaterally. Research created a technical basis for new

business models by leveraging on federated data spaces. The core elements of the basic architecture for a

federated data-ecosystem are identical for different applications, ensure cross-industry interoperability, and

have to be developed only once. Manufacture-X focuses on creating a seamless integration of manufacturing
capabilities across various enterprises.

On-demand manufacturing is one of the applications. The architecture orchestrates the services for demand
and offer based on open API’s and a standardized manufacturers capability information model. This supports
matchmaking between the required manufacturing capabilities for a product and the offered production
capabilities by a manufacturer. In this “network of networks” on-demand manufacturing platforms and single
suppliers can be integrated. They enable interoperability to efficiently connect all providers and consumers.
They obey data sovereignty policies and enable secure and controlled data exchange. They create an
ecosystem for providers of solutions. A go-to-market needs the creation of an ecosystem, needing big
industrial player(s) to kick-off the decentralized ecosystem building. This is beyond what researchers, or a
spin-off can achieve.

al ydzF | @i deNRRTB Y |
Within the German Manufacturing-X initiative?, the Catena-X?! project build an architecture for an open
digital ecosystem based on GAIA-X for the automotive industry and its supplier network. The Catena-X

20 https://www.plattform-i40.de/IP/Navigation/EN/Manufacturing-X/Manufacturing-X.html
21 Catena-X https://catena-x.net/en/ is part of Manufacture-X https://www.plattform-
i40.de/IP/Navigation/EN/Manufacturing-X/Manufacturing-X.html
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association has taken-up the role to foster adoption of the research results, provide guidelines and initiate
the implementation of a sustainable business model. The table below compares the open federated solution
of Catena-X with current proprietary platforms.

hLlSy all{ az2f t NELINRSGFNE al |
h LISY y S & { Ascalable federated architecture and | Closed central systems controlled by one
open-data system based on standards | company, this limits interoperability and
to enable a standardized approach to | data  sharing  between different
data sharing and service integration. | stakeholders.
/ 2y G NBf 2 Various providers can offer | Asingle vendor controls the services that
compatible services and solutions. are included (mainly own, limited
services from third parties).
[ 2t f | 02 N{ Collaborative environment where | Anonymous collaboration between
multiple stakeholders in the supply | buyer and supplier, controlled by a single
chain, including OEMs, suppliers, and | central entity. Risk of lock-in by large
service providers, can participate. international players.
5 G &KI N3A| Participants can securely share data | More restrictive data sharing. The

42 @S NB A 3 among multiple stakeholders while | platform owner controls how data is
retaining control over their data while | accessed and used.

benefiting from shared insights.

{ OF f I 6 A { Scalable framework by integrating | Significant  upfront and  ongoing
new participants and technologies as | investment by a single provider for
the ecosystem evolves. Need to | scaling and maintaining a network of
initiate and scale a collaborative | buyers, suppliers and selected third

ecosystem. party service providers.
¢ NJ y & LJ- NB| A shared, secure platform enhances | More  opaque, same level of
¢ NJz& @ transparency across the supply chain | transparency not available. Security and

and builds trust among participants. | trust controlled by the platform owner.

{ dza G I A Y | | Inherent part of the objective, by | Currently not yet a target, a secondary
optimizing resource usage and | effect and highly dependent on the
reducing waste through better data | providers’ ambition. Scaling and growth
sharing and collaboration. are the current priority.

al ( dzNJR G| Initiation  of  ecosystem. By | Mature solutions. Different providers
association based on research results | have already scaled-up to a large
and use-case demonstrations. network/production capacity.
¢FonyS! O2YLI NRA2Y 2F (KS 2rnJ)SgA FK8RISINE (USRS & R NBize &
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LYRdzE GNRLFE /1 a$

The Catena-X Automotive Network?? creates a cohesive, secure, and efficient
ecosystem that enhances collaboration, innovation, and competitiveness
within the automotive industry to establish a federated platform model. The
collaborative framework enables seamless data exchange and integration
Catena_x across the entire automotive value chain. The network has 179 members
Automotive Network (April 2024) and comprises a diverse range of participants, from start-ups
and small to medium-sized businesses to major automobile manufacturers.
The association's members collaborate to establish technical standards,
create solutions based on real-world use cases, and drive forward new
development projects to enhance the data ecosystem within the automotive
industry.

22 https://catena-x.net/en/
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5.2 Custom design automation and access to digital product models

Design suppoditgistewadémn tcoersi easndof fer easy to usle onl
|l ifecycle tompdelvi dedt alel CADoduct -depmamnidf imaatuif arcg
with sHhaornmesl.ead

Product |\ Distributed on-demand manufacturing £ .
Design of parts and components Distribute

Custom design automation
and access to digital models

For customised products or spare parts, obtaining a CAD model and all necessary specifications for their
production is often a time-consuming process. Design services and digital inventories support, accelerate and
distribute the design of personalized products, mass-customization or access to product information as a lever
for on-demand manufacturing. Online services and business models support different phases in the product
life cycle.

e LY GKS LINPRdzOG RSOSt2LIYSYyld yYyR LINRPOI2G@LAY3I LKI &
Instant design for manufacturing (DfM) support, co-pilots and access to manufacturing knowledge on on-
demand manufacturing platforms catch manufacturability issues before they occur and enable to
optimize the design. Because not everyone has know-how or the set of skills to design or optimise their
product idea in 3D that embraces the possibilities of a production technology, they are supported by
digital design services or can hire a qualified designer or expert, aware of the production technology and
with specific expertise for their design area/industry. These manufacturing co-pilots ensure as a smart
design assistant that products are made correctly on the first try by offering real-time feedback and
optimization during the design process.
e LY U(K®OdXLEBXATlIo2y LIKI&S 2F LISNARA2Y It AT SR LINR RdzO ¢
The design of customized, tailor-made products becomes the most time-consuming and difficult step to
make mass-customization scalable and economically viable. Business models incorporating 5 Sa A 3y
I dzil 2 Y I o 2 VandLINEIAAIA R E O nabletolspeddiu aldiscale the CAD-design process
within mass-customization by automating design, quotation and ordering tasks.
e C2NJ RSAAIYSNI LI NI& |yR &aLJI NB LI NI a
hytf AyS Y1 NJ S (orJdesign Jibraties and<R AJA A (0 | f engblé héiri énddémand
production when parts are needed. Spare parts often require redesign and qualification for the
production technology andsecure AAAA OO O1 All DPAOO EIT & Oi AGETI 1T OE,
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In the next paragraphs, the different models are discussed and examples of industrial cases are given. Below
some examples of Design for manufacturing (DfM) services are provided that are/can be integrated within
on-demand platforms.

Industrial cases of DfM services

CNER Y 1k cyhBININER N 202S NBIR A € 8§ N A I K
The 1000Kelvin co-pilot software ensures first-time-right manufacturing by
guiding users through the product design process with intelligent, real-time
‘ feedback and suggestions. The physical based-Al tool analyses designs for
potential issues, optimizes parameters for manufacturability, and provides
detailed instructions and recommendations to ensure that the final product is
% produced accurately and efficiently from the start. This minimizes errors,
reduces the need for revisions, and streamlines the production process?.
\ Spanflug’s platform automatically analyses uploaded CAD files to assess their
Spa nfl ugd manufacturability. This analysis identifies potential issues that could
complicate the manufacturing process, such as undercuts, thin walls, and
complex geometries. The platform provides actionable design
recommendations helping customers to modify their designs.
5SaA3dy adzZJR NI G2 AyaGadSaINIGS ! a
iatica - Materialise Mindware is a comprehensive suite of advisory services that help
Mate”a”se%\f businesses effectively use 3D printing to solve specific challenges, offering
tailored insights, workshops, feasibility studies, design support, and workflow
automation to enhance innovation, reduce costs, and improve sustainability.
Ctl3a al ydzZFlI OGdzZNy oAfAGe 2 NyAy3Ia
Paperless Parts a quoting and estimating platform for manufacturers analyses
3D CAD models based on various manufacturing processes like CNC
machining, sheet metal fabrication, and additive manufacturing. This enables
to catch manufacturability issues before they cost money.?®
. . {2f de 2y RSTYANIR YWY I ydzZFEOUGdzNAY 3 aK2LJ
b\ D'IgIFCI bster | DigiFabster’® streamlines and optimizes on-demand manufacturing for
manufacturers. DigiFabster provides CNC machining and additive
manufacturing shops with the tools to process quotes in minutes, generate
instant quotes and orders 24/7 online and simplify getting paid. A price
matching tool for CNC machining and additive manufacturing generates a
pricing algorithm for automated quotation. DigiFabster uses data science to
analyse the geometry of your customer files, giving you, and them, instant
feedback on manufacturability, while also identifying limitations and
suggesting best practices to fix.

= https://1000kelvin.com/

24 https://i.materialise.com/en/hire-a-3d-designer
2 https://www.paperlessparts.com/

% https://digifabster.com/
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5.2Désaghomat on

Desiagnomat aomnd tmeoh® dol ogi es aut omat e ftolme adesi g
appl i,casspecni fi cally based on the form freedom ar
manufacturing processes.

As a front-end for on-demand manufacturing, design automation tools revolutionize how products are

designed, customized and produced. Easy to use online tools engage customers and minimize the design lead

time to offer truly personalized and optimized products for customers. They leverage on in-depth knowledge

of the advanced production technology and application. Linked to on-demand production they provide the
specifications of manufacturable custom products directly linked to the capacities of the available
manufacturing equipment. A reliable, fully digital workflow from tailor-made designs based on customers

data to order and manufacturing ensures that every product is first-time-right for the customer.! O A AEOT T
AT Ah 1T AOO AOOGDHAEOAOCEOI ADEROBGEREAT I AOGO AT AT OEOAIT U
Al O POT AOAO AARBAIATBADAT OiEA AIOIOGOET ¢ POT OEAAOOS

Industrial cases

Lyazt Qazagry¥®&1 SR UG yR O2YTF2NI o
$ACGECT ADPDPI EAAOQGEIT O A O ETOI1AO
DOAAEOA OEADA 10& A0 xA@ARO OE AL A& A
) o OEAO DOI OEAAO 1 POEI Al OO6PDPI 0O 4
I.materialise AAAOAOO ET AEOEABAT &£ 16 Ai 1 AEOQE]
Al 1O EAAI OE8 4EAOA AAOGECT AlT 11T x
AEEPAOAMOAOEAT O xEOEET A OEICi A
AOOAAEI EOUR AT A AOOEEITEIC AO 1
ZZZIGGZAGG OEEOO 30EOA Al A OEA :¥C: ACCHO 0

5SaAdy | dziz2Yle2y (22f

Trinckle®® offers an intuitive online service platform where users can easily
AN\ . design, customize, and optimize 3D objects without needing advanced
k/l trlanle technical skills. Trinckle's tools allow users to adjust specific parameters to
alter the size, shape, or other aspects of the model dynamically. This makes it
ideal for producing unique, tailor-made products or prototypes efficiently and
accurately, such as fixtures and manufacturing tools or orthopaedic devices.

27 hitps://i.materialise.com/en/hire-a-3d-designer

2 https://www.materialise.com/en/healthcare/phits-suite
2 https://www.podomesh.be/

30 https://www.trinckle.com/
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5. 2PRoduct confgurators

A product conOkMbubreaa voe tahd oceowosshu sitgoumiap a todma t o f

cust oameawr,di ng to their speciThey ppredwirdcea caelsl ainr

enabil mneatgant quot afitovBmMeghmdeminmd @Emddu dtei cru gt 0o mi
product

/ITTETA PO AOAO AT T NECOOAOAD OA O GEIUALEA 1A TDAE AORATA OC

AR AOOOI T EUAA AAOGAA 11 A OATCA T &£ 1TPOETADI HED@O A
i AOAOEAIT Oh AT I BITAT OOh AT A AAAAOGOI OEAOG8 4EAU ATA
OAOOGETT 1 &£ OEDEDPAT ADAOPBRODARAI AOOOT i AOO &EOT I AOA.
AAAOCEAT A £ O PpOT AOAOGETT 8
)T OACOAOCAAZAEDREA APOITAOAOETT OUOOAI OEA AOAEI AAEI
DOl AOAOGET 1T AAPAAEOU AAT AA AEAAEAA ET OAA1T OEI A O
DOl OEAA ET OOAT O OEIT OO0 AANEAOANU AEIIAG OHEIA®D TORMMAE®D
AA AOOI I AOGAA8s ! ppi EAAQGETIT O AOA & OT A ET AEAOGEEIT A
ATA ATTPTTAT OO T O Al AAOOITEAO AT A CAACAOOS
Industrial case

( E Odosfigure Price Quote (CPQ)* software | AEAO OEA OAI]

AT TNECOOAAT A AOGOGAI AT EAOG T 0O DPOT AQ

The Hive configurator enables the on-demand manufacturing and assembly

of complex products, automating internal processes and maintaining

compliance with company policies and production capabilities. 4 E B

% AT EAT AAO AiT OE OEA AQOOOI T A0 Aot
I PAOAGEIT 1T Al AEAAAQEOAT AOOS
TWIKIT's32 online configurator allows users to customize products according
TWIKIT . . . . . . .

to their preferences, including changes in design, size, color, material, and

other attributes. This configurator is directly connected to on-demand

manufacturing, enabling the seamless production of customized items.

Seamless integration ensures that customized designs are immediately ready

for production without requiring additional manual intervention.

31 https://hivecpg.com/en
32 hitps://twikit.com/
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5.2DBgital invent*ories for spare parts
Digital Inventory Services platforms facild.@i
i nf or mat i ord eemaanbdl ismpaldn v bh ueme d prsabnduif baticht eudr wiohr gk
eliminating the need for physica

By providing a technology platform to securely store and transfer digital product information, digital
Inventories enable on-demand small volume production while eliminating the need for physical inventories.
These spare part “digital twins” can be produced at the point-of-need or in an on-demand manufacturing
network using additive manufacturing technologies, or with other rapidly deployable advanced
manufacturing methods like rapid casting and CNC milling.

The digital inventory platform enables a network of end-customers and suppliers to communicate seamlessly.
Their services help companies take control of part procurement to build more resilient, sustainable supply
chains by facilitating on-demand manufacturing. They cover the full value chain from identification of suitable
parts to production management and
ensure the secure transmission of
intellectual property (IP). They
complement physical inventory to
provide rapid and profitable access to

Parts Control Panel %

~ 3D File Viewer - Part request, screening, ordering ~ Track my parts

On-Demand Manufacturing Platform Q

necessary components by producin g PartScreening { Qualification Digital Inventory , & Quality @?_5

& Business Case i Management : Management

Management

parts when and where you need
them. 3D printing or rapid
manufacturing on-site, in-store or
print &ship via a marketplace enables

© Part Distribution
© Tracking

to quickly produce and restock parts - Data driven decision making i end data Baeking s aareaation TS Gliiom dsehbosrd ERPFS
with guaranteed OEM quality as . ”'“““""""‘f"‘i@”‘ —
needed. 3 CAJdOaNBSIA G € LYJSYyuz2NE aSNIAO:

Services provided include:

e Screening of suitable parts that are strong candidates for on-demand rapid (additive) manufacturing.

e Adigital twin containing all information and production knowledge to enable qualitative production
information and guarantee OEM quality.

e Controlled and distribution of parts, allowing files of parts to be digitally sent within minutes. Licensing
of IP related to the digital part information enabling on-demand production.

e Qualification and quality management of parts.

e Collection of data from machines and software to gain part transparency before, during, and after
production

33 Digital spare parts: Fixing manufacturing's supply chain woes | World Economic Forum (weforum.org)
3 https://www.3yourmind.com/
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e Order parts on demand, combining internal production capacity with distributed on-demand
manufacturing by suppliers.
e Integration with ERP.

Applications are found in sectors where quick availability of parts and components is crucial to reduce high
costs caused by downtime and operational delays (i.e. energy, oil and gas, offshore, transport and defence).
This lowers storage costs by digitizing warehouses, avoiding overstock of obsolete and slowly rotating parts.
On-demand production saves lead times for procurement and enables to reduce costs and carbon footprint
of shipping.

Industrial cases

Suppose a critical part breaks, and replacement parts are located at an off-site
warehouse. In that case, by building a digital library of
” J IYOURMIND manufacturable/printable parts on-demand manufacturing methods can step

in to produce the part with shorter production lead time and less operational

downtime. Additive manufacturing is a central player in this transition.?®,3¢

All information to 3D print the parts on the selected printer is delivered by the
[T - OEM to provide comprehensive support: the product model, the material to
w WU RTH be used, machine parameters, recipe and step-by-step plan. The OEM takes
ADDITIVE GROUP | responsibility for proven OEM quality if this plan is followed. The digital
inventory services follow-up the manufacturing process.?’

Fieldnode’s digital inventory ecosystems aim to revolutionize supply chain
management. IP holders can upload, w2
share and collaborate on their designs, ' ‘
manage intellectual property and b Pand
ensure consistency in the supply chain.

] . Operators can subscribe and purchase
A FIeIande data (digital spare parts), which are
delivered immediately, thanks to a
network of manufacturing entities that :
ensure "just-in-time" spare parts, on (]
demand.? gl T tctory

Engineering

103giado

/198N puz

Independent
verifier

%5 3YOURMIND | Software for On-Demand Manufacturing A Step-by-Step Guide to Develop Your On-Demand
Additive Manufacturing Strategy

36 |ndustry Reference Cases 2022.pdf (3yourmind.com)

37 Wiirth Additive “Always in stock with Digital Inventory Services

38 fieldnode.com
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Examples of Digital Inventories & warehouses

£
c
5
|_
- - | 3
ompany £ £ -
N = = Website
ame § <
©
=
a S
QO
mn O
3YOURMIND DE . . https://www.3yourmind.com/
Fieldmade NO @ https://fieldmade.no/
Fieldnode NO @ https://www.fieldnode.com/
Immensa UAE . https://immensa.io/
Pelagus3D DE @ https://www.pelagus.com/
Wirth Additive DE . https://wurthadditive.com/pages/digital-inventory-services

¢l opY S5AIAGHE 2 LWBRY dz2 8% SEY R

0 KBAMAzZAINE RdzOoa 2 Y
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5.204ddemarcdmmerce shops

E-commer cpr oshloysdsenmand manufacturers offer a pl
personalized

the need for i nvent ori es.

E-commerce shops by on-demand manufacturers offer designers a platform to sell their collection of products
or designs with minimal upfront costs. Traditional retail models require access to production capacity and/or
maintaining large inventories, which ties up capital and storage space. Leveraging the speed of on-demand
manufacturing enables to produce the goods as orders are received, minimizing inventory costs and reducing
the risk of unsold stock. The on-demand manufacturing capacity of the provider is highly scalable and can
easily adjust to fluctuations in demand. On-demand manufacturing allows providers for quick adjustments to
designs based on market trends and customer feedback. Integrating on-demand manufacturing with online
sales platforms can streamline the supply chain, reduce lead times and improve overall efficiency. The on-
demand manufacturing facilities can be strategically located to serve different regions.

Industrial cases

hyy RSYlIYR LINAYyay3d 2y GSEafS F2NJ
Print Logistic®® digitally prints on demand on a wide variety of fabrics and
knitwear for apparel, fashion and home décor products. An e-shop feature
enables their customers (e-commerce entrepreneurs) to offer a virtual
collection of products and interfaces with all e-commerce platforms. Clients
(final customers) can design and order their own custom-made apparel and

fabrics, right on the ‘Print Logistic entrepreneur’ website. The on-demand
% fulfilment centre in Poland prints, cuts, sews, and ships directly to customers
worldwide. Intricate patterns and gradients are applied on garments as unique
embroideries. Print Logistic produces fully customized pieces per day and
ships directly to the end consumer in 48 hours.

39 https://printlogistic.eu/
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5.3 Provision and servitisation of production equipment

The pr ovs ernswint emdof producti on equi pment p
to equi pment, infrastr(ucetriinkcgduiiop mepnobdastao8e
and to cloud platforms and digitized services t|

Product ) Distributed on-demand manufacturing £
Design of parts and components Distribute

Provision and servitisation
of production equipment

Machine and equipment building companies face a tectonic shift. Industry 4.0 technologies are reshaping the
business from one built around machines to one focused on services and integrated solutions. Manufacturing
companies that purchase machines increasingly want to be relieved with services around the machine. The
business of customer service, lifecycle solutions, and spare parts has become an imperative for equipment
builders from across all industries. Companies that focus on aftersales services outperform their peers in
terms of profit and resilience in times of crisis*.

Within the Maa$S context, production equipment in industrial manufacturing is supported by equipment
platforms providing the operating architecture for new types of business models and highly digitized and
automated services:

e Equipment, machines, robots, infrastructure or production facilities are provided as a service (9 |j dzA LJY Sy (i
Fa X SNIBAOS

e al ydzf I O0 dzNJA y 3 S |jprovide Bécesy'to a widé range Bfdigital services for the operation
of the connected manufacturing assets assuring, optimal performance, remote monitoring and predictive
maintenance.

e Producers to address critical challenges by designing flexible factories, sharing assets and decoupling
factory ownership (t N2 RdzOa 2y ) a | { SNIWAOS

e 9l dzA LIYSyY (I & K Jrédiice/the nekd fdr owaehshipand leverage unused equipment.

40 Deloitte, The Service of the Future Digitization, integrated business models, and sustainability
https://www2.deloitte.com/de/de/pages/energy-and-resources/articles/the-service-of-the-future.html
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5. 3Equi pment as a Service
AEqui pment as a Serviceo offers on a subscri
and a set of related equi pment service
Assets are not purchased as capiitddlf expemdan
as operational expenses (OpEx

Equipment as a Service*'#24344 (Eaa$S) offers on a subscription basis manufacturing equipment capabilities for
the unique needs of a company. EaaS combines tangible equipment and intangible services, jointly enabling
OEMs to address customer challenges. The OEM takes over operational risk and upfront investment. The
model allows to unleash technology and innovation potential by focusing on the process and the efficiency in
the production phase. It fully aligns incentives with customers for improving their performance, transparency
and production flexibility. Customers pay only for what they need and can focus more on their core business,
sales and own customers. Operating effectiveness can be increased and inefficiencies are resolved through
learning algorithms and advanced services. EaaS can shape a new era of manufacturing, fully leveraging and
advancing digital readiness and automation — eventually allowing every partner to contribute their key
strengths for improving customer benefits.*®

The service provider retains the ownership and lifecycle responsibility of the equipment, and periodically
charges customers. Equipment as a Service business models represent a paradigm shift from equipment-
centric to service-centric approaches, enabling businesses to offer their solutions as a flexible and scalable
service.

Examples can be found for different types of equipment:

Machines as a service (Product as a Service)
Robot/automation as a service (RaaS)
Micro-factories as a Service,

e Infrastructure as a Service (laaS), i.e. compressed air or network infrastructure

[ dza 02 YSN) OSYUNRO @I fdz2S LINRPLIRAaAa2Va

Customer centricity is key in developing value oriented service models. The service offer must align the
interest of provider and customer in a business model in which both OEM and customers benefit from the
services provided. EaaS business models can be categorized into different performance levels based on their
value proposition: availability, utilisation, outcome and success. These performance levels build on each other
and the value proposition given to the user and the risks assumed by the service provider for the service user
increases with each level®.

41 OEM servitization strategies: Why Equipment as a Service hasn't taken off yet (iot-analytics.com)

42 Machinery as a Service: A Radical Shift Is Underway | Bain & Company

43 Equipment-as-a-Service (EaaS) Canvas for the development of EaaS business models, Fraunhofer Verlag, 2023

4 https://www.ipa.fraunhofer.de/de/Publikationen/studien/serviceorientierte-produktion-der-zukunft.ntml

4 Everything-as-a-service XAAS How business can thrive in the age of climate change and digitalization, 2021

4 Holger Kett, Dimitri Evcenko, Jirgen Falkner, Fraunhofer IAQO, Equipment-as-aService Canvas for the development
of EaaS business models, https://www.digital.iao.fraunhofer.de/de/publikationen/Diskussionspapier_EaaS-Canvas.html
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A
Performance

Success promise
oriented

Availability - Use-oriented
Oriented
Purchasg OEMservitization journey

Investment and Availability

Process, Quality and Productivity § INSQIEUS{E
to the provider
\ 4

EaaS
level

CAIYRN® I I { LISNF2NXIFyOS S0Sta ¢®IK AyYONBI a4

I @ A f® BR §86aS Bddels, based on the time the service is available at an agreed performance

level for a number of users,

e ! of A &P NA2SAAAS Bddels, based on a payment for the actual usage time or frequency,

e wS a dxfl &SR models, performance models based to the parts produced or desired outcomes
achieved in terms of quality and quantity,

e 902y 2 YA OGP laxdERNHdeld, based on jointly agreed economic success that results from the

service achieved by a close cooperation between user and service provider (i.e. higher process efficiency,

cost saving or increased revenue).

The willingness of customers to start up with an EaaS model also involves the uncertainty about the cost-
benefit. The greater the service component compared to the equipment cost, the more the value pay-off
skews from CAPEX in favour of OPEX. EaaS is not necessarily cheaper, the additional value, performance and
total cost of ownership of the offering and the risk taken-over must be related to a service-centred pricing.

wAhal YIFylF3asSySyi

With the purchase of a machine and accompanying services, the customer assumes all potential risks. In EaaS
the provider takes-over all risks associated with the chosen value offer. This assumption of risk is a challenge
and can be reduced by strategic partnerships for financing and risk (re)insurance.

5A3A0IEY LL2¢ YR lyltéalOa OFLIOAftAaSA G2 YIFyl3S
Setting up an EaaS offering is significantly more complex than selling equipment. Digital servitisation is needed
to enable service provision, scale up cost-effectively and at the same time achieve proximity. Industrial loT
(lloT) solutions are required for real-time transmission and analysis of the usage and performance data for
billing and subscription management. Connected and highly automated equipment are required to enable

47 STICH, Volker; MULLER, Daniela ; HOLST, Lennard ; FRANK, Jana: Smart Services als Enabler von
Subscription-Geschéftsmodellen in der produzierenden Industrie. In: BRUHN, Manfred; HADWICH, Karsten (Eds.):
Smart Services. Wiesbaden: Springer Fachmedien Wiesbaden, 2022 (Forum Dienstleistungsmanagement), pp. 157-177
48 Holger Kett, Dimitri Evcenko, Jurgen Falkner Equipment-as-a-Service (EaaS), Canvas zur Entwicklung von EaaS-
Geschéftsmodellen Diskussionspapier, 2023, Fraunhofer Verlag
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remote monitoring and analysis, intelligent on-site services or remote delivery of services to increase service
level at reduced cost.

{ SNBAOS OdzZ GdzZNB I yR S02aeaidSY LISNRLISOs @S

Without a service culture, an organisation has little success in developing, marketing and deploying the
services. The switch to an “as-a-service” model requires investment and there must be enough belief in the
value of closer customer relationships to ride it out until it translates into Euros. If there is insufficient service
lock-in, all costs to acquire customers cannot be borne by customer revenues during their service uptake. This
also requires an ecosystem perspective with respect to internal organisation and external collaboration
partners.

LYRdzaGNXRIf Ol aSa

/ dz2 12 YSNJ OSy (i NA @w 253 of @125k AMNENIZAA S &2
2 1 A #ffers adaptable, affordable, and connected robotics solutions tailored
to automate repetitive manual tasks. A modular robot concept, providing

flexible and do-it yourself hardware, and software platform avoiding need for
specialized robot knowledge and enabling remote services are the key

G ROBCO elements for providing an all-round carefree service package.*

v,
o LG

Digital Integration Plug & Produce -basedopidtform

/ dza 02 YSNJ OSy ( NRA @ 20 A {dES |[LENRALRAS\ oYl
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Fieldmade offers mobile micro factories as a service. They provide on-site
manufacturing capabilities to manufacture spare parts and technical
components right where they are needed. The on-site manufacturing
E@' FIELDMANFE capability is coupled with a range of services and solutions that help these
"""""""""""""""""""" businesses produce items on-demand, just in time. Fieldmade supports their
customers to build digital spare part supply chains. building blocks for a digital
%j supply chain. This approach not only enhances the resilience and operation
but also cuts costs and boosts sustainability by reducing stock or the need for
transporting parts from far away.>°
/ dzZAaG2YSNJ OSy i NX @ & fLAESNILINIPNIR & A o 2
Trumpf’s EaaS pilot applies a result-oriented model for its highly automated
TruLaser Center 7030. Customers are only charged for parts that are actually
manufactured. Therefore, Trumpf provides an all-inclusive carefree package
and add-on services with which to boost customers productivity and
competitiveness. Processes are digitized form drawing to sorted part.
Trumpf’s remote control centre can remotely remedy faults and allows

49 https://www.robco.de/product-services/robot-as-a-service
%0 https://fieldmade.no/digital-inventory/
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companies to operate their machines around the clock without having to hire
TRU M PF new labour. A marketplace can attract orders for free capacity. Trumpf
machines are owned by MunichRe, an insurance company, and monitored by
- Relayr, a firm that uses its own platform and services to connect and access
the machines’ data.
WAA]l YIHymFaBsYSHENDBAOS LINAYyd aArds
Heidelberger Druckmaschinen provides modular Equipment as a Service
packages for customers seeking highly economical and sustainable production
and flexibility for changing requirements. Tailored to individual needs they
provide comprehensive support and management for printing operations. The
H=ID=LB=RG focus is on achieving desired outcomes in terms of quality, quantity of printed
materials, reduction of wate and downtimes. Heidelberg Druckmaschinen
ensures that the print site operates efficiently and meets performance targets.
Services include maintenance, consumables, technical Support, performance
monitoring and training. The company plans to expand contract business to
1/3 of total sales significantly expand subscription business in collaboration
with Munich Re Financial for financing and risk management.

SN A . A <~ A 5 X A
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Ambi Robotics us ® @ https://www.ambirobotics.com/
Atlas Copco BE https://www.atlascopco.com/en-us/compressors/service/plans/air-plan
Certis BE . https://www.wrappahbycertis.be
Dexory UK . . https://www.dexory.com/insights/dexoryview-how-it-all-works
DMG MORI (PAYZR CELIS) DE . https://be.dmgmori.com/products/payzr
Fieldmade NO | @ https://fieldmade.no,
FlexFactory SwW https://www.flexfactory.com/en,
Formic us @ https://formic.co,
ForwardX Robotics us [ ] https://www.forwardx.com,
Heidelberg DE @ |https://www.heidelberg.com,
Hilti u . https://www.hilti.com/content/hilti/W1/US/en/business/business/equipment/fleet/tools-on-demand.html
Kuka (SmartFactory as a Service) DE ] https://www.kuka.com/en-de/company/press/news/2018/06/smartfactory-as-a-service
Locus Robotics us . . https://locusrobotics.com/ https://locusrobotics.com/why-locus/raas,
Moveo Servizi I ] https://moveoservizi.com
Path Robotics us [ ] [ ] @ https://www.path-robotics.com
Rapid Robotics us [ ] https://www.rapidrobotics.com,
Robco DE . https://www.robco.de/en/solutions/robot-as-a-service
Rockwell Automation https://www.rockwellautomation.com/en-us/company/news/presentations/infrastructure-as-a-service.html
SmartPressShop DE @ https://www.smartpress.sho,
SPEE3D AU| @ https://www.spee3d.com
Syrius Robotics CN ® @ https://www.syriusrobotics.com/sg/raas
https://www.tech2b.cc/en,
Tech2B NL https://app.tech2b.cc/shared-assets
Third Wave Automation us [ ] https://www.thirdwave.ai
Trumpf(Axoom + Relayr MunichRe) DE . https://www.trumpf.com/de DE/produkte/services/services-maschinen-systeme-und-laser/pay-per-part/
Universal Robotics DK . https://www.universal-robots.com/blog/hire-a-ur-robot-pay-for-it-by-the-hour,
Vecna Robotics us ] https://www.vecnarobotics.com,
Vention CA ] https://vention.io,
Zebra (Fetch Robotics) us . https://www.zebra.com/us/en/services/support-services/zebra-onecare-support-services.html

[ar L

MASTT2040 D1.1 Casebook: current state of Maa$S approaches and best practices to advance the CE



MASTTEIE

5.3Ma@nufacturing Equi pment Pl ator ms

Manufacturing Equi pmemnBhbaemeat ms mbhaaot entatle, t he
production equipment-baddespel atpfeorams onavercdgeae|dl ndu
as |l oT, Al, and cloudi memmoni hgritowmgprprvediegrtrieat

di agnasdi-datwaen insights.

Cloud-based equipment platforms leverage advanced technologies such as Industrial loT connectivity,
advanced real-time data analytics, and Al, to provide customers with flexible and scalable solutions to manage
the operation of their equipment. By connecting machines, processes, and service providers, manufacturing
equipment platforms support the entire manufacturing lifecycle, from product design to production and
maintenance. They provide actionable insights based on real-time data from the manufacturing floor to
enhance operational efficiency, reduce errors and downtime, implement quality control and extend the
lifecycle of equipment. They transform traditional equipment management into a comprehensive, proactive,
and service-oriented approach.

Manufacturing Equipment Platform providers typically offer their services as a Software-as-a-Service model.
The cloud-based platform enables to offer a range of services and applications that can be customized to fit
the specific needs of a manufacturing company (i.e. design, simulate, optimize, and monitor their
manufacturing processes and products).

Several providers of operational platforms, including machine builders, have been on the market for some
years, i.e.: Siemens Mindsphere, DMG CELOS, GE Predix, IXON, Oracle IoT Cloud, PTC ThingWorx, Rockwell
Automation FactoryTalk, SAP Leonardo, MachineMetrics, Dataiku, AVEVA, etc. Neither the platforms nor their
proprietary services are interoperable, hence manufacturers that run machines from different vendors must
deal with several platforms. Even if most of these proprietary platforms can integrate machines of other
vendors, these legacy machines cannot use all the services available for their own machine portfolio.

CEU
mclm mcmimwm =

ABMas?

A A
l""

Tool presetting Machine with CELOS

Ses Technology cycles DMG MORI
CELOS PC version Monitoring
CAD/CAM & simulation

DMGMORI [
DMG MORI Service
Planning & Control

BIEEIE DRAEBEE AR

PRODUCTION DB DOCUMENTS APPLICATION PRODUCTION MESSENGER PERFORMANCE  SERVICE  NETsanice  WERKBLID
MARABER  SCHEDULER  PLANNING Feb e o HANDLING ER  FEEDBACK MONITOR

ORGANEZER TECH 3D PART SURFACE CONTROL ENERGY CONDITION PRODUCTION my DMGMORI
CALCULATOR ANALYZER ANALYZER SAVING ANALYZER  COCKPIT

CAIgENB® EI YLX S 2F AydiSaANIGSR RAIAT SR YI ydAl Ol dzNX

51 https://en.dmgmori.com/
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With CELOS, DMG MORI aims a consistent digitization strategy at all levels of
the value chain — from planning and preparation through production to
monitoring and service. Open and system-encompassing connectivity from
DMG MDR' the machine to the cloud-based IlloT platform is provided for DMG MORI
machines and selected third-party machines. CELOS supports easier operation
and a fully digital connected workflow. A networked environment and smart
apps support the operator in all work steps.
<S? The IXON lloT platform provides a range of cloud based services tailored
~x~‘ lxon specifically for machine builders, aimed at enhancing their operational
"‘- efficiency, remote access and minitoring capabilities, and overall machine
performance. IXON aims to make IloT accessible for machine builders without
big upfront investments and lengthy development projects.

9ELl YLIYS & dZF T Qff dzNIRWNE TA RS N&
Siemens Mindsphere, DMG CELOS, GE Predix, IXON, Oracle loT Cloud, PTC ThingWorx, Rockwell Automation
FactoryTalk, SAP Leonardo, MachineMetrics, Dataiku, AVEVA, etc.
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5.3PBoducton as a Service

I n AProduction as a Serviceodo producers subsijcribe
sharing assets and decoupling factljory o

Image subscribing to a factory. Production as a Service®? shares the risks of capacity usage of a flexible factory
and its financial structure by using external capital and managing pricing and billing. Manufacturers subscribe
to a shared networked manufacturing infrastructure instead of owning facilities that manufacture the
products. Since production facilities can be used for serial production from different customers there is a
higher degree of flexibility in manufacturing equipment and material flow installations. Making production
capacity available to other organizations—either affiliated or unaffiliated—enables to produce small lot sizes
economically. All asset users reduce their upfront investment into production and tiedZip capital (turning
CapEx to OpEx). The freedZip capital can then be used for innovation. SmallerZcale producers profit from
economies of scale through sharing, which enables a factory to operate larger assets.

LYRdzZAGNARI £ O a8

The shift to using aluminium rather than steel for hang-on parts requires
specialized manufacturing processes and increases complexity of ramping up
production. Porsche was not able to fully utilize a new press shop that meets
technical requirements.

The Smart Press Shop employs state-of-the-art technologies, including fully
connected servo press lines and laser blanking lines, which enhance flexibility
=== SMART PRESS SHOP | and efficiency in producing small batches of parts. The integration of digital
—NARDIACTURING PERFORVAREE 1 hetwiorking and machine learning optimizes production processes, allowing
for predictive maintenance and intelligent production control. The joint
venture with Schuler enables Porsche to leverage advanced metal forming
technologies and share the investment and operational risks. Porsche can
utilize the press shop, while production capabilities are also offered to other
automakers, ensuring maximum utilization and efficiency of the facility.>®

52 BCG Boosting Resilience with Production as a Service, 2022, https://www.bcg.com/publications/2022/production-as-
a-service-benefits-opportunities
%3 https://www.smartpress.shop/
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5. 3E4qui pment sharing plator ms

Di gital equi pment

ownership and reduce the number of
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Shared equipment platforms are digital or physical marketplaces that enable multiple users to access and
utilize equipment and machinery on a temporary basis. These platforms are designed to promote the efficient
use of resources by allowing equipment to be shared among different users, thus reducing idle time and the
overall demand for new equipment production. The current platforms tend to focus on sectors such as
construction, agriculture, transportation, or processing equipment, but much less on industrial production.
Some platforms support the selling/buying of pre-used, surplus equipment and tools.

91 dA LIYSY i &AKFNARY3I LI IFU2NYa Ay OFNR2dza aASOG2NRY

KWIPPED

The equipment rental marketplace

Kwipped is an online B2B equipment rental marketplace that connects
businesses with equipment suppliers across various industries. Kwipped
provides a solution for businesses needing short-term access to specialized
equipment without the significant capital expense of purchasing it outright.

2 EquipmentShare

Pre-Owned Industrial Equipment

EquipNet specializes in helping companies manage and redeploy surplus
industrial equipment. It offers auction services, private treaty sales, and
online marketplaces, enabling businesses to buy and sell used equipment
globally.

@

Machinio is an online marketplace that connects buyers and sellers of used
industrial equipment. Machinio allows companies to list, rent, and lease
industrial machinery. It offers a marketplace where businesses can find
underutilized equipment, reducing the need for significant capital
investments in new machinery.

bullswap

The Bullswap marketplace specializes in the rental of construction equipment.
Bullswap connects users seeking to rent equipment with over 300
professional rental partners across Europe. The equipment available for rent
is sourced from thoroughly screened and reputable rental companies known
for their quality and excellent service.
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5.4 Enabling the Circular Economy

Online services |li ke platforms, dig$sahtpalodiuact p
sustainability and enabling t hecyccilrec uolfa rp reocdouncotnsy .|
by suppoytliaeg IRi ke reducing, reusing, reclyclin

Enabling the
Circular Economy

product ) Distributed on-demand manufacturing £ e

Design of parts and components Distribute

Europe's TWIN transition refers to the simultaneous shift towards a green, sustainable and more circular
economy and a digitally advanced society. The circular economy aims at decoupling growth from consumption
of finite resources and presents an alternative to the traditional linear economy based on a “take, make,
waste” approach to consumption. A circular economy introduces different strategies to maintain the value of
products, materials, and resources for as long as possible. These circular loops, often referred to as the "wrt
o):! O'Ttyﬁiénlly include a series of actions that prioritize different levels of circularity: refuse, reduce, reuse,
repair, refurbish/remanufacture and repurpose. Recycle and recover is usually considered when the previous
R-cycles are not feasible. As materials flow from one company to the other, the supply chain involves reverse
logistic operations as well.

¢ KSOaWOt Sa Ay GKS OANRIEXIYWRSORY&VROWENK YA 2V

Servitisation of the production equipment does support circular approaches for the production equipment
itself. However, current on-demand production platforms aim at a supply chain in a linear economy. This
differs fundamentally in their challenges, structure, objectives, and processes from the R-cycles of the circular

economy aimed at reducing waste and supporting value retention strategies for the resources. As a result,
the services and platforms differ significantly.

all{ Ay [AYSI / ANDdzZf I NJ 902y
production of new products { SNWAOS a2RSt
on-demand manufacturing platforms Sustainable production

closed loop value chains.
ho2S0Ooa @S 4 Economic, production efficiency, | Reduce environmental impact and support
resilience and cost of new products, | circular practices along product life cycle
scaling
wlk ¢ Y (SN Primarily virgin materials Prioritizes and supports usage of recycled
and reclaimed materials
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Only when obliged, limited to
averaged data of environmental
impact

Detailed information about the product’s
composition, origin, manufacturing process,
and environmental impact

+ | f dzS
& 0 NHzO (i dzNE

Buyer-supplier relation for
production of goods, multi-tier
relations in supply chain only in
research stage.

A complex network of stakeholder relations
along the circular product lifecycle
(production, use, R-cycles), incl. sustainable
sourcing, product design, users/consumers,
reverse logistics, repair, refurbishment,
recycling, and regulatory compliance.

¢l oy S/ 2YLI NAaz2y 2F OKIFNI OGSNRaosOa

{ SNWAOS Y2RSta adzJR2Nby3
Although today on-demand Manufacturing as a Service does not yet focus on a circular economy, some
services do support the sustainability and the circular economy. Most often other sectors such as textiles,
electronics or construction are leading, while only emerging in industrial production.

Within a MaaS context, the main service models are:

e al GSNALIE olyla
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5. 4Materi al Banks

Mat erial banks are online platforms or repagsitor
materials and resources for reuse and recyclin

These materials are often reclaimed, recycled, or otherwise repurposed from existing products, aligning with
the principles of reducing waste, extending the lifecycle of materials, and promoting sustainable resource
management. Material banks are pivotal in the transition towards a circular economy, where the value of
materials is maximized, waste is minimized, and resources are kept in use for as long as possible. Construction,
automotive, electronics and textiles are leading sectors. In industrial manufacturing current applications focus
is on excess raw materials, components, and parts, facilitating the reuse and recycling of these materials in
production processes.

Industrial cases

ABC industrial parts provides a large online 24/7 real time updated stock of
v non-used and repaired used electronic components. They provide a large
\\ stock of obsolete, hard to find items. with a warranty of 1 year. They purchase
dead stock from companies and repair industrial electronics at component

INDUSTRIAL level.

Resourcly offers an Al empowered shared inventory that enables customers
either within the production sites of a company or between companies to
offer and search for products, parts or materials needed. Data on what’s
r: resourcly available in a company are collected, cleaned and enriched with additional
information before. Based on this data, the platform gives recommendations
about the most suitable compliant part(s) available on the platform.
Companies can resell and share idle inventory. The shared inventory increases
availability and minimizes downtimes.>*

The Excess Materials Exchange platform (EME) facilitates the efficient reuse of
materials and products. EME unlocks the maximum potential of company’s
materials, products and waste streams by matching them to their highest
value uses.

54 https://www.resourcly.earth/
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5.4DRgital product passports

I product passport (DPP) is a strug
|l e to advance the transition to a @
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The Digital Product Passport (DPP) is an emerging initiative primarily led by the European Union (EU) as part
of its broader Circular Economy Action Plan (CEAP)55. DPP play a crucial role in the circular economy by
providing comprehensive, accessible, and transparent information about products throughout their lifecycle.
These passports contain data on a product’s materials, components, origin, manufacturing process,
maintenance, and end-of-life options, enabling more sustainable and informed decision-making by
consumers, businesses, and regulators. Typically, this information can be accessed through data carriers such
as QR codes or barcodes.

The EU has mandated the implementation of DPPs across multiple sectors, including electronics, batteries,
and textiles, with initial regulations expected to take effect by 2026 and full implementation by 2030. This
initiative is closely tied to the Ecodesign for Sustainable Products Regulation (ESPR)56, which sets the
standards for the environmental performance of products sold within the EU.

The key benefits of DPPs include:

e 9YKIYOSR ¢ NIPPY prdrdottlIsayispaiency and traceability throughout the product value
chain, facilitating better decision-making and fostering trust among stakeholders.

e / 2y adzyYSNJI 9 Y:BhdGiNgrd&alldtl product information, DPPs enable consumers to make
informed, eco-friendly purchasing decisions.

e { dzLJLI2 NIi ¥ 2 NJ /ThelDEDgdehichutdde BraOtRey sAc & repair, refurbishment, and recycling,
contributing to resource optimization and reducing environmental impacts.

e LYYy2@l a2y | YR b S:#hededitedingighti grovide@blR BPPs&an spur innovation and
the development of new, sustainability-focused business models.

The European Commission is actively working with various stakeholders, including industries, policymakers,
and digital solution providers, to design and roll out the DPPs. Projects like CIRPASS®” are preparing for the
gradual deployment of DPPs, focusing on creating a balanced and transparent system that aligns with existing
international standards and initiatives. The CIRPASS project ended in March 2024 and defined a roadmap®®
focussing on identification schemes, data carriers, DPP system components, dataspace integration and
prototyping and deployment. It also made an overview of existing DPP-oriented reference architectures® that
are being developed and tested in different projects. One of these projects described is the Digiprime-project

%5 https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en

% https://commission.europa.eu/energy-climate-change-environment/standards-tools-and-labels/products-labelling-
rules-and-requirements/sustainable-products/ecodesign-sustainable-products-regulation_en

57 https://cirpassproject.eu/

58 https://cirpassproject.eu/wp-content/uploads/2024/05/D3.4 DPP_System Roadmap V2.pdf

%9 https://cirpassproject.eu/wp-content/uploads/2023/03/CIRPASS Benchmark-of-existing-DPP-oriented-reference-

architectures.pdf
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focusing on enabling cross-sectorial applications of circular products by (1) federated platform architecture
(2) circularity-oriented services and (3) value-chain integration services.

CA IdMB! NOKA (SO0 dzMBNR22FSIiK S5 t5tA 3 A LINA Y S

A multitude of projects exist to develop a DPP system lead by different stakeholders. The CIRPASS project
identified 98 projects on this topic®’. One of the main issues at this moment is that from architectural point
of view, a variety of solutions exist with a lack of a dominating approach. Additionally, A lot of these solutions
are developed within funded projects by research institutes which still need to find their way to application

in industry.

As the focus of the EU is on the sectors electronics, batteries, and textiles, DPP approaches for manufacturing
industry are not only emerging at this moment. A first passport for batteries has been drafted, over time DPPs
will be mandatory for most industries.

SAIAGET t NPREAEOMLItS & & LI2 NJi &
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CIRCULARISE

Circularise developed a blockchain platform that provides Digital Product
Passports and related services for end-to-end supply chain traceability and
secure data exchange for industrial supply chains.

80 https://www.digiprime.eu/home/

61 https://cirpassproject.eu/wp-content/uploads/2024/03/CIRPASS-D3.1-Annex-V9_final.pdf
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6 Analysis of MaaS Themes

This section analyses the on-demand platforms (and marketplaces) for distributed on-demand manufacturing
of parts and components as a service and the three supporting themes for their current maturity, key
advantages and concerns, key success factors, sustainability and interoperability.

6.1 Analysis on-demand manufacturing platforms

6. 1Maturity

¢l 1AY3 GKS YFNJYSG o0& &G2NY

On-demand manufacturing platforms already highly impact supply chains and the manufacturing landscape.
Competition in subcontracting is changing dramatically as new players with easy-to-use online services,
ramped-up digitalisation and bundling of production capacities take the market by storm by providing on-
demand and super-fast delivery with a guarantee of high quality. Different providers already offer “on
demand” manufacturing of a large choice of customised products, with high flexibility and short lead time for
a wide range of production technologies: 3D printing, sheet metal, CNC machining, injection moulding,
casting, post-processes, electronics or various other tailor-made production processes. As opposed to the
rapid rise of proprietary platforms, collaborative open platforms are only emerging from research and are
trying to initiate an ecosystem.

tdzZAKAYy3d GKS 062dzyRIEFNARSE 2F ¢KIG OFy 06S YIydzFl Ol dz2NB
When they were introduced, the capabilities of the software platforms limited what can be realized on-

demand. However, they can learn from every order, every production and every step to expand capabilities,

eliminate errors and deliver unmatched quality. On-demand manufacturing platforms focused initially on

prototypes and small series (high-mix low-volume markets). Leading marketplaces have already scaled and

are capable of handling increasingly complex parts and are aiming at larger series/high volumes or offering

production services throughout the product life cycle. Marketplaces already link thousands of customers with

thousands of suppliers, and platforms of manufacturers serve thousands of customers. Manufacturing

platforms now tend to provide only parts or components and not whole products, they have limited
capabilities to provide assembled, complex products.

LyRdzAGNAFE OF asa

Protolabs® utilises an on-
demand manufacturing
PROTOLABS platform to serve
Manufacturing. Accelerated. customers throughout
their product life cycle. 1000 {Frororveng OBSOLESCENCE
This shift in focus e Y J

supports customers to cuent o

1,000,000 MATURITY

100,000

QUANTITY

82 https://www.protolabs.com/
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easily scale from prototyping, enabling to validate parts with functional parts,
to production. This supports customers in managing demand volatility, reduce
total cost of ownership and leverage cost-effective bridge tooling. Processes
provided include 3D printing, CNC machining, injection moulding and sheet
metal fabrication.

DNRgOGK LIRGSYyesalf Ay GKS YINJSi

On-demand manufacturing platforms have evolved into a multi-billion Euro market in recent years. A
multitude of new on-demand manufacturing platforms have been established in recent years. On-demand
marketplace providers in industrial manufacturing tend to grow faster than traditional suppliers.

Market growth

Revenue of Top 4 on-demand manufacturing platforms, 2019-22 [EUR m] Market characteristics, 2019-22

« Individual companies have seen
growth rates of up to 50 % (CAGR, 2019-22)

@ 876 - Mot all market participants profitable yet
675 - Sewveral IPOs in last five years, but many

small to mid-sized players still flnanced
525 500 by venture capltal

= Highly dymamic M&A scena: More than
30 M&As in the lost five years, with
individual transaction volumes sometimas
surpassing EUR 200 m

2019 2020 2021 2022

CAIMMBWS FSY dzSIREFI ¥ RLIY h Yy 8zF I Od fAANIT S WIERPL 2SNNESS NJ

The market for on-demand fast delivery of customised parts is growing. Although growing fast, the volumes
are still extremely small in comparison with the total manufacturing sector. This leaves more than enough
potential for platform providers to further grow in the market, even in markets that are no longer growing on
their own. How fast the market will move beyond standard supply, prototypes and spare parts is unclear.
Maa$S companies are probably already ready for it. Currently, they mostly still differentiate based on their
service and speed and can therefore charge higher prices. Some already compete (to a limited extent) on
price or aim at cost-efficient production of larger series. Their sales force already aims at acquiring larger
series or volumes for which price agreements are made with customers. The production thereof is supported
by the on-demand platform. They are well armed for this due to their manufacturing advanced automation,
efficiency, limited need for highly skilled workers or production capacity.

¢KS OKIfftSyasS 2F aoOlftAy3a dzZ) adz00Saa¥FdzZ t &

Great potential is attributed to MaaS marketplaces. Despite often unanswered questions about the feasibility
of scaling the business model, several marketplaces for various manufacturing technologies have been
launched. Different scaling approaches are being applied: by acquisitions (with risk of high integration costs),
by collaboration with a financial partner, or at a lower speed on own resources. On-demand providers with
in-house production capacity, either scale their central production plant or set-up local production plants
based on a proven concept.

8 Roland Berger (2023), On-demand manufacturing platforms,
https://www.rolandberger.com/en/Insights/Publications/On-demand-manufacturing-platforms.html
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Especially in the domain of 3DP printing, there are a lot of providers and fast service is the norm among the

many suppliers of 3D printing - a pre-eminently digital production technology. There is a risk that the market

has/will rapidly become overcrowded.

hyRSYlI YR YIFydzZFlF OQGdzZNAyYy3AY Iy AyS@AahtlroftS O2YLISaa@S Sy
As with the transition from analogue to digital photography, assessing a breakthrough innovation with

traditional performance criteria is dangerous. Digital photography did not initially conquer the market on

quality, but on numerous other criteria. Thus, innovations remain under the radar of traditional players for a

long time. The disruptive business model of these digital manufacturing companies and marketplaces

competes through new performance criteria, such as ease of ordering for customised parts, ultra-short lead

times, manufacturability analysis tools or access to state-of-art manufacturing capacity.

On-demand platform providers are shifting - already today, and certainly in the near future - customer
expectations are for an online state-of-the-art, fast and transparent service. They create a new competitive
environment with changed performance indicators: online service, transparency and speed of delivery. This
makes outsourcing production easy and enables buyers to flexibly and quickly bringing together a supply
chain for their application.

Some of the functions currently performed by suppliers can be extrapolated and managed by platforms.
Suppliers, therefore, concentrate more on their core business of manufacturing but on the other hand
become deeply dependent on platforms®. There is another risk that the more competitive MaaS-supplier
takes over the work of a lot of traditional suppliers.

al N] SGLXIO0Say GKS !''YIT2ys 'o0SNI 2N ! tAo0lol SaSOG A
Marketplaces apply a similar business model to Uber in transportation or Amazon in retail but address the
manufacturing sector. The business model reduces capital requirements by working with a broadly
distributed network of manufacturing providers to match their (almost) unlimited free capacity to demand.

The marketplace benefits significantly from network effects, becoming more attractive as the number of
participants on both sides increases. Manufacturers operate independently as qualified partners of an on-

demand manufacturing platform provider.

Quite a few platforms (e.g. Protolabs, Orderfox) claim/aim to be large or the largest one-stop shop for
manufacturing, to offer the best prices, to have a broad customer base and include a broad (worldwide)
supplier network (e.g. more than 2,000 suppliers). Competition between marketplaces is already in full swing.
Some platforms have shifted from offering fixed, profitable prices to a competitive bidding scenario among
suppliers. As such, competitive pricing combined with the intermediary’s role drive down prices and impact
profitability.

% Tolio, T.A.M., Monostori, L., Vancza, J. and Sauer, O. (2023). Platform-based manufacturing. CIRP Annals,
[online] 72(2), pp.697-723. https://doi.org/10.1016/|.cirp.2023.04.091
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PROTOLABS | protolabs Network®, an access point to 250 extensively vetted manufacturing
Manufacturing. Accelerated. partners.

</ orderfox |[hNFEWIKS 42 NI RBUY 3 SIRF NS a dy SIiLe 2 NJ,
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Platforms have the potential to completely change the manufacturing world by introducing new intermediary
actors that become central players in the market and control most of the activities performed. The model is
based on anonymity and eliminates direct contact between suppliers and customers. If marketplaces reach a
sufficiently large critical mass of participants and integrate a set of indispensable, valuable services their
intermediary role between buyers and suppliers has a risk of resulting in 'lock-in'. This restricts suppliers’
insight into the specific applications of products. Some companies acknowledge this and choose for an open,
transparent system.

LYRdzZAGNRI £ OF aSa

Spanflug provides a marketplace for CNC machining and turning.
Spanflug does not aim to become the biggest trader/broker. Spanflug aims to
f d\ make the manufacturing of individual parts as fast and efficient as possible for
Span IUQ both customers and suppliers, and thus forming the digital backbone of an
efficiently networked manufacturing industry. Spanflug’s ultimate goal is to
establish a long-term partnership on an equal footing principle. Their
%gl matchmaking process is transparent to suppliers, and a close and proactive
collaboration with active suppliers on the platform to supports their growth.
Catena-X provides an open and collaborative data ecosystem for the
Catena_x automotive industry. The collaborative open solution support resilient supply
Automotive Network chains. This avoids the risk of lock-in, limited data sharing or anonymity
between buyer and supplier of proprietary, closed marketplaces controlled by
% a large central operator. Catena-X encourages collaboration, third-party
services and secure, controlled data sharing to achieve greater innovation and
efficiency across industries.

by albF{ YFENJSGOGLX I OSa NAGJI 0KS aSNWAOS 2F all{ Y
Marketplaces are in competition with MaaS manufacturing companies with their own production capacity.
Marketplaces have a wider production network, but cloud manufacturing companies, thanks to their own in-
house production and ubiquitous software automation, seem to have an advantage in their niche in a number
of ways. They can integrate deeper manufacturing knowledge, end-to-end digitality (from quotation, through
work preparation, planning and production to delivery), and have control over quality and delivery time. They

8 https://www.hubs.com/
8 https://www.orderfox.com/
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have direct contact with the customer and cannot be eliminated as an intermediary. While marketplaces
automate the preliminary process and delivery, many of their participating suppliers still operate on a
traditional production offering with limited digitization and automation.

6. 1PA@sitve and negeaetmaen da spdeadtos nmsf on

The Tables below give an overview of key advantages and disadvantages for the customer and the
manufacturer (supplier) involved in an on-demand manufacturing platform. The advantages and
disadvantages mentioned can be regarded as general for on-demand manufacturing platforms while some of
them are very specific for marketplaces.

t23A00S | ROYOYR 2X A2 NX¥a YR YIN]S
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e One-stop shop for manufacturing services in | ¢ Extend to a broader customer base and win
different production technologies with reliable, new profitable orders
short delivery times. e Maximize utilization of free production

e Easy to use, instant quotation and ordering capacity.
process, incl.: design for manufacturability | ¢ Streamlined, automated ordering processes:
analysis and order tracking. 0 No more quoting, bidding or time

e Low threshold for choosing alternative suppliers spent working on RFQ's.
leads to more responsive, flexible and resilient 0 Technical staff relieved of
supply chains. administrative tasks and focus entirely

e Assured industrial part quality (incl. quality on manufacturing.
inspection) from pre-qualified suppliers 0 No high initial investment.

e Ability to focus on product innovation while | ¢ Financial services  facilitate smooth
outsourcing the actual manufacturing process transactions between customers and suppliers
and avoiding investment in manufacturing | © Procurement of standard products and
equipment and enabling fast time to market. materials (for their manufacturing jobs).

e Ability to increase own production, respond
efficient to demand fluctuations and lower stock
thanks to faster access to essential components.

(s}
QX
-+
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e Loss of direct contact with | ® Loss of direct contact with customers, lack of insight into the

manufacturer application, risk to become deeply dependent on platforms

e Often not cheaper as|e Need ability for rapid response to job offers on marketplace.
excellent service and short Similarity based quotation does not always assure
delivery times come at a manufacturability
surplus price on | e Risk of increased price competition by marketplaces leveraging
manufacturing cost per part collective buying power and by competition for an order between

manufacturers reducing profitability of orders
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Rush orders disrupt normal operations on the shop floor: need for
internal flexible automation and digitization of as many processes
as possible, from the request for quotation to the shipment of the
finished goods

6 .

¢l oy¥ Swh &l a

1K8y success
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factors
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Intuitive and easy to use, from
guotation to order tracking.

Precision of Al-based
algorithms for instant fast
qguotation  with  dynamic
competitive pricing. Improve
over time by machine-
learning from previous orders.
Assess all manufacturability
aspects, to flag warnings early

and provide
recommendations.

Efficient documentation from
billing to quality
measurement and
certifications.

Open for integration of/with

Unburden customers by a
comprehensive set of
services and high service
level

A one-stop shop for a
broad field of
manufacturing
technologies or being the
best in some production
technologies.
Brand reputation:
excellent quality,
competitive pricing,
reliable delivery dates.
Scale along with the
customer’s product life
cycle: from prototypes,

A regional or global coverage that
enables scaling. Local production
capacity to assure fast delivery.

Unburden participating

manufacturers
Balance own margins with
assuring profitable jobs for

manufacturers. Assure sufficient
orders for active, well performing
suppliers

Broad network of high-quality

partners to scale production
capacity
Onboard and follow-up to

guarantee consistent superior
quality, service level and
provision of certifications in line

third-party  services and to ramp-up, and larger with industrial standards.
applications. volumes.
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6. 1Sdstainability

The Design for Manufacturability analysis and the quality system supports first-time-right high-quality
products. Automated “Design for manufacturability” and material recommendation features enable early
design iterations that lead to alternative materials, more efficient production methods that require less
energy and generate less waste or optimized designs for a production technology. This aspect is one of the
strongholds within the MaaS concept, as the platform facilitates to choose from the most suitable supplier
and is not limited to the production processes available in a production facility where the customer would
order today.

Additionally, on-demand manufacturing platform operators could impact sustainability in a several positive
ways:

e Considering several sustainability parameters in choosing the best suited partner instead of only focusing
on price and delivery time,

e Calculating and communicating of sustainability indexes from their suppliers,

e Creating digital product passports, so at end-of-life of the product the manufacturing suppliers can be
traced back for remanufacturing or reuse of parts form their products.

e Keeping manufacturing close to the customer (manufactured locally).

However, from literature and interviews, we learnthat OA NOdzf  NJ I YR & dzAGF Ayl oAt AG @
0 KS &f th&apitforms yet nor do these platform models incentivize sustainability automatically (except

maybe for local manufacturing driving lower carbon emissions for transport). Platforms are at present
completely concentrated on production of new parts and growing their manufacturing business which, as it

has been shown, has huge potential but also problems to be solved. Therefore, currently platforms do not

dedicate effort and resources to de-manufacturing and re-manufacturing concepts and activities which are

central to circular economy and are extremely important in shaping the future of manufacturing. The pursuit

of sustainability is highly dependent on the provider's objective, often a side effect rather than linked to a

target of the on-demand manufacturing model.®” They see these activities as potentially interesting but

mostly for the future with only limited actions taken by a couple of platform operators at present.

Examples are Xometry and Protolab Networks, who provide insight into the sustainability of their solutions
to make informed choices. However, these initial steps are based on averaged data and not yet on primary
data from the supplier being involved in the actual production.

It is expected that regulation on ESG reporting and increasing customer requests might be a driving force for
platform operators to put more focus on these aspects soon.

For the on-demand manufacturing providers, the MaaS models create a positive sustainability impact. Several
on-demand manufacturers providers cite the following aspects that contributes to environmental
sustainability®;

7 Tolio, T.A.M., Monostori, L., Vancza, J. and Sauer, O. (2023). Platform-based manufacturing. CIRP Annals, [online]
72(2), pp.697-723. https://doi.org/10.1016/j.cirp.2023.04.091
88 https://fractory.com/about-us/
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e Maximizing the everyday use of available machinery (free capacity at suppliers).
e Using the right machine for the specific job.
e Reducing material waste by order aggregation.

These aspects are only possible by cooperation within this type of interconnected MaaS$ platforms. Some on-
demand production providers offer customers options to offset the carbon footprint of the custom
manufacturing process and logistics for their orders, by investing in projects that reduce or negate the amount

of C02T O 1 OE Ae@ased into t@e environment from its business activities.

LyRdzaGNAFE OFasa

Xometry has introduced a carbon calculator®® from Gravity Climate to help
customers understand the environmental impact of their part manufacturing
choices. The tool calculates carbon emissions estimates for order requests in

v/ real time (Scope3 “cradle-to-gate” including raw materials, transport and
Xometry manufacturing). This emission factor incorporates industry-leading product
and process data, and data from the scientific literature, and uses a custom
transportation emissions measurement methodology.

Protolabs Networks provides an estimate of the logistics, raw materials and
production emissions of a 3D printed part.”

PROTOLABS

Manufacturing. Accelerated.

Logistics emissions Raw material emissions Production emissions
Part volume = 29 cm® Volume of raw material = 166 cm® Volume to remove = 136 cm®
Aluminum density = 2.71 g/em® K = 0.33 kWh/em®

Weight of raw material ~450 g
Weight = ~79 grams Raw material emissions factor at Production energy = ~46 kWh
Distance travelled = 9700 km supplier's location ~20 kg COe Carbon Intensity = 620 g CO,e/kWh
Using the GLEC framework, weight Carbon emissions for raw material Carbon emissions from manufacturing
and distance, we calculate 89 grams production ~9 kg of COze. ~28 kg of COze.

of COze.

At FACTUREE, a continuously data-driven quality management system, which
is certified to 1ISO 9001, checks and guarantees the high quality of the system,
@ | process and product. Quality is a factor that plays a major role for us in terms
’: Eﬁ&lgﬂﬁ&g of sustainability. FACTUREE contributes to sustainability through the regular
purchase of CO2 certificates and supports international climate protection

projects.”?

59 https://www.xometry.com/resources/blog/gravity-climate/
0 Protolabs Networks https://www.hubs.com/sustainability/
1 hitps://www.facturee.de/en/factursbowsonlinemanufacturingpromotessustainableprocurement/
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6. 11l Bteroperability

Interoperability and interoperable services are not yet a core element of on-demand MaaS. The current Maa$
solutions on the market are mostly based on closed, proprietary platforms, with an API-like interface to
applications at customers/suppliers (i.e. ERP) or services from their external development partners. Widely
supported standard (i.e. STEP, IGES, STL) and proprietary CAD formats (i.e. SolidWorks, AutoCAD), commonly
used across various CAD software and industries, are used to upload the product information.

This in contrast to the research community where open, interoperable solutions are being developed and
piloted. They facilitate secure (real-time) data exchange between companies build on and contribute to
standards and semantics for an application sector.

LYRdzZAGNRI £ OF aSa

Xometry’s Workcenter’?, a free cloud-based MES system, digitises workflow at
their SME suppliers and enables them to view all their Xometry and non-

y/ Xometry orders, optimise efficiency, speed up payment and get goods to the
Xometry market. An API allows external developers to integrate their innovative
solutions for suppliers. For example, Colab integrated its tools to securely

discuss design issues between buyer and supplier on the Workcenter
platform.

2 hitps://www.xometry.com/workcenter/
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6.2 Analysis of custom design automation and access to digital models

6. 2Maturity

Generic design suites, support tools and product configurators are widely available across various sectors.
The market of specialized custom design automation and access to digital product models is nascent. A limited
number of players offer solutions and are often still scaling up their application.

6. 2P@sitve chesspieg:rt sa wtfomat on
t23A00S aLSOGAdAZYDABY2YYR
/ dza G 2 YSNJ t N2 A RSNJ
e Ultra short lead times to obtain a customized |
product for an application, from design,
quotation and order to it's on demand
manufacturing as a service. °

AaDDY A 2

Enables scaling of customized services for a
broader customer base, potential for scaling-up
by adding customers

Recurring revenue from subscription-based

e Comprehensive support for enhanced design service models.

and all processes for the “Job to be done” e Streamlined and automated processes
e The wide range of functionalities, such as | e Front-end for leveraging on-demand
advanced simulation, optimization, and manufacturing.

analysis, enables to explore various aspects of | e

their projects/applications and make informed,
actionable decisions. additional infrastructure costs.

e Assured part/product quality. e Feedback loops with customers of the tools.

Cl OMNS t 23 A0 0OdAARISORS a2 BYIROGA2Y I ®2YRAIAGI €

Scalability of cloud based digital tools, to expand
market reach globally without significant

Y 2

6. 2K8y success factors

LYGiSaNre2y 27F

by on-demand demand

marketplaces.

affordability to ensure it is
accessible to a wide range
of users.

|l ROl yO@&R YFUSR {OIFItAy3a I ON‘EIY2 t AR3S
e Intuitive and easy to use, avoiding | ® Automation avoids manual Design tools integrate
need for highly skilled users. operations to  enable expert
e Integration with other commonly scaling application/manufacturing
used design software and | e Provision of the tools knowledge to provide
platforms or (de-facto) standards as-a-service/app in third superior solutions.
in the specific application. party solutions/stores | ® Integrate  manufacturing
e Speed and performance. or as a tool for knowledge to assure OEM
e Seamless integration with all intermediaries servicing quality of products
processes to solve the problem for the final end-customer. manufactured.
the customer: quotation, ordering | ® Cost effectiveness,
and on-demand manufacturing balancing features and
with short lead times, in-house or performance with

¢l oMiMS YS@& &dzOOGde&( FY OKSAXT W 20NIA 2 & NeZRYRIAF RU I
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6. 2Sdstainability
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Product design plays a critical role in sustainability, shaping the environmental footprint of a product from its
inception through its entire lifecycle. Decisions made during the design phase influence the choice of
materials, manufacturing processes, product longevity, and end-of-life disposal options, which collectively
determine the product’s environmental impact. By integrating sustainable principles into design, companies
can significantly reduce resource consumption, minimize waste, and lower emissions, contributing to a more
sustainable future.

The integration of design automation, product configurators, digital inventories or e-commerce with on-
demand production significantly enhances sustainability:

e al GSNALIFE aSftSO0e2y IdyfikgdeRignla crukidl for Yubtalih&biNdk AufomatizdidSsign
processes optimize material selection and use. Customization options and optimized designs can help to
meet specific requirements with fewer resources and materials, contributing to more sustainable
production processes. Advanced design tools can better accommodate and propose the use of
renewables and sustainable materials in product designs.

e WSRAzOSR 41 aGS FTYR:StAYAYyloayad Ay@Syidz2NE
e Automated design and configuration processes or access to digital twins enable qualitative

production reduce errors, leading to less waste during production.

e Product Configurators allow customers to customize products to their exact needs, reducing the
likelihood of unsold inventory and the waste associated with producing standard items that may not
meet customer preferences.

e Only producing items on-demand when they are ordered eliminates excess inventory, reducing the
waste associated with overproduction.

e 9EGSYRSR LINRPRRdzOG tAFS Oeof Sy
High-quality products tailored to individual needs are likely to be more valued by customers, resulting
in longer use and less frequent replacement.

6. 21l Bteroperability

The interoperability and integration of custom design tools vary by provider, use case and application domain.
Many of these tools are designed to integrate with popular CAD software, additive manufacturing platforms
or ERP platforms to streamline workflows and reduce manual errors. APIs or direct integration options ensure
seamless operation with existing systems.

3 https://www.ellenmacarthurfoundation.org/news/an-introduction-to-circular-design
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6.3 Analysis of Provision and servitisation of production equipment

6. 3Maturity

Servitisation of equipment is the transition of traditional machine-sales based business models into service-
oriented ones, by integrating associated services or offering equipment as a service. Original equipment
manufacturers (OEMs) adopt different journeys to servitisation business models to enhance revenue over the
lifetime of the equipment and add value for customers.

Leading OEMs are increasing investments in digital technologies and accelerating their rollout of advanced
services, however the adoption of the Eaa$S business model —where customers only pay for the value provided
by the equipment supplier - has been slower than anticipated. In 2023 less than 1% of equipment sales is
being executed under EaaS contracts. While widespread adoption has not yet occurred, there are pockets of
success in the robotics industry. Robots as a Service (RaaS) makes robotic automation available as a service,
allowing for more flexible production. RaaS companies directly contrast their robots with a new employee
rather than positioning them as a machinery investment. Research shows continued OEM interest in the
model and a belief that customers will be willing to accept the model. Few OEMs claim to be very successful
with the EaaS business model, EaaS is not the first thing on their agenda. Equipment as a service is just one
of revenue source innovations, and the most sophisticated one at that’*7>,

O%Z’o 10T ANALYTICS Your Global loT Market Research Partner
Adoption of different OEM servitization business models
AN — s
> % = = 2
Equipment only +Services +Financing +Connectivity +Digital Equipment as a service

Sophistication of offering

OEM servitization journey

N —
QOOOO////@

ﬂdp( refer: tthp entage of OEMs that (roughly) offer thes entages should not be taken mbers
e: 10T Analytics Res: reh 2024 Equipment as a Service Marl k(anzOZdZDZEWwIame pblhg(mag ot s for

Global
adoption*
by OEMs

citation with a link to the original post and compa ywbl
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74 OEM servitization strategies: Why Equipment as a Service hasn't taken off yet (iot-analytics.com)
5 Formant's 2024 State of RaaS Report [PDF]
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CAPEX savings, access to equipment without
large upfront investments: only pay for what
you use (OPEX) offers financial flexibility and
cost transparency.

Demand-oriented use of modular
offerings.

Carefree: reduced performance, maintenance
and servicing burdens, enabling to focus on
manufacturing core business.

service

Improved flexibility, —machine utilization,
productivity and performance
Risk transfer to provider. Improved risk

management and reduced downtime.
Access to state-of-the-art equipment

Continuous revenue streams, opportunity to
monetise the use phase of equipment.
Diversification, access to new customers and
improved customer loyalty: close continuous
contact with customer

Unleash technology and innovation potential by
focusing on the process and the efficiency in the
production phase.

Access to data provides insight into machine
health, machine operational capacity to
optimize equipment performance, develop
predictive maintenance strategies and improve
machine design.
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No ownership/equity | e
benefits of  productive
physical assets °

Subscription cost, not a free | e
or cheap service

Finding the right pricing | e
model that adequately
addresses expectations. °

Difficulty to understand the
value of moving from CapEx | e
to OpEx.

Challenges for adopting a sophisticated business and pricing model,
clients expect a full-fledged service and competitive pricing.
Bearing the upfront investment and operational risk.

Increase in service costs and maintenance burdens to meet specific
service levels (or potentially face penalties).

Requires highly automated and connected equipment. lloT, data
accessibility and management challenges.

Critical changes to organization and implications on required
expertise and talent from workforce.

Need to manage and monitor the risks taken with the chosen
subscription model
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76 https://limblecmms.com/blog/what-is-equipment-as-a-service/

77 What is Equipment-as-a-Service? The Benefits of EaaS (machinemetrics.com)
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6. 3K8y success factors
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Technological readiness and
access to data: equipment
connectivity, ability to
provide remote digital cloud
services, and loT and real
time data analytics.
Automated scalable solution,
able to cost-effectively
accommodate growth in
service demand.

Flexible hardware, limit need
for specialized knowledge at

Clear added value by aligning
objectives with the right
business model

Reduction in cost of
ownership (cost savings,
competitive pricing model)

Strategic partnerships for
financing and risk
(re)insurance, with

technology providers and
local service companies, to
offer comprehensive

Customer-centric  solution:
unburden customers,
benefits from aligned
objectives and KPIs (i.e.

reduced energy consumption
or waste, improved
availability and productivity).
Provide a response to a need
for flexibility in production
Customer education,
engagement and feedback
mechanisms.

customer’s side. solutions. °
e Compliance with regulations | ¢ Risk and performance

Service culture assuring
guality and reliability.

(i.e. GDPR). management.
¢l oMNS YS@& adz@GS ) dRAILYBAYNE a | { SNBAOS®
6. 3Sdstainability

Equipment-as-a-Service is the path to a business model which not only can bring economic benefits but also
promises significant sustainability benefits and enables circularity of the equipment. Both OEMs and their
customers benefit from any efficiency improvements from the services occurring during the use phase of the
machine/equipment. Additionally, sustainability and circular benefits are obtained in the build phase and loop
phase of the equipment (Figure 13).

e EaaSpromotestheS Y OA Sy (i dz& SuUn@eifthishdBdal, 2qlEbid2& Aroviders are incentivized to
design and manufacture high-quality, durable equipment that can withstand extensive use over time.
Since the provider retains ownership, there is a strong motivation to create products that are reliable,
easy to maintain, and have a longer lifespan. This reduces the frequency of equipment replacement,
leading to a decrease in resource extraction and manufacturing emissions associated with producing new
equipment.

e It encourages the adoption of cutting-edge technology and more Sy ST ®A Sy (i  SHjodiferkJY Sy (i
continuously update their offerings to stay competitive, which means that subscribers can access the
latest, most efficient equipment without the capital expenditure of purchasing new models. This ensures
that businesses are always operating with equipment that meets current environmental standards and
consumes less energy, reducing their overall carbon footprint.

e hLlYATlIa2y 27T LINBeRdesgpddictidaNBtOdsdibatirédutcomes. Services can
increase lifetime capacity while improving resource efficiency, enhancing utilization, reducing scrap, or
improving material flows become relevant influencing factors to optimize.
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e EaaSalso facilitates better SyRE A ¥ S Y I y I 35 Y S yPibvidersF haviidjadested e rgstiin
the lifecycle of their products, are more likely to implement comprehensive recycling and refurbishment
programs. In EaaS OEMs retain ownership and lifecycle responsibility of the equipment, enabling
flexibility to adapt the equipment-configuration to accommodate evolving production requirements,
shifts in demand, or changes in the manufacturing environment and to reuse or remanufacture
equipment for a next use phase at another customer. When equipment reaches the end of its usable life,
providers can efficiently dismantle, recycle, or refurbish components, recovering valuable materials and
reducing waste. This aligns with the principles of a circular economy, where products are designed and

managed to be reused and recycled for a next use phase, minimizing the environmental footprint.

OPTIMIZE MATERIAL THROUGHPUT
DESIGN AND DEVELOP PRODUCT AND ENERGY EFFICIENCY
FOR LIFETIME AND QUALITY OPTIMIZE TOWARDS

MAXIMUM UTILIZATION

OPTIMIZE MATERIAL
SUPPLY AND PRODUCTION

PRODUCT
AND OPERATING
MODEL DESIGN

\\//

IMPROVE REPAIR/SERVICE/
MAINTENANCE/UPDATES FOR
BETTER AVAILABILITY

REUSE/ REFURBISH REMANUFACTURE/ RECYCLE
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6. 3l Bteroperability
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Several machine builders have started to develop proprietary software services for their machines and
equipment. Neither the platforms nor their proprietary services are interoperable, hence manufacturers that
run machines from different vendors must deal with several platforms. Even if most of these proprietary
platforms can integrate machines of other vendors, these legacy machines cannot use all the services
available for their own machine portfolio. Lacking “critical mass” at the level of cloud services they cannot

compete with global, multi-national tech giants. A notable exception was ADAMOQS’98°

78 Everything as a Service (XaaS) | SYSTEMIQ

, a digital, open and

" Tolio, T.A.M., Monostori, L., Vancza, J. and Sauer, O. (2023). Platform-based manufacturing. CIRP Annals, [online]

72(2), pp.697-723. https://doi.org/10.1016/j.cirp.2023.04.091
80 https://www.adamos.com/en/
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multi-vendor lloT platform and marketplace for industrial apps. ADAMOS simplified for customers the
acquisition, the use, and management of apps on their shopfloor. ADAMOS's platform aimed to simplify
digitalization for OEMs, providing them with the tools, infrastructure and a broad range of services needed
to enhance their digital offerings and improve operational efficiency. The Adamos lloT platform which has
been launched in Germany in2017 - in a cooperation of machine builders, a software company and a
consultancy firm — but discontinued its activities end 2023.

For providers of Manufacturing Equipment Platforms, | Y | @niversal Machine Technology Interface, an

initiative of VDW, the German Machine Tool Builders’ Association®!) facilitates the integration and
communication between various machinery and IT systems through standardized interfaces based on OPC
UA (Open Platform Communications Unified Architecture). This standardization is crucial for Manufacturing
Equipment Platforms, where equipment connectivity and data exchange are essential for monitoring usage,
performance, and maintenance needs remotely. It allows different machines and components to
communicate effectively within a customer-specific IT ecosystem, supporting real-time data analytics and
predictive maintenance, which are key components of the services of Manufacturing Equipment Platforms.
Moreover, UMati’s open-source nature and its development by a consortium of industry leaders ensure that
it remains adaptable and gains step-by-step widely support.

Within the European research community, C L 2 1®2ya®open-source platform designed for the development
of smart applications, is utilized in various industrial 1oT and smart industry scenarios, including EaaS.
FIWARE's architecture is built around Generic Enablers (GEs), which provide essential functionalities like
context management, data processing, and secure communication. These capabilities are crucial for EaaS
applications, where real-time data exchange, monitoring, and automation are essential for managing
equipment usage, performance, and maintenance remotely. However, many applications of FIWARE in
Equipment as a Service remain at the level of research pilots and proof-of-concept projects,

81 https://umati.org/
82 https://www.fiware.org/
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6.4 Analysis of Enabling the Circular Economy

6. 4Maturity

The circular economy has reached megatrend status. The volume of discussions, debates and articles on the
concept has almost tripled over the past five years. But global circularity is still in decline. The share of
secondary materials consumed by the global economy has decreased from 9.1% in 2018 to 7.2% in 2023 —a
21% drop over the course of five years®. Resource consumption has yet not decoupled from economic
growth.

Digital technologies and the growth of circular platforms will play a role in supporting the circular economy
and sustainability goals by enabling product and materials exchanges and supporting supply chains that
emphasize reuse, repair, redesign, and recycling. They spur producers to optimize for resource productivity
and taking responsibility over the product lifetime. However online services supporting sustainability and
circularity are only emerging in industrial manufacturing, compared to sectors such as construction,
electronics, textiles, and batteries. They are not integrated in platforms for on-demand manufacturing as a
service of parts and components or in the provision and servitisation of production equipment.

e al GSANI 5AIAGF A A LRI dzbdiearly stages of adoption. While the concept is well-
established, widespread implementation is limited. The pilot applications are industry-specific, based on
proprietary solutions and semantics, with no regulatory examples. In industrial production use of material
passport is currently very limited. DPPs are at a nascent stage, with various European pilot projects
underway in some prioritized application domains in the Circular Economy Action Plan (such as batteries
& vehicles, electronics, textiles, plastics, construction) and early implementations of the technology
platforms being the norm. The technology and standards are still evolving. The application levels at which
DPPs are applied, the information to be included in the passport and at what degree of standardization
need to be specified per product group®. Material passports are not yet being applied in on-demand
manufacturing as a service to increase transparency on sustainability.

e al ( SNX Iate stib dn ¥njeding concept, with varying levels of maturity. While the idea is gaining
traction, widespread implementation is limited. Many material banks are currently at the pilot project
stage. Construction sector is leading, with for instance, platforms like Madaster® and Circular 1Q8. The
use of materials from material banks in on-demand manufacturing is in its infancy.

8 The circular Economy Gap report, 2024 https://www.circularity-gap.world/2024
84 https://www.whcsd.org/resources/the-eu-digital-product-passport/

85 https://madaster.nl/

86 https://circular-ig.com/
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e Transparency and trust through detailed
information of the product and the
manufacturing process enabling to take more
informed decisions about the environmental
impact.

e DPPs can be integrated within digital platforms,
providing customers with easy access to
product information

e Access to lifecycle information, incl. usage
guidelines, repair and end-of-life options

It offers transparency and traceability in the
entire supply chain for tracking and managing
material sources and regulatory compliance
more effectively

It enables easier quality and authenticity control
leading to improved products and reliability

It provides better after-sales support, building
stronger customer relation ships

Digital records Reduce of paperwork
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e Privacy and data security concerns about all
data collected within the frame of a DPP.

e Excess of information and misinterpretation of
complex technical data can lead to wrong
assumptions

e DPP’s could increase the cost if these services
are being released in subscription models

e Numerous different types of DPP’s are under
development with a lack of standardization
which leads to inconsistencies and confusion

Coordinating at EU level for product groups and
with multiple suppliers to ensure accurate and
consistent data entry into DPPs can be complex
and challenging.

Numerous different types of DPP’s are under
development with a lack of standardization
which leads to inconsistencies and confusion.
Significant investment in technology, robust
data management and expertise is needed to
manage large amounts of detailed data.

DPP could expose sensitive data about
processes or intellectual properties

DPP needs to be compliant with GDPR and
protected from cyberattacks

Ensuring the accuracy and reliability of data
across the entire supply chain requires stringent
quality control measures.
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6. 4K8y success factors

o pra N a & .. |V AN Sy Rt & 58
LYUuSaNILYYSNRIBSNIS5F Ul { SOdzNA U e I OOSAEAOAE A G
e  For DPPs to be effective, they must | ¢ Implementing strong | ¢ DPP platforms must be

seamlessly integrate with existing cybersecurity protocols is designed with dza 1§
manufacturing, supply chain, and essential to LINR G S @ FTNRASYRE & that
IT systems This requires robust aSyais@dS ] make it easy for all

APIs, a0 I Y RI NRA I SR contained within DPPs from stakeholders, including

and compatibility with various cyber threats and manufacturers, suppliers,

software platforms unauthorized access. and customers, to access

) ) . and correctly interpret the
e Developing and adhering to|e Ensuring O2 YLJ Al V| information.

A Y R d@ Al RS AyiasS RIGI LINR @1 O

& 0 | Yy RehsidR &hat DPPs can such as GDPR (General Data | ® Providing comprehensive

be easily shared and understood Protection Regulation) is training | YR 2
across different stakeholders, critical. Manufacturers a dzLILI2NAI  idzdtabtol,
including suppliers, must implement policies ensure they can effectively

manufacturers, and customers. and practices that utilize DPPs. This includes

This includes common semantics safeguard customer and training programs, user

for different product groups. product data. manuals, and responsive

customer support services.
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6.4l Ateroperability

The circular economy requires the involvement of a complex inter-company processes in an ecosystem of
stakeholders in the supply chain and along the product lifecycle. Interoperability and access to information
over the entire lifecycle is key. The current solutions are proprietary, because standards like for the Digital
Product Passports and Manufacturing Data Spaces were lacking. The forerunners contribute to these
upcoming standards. Pilot projects are being launched to develop the semantics for different industrial
sectors.
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6.5 Failure and success in a quickly evolving Maa$ arena

Scaling the services is importance for the success of MaaS. The search for best practices showed that despite
an innovative future oriented approach or promising start some MaaS providers were not successful. Some
examples:

e !5 1 a K’{ADAptive Manufacturing Open Solutions)Za multi-vendor lloT platform and marketplace for
industrial apps, ended its activities end 2023.

I NB¥&eloped a continuous carbon fibre 3D printer, capable of producing incredibly strong parts. The
unique business model involved identifying 3D printable applications and then setting up Manufacturing
as a Service model to produce them. They launched a lightweight bike with a crowdfunding. However,
Areva was unable to timely deliver bikes to backers of the campaign and the bicycle design failed in several
aspects.

e ¢SYLR | dzib2ompasyhit specialized in software-accelerated electronics manufacturing. to
accelerate product innovation. Tempo has built an automated manufacturing platform that learns from
every order, every build, and every step.

e Cl &l ®vdeRIbpdrvarious business models around on-demand manufacturing, supporting
companies to get new products to market (from design to fulfiiment, and from protypes to upscaling) and
digital inventories faster flight maintenance. Fast Radius filed for bankruptcy end 2022 and was acquired
by SyBridge Technologies.

e | NNR @n électric vehicle company, aimed to revolutionize the automotive industry with a
decentralized manufacturing model, centred around "microfactories close to major urban centres. The
production process was highly modular, using standardized components across different vehicle types,
which simplified the manufacturing process and reduced costs.

e TheAw S @A plbtfori prdvided a service for companies to share machinery and industrial equipment.
The platform enabled businesses that required machinery to connect with manufacturers that had
underutilized equipment, offering a cost-effective solution for companies to access high-tech machinery
without large upfront investments. i-Revitalise is no longer operational. Reasons for its shutdown include
challenges in scaling the business model, difficulties in maintaining a sustainable customer base, and
potentially the financial and operational complexities of managing a peer-to-peer industrial equipment
sharing platform.

Several common reasons contributed to their downfall. They highlight the multifaceted challenges early
adopters of innovative MaaS models face, leading to eventual failure.

e CA VY I YRQNIOWZUificSl& to secure funding necessary of high investment costs for scaling
operations, inability to generate sufficient revenue to cover operational costs (liquidity issues), struggle

87 https://www.adamos.com/en/

8 https://www.fabbaloo.com/news/the-rise-and-fall-of-arevos-superstrata-bike-what-went-wrong
8 https://fastradius.com/fag/

9 https://arrival.com/
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to achieve traction with a sustainable business model, and insufficient return on investment and value
for investors.

e { G NI (S 3A:Gratdgit dedsiorS teFarding acquisitions and market positioning did not yield the
expected results, underestimating the complexities of decentralized MaaS models, misalignment
between the business model, services and current market demands

e al NJSG | yR 02 Y LIS enp&itiohdNBistain dzdbksgetitive edge, and challenges to
differentiate, and secure a significant market share in a crowded market.

e hLISN} a2yl f : dolys &nfl QifficllGedi in setting up, integrating and operating digital
manufacturing solutions effectively at scale

e ¢SOKy 2t 23 A Obblity thaeRedthePrndised full service or quality as expected by customers.
| KItftSy3S® d&a@NEBEREEr erigd§etent and consistent utilization to remain viable.
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7 Conclusions

Initial analysis of Maa$S themes, business models as well as their use cases point to a well-known picture of a
nascent business in which a drive to scale is an absolute priority. This does not mean, however, that Maa$ has
no potential to foster the EU’s Twin Transition. On the contrary, the first results of the MASTT2040 project
seems to suggest that wider implementation of Manufacturing-as-a-Service may bring opportunities in terms
of life cycle management, management of regional supply chains or collaboration between companies to
share inventories and equipment. Facilitated by adequate policies - most of all a wide adoption of digital
product passports - Maa$ could turn into a manufacturing approach that would go hand in hand with Europe’s
goals of the Twin Transition.

Additionally, some other components of MaaS could make the European industrial sector stronger and less
prone to geopolitical turbulence that threaten manufacturing’s sector stability. Increased flexibility and
decentralisation - two important components of MaaS - could be seen as a chance for European
manufacturers to make their businesses more resilient to geopolitical changes and challenges. These
components also point to some clear advantages that MaaS might have over a more traditional centralised
manufacturing.

7.1 Strengths, weaknesses, enablers and blockers

Below is a more detailed comparative analysis based on the material gathered during the first six months of
the MASTT2040 project. It provides a synthetic picture of strengths, weaknesses, enablers and blockers of
both Maa$S and traditional centralised manufacturing, drawing on the data provided in the course of the
interviews and literature review.

{GNBy3iKa

Maas is characterised by its high flexibility from the perspective of customers. This industrial strength allows
for highly adaptable and customizable manufacturing processes, enabling rapid responses to changing market
demands and technological advancements, including - if needed - easy change of providers. Additionally,
Maa$ provides reduced operating and logistics costs for the customers. By leveraging local manufacturing
capabilities, companies can significantly lower transportation and storage expenses. Another notable strength
is increasing smart specialisation (geographically), which fosters regional innovation and efficiency by
allowing specific areas to focus on their strengths. Furthermore, MaaS may enhance product life cycle
management, contributing to better environmental outcomes by simplifying product upgrades and recycling.
Maas is also characterised by low capital cost investments for the customers.

In contrast, centralised manufacturing excels in quality control. The concentration of production processes in
one's own production facility allows for tight quality assurance measures, ensuring consistent product
standards. Centralised manufacturing also benefits from simplified logistics, as the consolidation of
production sites reduces the complexity of supply chain management. Moreover, it boasts efficient use of
resources and labour, achieving economies of scale that optimise resource utilisation and minimise costs.
Another critical strength is enhanced security and confidentiality, where centralised facilities can better
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control access to sensitive information and proprietary technologies. Last but not least, centralised
manufacturing is well suited for producing highly complex products, which could be problematic to order
entirely within the MaaS$ paradigm, at least with the current state of technology.

281 1y85484

Despite its strengths, MaaS faces several significant weaknesses. One of the primary challenges is the
increased capital start-up costs for MaaS providers. Establishing the necessary infrastructure for offering
Maa$S can require substantial initial investments, compared to offering traditional contract manufacturing.
One must note, however, that this is a weakness only from the perspective of providers - MaaS clients, as
noted above, can benefit from low capital start-up costs. Additionally, MaaS providers must navigate an
increased regulatory burden. Operating across multiple regions exposes providers to diverse regulatory
environments, complicating compliance efforts. Another economic drawback is the increased per unit costs;
without the benefit of economies of scale, production costs per unit can be higher. Industrially, Maa$S
struggles with challenges in consistency and production forecasting due to variability in production
capabilities across different locations. Also, it is a challenge to stay within the Maa$S paradigm when highly
complex products are ordered (in these cases, usually traditional contract manufacturing or centralised
manufacturing is the only viable option, at least nowadays).

Centralised manufacturing, while efficient, lacks flexibility. This approach is less adaptable to changes in
demand or technological shifts, making it difficult to pivot quickly. Higher transportation costs are another
economic weakness, as products manufactured in a central location incur significant expenses for
distribution. The negative environmental impact of centralised manufacturing can also be a concern, with
potentially higher emissions and waste contributing to environmental degradation - this however, should not
be treated as intrinsic to centralised manufacturing, since increased control over the production process can
also allow willing producers to achieve highly environmentally friendly production processes (potentially even
more so than in alternatives). Investing in own production facilities makes companies potentially more
vulnerable to disruptions, which would require costly adjustments. Political instability, natural disasters, or
other regional issues can severely impact operations, highlighting a significant geopolitical weakness.

9yl 6f SNA&

Several enablers can drive the success of both MaaS and centralised manufacturing. For Maas$, the increased
application of blockchain technology is a significant technological enabler, enhancing transparency and
security in supply chain management. Peer-to-peer (P2P) manufacturing marketplaces also support Maa$ by
connecting manufacturers with clients efficiently. The growing consumer demand for sustainability acts as a
societal enabler, as more consumers seek out environmentally friendly products.

Both approaches benefit from government support and regulations/incentives. Legal and economic policies
can stimulate growth and innovation in manufacturing. Increasing standardisation across industries is another
enabler, enhancing efficiency and interoperability. Reliable infrastructure is crucial, supporting the logistical
and operational needs of both models. Advanced production planning and management systems optimise
manufacturing processes, reducing waste and improving efficiency for both MaaS and centralised
manufacturing.
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For centralised manufacturing, a skilled workforce is an economic enabler, attracting and retaining talent that
boosts productivity and innovation. Diversification of suppliers mitigates risks and ensures a stable supply
chain, providing an economic and geopolitical advantage.

t 201 SN&

However, several blockers hinder the optimal functioning of both manufacturing approaches. For Maas,
missing data security and privacy is a significant technological blocker due to the distributed nature of
operations. Higher initial investment can deter the establishment of necessary infrastructure. Ensuring after-
sales service and maintenance across decentralised locations is another industrial challenge. Infrastructure
limitations can further impede the effective implementation of MaasS.

Centralised manufacturing faces its own set of blockers. High initial investment is a significant economic
barrier, requiring substantial financial resources to establish large-scale facilities. There is also a tendency
towards limited investment in R&D, as the focus on mass production can overshadow innovation efforts.
Political instability in the region poses a geopolitical risk, potentially disrupting operations. Strict
environmental regulations can increase operational costs, representing both environmental and economic
blockers. The presence of bureaucracy and silos within organisations can slow down decision-making and
innovation. Centralised manufacturing also struggles with limited scalability for niche products, making it less
effective for low-volume production. Lastly, the limited talent pool specialisation in certain advanced
manufacturing processes can be a significant economic blocker.

In summary, based on the insights collected during literature review and interviews executed within WP1,
both Manufacturing as a Service (MaaS) and traditional centralised manufacturing present distinct strengths,
weaknesses, enablers, and blockers. MaaS$ offers flexibility and sustainability but faces high initial costs and
regulatory challenges. Centralised manufacturing excels in quality control and efficiency but struggles with
flexibility and environmental impact. Enablers such as government support and technological advancements
can drive both models, while blockers such as high investment costs and infrastructure limitations need to be
addressed to optimise their potential. Understanding these factors is crucial for stakeholders to navigate the
complex landscape of modern manufacturing effectively and redesign European manufacturing in such a way
that it would be more resilient to geopolitical challenges and more useful in terms of the EU’s Twin Transition.

7.2 Comparative analysis in the context of EU manufacturing development strategy

and the EU's twin transition plan
In addition to the above, the MASTT2040 project resulted in an initial analysis of key factors impacting the
goals of the EU manufacturing development strategy and the EU’s Twin Transition, focusing on four areas:
sustainability, digitization, competitiveness and strategic autonomy:

e 9YKIYOAY3I &Sl is bryiditidditd a Eréleer future, and its manufacturing strategy
reflects that. The goal is to make manufacturing processes more sustainable, reducing waste and
pollution, and lowering greenhouse gas emissions.

e C2a i SNAy 3-TRAigtA wahsitian B ¢esigned to support the green transition by enabling
smarter and more efficient energy systems, optimising resource use, and supporting sustainable
practices through advanced technologies like blockchain, 10T, and Al.

MASTT2040 D1.1 Casebook: current state of Maa$S approaches and best practices to advance the CE
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e . 22&0y 3 02 Y1 aWbwdnEs fsSnanafacturing sector to be a global leader, competing
effectively on the world stage. This includes driving innovation, improving efficiency, and reducing
production costs.

e {UNBYIIGKSYAY I &Th&E wwabtstd b lesk rdiziinPoyl @hér&ountries for critical raw
materials and technologies. This means supporting the development of domestic industries and
ensuring a secure supply chain.

Based on the outcomes of the abovementioned literature review, interviews and additional analysis of the
materials gathered during the project, the following factors were identified as the most crucial ones and as
such should be validated and included in further stages of the MASTT2040 project when envisioning the
development of the EU manufacturing sector in the 2040 time horizon and when developing
recommendations. This initial list of the key factors will be extended by a wider pool of the project’s
stakeholders in the subsequent phases of the project.

7. 2Kéy factors fostering the sustainability o

e WSRdAzOSR 2 LJSNJIJ oy 3-Oheyfithe rhozt Bnpadtfal @étors O theérdtdction in operating
and logistics costs achieved through MaaS. By decentralising production and leveraging local
manufacturing capabilities, MaaS significantly cuts down on the need for long-distance transportation.
This reduction in transportation not only lowers costs but also substantially decreases carbon emissions,
contributing to a greener, more sustainable industrial framework. This localization also ensures that
resources are utilised more efficiently, further minimising waste.

e . SHSNI LINRP RdzOG £ A-IV3aS fDanttés BetteY rhayage@&Bt63NE piroduct life cycle,
which is crucial ¥ Zsidthinability. This approach supports the principles of a circular economy by
facilitating easier upgrades, repairs, and recycling of products. By extending the lifespan of products and
reducing the frequency of replacements, MaaS$ helps in conserving resources and reducing waste. This
holistic approach to product management ensures that environmental impacts are minimised
throughout the product's lifecycle, aligning with the EU's sustainability goals.

e DNBgAY3I O2yadzySNI RS Yheyh&Reash@cohbudetzieriiahd¥oy sustaifablet (i &
products is a powerful driver for the adoption of MaaS. As consumers become more environmentally
conscious, their preferences shift towards products that are sustainably produced. This societal pressure
compels manufacturers to adopt sustainable practices to meet market demands. This growing demand
not only fosters sustainability but also encourages innovation in sustainable manufacturing processes,
creating a positive feedback loop that benefits the entire industry.

e D2OSNYYSYy(d &dzLJLd2 NI | y&vedNdent dappbroir?thé fomnloffegubtiors ghd A
incentives plays a critical role in promoting sustainability within the EU industry. Policies that incentivize
sustainable practices and provide financial support for green initiatives can accelerate the adoption of
MaaS. Regulatory frameworks that mandate lower emissions and resource use also push manufacturers
towards more sustainable operations. This governmental influence ensures that sustainability is not just
a market-driven goal but a regulatory requirement, providing a strong impetus for widespread industry
adoption.

e LYONBI &SR | LILIMANI @RyW3 2(FShdsphReRrid@ofpkoSudt-tracing
technologies, such as blockchain technology or digital product passport, enhances transparency and
accountability in supply chains. This technological advancement ensures that sustainable practices can
be tracked and verified, providing a trustworthy system for monitoring environmental impact. This

[ 75

MASTT2040 D1.1 Casebook: current state of Maa$S approaches and best practices to advance the CE



MASTTEIE

transparency boosts consumer confidence in sustainable products and encourages manufacturers to
adhere to higher environmental standards, thus promoting sustainability across the industry.

7. 2Ky factors fostering the digitzaton of th

e LYONBI &SR I LILInANI @RI 2FSraiwR erfidgbsitin@agies, in principle
blockchain technology, are a cornerstone for the digitization of the EU industry, offering enhanced
transparency, security, and traceability within manufacturing processes. This technology ensures data
integrity and trust, which are critical for the successful implementation of digital systems. By providing a
secure and transparent platform for transactions and data exchanges, blockchain facilitates the
integration of digital solutions across the industry, promoting a reliable and efficient digital ecosystem.
Its ability to streamline processes and ensure accountability makes it a vital enabler for the digitization
of manufacturing.

e D2OSNYYSyYy(d &adzldli2 NI | y&vedNdent dappbroistryicial ol dyividSdigitizationa
in the manufacturing sector. Policies that incentivize the adoption of digital technologies, coupled with
regulations that promote digital transformation, create an environment conducive to innovation.
Government initiatives can provide the necessary financial support and infrastructure development,
lowering the barriers to entry for businesses looking to digitise. By fostering a supportive regulatory
framework, governments can ensure that digital transformation is a priority, accelerating the adoption
of new technologies and practices across the industry.

e t SHMISSNI 6t Ht O YL ydzF | -OAf aeNIFaytding Yidrkethldsed drdfdigitdl S a
platforms that connect manufacturers with clients and suppliers, facilitating efficient exchanges of
resources and services. These marketplaces reduce barriers to entry for SMEs, enabling them to
participate in the digital economy and innovate. By streamlining transactions and supporting flexible
production models, P2P marketplaces enhance overall efficiency and responsiveness. This connectivity
and ease of access to digital tools and resources drive the adoption of digitization practices, making it
easier for manufacturers to integrate new technologies into their operations.

e | ROIYOSR LINRPRdzOa 2y LI | Y AAdvahced pfoRuctirlpinnidg Sy Sy (i a & & G ¢
management systems are crucial for optimising manufacturing processes and enhancing efficiency.
These digital tools enable manufacturers to plan, monitor, and manage production more effectively,
reducing waste and improving productivity. By integrating advanced systems, the EU industry can
streamline operations and drive digitization, ensuring more efficient and responsive manufacturing
processes.

e WSt AIlIOE S AmNstrong aadrdNdteOinfrdzdBture is fundamental to supporting digitization.
Robust transportation, communication, and energy networks enable the smooth implementation of
digital tools and processes. Reliable infrastructure ensures that digital solutions can operate efficiently
and without interruption, providing a solid foundation for the digitization of manufacturing operations.

e LYONBI aAy3d astahdyrdshtibhRackoss thoE® Widustry is essential for interoperability and
efficiency. Common standards simplify the integration of digital technologies and processes, ensuring
that systems can work together seamlessly. Standardisation reduces complexity and costs, making it
easier for manufacturers to adopt digital solutions and enhancing the overall pace of digitization.

7. 2K8y Factors Boostng the Compettveness of t
e DNB I (i §NJ-bhSflexibilith drofidedby Maa$ allows manufacturers to quickly adapt to changing
market demands and technological advancements. This agility enables companies to customise
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production processes to meet specific customer needs, thus improving responsiveness and satisfaction.
Greater flexibility also fosters innovation, as manufacturers can experiment with new methods and
technologies without being constrained by rigid production systems. This adaptability is crucial for
maintaining a competitive edge in a dynamic global market.

e WSRAzOSR 2 LISNJI o Yy 3- Mba§ signifitadtidldwére opetatin®ahdildgistics costs by
leveraging local manufacturing capabilities, reducing the need for extensive transportation and storage.
These cost savings can be reinvested into further innovation and development, enhancing overall
efficiency and profitability. Lower operating costs also allow manufacturers to offer more competitive
pricing, which can attract a larger customer base and increase market share.

e LYONBIFAAY 33 &Yl NI & LIS-Grhatt §pdcidlisatioR eyfablés differ2nd rdglodsiithid | £ £ & 0
the EU to focus on their strengths and develop specialised expertise in specific manufacturing sectors.
This geographic specialisation leads to more efficient production processes and higher quality outputs.
By concentrating resources and knowledge in particular areas, the EU can create innovation hubs that
attract investment and talent, driving competitiveness and fostering regional economic growth.

e LYONBIFaSR I LILX A Ol a 2 y-Bl@Rhaid tbcBn@ldgyeihbnieytraridpSréntgy 2 £ 2 3 &
security, and traceability within manufacturing processes. This technology ensures data integrity and
builds trust among stakeholders, making supply chains more reliable and resilient. Improved data
security and accountability are critical for attracting global partners and consumers, thus enhancing the
competitiveness of EU manufacturers. Blockchain also streamlines administrative processes and
reduces the risk of fraud, further boosting operational efficiency.

e D2@SNYYSyil adzZJdi NI | yd&ovelNdent goliclesa yréentivespBy yruid S a
role in encouraging the adoption of digital technologies. Financial support, such as subsidies and tax
breaks, lowers the barriers to entry and makes investment in advanced manufacturing more attractive.
Regulatory frameworks that promote innovation and digital transformation create a conducive
environment for growth. Government support helps ensure that EU manufacturers remain competitive
by facilitating access to cutting-edge technologies and fostering a culture of continuous improvement.

e t SHBBRISSNI 6t Ht O YL ydzF | -Oif seNIFaytding Yidrikethldsed doifndctO S &
manufacturers with clients and suppliers, facilitating efficient resource and service exchanges. These
digital platforms democratize access to manufacturing capabilities, allowing SMEs to compete on a
more level playing field with larger enterprises. By streamlining transactions and supporting flexible
production models, P2P marketplaces drive innovation and efficiency. This connectivity and ease of
access to digital tools and resources enhance the overall competitiveness of the EU manufacturing
sector.

7. 2Kdy factors fostering the strategic autono
e DNXBI (i §NJ-bhSftexibidith prokidedby MaaS enables the EU industry to swiftly adapt to

changing market conditions and technological advancements. This adaptability reduces dependency on

external sources by allowing local manufacturers to customize and adjust their production processes.

Greater flexibility ensures that the EU can maintain continuous production and meet internal demands,

thereby strengthening its strategic autonomy.
e LYONBI AAY 3 &Y (GdEraphicali§-Grhalt §pdcidlitatio® ajfows different regions within

the EU to focus on their unique strengths and develop specialized expertise in specific manufacturing

sectors. This regional focus leads to more efficient and innovative production processes, reducing
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reliance on external suppliers. By fostering regional hubs of excellence, the EU can enhance its industrial
capabilities and ensure a self-sufficient and resilient manufacturing ecosystem.

e LYONBIFaSR I LILInANI @Ry 2 (FSraisk arfdgdsiin@ogies enhance
transparency, security, and traceability in manufacturing processes. This technological advancement
ensures data integrity and builds trust among stakeholders, making supply chains more reliable and
resilient. By implementing such technologies, the EU can secure its supply chains, reduce the risk of
disruptions, and ensure that critical manufacturing processes remain under local control, thereby
supporting strategic autonomy.

e D2@SNYYSyl adzZJi2 NI | yd&oveNdenk goliclesa yréentivespBy yruid S a
role in fostering strategic autonomy. By providing financial support and creating a favourable regulatory
environment, governments can encourage the adoption of advanced manufacturing technologies.
These measures help reduce dependency on foreign technologies and resources, ensuring that the EU's
manufacturing capabilities remain robust and self-sufficient.

e LYONXBI &aAy3 astahdyrdbtibhackoss thoE® Mdustry facilitates interoperability and
efficiency in manufacturing processes. By adopting common standards, manufacturers can streamline
production, reduce costs, and improve quality. Standardization also ensures that products and
processes are consistent across different regions, making it easier to scale up production and maintain
strategic autonomy by reducing reliance on external suppliers and technologies.

e WSt AIOE S A Wstrong aadraNdtr©infrdziMiBiure is essential for the overall competitiveness
of the EU industry as well as the effective implementation of MaaS. Robust infrastructure, including
transportation, communication, and energy networks, supports efficient manufacturing operations and
reduces the risk of disruptions. By investing in and maintaining reliable infrastructure, the EU can
ensure that its manufacturing sector remains resilient and capable of meeting internal demands, thus
fostering strategic autonomy.

Our initial analysis of manufacturing approaches has shown that besides MaaS and centralized
manufacturing, traditional contract manufacturing (without the ability to order a fully custom product online,
with instant quotation and standardized contracting, characteristic for MaaS) should be considered in further
research and comparisons, in order to obtain a more complete picture of advantages and disadvantages of
Maa$S compared to alternatives. Therefore, we plan to compare the impact of these three approaches on the
goals of the EU manufacturing development strategy and the EU’s Twin Transition in further project activities.

MASTT2040 D1.1 Casebook: current state of Maa$S approaches and best practices to advance the CE
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8.1 Spanflug: specialized manufacturing platform for turning and milling parts

Based in Munich, Spanflug® operates a manufacturing platform specialized in CNC turning and milling parts.
Spanflug offers two dedicated services: Spanflug Buy and Spanflug Make. Spanflug Buy focusses on the
procurement process for customers, offering an automated flow from price calculation to order placement
for milled and turned parts. This service effectively matches demand with a network of specialized local
manufacturers. Meanwhile, Spanflug Make delivers a cloud-based solution for manufacturers to generate
their quotes for turning and milling jobs accurately, automatically, and in a transparent way. An interview with
CEO Markus Westermeier sheds light on these innovative services.

| ROFYOSR |dzi2YFGSR ljd2ay3 LINROSaa

At the heart of Spanflug's innovation is its advanced automated quoting system, designed to simplify the
traditionally complex and time-consuming quoting process for turning and milling. Here's how it works. First,
all parameters relevant to manufacturing, like shape complexity, size, materials, required precision, additional
surface post-treatments, etc. are automatically determined from the CAD model and drawing. Next,
intelligent algorithms quickly analyse the manufacturing process to figure out the workplan, the needed
manufacturing, programming and setup time and the material cost. The result of this analysis is a detailed,
reproducible price calculation. The true added value of the algorithm lies in the fact that it builds on a deep
understanding of how machining works (process knowledge). With the help of Al, the system gets even better
at estimating costs and handling more complicated parts. The quoting solution enables calculation with
castings and other near-net-shape stocks. The CAD model of a custom stock can be uploaded to automatically
calculate the finishing turning and milling operations. Only the volumes and surfaces to be machined are
considered in the calculation.

Check manu-
facturability

Get
price

Upload

CAD-file
L
technical Calculation

drawing Spanflug algorithm ) proposal
CAD analysis / pricing algorithm

Manufacturing
times

{ LI ybdza .d2Y YRB¥SYRIFOS FTANX2Yy I | yR (dzNyAy3
CNC machining tasks need specialized skills, often varying by the process, material, quantity, or required
precision. Spanflug Buy offers customers an online shop with a fully automated procurement process from
price calculation to ordering for milled and turned parts. It intelligently links demand with supply by a network
of specialized local manufacturers. Thanks to the vast network, there's a large probability to match orders
with the best manufacturer who has the available capacity. Customers are relieved from supplier
management and can build a resilient supply chain for reliable delivery and quality of parts. Suppliers on the
other hand, can valorise - without any sales effort - their free manufacturing capacity.

9 https://spanflug.de/en/
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Spanflug aims to keep a balance between increasing customer demand and a select group of efficient CNC
suppliers to ensure high-quality and timely deliveries. The platform evaluates suppliers based on their
technical abilities and past performance, using smart algorithms to pair orders with the most suitable supplier
who has the capacity. This process is transparent to suppliers. Spanflug also collaborates closely (and
proactively) with suppliers to support their growth in the market. The ultimate goal is to establish a long-term
partnership on an equal footing principle.

58yl YAO LINAOAY3IZ LINRUGFO6ES 2NRSNAE

Spanflug's marketplace adjusts prices based on various factors (such as delivery time). For each transaction,
Spanflug receives a fee. Selected suppliers are offered profitable prices and are given sufficient time to
consider and accept job requests. Spanflug's supplier matching makes sure that non-disclosure requirements
of customers are matched by reducing the number of suppliers who can see order details to a minimum. This
approach is different from other marketplaces and current processes, where orders might be sent to many
suppliers at once, often leading to a price competition. In addition, it helps Spanflug to ensure top-notch
security and protection for CAD models and drawings, which often hold important expertise.

YSe oSySuUda ¥F2NJ odz
e One-stop shop for CNC parts
e Efficient, digital quoting and purchasing

vg] Upload

CAD file process

] Instant or
@ project quote

Instant quote and express delivery from 5
working days for smaller orders.

Project quote for larger series and
%s orviaE-Mail y . . .
Y 7/ volumes within 2 working days.
2 G Manutactuing g © | e Reliable delivery and quality via the
: : network
Delwer_ylrom 5 X =
s i — e Resilient local supply chain

YySe o0S8SySUG F2NJ adzal

e Profitable orders to fill free capacity

{LI ybdza al S aAYLX AUSa (GKS LINROSaa 2F OFf Odzg I ay3
Spanflug Make is an automated service that helps machining companies quickly and efficiently handle

accurate transparent cost calculation, pricing, quoting and work preparation. The service includes a database

of stock parts prices from various suppliers, updated daily, and incorporates these prices into its calculations.
Suppliers have the option to adjust parameters or tweak the calculations to better fit their specific needs. This
cloud-based application, offered as Software-as-a-Service, allows for free price calculations for up to five parts

each month. For those needing more, Spanflug Make provides monthly or yearly subscription plans that offer
unlimited uploads and pricing calculations. Suppliers participating to the marketplace can easily compare in-

house costs against prices offered via Spanflug Buy.
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YySe oSySUdGa F2NJ adzll)x AS

e Save time and respond faster to customer inquiries.

e Reduce the cost of quoting.

e More accurate quotes, optimize the hit rate of
guotes with prices in line with the market.

e Relieve technical staff of administrative tasks
allowing them to focus on core manufacturing
activities.

{dzadF Ayl oAt AGES

The distance to the delivery location is a matching criterium to reduce CO2 footprint on Spanflug Buy. The
pricing near net shape machining is a unique ability in the field of on-demand manufacturing platforms and
a precondition for energy efficient machining and reduced waste in high volume production as well as
machining of big parts. In its commitment to sustainability, a near future ambition is to integrate a detailed
calculation of the sustainability and CO2 footprint of processes and CNC-machining of parts to reduce energy
and material consumption. To make these calculations accurate, the analytical approach, as used by Spanflug,
is very well suited since it provides all needed insights in the different processes.

[ Saaz2ya FTNRBY (KS LI &G yR TFdzidzNB LI | ya

Spanflug as a spin-off/scale-up of the Technical University of Munich has concentrated on developing the
technology first. Automating the process of generating accurate quotes has big benefits for both customers
and manufacturing companies. Some key data for the Spanflug platform: 40.000 users, 6.000 CNC machines,
300 manufacturing partners and almost 1 Mio. calculated parts.

Since its launch in 2019, Spanflug has grown at a steady pace, doubling its revenue year-over-year, while
continuously improving its solutions and services. New features such as ERP integrations, corporate accounts
or stock procurement have helped to deliver more value to users and integrate with their processes. This has
proven to be the key to winning long-term customers and suppliers, ensuring sustainable growth.

Spanflug still has a lot of room to grow, both in Europe and internationally. Spanflug is extending their "Made
in Germany" quality to local production in nearby countries like the Netherlands, Poland, Belgium and Austria.
Spanflug also aims at extending the support for manufacturers to cover all aspects regarding work
preparation, i.e. detailed work scheduling (short term) and even automated CNC code generation (longer
term).

7

GhdzNJ 32+t Aa y2G G2 06S GKS o0A33Sad GNFX RSNkoNR]SND
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8.2 ZiggZagg: Factory of the Future for on-demand 3D printing services

ZiggZagg®® provides 3D printing applications for professional use through a combination of online services
and an automated scalable production process. Their unique approach blends cutting-edge technology with
a deep understanding of customer’s needs as such providing the easiest, most accessible and flexible way to
print quality parts, from a few prototypes to large series. An interview with CEO Stijn Paridaens provides
insights into the innovative services honoured with the prestigious Belgian “Factory of the Future” award in

2024.

/ N} DAy3 SEOSttSyO0S o6e az2yftAyS aSNwAOS&a¢ 0O2Y0
ZiggZagg offers several specific functionalities to its customers:

I dz 2 YI G SR Auddated$aperi&siphcesses are crucial for efficiently scaling the services
and ensuring a seamless digital workflow from quoting to order tracking and even delivery. Design
for Additive Manufacturing (DfAM) support allows users to assess the printability of designs by
checking various aspects like wall thickness, model completeness etc. By using simple colour codes
to categorize the designs, a green, orange or red flag, this process is very easy to understand. Albeit
an orange of red flag, customers can still decide to proceed with an order, i.e. to support experiments
or enable testing the post-processes.

Cl al NBft A:RZigedagg off&3He ap@oS df Buaranteed next day delivery times for standard
orders. Standard shipping is in 5 business days. In reality, about 98% of all additive manufactured
parts are delivered on time or even earlier.

vdzl £ AlG@ :RiggZaggzNIoyhied to deliver high quality and fine finishing tailored to
customer demands (ZiggZagg is ISO 9001 and 13485 certified). To reach these high standards, an
automated quality assurance system is set in place, including inline monitoring of process
parameters, Al-supported process parameters control and a camera vision control of the build layers.
This enables ZiggZagg to detect anomalies and flag zones with possible quality problems that require
further inspection. Albeit all these automated and supporting tools, quality control still relies on a
100% visual control by an operator as currently no efficient solutions are available so far.

Cdzt £ & S| dziyl A ISGRKR R21200ch@ngdvihe
high labour costs in Belgium efficiently, the production
processes are automated and this for both small and large
volume production of parts, incl. post-processing steps.
State of the art technology like HP Multilet Fusion
machines, SLS machines and Metal printers are used to
cater to the specific needs of the customers (and the
sectors they operate in). Advanced 3D printing techniques
produce smooth, refined finishes that meet the highest
aesthetic and functional standards.

92 https://www.ziggzagg.com/
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e YSSLI O0dza 2 YSNI O2 YY dzy M&t 0btReyorde® Kebpatiyll$p dnéoffs2akd Suyly
automated with no interaction until the order confirmation. An Al bot handles recurring questions,
but ZiggZagg also keeps communication channels open for customers who need more engagement.
About 70% of the orders are one-offs without interaction, 15% are one-offs requiring additional
information, and the remaining 15% involve larger series or repeat customers, where ZiggZagg
engages more directly to discuss prices, contracts, and delivery schedules.

For larger series, ZiggZagg aims to be involved early in the customer’s design process to optimize
product designs for AM, enhance manufacturability with alternative solutions, and reduce the scrap
rate. This collaborative approach ensures that customers receive the best possible outcomes from
their designs and the production capabilities of ZiggZagg.

7] 2GG ZAGG =
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LYy2@to@dS &ad2fdze2ya FT2N 0dzai2YAT SR LINRPRdAzOGAY Ayazf
ZiggZagg leverages its advanced 3D printing technology to offer digital automation for a variety of specialized

products. A prime example is their innovative approach to the traditional insoles market, which is part of a

broader range of products that includes braces and exoskeletons. They streamline the entire workflow—from

scanning to defining a customized product and delivery—using software developed in-house in collaboration

with partners. This flexible solution allows partners to integrate their own tools, like scanners, into the

workflow, making the process more convenient for customers.

In terms of sales, ZiggZagg promotes its products directly through its own network of podiatrists and also
targets large companies, offering ergonomic solutions for employees. This approach not only caters to the
needs of individual customers but also complies with Belgian laws requiring companies to pay attention to
employee ergonomics. While ZiggZagg focuses primarily on the additive manufacturing (AM) process, it
actively seeks partnerships for other aspects of its business to enhance its offerings.

[ ea L
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ZiggZagg has previously utilized online marketplaces to fill its free manufacturing capacity. However, these
platforms have shifted from offering fixed, profitable prices to a competitive bidding scenario among
suppliers, driving prices down and impacting profitability, particularly for suppliers committed to high quality.
The marketplace model also restricts insight into the specific applications of products, focusing more on price
competition than on quality due to the intermediary’s role.

Alternatively, ZiggZagg collaborates with a local network of other additive manufacturing service providers.
This allows them to handle jobs involving materials they don't provide or when they're at full capacity.
Sometimes ZiggZagg only does the AM part of a job, with post-processing handled by a partner. These
partnerships are managed through ZiggZagg’s online platform, with some partners even integrating
ZiggZagg's services on their proper websites.

Regarding intellectual property, ZiggZagg is committed to protecting customer rights and as a result does not
monopolize capacity from other AM service providers. If ZiggZagg is unable to take on a project themselves,
they refer the customer to another reputable service provider, ensuring the customer's needs are met
without compromising IP security.

| R2LJoy 3 adaldlAylofS LINI OsaOS84

Sustainability is increasingly important to customers who want eco-friendly options without additional costs.
ZiggZagg understands that manufacturers need to respond to this demand to stay competitive.

Current best practices position ZiggZagg as a leader in sustainable 3D printing. The innovative approach
minimizes waste and reduces energy consumption, while the design optimization phase enables to use the
least amount of material needed. Additionally, ZiggZagg has developed its own technology to recycle waste
from P11 polymer products. The recycled material is reused to create new products, with a different process
from the process used with virgin materials.

Looking ahead, the order system will automatically provide detailed insights into the CO2 impact and overall
footprint of each component's production. As a manufacturer, ZiggZagg has the detailed data needed to offer
accurate assessments, unlike marketplaces which can only provide rough estimates that may not reflect the
true/realistic sustainability efforts of the supplier.

{OFfAYy3 GKS 0Said LN} OsaOS az2fdm2y
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Additive manufacturing has been praised for its potential, but developing a scalable, automated, and high-
quality production process is slow and required significant investments. It’s not a quick path to profits.
ZiggZagg focused first on perfecting and stabilizing their ordering and production systems and ensuring they
had enough capacity to guarantee short and reliable delivery times. It was a long haul, but the relentless
hunger for innovation has allowed ZiggZagg to optimise its processes.

Now that these systems are in place, ZiggZagg is ready to scale up efficiently with the support of an investment
partner.

e Scale production capacity: ZiggZagg has experienced a yearly growth of 20-25% in turnover, outpacing
the additive manufacturing market. They plan to triple their in-house capacity over the next five years,
establishing a central production hub in Belgium for the European market. The main challenge is finding
skilled staff.

e Global strategy: ZiggZagg may expand outside Europe to exploit the solution internationally and better
reach the US market. The advanced, automated approach, developed as a competitive response to high
labour costs and scarcity of cheap labour, operates with significantly fewer staff compared to traditional
approaches in the US.

If ZiggZagg were to start over, they would again prioritize establishing a robust, scalable production system.
However, they would engage in market development sooner. The market has yet to fully embrace the benefits
of additive manufacturing. This necessitates proactive efforts to demonstrate the technology and acquire
potential customers.

CKISZWIMM AA2Y S + b[AIKGA 2dzi FFOG2NEb T2NJ o5 LINAYs

ZiggZagg's innovation goal is to create a so-called "Lights Out Factory". In this type of factory, automated
processes and machines, assisted by autonomous mobile robots (AMRs) and collaborative robots (cobots),
do most of the work. They work alongside humans, minimizing the need for human involvement. A small
team of highly skilled professionals collaborates with this smart factory setup to manage operations. This
centralized manufacturing approach uses intelligent and sustainable production methods to achieve
economies of scale efficiencies, which allows for on-demand production and fast deliveries across the
continent through logistics partners.
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8.3 DVC: myProto makes rapid PCB assembly prototyping easy and secure

GalRS o0& SyaAySSNAR T2N) SyaaAySSNaé

myProto® from the Belgian company DVC is an easy-to-use platform that allows to quote, optimise and to
competitively build PCB prototypes fast and with the same quality as a PCB assembly of a large series.

Managing quotations and orders for PCB assembly prototypes was a time-consuming and error prone
process: customers change quantities or the delivery date, wait to order so data is no longer up-to-date,
incomplete or incorrect is provided, keeping the history of quotation and order is time-consuming, etc.
myProto resolved these challenges by user-friendly online services for the customer and task automation at
the supplier.

o
=

Register Define
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required information is provided and well-structured to enable instant quotation. Customers are
responsible for ensuring their data is accurate
e [/ 2 Y LIS o o @ Becaugdzuitdn¥rs handle some of the initial work, DVC can offer better prices.
These prices change based on how quickly you need the product and how many you're ordering. In a
high-wage region, creating prototypes affordably DVC’s business development for larger series
production.
e al ydzF I OG dzNJEded vith alitdématOri £ Enginker still checks to make sure the prototypes can
be manufactured.
e CLAG 6AGK ljdz f AG@ 3dzl & pfadeS as beyhRptirhizdzt ahd autdhbtéd,S | 6 A f
delivering PCB assembly prototypes and small series within 5 workdays. The quality and traceability
match those of larger production runs, thanks to automated software, advanced equipment, and skilled
engineers.
e 1 dzi2 Yl (SR a2 dzNXD ATiePlatfar is IDkRdYid djgr Sl§ttiiodicYcomponent suppliers to
quickly check component availability, cost, and delivery dates, which helps speed up delivery times.
Customers can also opt to supply the PCBs or components themselves.
e 9y 3AAYSS NApyoddesthalplwltizhdhstandard or complicated prototypes. DVC enjoys tackling
challenging projects, and the platform aims to assist rather than hinder.

9 https://myproto.eu/
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The platform serves as a strategic tool for business development by providing cost-effective prototype
PCBA (Printed Circuit Board Assembly) in Europe. This affordable approach helps attract and secure larger
scale production orders.

{OFfAYy3 LINRPRdzOa2y OF LI OAGEe (2 FaadaNB akK2NIl RSt AGS
Recent investments in advanced production equipment and bringing production lines together in the same

production facilities increased production capacity. DVC’s automated production system handles both

prototype and serial production efficiently, operating at an 80% machine utilization rate. DVC strategically

produces and stocks items under long-term contracts, which speeds up delivery from buffer stock and frees

up capacity for prototypes with urgent deadlines. When necessary, production can be increased from the

standard two shifts per day to three shifts. The provision of correct and complete information by customers

ensures reliable delivery dates. This policy helps to maintain a commitment to quality and timely delivery.

{dzaGFAYylLoAfAGES Y AYGSNylLrt 321 ¢
Increasing sustainability, although not yet an issue requested by customers, is an internal ambition. A lower
footprint will also lead to an economic advantage and higher margins.

/| Kt tSy3aSay ldzi2YF4S yR AydSaNras

Prototypes and serial PCBA production share same support tools, ensuring consistency but currently still
partially run on parallel systems. While some aspects of our process, like Design for Manufacturability (DfM)
and planning in our ERP system, are still handled manually and can manage 2 to 3 orders daily, this setup isn't
suitable for further scaling up. To support larger scale operations, DVC will automate DfM checks and the
assessment if promised delivery times, such as 5 working days, are achievable. Moreover, we aim to integrate
both prototype and serial production into a unified process within the ERP system, moving away from
platform-based serial production. This integration will streamline our operations and enhance our efficiency.
' YOAo2YyY Y2NB SYOASYyld YR 6SgSNI aSNWAOS

On short term, the aim is to further simplify and increase efficiency of work at DVC and customers through
faster availability of information and a thorough automation of processes and the production system. The on-
demand myProto-platform will be further integrated in all DVC’s internal systems and processes, so that the
entire workflow of prototypes runs on the same SW systems and in a similar way to the larger series. The
electronics industry is characterised by a cyclic shortage of available components. To be prepared and resilient
for such shortage, myProto wants to present customers based on information about availability, in an
automated way available alternatives avoiding long lead-times.

Looking ahead, myProto aims to revolutionize how we assist customers with automated Design for
Manufacturing support right from the design stage. This means advising on the best components to use,
ensuring they fit well with the manufacturing process, and guiding their placement on the PCB. We plan to
cater to different needs with varied service levels, offering free services to our loyal customers and paid
options for others who may not yet be ordering from us. This approach will make designing and
manufacturing smoother and more efficient for everyone involved.
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8.4 FAE Technology: MyFastPCBA platform for electronics prototyping

FAE Technology SPA is a mature company offering electronic services and operates in various sectors
including Energy, Healthcare, |oT, Industrial, Automotive, Aerospace, and Defence. The company provides
Maas, particularly focusing on the fast prototyping of PCBA through their platform MyFastPCBA.

e Electronic Engineering: FAE Technology SPA offers comprehensive electronic engineering
services, guiding customers through every phase of new product development. This includes
feasibility studies, PCB development, executive design, and certification, all approached with a
production-oriented mindset from the earliest stages. The electronic engineering department
collaborates closely with the hardware design team and a dedicated coding department (firmware
and software), ensuring full support until the complete realization of the customer's product.

e Prototyping: To expedite production and market release, FAE Technology SPA provides a fast
prototyping service through a dedicated department focused on creating prototypes and custom
mini electronic boards. Equipped with Jet print, P&P, and vapor phase technologies, this
department leverages digitally assisted programming to minimize time and costs. For customers
managing the engineering phases and seeking greater autonomy, FAE Technology SPA offers direct
interaction with the department via the MY Fast PCBA interact service, providing disintermediated
access.

e Service & Refurbishment: Embracing the principles of reduce, reuse, recycle, and recover, FAE
Technology SPA is committed to the circular economy. They specialize in repairing and refurbishing
electronic circuit boards, whether produced by them or others, utilizing state-of-the-art equipment
to ensure maximum efficiency.

FAE Technology SPA employs 170 full-time employees (FTEs) and operates in various markets including
Energy, Healthcare, loT, Industrial, Automotive, Aerospace, and Defence. The company is both a
manufacturer and a technology provider, focusing on innovative solutions like fast prototyping of
assembled electronic boards (PCBA) through their digital platform, MyFastPCBA.

Maa$ Implementation:

FAE Technology SPA has reached the scaling stage of MaaS implementation. Their digital platform,
MyFastPCBA, launched in 2019, allows customers to upload project specifications, select lead times,
request quality control, and receive electronic boards within a few days. This approach is fundamental for
the company’s future, with plans to expand it to other services such as PCBA refurbishment.

Service Models:

The company’s platform, MyFastPCBA, exemplifies their digital solution for electronic prototyping. Key
services integrated into their MaaS offering include fast prototyping with digital quality control, process
data collection, automatic customer assistance, and pricing analysis for mass manufacturing.

Unique Aspects and Ambition:
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FAE Technology SPA's digital approach enables quick iterations in prototyping, where production lead
times are crucial. The company aims to scale this service to other business areas, streamlining sales and
quote activities by reducing workflow touchpoints.

MY
FAST PCBA

BOM Editor [+ s [} + Adtempens

Quantity

Loaded BOM Title

Drivers and Organizational Impact:

The Maas initiative significantly impacted the organization by reallocating key resources to high-value
customer services and automating low-value operations. The automation of intermediate tasks, such as
managing supplier orders through APl connections, allowed technical key account managers to focus on
providing high-quality feedback.

Current Challenges:

A major challenge is engaging key users within the organization to commit to the MaaS implementation.
Additionally, some end-users' non-digital habits pose difficulties in adapting to new business models. It is
crucial to ensure that these users are involved and supportive of the MaaS project to overcome resistance
to change. FAE Technology SPA also faces the challenge of integrating new technologies seamlessly into
existing processes and ensuring that all employees are trained and comfortable with these innovations.
Overcoming these obstacles is essential for the successful scaling and sustainability of the MaaS approach.

Data Collection and Utilization:

FAE Technology SPA collects process and quality data from production, sharing relevant information with
end customers. They plan to include environmental data alongside quality and process data in the future.

Sustainability:

Sustainability is an important aspect of their business, with plans to provide environmental information to
end-users.

External Partners:
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Suppliers of electronic components are integral to the Maa$S approach, necessitating integration with their
production processes.

Project Benefits and Reflections:

The Maas project has been successful, with plans to expand to other business areas. If starting over, the
company would maintain their approach but might emphasize initial testing and gradual implementation.

Tips for Companies Considering MaaS:
e Start small and test the approach on a dedicated business area.
e Ensure flexibility in production structures to accommodate changes.
e Implement additional services as value-added options for end customers.

FAE Technology SPA has successfully implemented a MaaS strategy through their MyFastPCBA platform,
offering innovative and efficient solutions in electronic prototyping. Despite challenges in adapting to
digital approaches, the company continues to expand and refine their services, emphasizing sustainability
and leveraging data to enhance their offerings. The insights and tips shared by FAE Technology SPA can
serve as valuable guidance for other companies considering MaaS implementation.
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8.5 Print Logistic: innovator in digital on-demand printing on textiles

Print Logistic®* is a family-owned business with 125 employees specializing in print-on-demand and textile
production. Established six years ago, the company has grown to achieve a turnover of PLN 40 million in 2023,
with projections reaching PLN 65-70 million in 2024. Initially focused on print-on-demand, Print Logistic
expanded to on-demand textile production, overcoming initial market resistance to small-batch printing. The
company's vision emphasizes software solutions and digitalization throughout its value chain, including
logistics. Print Logistic's success lies in securing enterprise partnerships and expanding to international
markets, offering on-demand production services.

hyRSYI YR YIFydzZFlF OGdzZNRy 3 LI | G2 NY

The company provides on-demand manufacturing and printing for diverse textile products, from apparel to
home décor. Expanding its offerings monthly with three new products, the company allows extensive
customization, including shape, print, and material. For instance, Al can generate custom-shaped pillows
based on user-uploaded images. The business collaborates with various clients through tailored models,
including large print-on-demand platforms, retail enterprises, and e-commerce businesses of all sizes.
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This B2B model enables entrepreneurs and brand owners to order customized product series on demand.
Customers utilize a standardized online system to design and personalize products, which Print Logistic then
verifies and confirms. Seamless integration with popular e-commerce platforms like Shopify and Shoper is
possible through plugins, while an APl interface allows integration with any website. The system also
integrates with brand owners' existing order systems, automatically importing customer and order data. This
automation streamlines data flow, monitors business processes, and connects directly with Print Logistic's
manufacturing execution system. This eliminates the need for file exchanges by securely collecting all data
through forms and transferring it via closed interfaces and protocols to secure cloud servers. Data is
automatically translated to be compatible with Print Logistic's machinery, eliminating manual data translation
and file conversions. Print Logistic's proprietary technology and information system, developed and
maintained in-house, ensure data security and continuous development without reliance on external
partners.

9 https://printlogistic.eu/
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The company prioritizes in-house IT solutions, operating as a "Software as a Service" provider for a
competitive edge. This includes a proprietary production management system designed for scalability and
supply chain integration, aligning with their manufacturing-on-demand model. Their low inventory strategy,
requiring restocking every 3-4 days, is supported by a predictive system that automates order forecasting and
supplier distribution.

hyRSYI YR Y ydzFF OGdzZNRy 3 LI | G2 NY

The company provides a platform connecting e-commerce businesses, enabling direct ordering for end-users.
Focusing on B2B, they facilitate a "no-stock"” model where products are created upon purchase. Clients
receive real-time order tracking and customized software solutions. With a 48-hour SLA for printed products
and 72 hours for sewn items, the platform ensures efficiency. Automated alerts and notifications provide
transparency throughout the fulfilment process, which takes 3-5 days from order to delivery.
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The company prioritizes data security, collecting only essential information for shipment. Contractually, data
use adheres to regulations. Graphics must meet standards; human verification identifies and addresses
copyright or ethical violations. Data is securely stored for 30 days on company servers, protected by a VPN
and high-level cybersecurity measures, before deletion. The platform offers seamless integration with any e-
commerce platform through a custom direct API.
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The company prioritizes sustainability by exclusively using certified raw materials, inks, and consumables.
Their on-demand production model minimizes waste, with scraps repurposed into products like pillow inserts.
Unused materials are donated to hospitals, embodying their commitment to responsible disposal. Their state-
of-the-art machinery minimizes water consumption in a traditionally water-intensive process. The company
adheres to the Global Organic Textile Standard and Eco Passport, reflecting its dedication to environmental
responsibility. Furthermore, they operate using 100% renewable energy.

Currently, the company occupies a niche within the on-demand production market, with a goal of expanding
into the mature US market. They also aim to secure a leading position in the European market. Production
capacity presents the primary limitation to their growth. To address this, the company plans to implement
further automation and robotization in production and warehousing. Software development remains central
to their operations, with ongoing projects focused on enhancing customer service and product management.

SUSTAINABILITY FAST FULFILLMENT SCALE

We use only certified raw materials, We produce and ship directly to We produce on demand more than
inks and consumables. the end consumer in 48 h. 5 000 fully customized products a day.

GLOBAL DROPSHIPPING PRODUCTION NEARSHORING

via wide base of trusted shipping We are covering EU markets with
partners 24 hour product delivery SLA
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The company manufactures in Poland but operates globally. Acquiring large apparel retailers could be
transformative, even with market slowdown. A shift to on-demand production is inevitable, with large brands
predicted to outsource 20% of production, presenting a key opportunity for the company.

Several trends are bolstering business and on-demand production: shortening supply chains, rising eco-
consciousness, and rapidly shifting consumer preferences, particularly in fashion with the sustained growth
of casual wear. Additionally, outsourcing gains traction as newer generations prioritize scaling sales over
managing production, focusing on niche markets instead of establishing factories.

Rising costs, inherent to on-demand and non-serial production, coupled with labour and electricity hikes,
pose challenges. Convincing large retailers accustomed to low overseas manufacturing costs may prove
difficult. However, the business model presents more opportunities than threats, as rising costs are a
widespread issue.
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Printify® a leading print on demand company offers a vast selection of products and exceptionally great
customer support. Printify’s technology automates print-on-demand services for merchants around the
world. Printify connects online shops to our network of 90+ print providers with 110+ printing factories that
provide cut & sew, sublimation, white label services, and warehousing fulfillment. Print on Demand is a
fulfillment process that dropships products to customers only after a sale goes through. One can print
guantities of custom merchandise with no inventory management by sending it directly to customers. This
fulfillment model allows a customer to buy products in your shop and the order goes directly to the Print
Provider. This eliminates the need for order fulfillment and storage space.

Calculate Your Earnings

Select a Product:  T-Shirt v Fulfillment Cost* : $8.26

Sell It For:

Daily Sales:

o

Monthly Profit: USD 363.94 Start designing

*The production cost includes the fulfillment price of one item with one print.

It doesn't include shipping fees, taxes, and other possible storefront expenses.
Unisex Jersey Short Sleeve Tee

% https://printify.com/
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8.6 CASTFAST: platform and ecosystem for on-demand castings

The CASTFAST platform offers casting buyers and foundries a range of services that enable the on-demand
production of castings. It does this by combining 3D sand printing of moulds and cores with process
digitization. An interview with Rahul Prasad, Chief Technology Officer, and Marcel Tschillaev, Product Lead, at
CASTFAST provides insight into its services and the marketplace.

05 alyR LINAyoay3d a SylofAy3d (SOKyz2fz23e8

3D sand printing is a hybrid additive manufacturing process that combines the 3D printing of moulds and
cores (through selectively binding layers of sand) with the traditional casting methods to pour those moulds.
It is a patternless process, which means moulds can be made directly from a digital 3D design.

This has several advantages:

e Short lead times by completely skipping the pattern making stage.

e No extra cost for one-offs or small series (no minimum quantity to justify pattern cost).

e Benefits of the additive process: complex parts are possible at no extra cost.

e Access to a broad range of familiar materials and alloys - no limitations on alloys as with metal 3D
printing.

e More flexibility and agility of the process of buying and producing a casting, due to a more digital
process.

CASTFAST’s goal is to create a comprehensive, integrated platform that transforms the way the foundry
industry works. By combining the benefits of 3D sand printing and process digitization, CASTFAST is looking
to enable buyers to order high-quality castings quickly online, with instant quotes, fast order processing and
easy access to all types of casting capability and give foundries access to a broader customer base and better
processes.

N
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Long lead times, little supplier flexibility (for buyers) and a lack of process agility (for foundries) are key issues
plaguing the industry, making castings difficult and slow to procure and causing waste and lack of opportunity
in the supply chain. The CASTFAST platform resolves inefficiencies, provides tools and joins up different parts
of the process to speed up the whole casting ecosystem. The platform benefits both casting buyers and
foundries, with services designed to remove barriers to buying castings and delivering them fast:
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inefficiencies in the procurement process. The platform includes quotation, analysis of

manufacturability, online sales, sourcing of additional services (machining, 3D scanning) and
logistics.

e 8§81 T I RUNWO? WGI RUMIR LIGEnH cHllardé 3Mishnd printers in the CASTFAST
network. This allows foundries who don’t yet have a 3D sand printer to benefit from the speed, design
freedom or extra capacity offered by 3D sand printing without having to invest in 3D sand printers
themselves. It can make orders possible that wouldn’t otherwise be deliverable by the foundry.

e ~CqHGGCt RUNWs RASGFAST hHENG i@-boluse foundry but cooperates with a network of
foundries (and suppliers for machining, logistics, 3D scanning). The platform increases visibility for
small and bigger foundries and matches customer demand for cast products with suitable nearby
foundries that have production capacity for the requested material, type and size of product.
Suitable foundries can then respond to the RFQ - currently, orders are awarded based on speed, in
future this could be based on other, buyer-defined criteria, such as carbon footprint or foundry
location.

e 2?13t RN U Wishppox Rétkdhtion of 3D design files from 2D drawings and the planning and

design of the moulds.

“CASTFAST

The services of CASTFAST are combined with those of partner sand foundries (i.e. to plan the mould and
gating system) in the ecosystem to speed up the online procurement and lead time for castings and their
mechanical processing for buyers. The higher degree of digitization means individual services and suppliers
can be combined easily and quickly.

As each casting needs a sand mould to be printed, the platform’s sweet spot is the rapid production of
prototypes, individual parts, small series or repeat one-offs of cast parts weighing between 20g and
2,800 kg (as of August 2024). Moulds, cores or mould parts for different castings can be printed together
to maximize printer utilization by using the full build volume.

Customers are shown an instant price or price range, plus an estimated delivery date (and, where the data is
available, a carbon footprint). They receive a response from CASTFAST within 24 hours regarding feasibility,
an official quote and a supplier who can deliver the desired casting on the agreed date. Lead time for the
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whole process can be as little as 2 weeks. Once the order is digitized, a follow-up order can be carried out
much faster from a digital inventory.
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CASTFAST, located in Mainz, is a spin-off start-up of a local iron foundry, where the initial 3D sand
printing capabilities were developed and tested. CASTFAST was fully spun out and independent by the
end of 2023. It started with an initial focus on the German speaking market.

CASTFAST’s mission is to accelerate the adoption of 3D sand printing among small and medium-sized
foundries and revolutionize access to quality castings. The team is not looking to take away business
from foundries, but to increase the market for castings by building a more efficient, flexible, and high-
quality casting ecosystem. Scaling and supporting the network of suppliers is important. The faster
orders can be routed through a network, the more efficiently foundry capacity is utilized, ultimately
benefiting both the buyer and the supplier. This currently is largely a function of the size of supplier
network. Today, the market is still getting to know CASTFAST (via its German-language website). Next
step is to expand the network, including to Belgium, The Netherlands and Italy.

There is no upfront cost for foundries to engage with CASTFAST. Onboarding and knowing the strengths of
foundries and the production volume they can guarantee for the marketplace is crucial. The tools that
analyze the product and extract information to predict pricing, manufacturing time and lead-time were
not perfect at the start, still requiring some manual intervention of experts. They are constantly being
improved to further automate all processes and ensure consistent quality and efficiency for any additional
materials and alloys, more complex products and finished cast parts. The development of the platform and
tools around new services and products happens at different speeds depending on new suppliers being
onboarded. New capabilities can go live quickly, with a little less automation, but still benefit from the
advantages of the CASTFAST process.

CASTFAST’s digital tools, network and services for cast iron are already relatively mature and the most
advanced. Since reaching out to aluminium, steel and machining suppliers mid-2024, the platform has
added extra capacity and capabilities quickly, which is starting to have additional benefits for buyers
and foundries. For example, a foundry recently needed nearly fifty mixed cores urgently to meet a project
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deadline. The CASTFAST team was able to provide them from different suppliers with different sand
grades and deliver a technically and economically optimized order — within a week.
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CASTFAST supports castings in cast iron, aluminium and steel. Casting is a complex production process
that involves numerous steps and variables, making it challenging to control and guarantee part quality
consistently. The platform offers services to support at every step of the process if needed. Based on the
case, this can include the following steps: 3D construction (quick creation of 3D file from 2D drawings),
design of the moulds, cores and pouring/gating system, machining, heat treatment, quality assurance,
measurement and testing, and logistics.

Transparency is key for CASTFAST in sharing the responsibility for delivering the order to spec, on time
and in high quality with its co-suppliers. All partners are keptin the loop to ensure a perfect result, share
the quality risk, and analyze the causes of issues. In case of defects, the partner responsible for anissue
carries out the rework. There is therefore no reason to keep the supplying foundry anonymous to the
buyer.

Ezat q¢ RUCHRGRq!

Sustainability is an important aspect in metalcasting — and is becoming more important to casting
buyers, especially from the automotive industry. Many foundries have started to invest in tracking and
reducing their carbon emissions. Right from the outset, the CASTFAST platform has included

functionality to calculate the estimated carbon footprint for a given casting at the point of order. This is,
however, dependent on emissions data being available from supplying foundries.

Overall, the CASTFAST model enables more sustainable practices in casting procurement. For example,
by allowing buyers to buy more locally, buy castings only in the quantity needed and by enabling
foundries to use their capacity more efficiently.
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The future of CASTFAST focuses on building an ecosystem that allows engineers, product designers and
casting buyers to exploit the advantages of casting as a competitive near-net shape production
technology. The advantages of casting (and the removal of legacy drawbacks of casting as a technology)
must be made clear to designers, so that they are no longer shying away from using it.

By making a full suite of services available within the ecosystem, partners and buyers do not need all
the different capabilities in-house. Barriers to choosing casting and to collaboration between partners
are designed out. Companies can focus on their expertise.

By enabling the fast combining of capabilities and taking away all inefficiencies, the ecosystem will
ultimately lead to a faster, more flexible, more sustainable foundry industry as a competitive alternative
to other production technologies. To achieve this CASTFAST will further automate and extend the
network and range of services and tools, giving buyers and foundries access to a cool new way of
delivering castings.
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8.7 24TTailorSteel: Tailor-made metal products. On demand. On time.

At 247Tailorsteel®® you can quote and order tailor-made metal products in an instant. To offer those
functionalities to its customers, 247Tailorsteel developed a dedicated software platform (Sophia®).
247TailorSteel is a quickly growing on-demand company in a traditional, stagnating metal market®”.

Sophia®automates and optimizes processes: end to end

Sophia® is a comprehensive software system developed by 247TailorSteel. Sophia® automates and optimizes
various aspects of 247TailorSteel’s operations and keeps the digital thread between all processes. To highlight
the importance: the development of Sophia® involves a team of 40 software developers, data and Al
scientists. Sophia has a number of distinct features, all crucial for the on-demand services:

e Sophia’s portal automates 24/7 the customer facing processes: Sophia® provides instant quotation,
enables customers to quickly and easily order custom-made products from 247TailorSteel, and provides
real time tracking of the order status from initiation to completion. The calculated prices are dynamic and
highly dependent on delivery time, from a 2 days speed delivery to a normal delivery of 4 weeks. Since
ordering requires no human interaction, error margins are kept to a minimum.

e Sophia® manages fully automatically the production and logistics of orders. Confirmed orders are
automatically entered into production scheduling. Sophia® optimizes the scheduling of production jobs
to ensure efficient use of resources and timely completion. It manages production capacity to handle
varying order volumes without delays. The tool steers and optimizes also the production itself, i.e.: the
nesting of jobs for laser cutting processes, quality control at various stages of production, etc. Sophia also
optimizes the scheduling of deliveries and delivery routes to ensure timely and efficient transportation of
finished products since delivery reliability is extremely important within 247Tailorsteel’s business model.

e Additionally, Sophia® manages raw material inventory levels, ensuring that materials are available when
needed without excess stock and automates interactions with material suppliers. Lastly, Sophia®
schedules and tracks maintenance activities for production machinery, ensuring minimal downtime and
prolonged equipment life.
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As far as production technology is concerned, 247Tailorsteel uses premium machines and factory automation
to support quick and flexible production of tailor made products, even in small batches. All 247TailorSteel
factories use a similar ultramodern sheet-metal machinery from a few OEM providers, i.e. LVD for bending
machines, Trumpf for Laser Cutting. 247TailorSteel started with 2 Trumpf 5-kW laser machines in 2007. Today,
247TailorSteel uses more than 88 TRUMPF flatbed lasers, 18 Adige tube laser cutting machines, 52 LVD
ToolCell bending machines, and 12 deburring machines. AGVs automate the internal logistics and transport
different types of sheet metal plates to the laser cutting machine loading stations. Robots support automatic
loading and unloading.

Investment in SW tools and automation limits the need for scarce human resources. The production is no
longer dependent on highly skilled work planners or operators. Not everything is automated, human
operators remain important to support flexibility in the factory. 247TailorSteel trains their operators internally
to work on attractive state-of-the-art machines.

% https://24Ttailorsteel.com/en/
97 Case based on company visit in 2023 and a debate with CEO Carlo Berlo on D2M Design to Manufacturing in 2024.
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247TailorSteel is outcompeting competitors and has quickly grown in recent years in a stagnating market. For
247TailorSteel, the market remains big enough to continue growth, by increasing market share in regions
where they already operate and by setting up new plants in adjacent regions. 247TailorSteel is supported by
an investment company. Parcom Capital, a private equity firm, has been backing 247TailorSteel since April
2019. This partnership has enabled 247TailorSteel to expand rapidly, open new branches, improve existing
processes, and implement innovations in their production methods.

Today, 247TailorSteel produces out of six locations in The Netherlands, Germany and Belgium very close to
their customers. The standardization facilitates automated programming of machines for a specific part,
flexible automation and similar operation of machining processes in all factories. New plants copy-paste the
same concepts and share the knowledge as applied in previous plants. The factories are oriented at on-
demand production of small series, enabling cost effective production of individual bespoke parts, small and
larger series. Together with Sophia's ability to manage and optimize large-scale production,
247TailorSteel can easily scale up operations.

¢tKS Odzali2YSNIftAyS aidlrea 2LSyo
Sophia® serves 50.000 customers and autonomously handles daily 3000 to 4000 requests for quotes for small
orders. Larger orders are tweaked by sales to best suit customer needs. In the first quarter of 2024

247TailorSteel acquired 2500 new customers. This broad customer base makes 247TailorSteel more resilient
to market fluctuations at certain companies.
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As small orders run completely autonomously through Sophia, the role of sales has evolved. Sales maintains
relationships with existing (large) customers to, understand customer needs, and provide a personalized
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service or customized solutions. Large buyers are price driven and put high importance on delivery reliability.
Sales acquires new customers and negotiate the contract. If customers need changes or adjustments to their
orders, sales teams can make real-time updates, which Sophia® processes immediately to adjust production
schedules and material needs. Sales teams are also responsible for identifying and acquiring new customers,
esp. to open-up new regions and to support scaling. Customer feedback collected by sales teams is integrated
into Sophia, which can then be used to improve products and services. This feedback loop ensures continuous
improvement and customer satisfaction. Sales are vital for driving revenue and ensuring customer
satisfaction.

902y2YASa 2F {OFItS ' R@FyGl 3Sa

The quick growth provides 247TailorSteel economies of scale advantages. Sophia® enhances 247TailorSteel's
ability optimize production processes, reducing waste, and enabling efficient handling of large order volumes.
A nesting technique for processing multiple orders significantly reduces the amount of wasted material in
laser cutting sheet metal plates. Scale enables to negotiate annual framework contracts with suppliers in
terms of price and speed of delivery. An analysis of the data enables predicting material needs. This allows
247TailorSteel to keep internal material stocks to a strict minimum (~2 days' stock). The suppliers take on part
of the investment, reducing working capital (at 4,000 to 5,000 tonnes per month, this easily amounts to EUR
10 million per month).
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8.8 Catena-X: Open federated digital ecosystem for resilient supply chains

Open, standard based and interoperable foundations and solutions are being developed in the German
research community to correspond to an industrial need. Catena-X provides an open and collaborative data
ecosystem for the automotive industry. This avoids the limitations of proprietary systems and encourages
greater innovation and efficiency across industries. On-demand Manufacturing as a Service (MaaS$) is among
the use cases developed within Catena-X. An interview with Boris Schnebel, Felix Schéppenthau and Thomas
Uslander from Fraunhofer 10SB® provides insight in this open, collaborative alternative to the current
proprietary, closed platforms related to the MaaS use case.

I O2ffl o2 KR ad@PYRAGAPIRNIG NBAATASY(d &ddi & OKFAYE

Unexpected disruptions in supply chains are increasingly happening. For companies to be resilient, they need
to be able to switch suppliers more easily. To make the supply chain more sustainable and reduce carbon
emissions, companies need accurate data on the carbon footprint and origin of materials. However, current
platforms are proprietary, meaning they are closed systems that do not work well with others. This forces
companies to use specific systems and tools. Additionally, manufacturing information sources are varied and
use different data models and meanings, making interoperability difficult. No single company, whether it's an
OEM, supplier, or outfitter, can solve these issues alone.

A\, - -
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Maa$s

Source: Catena-X “Manufacturing as a Service” Paint points SMEs face %°

Catena-X's collaborative approach offers common open-source foundations for multi-tier data exchange and
shared semantics. This avoids the restrictions of proprietary systems and encourages greater innovation and
efficiency across industries. The open system is based on shared standards and a federated and interoperable
architecture. This creates a trusted place for data to flow freely among businesses. This lowers innovation

98 https://www.isst.fraunhofer.de/en/departments/industrial-manufacturing/projects/CatenaX.html
% https://catena-x.net/en/benefits-pros/manufacturing-as-a-service
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costs for MaaS. It allows to easily integrate different standalone components from various providers. It also
makes it easier to digitize processes, especially for small and medium-sized enterprises (SMEs).

Resilience

Q.Y Manufacturing-X ) 5 Sustainability

. Smart'& Connected Industries -

Competitiveness

Manufacturing-X Big Picture of decentral and collaborative Industrial Data Spaces
for Industrie 4.0. Open, global and cross-sectoral (Source: plattform-140').
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Catena-X has been enlarged towards a broader concept which is the cross-sectoral initiative Manufacturing-
X. This German initiative aims at industrial digital ecosystems based on the principles of the Industrie 4.0
DataSpace to create resilience, sustainability and competitiveness. The Catena-X project, with end date
summer 2024, created the reference architecture and brought in open source components to support data
interoperability and collaboration in the automotive sector. The Maa$S architecture of Catena-X is derived
from the Smart Factory Web reference architecture for an interconnected network of smart factories based
on GAIA-X principles!®®. The open architecture is sector agnostic. The core elements of the reference
architecture are identical for different applications in order to ensure cross-industry interoperability. Factory-
X192, 3 just started follow-up project, will build on solutions created in the Catena-X to create industry-specific
solutions for the specific use cases in mechanical and plant engineering. The table below compares the
Catena-X MaaS approach with the current proprietary on-demand manufacturing-as-a-service platforms
(Maas).

100 hitps://www.plattform-

i40.de/IP/Redaktion/DE/Downloads/Publikation/Manx_Pres1.pdf? blob=publicationFile&v=5
101 https://eclipse-tractusx.github.io/docs-
kits/kits/Manufacturing%20as%20a%20Service%20Kit/Adoption%20View%20MaaS%20KIT

102 https://www.isst.fraunhofer.de/en/departments/industrial-manufacturing/projects/factory-x.html
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A scalable, federated architecture and
open-data system based on standards
to enable a standardized approach to
data sharing and service integration.

Closed systems controlled by one company,
this limits interoperability and data sharing
between different stakeholders.

/ 2 }[ i N2 fA Vari ous pr ovi de|A single vendor controls the services that

20SN) aSNcompatible ser vi ¢ areincluded(mainlyown, limited from third

parties).

[ 2t f | 02 N Collaborative  environment  where | Anonymous collaboration between buyer
multiple stakeholders in the supply | and supplier, controlled by a single central
chain, including OEMs, suppliers, and | entity. Risk of lock-in by large international
service providers, can participate. players.

5 @IK I N Y Participants can securely share data | Mo r e restrictive
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retaining control over their data while | 3 c cessed and used.
benefiting from shared insights.
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ecosystem evolves. Need to initiateand | g ¢ 5| i n g and mai nt a
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A shared, secure platform enhances

More opaque, same level of transparency

optimizing resource usage and reducing
waste through better data sharing and
collaboration.

l YR ¢ Nz transparency across the supply chain | not available. Security and thrust controlled
and builds trust among participants. by platform owner.
{ dza G I A Y || Inherent part of the objective, by | Currenlly notyet a target, a secondary effect

and highly dependent on the providers’
ambition. Scaling and growth are the
current priority.
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Initiation of ecosystem based on
research results and use-case
demonstrations.

Mature solutions. Different providers have
already scaled-up to a large network.

A comparison of proprietary platforms and the Catena-X Maa$ approach
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The Catena-X MaaS use case developed, tested and evaluated in real-world scenarios of the automotive
industry the feasibility and benefits of a service-based approach to manufacturing. Leveraging on advanced
technologies and a collaborative ecosystem it allows companies to provide and access manufacturing

capabilities as a service to various stakeholders, incl. SMEs. The main difference with proprietary providers is
that the Catena-X MaaS$ solution fosters a collaborative ecosystem where manufacturers, suppliers, and
service providers can seamlessly work together.
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The MaaS architecture orchestrates the services, needed to match demand and offers, based on open API’s

for the different services and a standardized hierarchical Y I y dzF I OG dzZNBNE OF LJ 6 hhis A ( &
supports matchmaking between the required manufacturing capabilities for a product and the offered
production capabilities by a manufacturer. The sustainability case enhances traceability and transparency in

the supply chain to support sustainability goals.

Maas opens the world for flexible production Maas generates new market opportunities
Unleash limitation to your own equipment + Offering free capacities in an open market place
Unleash limitation to your resources * Close gaps with available resources

Unleash limitation to one location
Machine 1

Unleash limitation to fixed partners Machine 2

Machine 3

Source: Catena-X “Manufacturing as a Service” use case %
{dzaGFAYylF oAt AG/RN RBWSINBY G LI NI 27

Unlike the current platforms, sustainability is an inherent part of Catena-X and its use-cases. Catena-X aims
at a standardized approach to fulfill the increasing importance of sustainability requirements and to
overcome obstacles. In future this apporach would enable to transparently describe and track the carbon
footprint along the whole value chain in an anonymous and secure way. A future aim is to derive
information from the European Digital Product Passport and feed back information.

From theory and research to practice: building an industrial ecosystem

A go-to-market needs the creation of an ecosystem, needing big industrial player(s) to kick-off the
decentralized ecosystem building. This is beyond what researchers or a spin-off can achieve. The Catena-X
association™ with 160 members was created to take-up the research results, foster adoption and
implement the business model. Cofinity-X Gmbh?® () is a first operating company to register companies on
Catena-X dataspace to connect automotive partners in every step of the value chain. More than 20 apps
from technology providers on the marketplace.

103 https://catena-x.net/en/benefits-pros/manufacturing-as-a-service
104 https://catena-x.net/en/
105 https://www.cofinity-x.com/
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8.9 Hive CPQ automates and streamlines sales process of configurable products

Hive’s Configure Price Quote (CPQ)'°® software makes the sales process for configurable assemblies or
products as seamless and efficient as possible. This enhances both the customer experience and the

manufacturer’s operational effectiveness.

configure price quote order production  customer service

The main services include:

Product configuration, allowing users to intuitively customise products to meet their needs.
Customers and sales teams can select features, components, and dimensions, ensuring that the
configured products meet specific requirements and production capabilities. The no-code/low-code
configurator enables multiple user views from 1 rules engine (i.e. what to show, what to calculate,
default or forced selections, etc.).

Automated pricing and quote generation, including calculating costs for custom configurations,
applying discounts, and managing different pricing models and currencies.

Interactive 3D models during product configuration improve customer experience and reduce
misunderstandings and revisions.

Integrations with enterprise systems such as ERP and CRM (i.e. pricing, lead time and availability),
and CAD (i.e. Bill of Material, 3D visualization) to streamline workflows and to ensure data accuracy
across platforms. To enhance production efficiency, Hive CPQ delivers a Bill of Material (Sales and/or
Manufacturing BOM), routing, input for design automation, and work instruction documents or data.

e Reporting and tracking of the sales process and its performance.
e Aunique system for spare parts.

The cloud-based CPQ platform addresses some of the typical challenges that come with the high-mix, low-
volume context in which many manufacturing companies operate nowadays. Facilitating and automating the
configuration of personalised products and linking it to immediate price calculation, while assuring the
manufacturability is key to remain competitive. The worldwide customer base of Hive CPQ consists of medium
to large manufacturers of complex products with a high number of variants and sales in the range of €50m to

€700m. The average return on investment is approximately 2 years.

106 https://hivecpg.com/en
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The Hive configurator focuses on sales but also
enables the on-demand manufacturing and ‘
assembly of complex products, automating e = oo comne & o0 4z
internal processes and maintaining compliance . coungoration setcings .
with company policies and production B e 55 PO
capabilities. The software is provided in a SaaS "

2000 mm

model where the customer pays for the modules

2000 mm

they use.
brerorDoor | nterorDoor | el mount
Integrating Hive CPQ with other enterprise ...
systems is key to support the production e i || [ siitinisoy
processes. RestAPIs and standard connectors lﬂ = 0|« BRI T S coses

support these connections. HiveCPQ uses
customizable connectors to speed up the integration process. On average, building integrations and
supporting the customer to set up the first configurator typically requires 4-6 months.
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The future of HiveCPQ is focused on lowering the barriers to using configurators, making the configuration

process extremely user-friendly. By utilizing low code, the maintenance of these configurators can be

managed by product managers instead of IT developers. HiveCPQ leverages customers' existing master data

to enhance the visibility of marketing materials and product rules. Companies should adopt the configure-to-

order process with HiveCPQ to offer their customers greater flexibility in the product purchasing experience.
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8.10 Wiirth additive: Parts always in stock with Digital Inventory Services

The Wiirth Additive Group offers Digital Inventory Services'®’ that allow parts to be printed with guaranteed
OEM quality from a digital twin. This service assures rapid and profitable access to necessary components
worldwide, while ensuring the secure licensing and transmission of intellectual property.

The case: parts always in stock

Unavailable stock can cause turbulence in business. But keeping all parts on-hand in a physical stock is
expensive, tough and consumes space. Wirth’s Digital inventory system (DIS) can assure timely availability of
a limited number of parts, by quickly 3D printing parts with proven OEM quality from a digital twin digital
stored in a vault. The solution complements traditional component physical supply and inventory programs,
enhancing flexibility, reducing lead times and minimizing excess inventory costs. Customers can use familiar
and existing channels or map everything within their ERP system. It makes it easy to manage physical and
digital inventory programs. Compliant parts are produced and delivered with a single click.

=wurtH Physlcalnventary

& o
B o

= !
-+ i
- =wurm Digital inventory

-

Source: Wirth Additive
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The DIS platform enables the secure transmission of intellectual property to different locations worldwide,

ensuring quality assurance checks and controlled distribution. To avoid IP breaches geometry and other
information are securely stored on different places. This enables OEM to securely and profitably send parts

are into the world, all within a matter of minutes, to be rapidly printed and delivered on-site, in-store or by a

service provider.

WSRdAzOAY3a AKALILAY3A O2aia

107 https:/fwurthadditive.com/pages/digital-inventory-services
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Getting spare parts through customs leads to additional delays. Once a filament for 3DP as a single stock
keeping unit goes through customs and gets in-country, it transforms to 1000’s of different parts mitigating
risk and delays. By reducing the amount of stock keeping units inbound, split deliveries are reduced. This
enables to reduce CO2 footprint.

Ddzl Ny yGSSR h9a ljdz t Al @

All information to 3D print the parts on the selected printer is delivered by the OEM to provide comprehensive
support: the product model, the material to be used, machine parameters, recipe and step-by-step plan. The
OEM takes responsibility for proven OEM quality if this plan is followed. Therefore, DIS follows-up the 3D
printing process.

{2fdze2y 2Ly (2 20KSNJ h9aaz YIOKAYS YIFI{SNAR IYyR
Wiirth additive can provide end-users the full package or complement what is already available: the digital
inventory platform, the printers and materials. Other part OEMs can sell parts on the DIS platform fostering

the expansion of industry applications. Machine makers can enable their printers to be used. Service
providers can receive and execute work orders form DIS.

QX
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The solution is currently being applied in large scale pilot opportunities. Further integration with ERP and

inventory planning systems will enable to seamlessly combine available physical stocks with digital
inventories, enhancing flexibility, reducing complexity and lead times of supply chains and minimizing excess

inventory costs.
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8.11 Fieldmade: Mobile additive manufacturing for on-demand production of spare

parts

The Norwegian company Fieldmade™® offers mobile advanced manufacturing capabilities that allows
businesses in demanding industries like energy, defence, shipping, and offshore to manufacture spare parts
and technical components right where they are needed. This on-site manufacturing capability is coupled with
a range of services and solutions that help these businesses produce items on-demand, just in time. This
approach not only enhances the resilience and operation but also cuts costs and boosts sustainability by
reducing stock or the need for transporting parts from far away. An interview with Dr Nils Knofius, Head of
Digitalisation, provides insight into the service offered in collaboration with partners.

108

Mobile micro factories

Short delivery times are crucial. Mobile additive micro
factories enable the on-demand production of spare
parts or missing technical components on the customer
site. The industrial additive manufacturing setups
integrate equipment from AM-machine builders,
adjusted to the production and material needs of the
customer. The modules can operate fully self-sustained
in extreme conditions. Different contract models are
provided (i.e. output based or time based). For parts
that are not feasible with the production capabilities
on-site, Fieldmade facilitates the contact with manufacturing marketplaces
and external suppliers.
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Digitized supply chain and inventory

Not all components can and should be realized through additive manufacturing. Catalogues of parts are
assessed, to look at the important parameters and find components to-be-printed. An engineering team is
still on site to work out together with the customer bottom-up solutions for the additive manufacturing and
local post-processing of urgently required parts. Re-engineering of parts is critical as part designs need to be
adjusted and qualified for AM and local post-processing to fulfil requirements and comply with standards.
Digital spare part subscription-models and per-part handling fees are integral in reducing overall costs and
lead times. Fieldnode supports the solution for a digital spare part warehouse for civil applications, to share
and monetize on digital spare parts, licensing production to pre-qualified additive manufacturing factories
near the end user. For defence, Fieldmade adjusts the solution to their special requirements.

Micro-services provide ofthe-spot access to expert knowledge

Expert knowledge in production technology is necessary to assure first-time-right additive manufacturing of
complex parts without defects. However, this expertise is usually not available on-site. For metal parts the Al
software from 1000Kelvin predicts near real-time print issues, performs corrections, and generates
industrial-grade, ready-to-use print files specific to the AM machine.

108 https://fieldmade.no/
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Sustainability
Digital inventory ecosystems avoid overstocks of never-used physical parts, reduce storage costs, optimize
supply chains and reduce overall footprint for spare parts.

The future plans

oFuture supply chains of organizations with high demands for operability will be supported by digital
warehouses and edemand production on site,-ior near real time

The advanced manufacturing solution developed for remote locations in Norway will be provided worldwide.
In other sectors, such as mining, shipping, construction, there is a demand for similar solutions. The long
processing time of customs formalities plays a major role in some remote regions.

Fieldmade has 20 employees and currently operates the equipment for customers. The further development
of advanced automated turnkey solutions supported by digitization, sensoring and micro-services will limit
the need for expertise and/or enable to bring this knowledge on-site. Further partnering-up with third-party
micro-services will enable centralized support and relieve the need for an on-site engineering team.

Fieldnode:digital inventory ecosystems to revolutionize supply chain management

Fieldnode!®, Fieldmade’s sister company, provides a digital inventory .. cosineering
platform, enabling a network of operators and their global suppliers to 2 W

collaborate in a trusted digital inventory ecosystem, in order to minimize
lead items, reduce supply chain complexity and physical inventory. .
IP holders can upload, share and collaborate on their designs, manage E% V]
intellectual property and ensure consistency in the supply chain. Operators ~
can subscribe and purchase data (digital spare parts), which are delivered s \
immediately, thanks to our network of manufacturing entities that ensure i\% ,‘:ﬁv
"just-in-time" spare parts, on demand. Operators can obtain quotes and e
lead times and offers with long-term commitments from different vendors, access to engineering support for
spare parts. Manufacturers receive requests for quotes and collaborate with users to manufacture parts to
their exact specifications. Fieldnode currently focuses on an implementation in the energy sector and to scale
this in collaboration with leading energy companies and key stakeholders.

“We envision a future where digital inventory platforms will be the norm,

and physical inventories will be a thing of the past.

109 https://www.fieldnode.com/
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8.12 1000Kelvin: co-pilot for quality and repeatability in AM

The intuitive Al-technology of Amaize from 1000 Kelvin''® makes printing additive manufacturing metal
parts fast and cost-effective. AMAIZE predicts printing errors and defects before they occur and suggests
actionable correction strategies to optimize upfront the print file. AMAIZE as a co-pilot avoids physical trial-
and-error and enables anyone to print first-time-right any complex component of any material. An
interview with Abedin Gagani, VP of Growth, provides insights into how this software changes the
achievement of quality and repeatability in additive manufacturing.
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Unlike “shape recognition models”, AMAIZE uses physics-informed Al to predict print issues and generate
machine-compatible and optimal print scan strategies in minutes for simple parts to hours for the most
complex parts. AMAIZE unlocking valuable insights by analysing in detail problematic vector and regions
on each layers. In this Al co-pilot the user is currently always in control of what happens, which parameters
must be locked and which may be optimized. AMAIZE provides actionable solutions by suggesting
corrections to the scan strategy adapted to the need of the customers. The Al system is designed to
optimize and manage the thermal field during manufacturing processes. This ensures precise control to
improve quality and efficiency and achieve first-time-right production in short time.

Status Quo AMAIZE

Al software enables the 3D printing of complex parts without defects,
ready to be qualified and cost effective (Source: 1000Kelvin)

Additive manufacturing (AM) is a complex production technology, leading to a need for very many physical
trials and errors and a high scrap rate. AMAIZE enables to change the AM-paradigm of trial and error from
the physical to the digital world. The Al prediction runs in the cloud and works 100 million times faster than

110 https://1000kelvin.com/
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finite elements. This enables an analysis of simple parts in
minutes to hours for the most complex parts. To ensure Smoemcpoﬂf;mg
quality, experts in AM currently perform tests to create

guidelines by adjusting different geometrical factors and 24 OOO

machine parameters, i.e. to derive allowed slope or minimum
layer thickness. Instead of being confronted with print jobs yeal‘S
that just don't meet these guidelines, AMAIZE predicts
specific quality issues for each print job. The algorithms in
AMAIZE are pre-trained by 1000 Kelvin for every material
model available in collaboration with research partners to
perform the required physical tests. This avoids any IP-issue
since training is not performed on customer’s data. The
physics of additive manufacturing governs the problem.
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Digital Inventories provide a technology platform to securely store and transfer digital product information
to enable on-demand production of spare parts. However, the biggest challenge for scaling-up is their
ability to quickly screen a large number of components, to retain the suitable, and provide “digital twins”
that contain all manufacturing information to assure (OEM) 3D print quality. AMAIZE enables to rapidly
scale these current manual processes across different cases, machines and locations. Marketplaces also
work with Al algorithms based on shape recognition and comparing them with previous products with
sufficiently similar features. However, in additive manufacturing, a 95% similarity does not yet give
certainty of manufacturability.

la! L%9 a Iy Straeé (2 dza$S | L) &adzlJ2NIia aolftAay3a G2

AMAIZE, launched one year ago as a Software-as-a-Service, targets OEMs, service providers and Digital
Inventory providers. In the engineering sector, Al misconceptions are widespread. Explaining and
demystifying physics-based Al is still necessary. The availability of AMAIZE as an application within
Autodesk® Fusion® software (https://app.amaize.net/) expanded its customers reach supporting a wide
community to get qualified parts to market faster and without expert-level knowledge. 1000 Kelvin works
together with machine OEMs and integrates through their API. The integration is then tested extensively
before going into production.

¢ KS T dzii dzB Y 2TNERIN BDiRizid2dzLB R INS NIHE v 2 Y

1000 Kelvin aims to solve engineering and knowledge challenges to support the further growth,
industrialisation and application of additive manufacturing, to make it a mainstream technology. The co-
pilot supports engineering by enhancing knowledge gained from trial and error in an Al-supported digital
world. A future challenge is to assure that knowledge is available at the production site, where often no AM

expert is available. Therefore, 1000 Kelvin aims to increase the level of automation in AM, to support
engineers in repetitive tasks and to solve print jobs for a non-expert user.
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8.13 Materialise: CO-AM scales additive manufacturing in on-demand and certified

manufacturing
CO-AM is a software platform developed by Materialise to scale and enhance the Additive Manufacturing
(AM) processes. CO-AM streamlines orders and factory operations to assure quality, specifications and short
delivery times are met. Materialise not only develops CO-AM but also uses it internally to manage their own
on-demand AM operations. An interview with Tom Craeghs, Director of Software Product and Engineering,
provides insight into the role of this SaaS platform.

t A2y SSREXYYRYF RRA2DS YI ydzFl Of dzNA y 3

Materialise was a pioneer and is a leading provider of on-demand Manufacturing as a Service. It launched its
Next-Day service to offer rapid prototyping solutions already in 1990 and the i.materialise platform?*!! for
customers seeking customizable 3D printing solutions in 2010. Behind the screen, ensuring quality, specs, and
on-time delivery in on-demand manufacturing requires more than an easy-to-use customer front end. Central
to Materialise’ vision is the role of software in reducing the overall costs and complexities associated with
producing parts via additive manufacturing. Materialise is a forerunner with the development of supporting
software tools that manage and control the entire 3D printing process more efficiently.

{GNBFYEAYS UKS 623 DNBEs 2yBy/SAINgelRi 2 YISINE 0 2 y &

Leveraging on this experience, the CO-AM Software platform aims a significant step forward in managing and
supporting all operations and processes to enable an efficient and scalable manufacturing, both for on-
demand as well as serial and certified manufacturing. CO-AM is an end-to-end platform and integrates
multiple stages of the entire AM process into a comprehensive Software as a Service platform. This includes
design, data preparation, build preparation, printing, post-processing. CO-AM supports streamlining orders
and factory operations, monitoring machine performance, managing production schedules, optimization and
automation of repetitive tasks, quality control, and tracking, tracing and analysing production data collected
across connected facilities into actionable insights.

' ASIRSAIYR NBYUSRYyFtte 4G alGSNAFfAAS

Materialise not only develops CO-AM but also uses it internally to manage their own additive manufacturing
operations. By implementing CO-AM in their production environments, Materialise can thoroughly test it
under real-world production conditions. This internal use and experience enables continuous improvements
to the the platform and the development of super intelligent MES features. It ensures that CO-AM is robust,
efficient, and capable of meeting the demands of real-world AM processes. Testimonials from the in-house
factory are crucial to convince prospective users to purchase the product. They have greater confidence in
the platform knowing that it is being actively used and validated by the developers themselves.

It LQa &adzZlJL2 NI AYydS3aINloeaz2y HAGK YIFOKAYSa FyR adeadasSy

CO-AM is designed to plug-in into the systems available at customers. CO-AM integrates business systems,
third-party software and hardware through API’s of partners to streamline processes and create a more
robust digital thread. This enhances functionality and ensures seamless data flow across the entire additive

11 https://i.materialise.com/en

[ 115

MASTT2040 D1.1 Casebook: current state of Maa$S approaches and best practices to advance the CE


https://i.materialise.com/en

MASTTEIE

manufacturing ecosystem. The Materialise CO-AM platform is designed to be highly secure, particularly with
the integration of Identify3D's technology. CO-AM's security incorporates features that manage user access,
enable traceability, and achieve last-mile security by sending technical data packages to 3D printers protect.
It complies with ITAR-regulations.
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Materialise’s commitment to environmental, social, and governance ESG principles, is deeply ingrained in the
company’s operations. Materialise has been actively working to reduce its carbon footprint, aiming to achieve
a 50% reduction from its 2019 baseline by 2024. They have already made significant progress, reaching close
to a 40% reduction primarily through changes in office operations and travel. Moving forward, they plan to
focus on collaborating with suppliers to reduce the carbon footprint of raw materials and production
processes. Materialise also aims to influence the broader industry’s approach to sustainability, particularly
how additive manufacturing can contribute positively to sustainable product development.
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The high-end applications for AM are here now. In example, the AM potential in parts for aircraft engines is
20-30%, while only 1-2% is reached now. There remains great breakthrough potential. Thanks to the potential
of cost and weight reduction, increased service life, and integration of parts, combined with an increase of
efficiency, quality, automation and integration of the AM processes, the tipping point for AM in comparison
to traditional casting seems to bein reach for a number of applications. Software is pivotal in bridging the gap
between current limitations and potential efficiencies in additive manufacturing. Extensive automation and
integration — such as aimed at by CO-AM - are necessary.

8.14 RobCo: modular and future-proof “Robot-as-a-Service”

Based in Munich, RobCo'?? offers adaptable, affordable, and connected robotics solutions tailored for
industrial enterprises to automate repetitive manual tasks, e.g. machine loading, palletizing, dispensing, or
welding. The modular robots can be tailored to the specific use-case, increasing the flexibility. Thanks to a

112 https://www.robco.de/en/
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carefree rental model, the investment cost (and risk) is drastically reduced. An interview with Benjamin
Eichinger, VP Revenue Partnerships & International, sheds light on the services and advantages of RobCo’s
Robot-as-a-Service model and future developments.

a2Rdz I NJ N2o2G O2y OSLIi FT2NJ AYRdzZAGNAIf NRo2Ga

A modular patented robot concept is the key element in the services RobCo is offering. Two main
characteristics describe the solutions:

e a2 Rdz | NI WRIENR o0& B dzMB/ RA Fegohke dddapt oNdodules enables to configure
lightweight industrial robots adapted to versatile customer application needs. The different combinations
allow for 2 to 8-axis robots, a payload up to 35kg, a customizable reach up to 2,1 m, a maximum velocity
of 2m/s and repeatability of 0,1mm. They can be assembled in a few minutes. The different modules can
easily be exchanged and allow maintenance/repair by the customer. This modularity allows to flexibly
adapt the robot-configuration to changing customer needs. If needed, the robots can easily be equipped
with peripherical like camera/vision, gripper, end-effectors, safety equipment, etc. from third parties.

e {(dzZRA2 &a2DgI NB LI FG2NXVI y2 Vv SHakkstd 2uNihudddSidasdd f AT SR
platform, deployed robots can be configured, implemented, and managed remotely via a digital twin,
facilitating quick and seamless no-code programming and plug-and-play functionality, without the need
for specialized expertise, or dedicated personnel. This also reduces the time and effort required for
deployment and integration into various industrial processes.

Plug & Produce
Digital integration o ; Cloud-based platform
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on Investment of the recurrent payments of “hiring a robot” is supported by an upfront calculation.

113 https://www.robco.de/en/product-services/robot-as-a-service
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I ity Of dza A @svicdphckdds RddBNS conception and installation, maintenance and spare parts
aiming at a robot implementation that offers a positive ROl from day one.

e { K2NI A YLIX SYIS ivkeks,2h¢ prdcdssiirém analysing the requirements, estimating the
economic and technological feasibility, developing the automation solution and robot configuration to
implementation, commissioning and training can be completed.

e 5A3A0T SR HNKT :CArndacivd® bl a clbuslNIEeN aFatm enable remote services to
reduce service costs, i.e. to solve problems from a distance or conduct predictive maintenance

{2a0SY deidBHdXNBIlR $oddapt the robot-configuration to accommodate evolving production
requirements, shifts in demand, or changes in the manufacturing environment.

package

" 2to 8 axis robots W  24/7 support

Module exchange for

"  CE certification W maximum uptime and
flexibility
+» Process optimisation +» Camera and/or
V' py experts on site V' Anyfeeder
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RobCo relies on a local distributor and partner network for international expansion to provide the RaaS model
and support customers with a fast response time outside the German home market. However, in 90% of
cases, the modular system empowers customers for example to replace a defective module on their own.

5S0AaAz2y G2 FR2LIW whkl{ IyR G4KS AYLI OG 2y GKS 2NAEI

The decision to adopt “Robots-as-a-Service” stemmed from several key drivers and triggers: 1) a growing
demand among customers for more flexible and cost-effective automation solutions, 2) the demand for
automation solutions that could adapt to the evolving needs without significant upfront investment, and 3)
the goal of RobCo to differentiate in the market and reach new customer segments. These drivers pushed
RobCo to invest in expanding technical support capabilities to ensure seamless deployment, integration, and
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ongoing maintenance of RaaS solutions for their customers. Overall, RaaS has surpassed RobCo’s
expectations, broadening their market reach, fostering innovation and enhancing services.
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RobCo is uniquely positioned with its easy-to-implement robots, but only at the start of an extensive journey
in automation. Today, the robots can already be set up, programmed, and managed with software and Al
assistance. The next step is to make industrial robots even more autonomous and intelligent in their
operational environment. RobCo’s autonomy approach focuses on a deeper Al implementation, so that robots
can autonomously sense, reason, and act in their environment, planning and executing actions independently
in the near future.
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8.15 Circularise: Digital product passports for supply chain traceability

Circularise!?, based in The Hague, developed a blockchain platform that provides Digital Product
Passports (DPPs) and related services for end-to-end supply chain traceability and secure data
exchange for industrial supply chains. Their products aim to enhance circular economy,
sustainability and resilience by improving resource use, verifying provenance, and enhancing carbon
footprint and impact assessments of materials and products with primary data. Tackling concerns
about trust, privacy and confidentiality, Circularise enables supply chain actors to safely share
sensitive data being able to specify who can access which data.

Selective sharing while proving that the data is correct

Circularise was established in 2016 aiming to enhance circularity in global supply chains: to be able
to recycle a product one needs to know its composition. But often companies are reluctant to share
information on their suppliers, materials and the composition of their products. To be able to gather
and utilise this data that is vital for recycling and reuse of products, the data communication needs
to be made safer and more reliable. To facilitate this, data gathering needs to be highly digitized and
decentralized, i.e. collecting the data where it is created and not at the end of the supply chain. This
is done via the Circularise DPP which is based on a patent that builds on blockchain technology and
enables selective data sharing while proving that the data is correct.

MATERIAL
MANUFACTURERS WATERI4,
& COMPOUNDERS

MOULDERS &
PART
MANUFACTURERS

RECYCLERS &
REFINERS

OEMS & BRAND
OWNERS

COLLECTORS &

USERS &
(PRE-)SORTERS o, pnonuc‘ CONSUMERS

DPP for communication in a circular economy (Source: Circularise)

Challenges include gathering the data and standardizing the data needs. Standardizing the data
needs is feasible whereas gathering the data is challenging and needs certain time and effort,
especially for long supply chains. More recently, companies can use the product to fulfill their
legislative requirements as even adherence to standardization and legislation can be tracked via the
DPP.

114 https://www.circularise.com/
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The product features a number of MaaS-aspects: it is automated; easy to use; and the information
is instantly available.

Primary, verified data for a reliable DPP

For a reliable DPP primary data is needed but frequently, companies still use average data. When doing
this, companies often don’t know what data is behind in detail. If one wants to use recycled material for
food contact or children’s toys, one needs to know exactly which materials are used. This is enabled by the
DPP. The main benefit of the Circularise DPP is the safety & security of the data: companies can be sure
that selective data sets derived from the initial dataset are trustworthy. But there is a long way to go until
all data is easily and instantly available, in production for example, data gathering needs to be automated,
and this is not the case yet in a majority of suppliers.

B 5] B
e . . ®
Material Supplier Cell Manufacturers Vehicle Brands Use phase and EoL

How the Circularise Digital Product Passports works:

Each actor in the supply chain adds primary data relevant to their products and impact. Proof of
compliance with standards, regulations, and certification schemes are also included. The digital product
passports move with the physical material through the supply chain, being updated at each step. A
complete set of product information is compiled, providing accurate insight into a products'
environmental impact based on authentic and validated data.

Sustainability enhanced by DPP

OEMs will only opt for a more expensive pre-product/material if they can show that it's really reliable, i.e.
that it can be proven that it is made from recycled materials of a certain quality as OEMs/customers can
only take a premium on the price if they can proof traceability. Also, if a company has different suppliers,
they can be compared based on the DPP of the pre-product/material. Then OEMs might want to choose a
supplier that is more sustainable than another.

3 top tips by Circularies for companies that want to utilize DPPs

e Findalliesinyourown supply chain, it’s easier if you start DPP development jointly with your suppliers.

e Analyse thoroughly what is the reason why you want to start with DPP (sustainability, compliance,
resilience etc)? Shape the DPP in a way that you are able to extract exactly the information that you
want to receive.

e Ensureinternal company buy-in before starting the DPP endeavour. If there is no broad-based support
from the OEM it will not be able to.

A vision for DPPs

Adherence to legislation or standards (i.e. compliance) is the main driver for companies to use a DPP.
Standardization of DPPs are needed to make uptake and collaboration easier. Data spaces that are
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tested/developed at the moment can be an important step towards this standardization. The demand for
more comprehensive reporting on sustainability and life-cycle assessment will drive the use of DPPs in the
near future. In addition, EU resilience is another important driver for DPPs. Via the DPP, companies will e.g.
be able to identify weaknesses in their supply chain, to see if they have alternative suppliers for vital
materials or pre-products or if deep down the value chain there is only one single supplier of a (critical)
material. This can be good for some suppliers and not so good for others. From a technical perspective, API
integration will be important in the future to achieve easier access to different kinds of data and to develop
future services.

Sustainability is an important issue for industry but data gathering at the moment is very challenging. In
an ideal world, most of the primary data needed is available in the Circularise system and one just needs
to push a button and get e.g. the LCA that is needed. But it’s still a long way to go until one will be able to
create DPPs on a broader scale until deep in the supply chain quickly and easily, especially for sectors such
as automotive with very deep supply chains.

Circularise regards it as a good sign if people are looking into application of DPP not only from a LCA and
legislation point of view but also to increase circularity in manufacturing as it shows that there is a business
need for this service and it will become more relevant in the coming years.

CIRCULARISE

Chain of custody LCA Chemical composition Sourcing composition

Component 1
Product ID]
Post-consumer recycled: XX kq
[Product ID]
sateh1 Virgin: XX kg

— [Praduct D)
| ] Post-consumer recycled: XX kg
Virgin: XX kg
Biobased: XX kg

Biobased: XX kg

Component 2
BA-22789 Batch 2 Product 10,
Amsterdam {Praduct ID] 4 ‘
Virgin: XX kg Biobased: XX kg

Bio
Biobased: XX kg

company
Bio Kettle

Used cocking oil

21/07/22

TRACED MATERIALS
Batch 3
TOTAL PLASTIC BICBASED PLASTIC [Praduct D]
Virgin: XX kg

[Froduct ID]
8a% Post-consumer recycled: XX kg Virgin: XX kg

Post-consumer recycled: XX kg

0.84 kg

0.7056 kg
Vi XX kg

.84 )
084 kg Post-consumer recycled: XX kg

Transparent supply chain for products.
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A pressing issue in manufacturing industry is how to better source excess or unused materials and parts.
This became obvious for Helena Most and lan Draxten, the founders of Resourcly GmbH, during their career
in manufacturing and working with clients on circular/sustainable business models for manufacturing
companies. To address this need, Resourcly, founded in 2023 in Mannheim, Germany, offers an Al
empowered shared inventory that enables customers either internally (e.g. between production sites) or
between companies to offer and search for products, parts or materials needed.

To be able to do so, data on which unused inventories are available in a company needs to be screened,
collected, cleaned and enriched with additional information. Then options for sharing and/or reuse of
inventories are given and offered on the Resourcly platform. Based on this data, the underlying generative
Al supports users by giving recommendations about the most suitable part for a given need available on
the platform.

Resourcly was founded clearly with a focus on sustainability and circularity but for customers, there needs
to be a clear business case. And the Resourcly Al-based shared inventory can do exactly that, save money
and increase profitability by reducing waste and excess inventories. Resourcly’s vision is contributing to a
zero-waste manufacturing industry and Resourcly is convinced that it closely aligns with the new and
emerging dynamics of manufacturing industry.

The state of play and potential

At present, Resourcly is in Start-up phase. The business model is regarded as highly scalable because it
brings huge benefits to companies as they can make profit from idle inventory rather than needing to pay
for storage, recycling or waste disposal. In addition it supports resilience of supply chains. Resourcly is at
the forefront of this development as its approach combines all recently upcoming concepts such as
digitalisation, sustainability, circularity and sharing economy. This requires companies not only to deal
with these new concepts but in addition requires a change of mindeset in the companies away from
traditional, linear towards circular models and more collaborative thinking. Only then it will achieve most
benefits for the customers.

By now Resourcly mainly works with highly innovative companies where these preconditions are met more
easily but contacts are increasingly made with more traditional companies, e.g. via clusters or networks
where good practices from other companies can trigger interest in the approach on a broader scale. In
general, the Resourcly platform/database is very easy to use and provides an easy onboarding, even for
less digitised or innovative companies.

In the future, based on the data available in the database, it will be possible to integrate carbon footprint
of products/materials. At the moment, data on resource consumption and waste savings can be measured
and used by the customer for internal analyses and reporting purposes.

Future Trends

As Resourcly is at the forefront of supporting the transition to a circular economy, the future
trends emerging at the moment include those at heart of the Resourcly philosophy, such as circular
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economy, sharing economy, generative Al, non-linear but circular thinking in industry, bio-based/nature-
based materials used instead of conventional ones. Once these will become more mainstream and Al will
become cheaper and applied on a much broader scale, they can be expected to exert a highly disruptive
impact on industry. At the moment there are still hesitations by traditional companies. Thus, security and
trust will be important issues, too, now and in the future. Furthermore, knowledge-sharing and
collaboration will make the difference for successful manufacturing companies in the coming years. And
finally, as regulatory pressure increases, successful circular practices will become a must for industry and
companies that address this issue well in advance will be much better off in the future.

Top tips for other companies

Accelerating the shiftto a
circular economy with inter-industry collaboration

With Resourcly we are on a mission to
build the global #1 Shared Inventory for
circular supply chains. Resell and share idle inventory

One manufacturers idle inventory is within your own company and

another one's resource trusted partners to reduce stock,
improve working capital and
increase cash flow.

Find compliant, low emission Access unprecedented supply
inventory from trusted partners L. k lines from trusted partners via our
within our Shared Inventory e.g. Shared Inventory to increase
industrial compenents and availability and minimize down
automation equipment. | ( L times.

Measure your impact in terms of Save time: Our platform identifies,

waste saved, resources reused cleansed and enriches inventory

and emissions saved. T data with technical specifications
for your perfect match to share
and reuse idle inventory based on
Al
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