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ARC Advisory Group

Best practices from users, new technologies from suppliers
— ~ \\K
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ARC Analysts -- Industry Practice Leaders @
ARC analysts are senior people from the automation industry

Industries:

Oil & Gas
PetroChem
Chemical

Power Generation
Life Sciences
Pulp & Paper
Metals & Mining
Water & Waste

Advisory’Group

Research Domains:

Manufacturing IT, Control Systems,
SCADA, Asset Lifecycle
Management, Industrial AI,

OT Cybersecurity...

Topics:
Digital Transformation, Al,
Analytics, I1oT, Cybersecurity,
Organization Design, Remote
Monitoring, Sustainability

H

The analysts have plant experience and understand the
connection of plant floor to business systems.
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-U-joa,r—v 0) %ﬁﬁfﬁ%ﬁ ' :7“//7-_ I\iﬁﬁ Powerful self-service analysis capabilities, combined with

unrivaled data accuracy, make ARC MIRA Services unlike
any other solution on the market
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* ARC Industrial Leadership Forum OrlandoDEE&EH 5

A—AR=a— ;S IJLIZM T T=ExxonMobil D) ;EEl

Keynote Presentation - Technology in the Energy Transition - Wade Maxwell @ExxonMobil ARC Forum 2024

CARBON

CAPTURE

Wade Maxwell @ExxonMobil
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CARBON CAPTURE Wade Maxwell @ExxonMobil @Gmup
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CARBON CAPTURE (2) @
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* EfEZREIUN(DAC)EME XN 2 FT AT DB

(IR ZEFERALTRIB S CO2 ZEHERZET S Direct Air Capture)
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Why carbon capture
and storage?

From the international Energy
Agency, "Reaching net zero will
be virtually impossible” without
carbon caplure and storage,

The United Nations'
Intergovernmental Panel on Climate
Change said carbon capture and
storage must be 3 part of any future
net-zero energy system as 3 "critical
mitigation option”

VISION, EXPERIENCE, ANSWERS FOR INDUSTRY, INFRASTRUCTURE & CITIES
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Wade Maxwell @ExxonMobil
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* “Digital Twin Journey Through Visualization, Data Literacy and Standards”

ExxonMobil Digital Reality Ecosystem(DRE)MD#&75 Deliver
4D T—RHBNF 2R o gy S
DEET—RFHINF ,

capture, storage, delivery, consumption

API Driven Cloud
Storage

Linkage to

Aggregated
Equipment Data

e TURINYT YT 4 DI—ART—X:
ﬁ?g %ﬂgj‘ﬁ .—C t *ﬁ%iﬁﬂ? The ExxonMobil Digital Reality Ecosystem Enabling Foundation
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By Rick Rys
Director of Consulting
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A Paradigm Shift in How We Access and Consume Data

IT
* Greater access to data
f i i
e

* Enable connected products,
processes, and services

* Utilize suitable IT-native \u ' - # \

technologies in an OT Industrial loT Edge
environment -
. . by 03
* Generate meaningful value from A ﬂl >

your data Sensors, Machines, Assets
oT =

ARC )
AdvisorvGroun
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Avasus rrw pauntey Favaoy N DS BAVIE &7 7180
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Containerized Edge Software
Benefits:

m m m * Deployment flexibility
* Workload consolidation
Resources Resources =
* Scalability

Considerations:
Host Operating System * IT complexity

_ rosteraware [

Host Hardware .
* Resource constraints

ARC

Adﬂll'y Group VISORE Doy Mt ANpvi i 108 Uy, ENGE, & Damas i i B AN Ay Lo v 11
IyUEIERENDEE
« REBIEEHT OB BAGTERA
e IyI/IN—FJTT7® Openit
o« N—FREVYTRIIT D EE
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Edge Enables Real-time and Low-latency Applications

&

Cloud Examples:

* Real-time control of robots
and automated systems

* Real-time monitoring of
critical systems

* Process optimization

* Enhanced uptime when cloud
Is unavailable

VIOOW Faoeane i Y. ANYWENT FOSE NEMALTIY. ENPBLY. & L1 BAL T BLAT T LA Aty (i e

A&&L
—DEEIXT—2DUTILEA LT
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° Edge Enabler
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EFTEMBER 12, 2024

Industrial Edge Platforms Are the Foundation for
Modern Enterprise Architecture

By Patrick Armold

Keywords

Industrial Edge Platform, Orchestration, Kubemetes, Edge Compute, Con
pectivity, Automation, Open Source, Interoperabibty, Red Hat

Summary

Industry & undergoing a transformsation drven by the contmued miegratson
of IT-native frameworks and the extenséon of enterprise architecture into OT
spaces. Computing power 15 moving towards the edge of mdustrial systems
vrtualizanon technologses bke Kubemetes aze enhancing how industrial
software 32 orchestrated, and software.defined control strategres are trams
fornung mdustrial aulomation. These concepts

oan provide numerous benefits for OT stake
holders but require comprehenmve platform
solutions to fully undock therr busmess value
These edge platfiorms drive data-dnven dea.
sion making, provide conststent managensent
tools, and streamiine operations for the modem

ARC)

Advisocy Group

enterprize

Industrial Edge Platforms Are Critical to Navigating
Fundamental Shifts in Enterprise Architecture

I the context of the growing kmgprortance of edges computing, 1T technologies
and frameworks are increasingly permeatmg industnal spaces as an exten.
mon of the digitally trarsformung enterprize. A manor factor m thas
integration 13 the expanuon of mdustrial edge appbcabon crchestration
through contatnenization technologies Mke Xubemetes These virtualized
frameworks allow software applications to flexibly chare the same physacal
resources, signsficantly optnizing hardware usage and reducng the need
for legacy devices with dedicated workloads Industral edge platforms
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The Margo Initiative:
A Vision for Edge Interoperability

By Patnck Amald

Keywords

indusnal Edge, Appication, Hardware, Standards, Interoperabelity, Auto-
maton, Kabernetes, Contamnenzation, Virtuakzation, Linux

Overview

Margo 15 a new open fandard mitiasive for interoperability at the edge of
mdustrial automation ecosystems. Launched by the Linux Foundabon in
April X124, 1ts name comes from the Latm word for "edge.” and tts goal 15 10
make edge applications, devices, and onches-

tration tools wock together seamlessly across
incroasingly diverse industnal scehings. This
capability would ease deployment and opera-
ton of complex muib-vendor and muln
technology ecosystems, whach are esseniial for
accelerating digptal trandformation in indus-

ARC)

Ayvoory ‘Growp

nes
The Margo Inibative at-a-glance:

+ Collaborate under the Linux Foundahon's jomt Development frame-
work to deltver edge interoperabtlity standard for industnal automaticn

COOSYSioms

* Deliver the interoperability promise in an open, secare, modern, and af-
ile way.

« Madify and enhance proven IT concopts to meet the requirements of OT
enviroaments

e Carrent membership includes ABB, Capgemin, Intel, Microsoft, Rock-
well Automation, Schnmder Electric, Semens, and ZEDEDA
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Margo's Proposed Interoperability Standard Makes IT Success Replicable in OT
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* https://www.cisa.gov/news-events/news/attack-colonial-pipeline-what-weve-learned-what-weve-

done-over-past-two-years
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Colonial Pipeline system map

— Pipeline system — Sublines
® Main weekend delivery locations

Linden,

us New Jersey

Greensboro

—~a
Charlotte
Spartanburgh

.\\/vl
Atlanta\

Meridian

Houston, 200km
Texas ——
Google 200 miles
Source: Colonial Pipeline Company [B|B|C]
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* ARC European Industrial Forum® & EH 5

OPAV A TLDER LHE — .
(L] ECE1893 AR Server ‘
fth D FR &k & DERFD , =
- PLC OPEN/ISA/NAMUR |

* OPC Version2.1(%
NAMUR MTP & OPC UAFXASERFN

OPA Connectivity
Framework (OPCUA)

Exxon Mobil Light House Project® #&4}

Ex¢tonMobil

ExxonMobil's OPA Architecture Provides Optionality and Unlocks Innovation
(Source: ExxonMobil)
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ARC European Industrial Forum®DEEEHI 5 riad

*OPAF 7—49 33y JTHOTE

and a co-leader of the Coalition for Open Process Automation(COPA)

Historian Omggct;yc

Don Bartusiak, President of Collaborative Systems Integration (CSl) OPC UAGtent |
oguﬂs.rv« OPC UA Server
L ol
R - “1 61131 |2 Z| 61131 (otgsvs
ne [o..|Runtime |8 8| Runtime
‘ e S » NSReck
CPLANE.GI ™ “Eatee il ]| dustnal
@_U esg -".._'.....' L J
Clent Server
DCNIO mm

Primary
CODESYS
61131 «+ State Replication
*+ Failure Detection
CPLANE ** Leader Election
ALSL )T *+ Cycle Synchronization
ﬁ“m *+ Join/Leave Mgmt
3 *+ Cluster Mgmet
*+ Containerized

CODESYS
61131

CODESYS
61131

Secondary

Cluster of N...

Architecture Detail: Monitoring and Hot Switchover
Upon Failure of DCN
(Source: COPA)
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End-use products: Intermediates
* Textile and footwear « Iron and steel
* Furniture o Altninitien
* Tyres )
. Detergents * Chemicals
* Bed mattresses * Non-Ferrous material
* Lubricants * Plastic and Polymers
* Paint and vanishes * Paper, Pulp paper, Board
* Energy related products
* |ICT and other electronics * Glass
o el progucts The EU Commission wants to regulate
* Cosmetic products
o Toys at last four product groups per year.
* Fishing nets and gears
! : * Absorbent hygiene products A priority list is expected end of 2025.
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https://internationaldataspaces.org/wp-content/uploads/IDSA-Position-Paper-GAIA-X-and-IDS.pdf

FEEES —H ANR—RA Manufacturing-X®dD%1TEHICatena-X

Including SME _
and additional Transfer-X<=2 Transfer project (tbc)

sectors J(:[ ]:[ ﬁ ﬁ ﬁ ﬁ E

Research and S _ Energy International
development: Process-X Robot-X iigﬁf?( Aeroi(pace Data-X, Manufactu-
Industry Use ring-X
Cases
Common Shared Services
Base

Shared technical base layer

Regulatory framework and standards

EE’JE {IS?- EI7I'\‘J b 5 MEFEH IRILF—RE BHERROIE L > TSIC
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Manufacturing-X/Catena-X®HBH 2
Motivating the “fitness program for the automotive industry”

(L b3 P = FojaelE 1 JINR—>3> 2 BEERE
e

SN e
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= --E’D"iphgl
..
i S .
E:f < = < 3:
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j )
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Potential data-driven value chain From central to decentral We design and build together ...
Interoperability - Data Sovereignty

Today's peer to peer network approach

Data Direct Data Exchange

—A—> Exchange
: Adopter & Outfitter

A D " SolutionA G

$
uoqezuebiolenuasag

Provider & Operator

OEM Recycling

RMYBEDZEZRZT #111508MAZIEL 3FRT [REHB1M > IS5 ZE

Hi# : 2023.5.16 Catena-X Virtual Expert Forum
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10 business-critical end-to-end use case processes

BREREE CO2 / ESG MONITORING mAlCiRgit N3 7 U —< 3>

&R CIRCULAR ECONOMY

=2 =P AN GHE VA S I
HEEIE /=2l —>3>
MaaS T —I)LEE
mEEHE
FIHINYA
hL—HEUF+
SINEEDT —HFNR—2R

iz - HR\IR1—AT—ADYVYV1—->3 2Bk UTHFE - 1B#
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Tier-n Tier-n Tier-2 Tier-1 OEM Recycler

~ /5708 i
| gl - ‘v“‘:-v‘_'SIEMENS
A—RT—AH W,
B “~“tecdU
— 58—l & 1— R — R BICEHSNE
FrRfRLS BT —FETITRIZHE

Eiéin/\/’j—dbyj NI PRIT S—450DiEE - THEHBRIEEIC
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App Provider A—e.g. PCF

App Provider B—e.g. PCF

Fenant Fonant Tenantl | Tenant 7_‘-‘_9 ZN_ZEm $¥% (I Tenant Tenant Tenant
- - F—EFEHMSHEL .

Data Exchange Option B

=35/ O12'154R =5/ O10'155

Digital Twins / ShopFloor

TR UEERTT —5Z2EEPDERD

| Databxchange Option A
FT—HANR—=AT'O R

Note: EDC = Eclipse Data Space Connector (OSS) S B pa = g e
SMEOER/ERMHMSXEPERE, F—FDRELERZITDEIE

EMTT Communications Corporation All Rights Reserve d.

Digital Twins / ShopFloor
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Catena-X
Operating Model

Catena-X

Your Automotive Networs

) |
2

-U-_ tZ;iE 14

EEN—>3>r7yvI L. 1FZEICH—ERVUU—-R

Catena-x Vision Mission Angebote Mitmachen News Library Uberuns O\

Your Automotive Network

The Catena-X Standard Library

Our Stancard Library list

all our published starg They are categorized in the official roles /here you

of the Catena-X Operating Environment

come from) and use

(o)

etermining the field you focus on) the filter to dispiay the stancards that are relevant for your certification in .47YC” -X. Below you

will find detalls on the cé

Roles

onmentis o

jea that there are multip

2 but dist

an take on one or more of the following roles In any combination

ct roles that aim at providing an

tive and fully func

1) Core ce Provider, (2) Enablement Service Provider, (3) Business Application Provider, (4) On-Boarding Service Provider, (5) Consulting Provider, (6) Data
IOVIK t, and (7) Conformity Ass 1t Body
There are five roles for which we provide a set of standards in our ndard library below already toda

Please note: If you are a Business Application Provider and focus on the Live Quality Loops use case, you will find a further distinction in the documents between
standards for OEMs and for suppliers Please salect the appropviate documents for you and reei rree contact us with any questions

H/FIRAEDEE, £F/RRBHOT—FETIV. IDERREZIFEL

ENTT Communications Corporation All Rights Reserved.  [HE8 1 https://catena-x.net/fileadmin/_online_media_/CX_Operating_Modelv2.1_final.pdf 18
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1.5 EXAMPLE =g "JL)
. O
(BT
{
id 3 893bb5d-dal6—-4dcl1-9185-11d97476¢c254",
rsion 2.0 -20230314",
rtial P f Cradle—-to-gate
1 3893bb5 daloe-4dcl-9185-114d97476¢c254
’
— = ’
Y 2022-05-22T721:47:322",
tWE C fStat Active
"""" lidityPer tart 2022-01-01T700:00:012"™,
15T tyPe ri: E 2022-12-31T723:59:592",
i e : Comment for ersion 42 .

F—oER IN—>3 > FID EmID CO21E B/ EDiRik%E ISONA;N Tk

EMTT Communications Corporation All Rights Reserved.  [HE8 : https://catena-x.net/fileadmin/user_upload/Standard-Bibliothek/Update_September23/CX-0026-ProductCarbonFootprintDataModel-v1.2.0.pdf 1 9



T —H ANR—ADKEE%® Eclipse Foundation THIF

Get invited to the circular economy.
A= >Y—XR “Tractus-X" & UTLH

DATA PROSUMER e e o
Catena-X Portal - Pustwes Achheciics:

Catona.-X

Catena-X

der Eintritt in das digital automobile Netzwerk

na Anom

Data Plane
Extension
.
0 https://eclipse-tractusx.github.io/
TRACTUS-X

USE CASE INFORMATION APP MARKETPLACE DATA MANAGEMENT Support for service and app pro\/iders in
Circular Economy Subscription of Circular Economy apps Overview of semantic developing applications for the Catena-X
introduction and general (e.g., Circularity Cockpit, Secondary models and digital twins ecosystem with development
onboarding information Marketplace, BatteryPass Viewer App)

documentation, APIs, SDKs, and more

Tractus-XZ{E> T BARLELEDS T —HANR—A 1B ERT]EE
(M THRERNER) 20




Tractus-X H#R2FEY 1 ~(github)

& © D

< O @

88 Eclipse Tractus-X

Agents Kit
Behaviour Twin KIT
Business Partner KIT
Circularity KIT
Connector KIT
Changelog
Adoption View
Development View
Specifications
Architecture
Operation View
Data ChainKIT
DCMKIT

Data Governance Kit

BMNTT Communicati

-

f Connector KIT
Dataspace Protocol (DSP)

Identity and Trust Protocol

(IATP)

Specifications ———

Notice

The following describes the standards for implementation of the Connector Kit. They
detail the necessary functionality of as well as the expected communication with a
Connector.

Dataspace Protocol (DSP)

The core specification for the Connector Kit is the Dataspace Protocol (DSP), which can
be found here. This specification is supplied by the International Data Spaces Association
(IDSA).

The DSP provides the core specifications for exchanges between connectors, including a
split between a layer managing contracts and policies and a layer managing the actual
data. In the reference implementation, these are the management plane and the data
plane.

Hi8#8 : https://eclipse-tractusx.github.io/


https://eclipse-tractusx.github.io/

Tractus-X H#R2FEY 1 ~(github)

& (@ D Specifications | Eclipse Tractus-X X +

e |
& - O M eclipse-tractusx.github.io

% Eciipse Tractus-X

Agents Kit

Behaviour Twin KIT
Identity and Trust Protocol

Business Partner KIT (IATP)

Circularity KIT Catena X Standard Library
ircularity

Notice

Connector KIT
Changelog
Adoption View
Development View

Specifications

Architecture

Operation View | Identity and Trust Protocol (lATP)

Data Chain KIT
In Catena-X, the interaction between the wallets holding a participant’s identity
MKIT : . - . :
DM credentials and the connector is specified by the |IATP. This protocol is currently under
Data Governance Kit development with the Eclipse-Tractusx community and will find its way into the IDSA and

Digital Twin KIT international standardization bodies.

BMNTT Communications Corporation All Rights Reserve HEa https://eclipse-tractusx.github.io/ 2 2



https://eclipse-tractusx.github.io/

Tractus-X 44

Policies in Cats

& @ O
<« C @

% Eclipse Tractus-X

AgentsKit
Behaviour Twin KIT
Business Partner KIT
Circularity KIT
r KIT
Changelog
‘7[‘:" ion View
Adoption View
Working with Policies
Policies in Catena-X
Development View
Specifications
Architecture
Operation View

Data ChainKIT

BMTT Communicatio ation All Rights Reserved

B Y1 M(github)

Example

This specific Catalog contains one single dcat:Dataset, called "json-1-paper” It is the
only entry in the top-level dcat:dataset property. To access this Dataset, the Consumer
can choose between two Offers (see the odrl:hasPolicy property):

* "Y29udHJhY3QtYmlsYXRlcmFsLXBhcGVyLWVAYWlwbGUtMg==:anNvbi@xLXBhcGVy: ZDA4ZDM
50TgtOGY5ZS0eMzBmLThjZDEtZmYwOWQxMmQxYzk5"

® "Y29udHIhY3QtYmlsYXR1lcmFsLXBhcGVyLWVAYW1wbGUtMQ==:anNvbi®xLXBhcGVy: ODFkMDI
2MWYENDNINi@OZTIXLWIKMWYtZmFmZTI3MWQWYzhj"

“@context”: {
"@vocab": "https://w3id.org/edc/ve.0.1/ns/",
“edc": "https:/
" s
“dcat™: "http://www.w3.org/ns/dcat$”,
“det":
“odrl": “"http://www.w3.org/ns/odrl/2/",

/w3id.org/edc/v0.0.1/ns/",

“https://w3id.org/tractusx/v0.8.1/ns/",

“https://purl.org/dc/terms/",

“dspace": "https://w3id.org/dspace/vd.8/"

Data Sovereignty in Catena-
X

Data Exchange
Governance

Usage Purposes
Contract References

Chaining Constraints

Notice

H ] : https://eclipse-tractusx.github.io
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01/24 02/24 03724 04/24 05/24 06/24 07/24 0824 09/24 10/24 11/24 12/24 01/25 02/25

2024 1A 20244 10H

Catena-X (E43R5E) Rel. 240 |

INNOVATIONS IN THE CATENA-X DATA ECOSYSTEM

Tractus-X Catena-X breaking change
Release Rel. 24.03 Rel. 24.05 Rel. 24.08 Jupi ter Release
Tractus-X (OSSBI%%) ud g ~ | \
| Go-Live scheduled for 21 October 2024
Cofinity-X |
Operation of Catena-X Network

SRERISIS & P PRI ISR (RE A —

O w) — Rel24.0& 24,08 - Pre-PROD
Cofinity-X (U—EXEHR) s Pro-prod

ul i A\ Y E‘.
AigH—E X IEf
Data Consumers & Consumers

Enablement Service Providers ¥ W
Onboarding Service Providers ave:l yeve2 ave 3

Business Application Providers

FHYa

) |
2

24
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Sustainability
& CO2-
Footprint

R (%) https//portal.cofinity-x.com/app

Dataspace OS

CERTIFIED CERTIFIED

Connect & Integrate Dataspace OS

manage the Catena X data space

Other Othery
Contact sales Detsi > Contact sales

Detaily >

. 0t SIEMENS
SAP Sustainability
Data Exchange

SAP

CERTIHILD

CERTIFIED

SAP Sustainability Data SIGREEN

"“ soviCore
¢ Connect

Initiate your individual
Journey in Catena-X today!

CERTIFIED

soviCore Connect

Other

> S0¢

Datails

Exchange
catena-X certified Seas 1olution for
rOduct CADOR fFOQIpant Mmangemant 1
and exchange
Othens Fland Price
Details > Contact sales Details > ot

&1 httpsy//portal.cofinity-x.com/appmarketpla

Circular
Economy

Quality
Management

CERTIFIED

Battery Passport
Management System

Others

Detolls > Contact sales

SAP Quality
Management

Trace-X

CERTIFIED

CERTIFIED

Trace-X

racikong during the whole lifecycle

Othars

Detaily >

Detaily > Contact sales

SAP Quality Management

Othen

Contact sales

25
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Catena-X#%’ZETD" DDHI (sap Sustainability Data Exchange)

Cofinity-X

> App Marketplace / SAP Sustain

SAPSE

ability Data Exchange

SAP Sustainability Data Exchange cermirieo

352 Sustainability & CO2-Footprint

= en

KomhlCO2#kH

ARDH =7 Uttt &5

TTEOREEIRETE> A7/ ERPEEE LT
s E f/ﬂiﬁ%ﬂz%?r”’

HAEm]HE

F exchangs Sustainability

EMNTT Communications Corporation All Rights Reserved. e

Carbon Data Management
Share and enable carbon footprint calculations

5 Share additional
0 sustainability KPis.

‘ Chain of cus(ody

Include supplier CO, of verifiable CO,
product footprints values and seamless
Into the calculation. calculation.

o

hare CO; product
footprint with customers
for thelr calculation.

aboratk 1 COy, rex

n primary data

ptimization scenarios

@) Catena-X

Certified Solution

SAP Sustainability Data Exchange
Achieve carbon neutral supply chains by requesting and sharing carbon

@ Collaborate across your value chain

Enalie shanng of actual procuct carbon footprems
PCF) across valle chains v ncreased
nteroperability and data sovereggnty of cuta owners

e Standardize data exchange
Snpity suches with stinchach 2 data mocdels and

workflows and excnange information soamlessly
following incustry framesorks and recLirements

Bemery Pout

@ Accelerate carbon reduction

Kderedy ProcUCTS OF procassas with ngh potersal
for €0, rechrtion, avold doutle seessions
counting, and optimize footprees.

Catena-X

Officially Cartified

in collaboration with

SAP Business
Network

data

® wbcsd

Cofinity-XsR—ZJ)LH 1 ~
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Catena-XiEEEF7 T U DM (siemens SIGREEN)

Eab- V. BER—hrJ2URA b -

SIEMENS SIGREEN NTT Company A

Q ° E-Vehicle-v2 & Evehicle-v2-001
= Jops
Automotive BSoome 8300 & It RS
l. o
A& W e g £.00M BOMPCF 7 ) oA
3630
f Uple PINE 26502023 kg COe 0
£ . : :
| . 03 ) 4+ ODR—F> ot
AVM—=2 LRAF 7 AR-F> b VISAY IF L 20 B 7 (S S o mi PCFDEET |7 AF=HA\F
& 205-MBT-65 Battery Pack 25kWh 2164 kg CO»0 O —RF—-50#H
<
& F682651321 Main Erame | 1466 kg COe © —x5—50% ;
& NTT-COM-OV Network Unit 1 1 Plece PCFERTA

HEE US| ZEREEDET CO27—5%Z z1 77 (CHBRE
ARDH =72 U T MR —DFP TV L6 —EENEE

88 : Siemens SIGREEN &'w > 1 /R— R

LIS cvcv
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Y TE

Location over the life cycle

TR EREU Y TSV — ICRE7S— MeAEKE
H ISV —(3REENSOMKFEICE E DV THREZ AT USRI

BMTT Communications Corporation All Rights Reserved HHE Cofinty—X

Quick and easy access via the dashboard
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Catena-XT=REN/=AHAHZMERXEDPIHEARNER
20244E2 A H S baEh

Including SME
and additional  Transfer-X<=g

sectors ﬁ

Research and , Energy International
_ CatenaX B i i Semicon- Aerospace- ) )
development: i Process-X  Robot-X ductor-X X Data-X, Ma:?:;it(:tu

Industry Use

Catena-XTHIIENE AR MDESE - fidDE/ A

Cases
l l | l | |
Common Shared Services
Base

Shared technical base layer

Regulatory framework and standards

ﬁ(c_ Factory-X Tl RiEH#ik & T —H AR—ADEHE (CAIT TR E

EMNTT Communications Corporation All Rights Reserve 4. B 2024548 Factory-X I\ —=IN=X vtz BRERN



Factory-XDZ&hlit% - Blik
Factory-X is a Lighthouse Project for Manufacturing-X -
F

4711

= Building the open and collaborative digital EE it

. + August Wilhelm Scheer+ inovex + Scheer GmbH
ecosystem for Factory Outfitters and Operators upon Institut . InstaWerk . SCHUNK
Catena-X and concepts of Platform Industry 4.0 - BASF « ISW - Universitat + SDFS Smarte

E + Berger Holding Stuttgart Demonstrations-fabrik

= Focus on 11 dedicated use cases to extend the (CatenaXeV. - Lenze P
existing horizontal supply chain-oriented use cases . Codewerk . LNleV. . SICK
and add vertical use cases to integrate the operation + DMG MORI * Matchory . giemeps oy

« Empolis + MT Analytics + SmartFactory-KL e.V.
of shop floors _ . + EPLAN + Open Industry 4.0 - soffico

» Under the leadership of Siemens and SAP, 47 + Estainium Alliance - Software AG
partners are working together in this strong * Eviden P R Pl

i lemented by 10 associated * Festo * Phoenix Contact . T—__Syste_ems
consortum, supp y - Fraunhofer + prenode - TUV SUD Chemie
partners + German Edge Cloud * proALPHA Service
(companies, associations and research institutions) « Hilscher + RIF Engineering & + Uhlmann Group

. . . . « ifm diagnostic Consulting + VDMAeV.

* Manufacturing-X wide coordination and _ . IFW - Leibniz « Ruhr-Universitst « WITTENSTEIN
establishment of an international Manufacturing-X Universitat Hannover ~ Bochum + ZVEle.V. (FE)
network - igus * SAP

+ Project started on February 1, 2024

. - - . ARENA2036 e.V. - Digital Data Chain  + VDEe.V.
Completlon of PFOJeCt by June 2026 + Arvato Systems Digital + IDTAe.V. « ZVElelV.

+ Bayern Innovativ *+ Robert Bosch
+ Beckhoff Automation + Sharecat Solutions

30
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11 Use Cases for Integrated Toolchains = ' Information Update Collaborative
horizontal and and Collaborative and Change Information
vertical data Engineering __ Service ¥ , Logistics j
transfer A O”y o=y
Conditiqn Modular Manufacturing as a Autonomous
Monitoring led Production Service — On Demand | Operation-as-a-
Services Manufacturing .. Service :
(N I ‘ nd ) PN
bt s

Traceability Energy-Consumption Carbon Footprint Circular

and Load Management Economy

Management _,

/\\”-\r\J .:.:.:f ? \W
\ tyanls ' -~

EBERICLIRMOFRFFE,. TRIIVF—EH, HEHERY—ERE 1107TVUr—>3>
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Overall Architecture of Factory-X:
The Digital Ecosystem for Factory Outfitters and Operators

 F

Resilience Sustainability Competitiveness
Digital Products and Services Everything as a Service
Product Innovation Production Optimiz. / Supply Chain Energy & CO,-
Collaboration Autonomous Factory Transparency Management
Catena-Xc 2t 1LiHd*+ Shared services

Shared technological base layer

Regulatory Framework and Standards

BMTT Communications Corporation All Rights Reserved

HE : 20244108 Factory-X
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Supply Chains in Manufacturing Industries

lllustration ﬂﬁ@ﬂj"?»{?:l:—)

customer

supplier

material
supplier manufacturing
company
component. :

delivers ﬁ
consumables J

system
integrator

supplier

tool _c —

supplier

device
supplier E

application scope of Factory-X

BMTT Communications Corporation All Rights Reserved.

machine
bunder
component
supplier
Factory-X

From the perspective of a manufacturing
company, there are two different supply
chains:

= Supply chain regarding the product of the
manufacturing company

= All deliveries from suppliers that are integrated into
the manufacturing company's product

= Application scope of Catena-X
= Supply chain regarding the production system
of the manufacturing company

= All deliveries from suppliers that are needed to build
and operate the manufacturing company's
production system

= Expansion of application scope of Catena-X by
Factory-X

RES AT LD SAFIT—

HE : 20244108 Factory-X
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Factory-X Tl& AAS (IEC63278) T 77—~ %ZIBE&(L

Relation FX Port / 14.0 / AAS r
AAS Type 3 may become a promising candidate for a standardized and t

Industrie4.0 conformant implementation of the FX-Port concept

IEC 63278 Part 1 FX Port

Asget Administration Shell >
qQc
fixts ; vides + :
Submodel lemplate(s) 2 & FX Port Services '
INCiLdn) Shmode mncinte L £ Ses acresses -,
,,,,,,,, et o SUM ) A —————  AAS intarface(s) AAS user application(s)
(ophional 3
— - retersnces wp unifies access lo nformation . FX Gate Survices '
elerernce. 1 a
|retarances <
refscences - ; ’
st armedendh) ¥ | - unifies representation of information FX Converter Services
- 2 ———
} g assel mlegraton _J'__
S DI ¢ e————— y {optiona) s - FX Adapter Sernc
AAS raspons| RIS ST ol g - *  adapts W interfaces \dap! . ces
- inltegraton P
assot related servce(s)
nusel senaces)
hay inferast (optional) {optional) ;—\
asset I A ébéf.:, B
~
\_,/

AAS specifications and standards therefore need to be enhanced by necessary content for AAS Type 3

This topic is under discussion in FX.
34
H88 : 20244108 Factory-X
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Standardization & open source
Efficient scaling

Complete life cycle
Single Source of Truth

Supplier part
— Part type in the selection \% Parts delivery (instances)

Planning & Virtual Usage &

Commissioning Production

7l L

oe oe oe
® 10089 ®1e0e ®1@0e ® 1 @0e

M — [ = — [ — - @Q

HE# : 2024.11.5 International Manufacturing-X

Development Commissioning Optimization

oe

EMTT Communications Corporaticn All Rights Reserved.
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Structure of the
DPP 4.0 Concept

Concept for Technical Implementation

Asset Administration Shell

A1 8

Digital Nameplate
(DNP4.0)

Digital Services for DPP-
Information

- Public
- Restricted (Access

based on Need-to- A . . i
Know) % |I Submodels including . Submodels for any i
'I g_ II DPP-Information I Other Digital Services
Any other Digital Services : £ Iy according ESPR II I
©
z I I
- Public I 25 I| Technical Attributes I
- Restricted (Access 1 25 I Environmental I :
based on Business I £a i Attributes . Public Submodel
Policy) I - Circulating Attributes | [

=
I
I
r
l
i
[
l
1
i
[
L
r
l
i
[
I
l
i
[
.

HE : 2024.11.5 International Manufacturing-X 36
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T —HANR—RAZFRAITIIEHICEEFZDERI DL
FHDT—F FT—HEHEYT—ER (AASEFIIVEER ARI5—1RE) BREST—HFETILIESaas
User-friendly sovity frontend incl. support and onboarding Further business
Web Advanced | Enhanced § Moni- §| Admin f| Access S5O Tutorial & S ; appllcatlons clle
frontend || catalog usability § toring § portal § Mgmt. onboarding Uppor use cases

cO2

REST AP| Easy inte- Data Space Open-source Core: j§ De- Use Case o
ootprin

gration of Exten- EDC Core coupled § and business
ey | data sources  sions Wyl [ functionality connec- f applications E\g;:fgi“g

Ele Unlond Usage l| DAPS Control IDS tion to Data
Binary files P policies /SSI plane Protocol apps visualization Traceability

E t : hat ey 5 oy JEIERT AP ;Eiljﬂin
£ J-ERERE [
Management
Build & IDS IDS Data
connect API Broker B Clearing base Any other

business app

: . . - (e.e. MDSor
Highly reliable hosting & operation Catena-X)

[ External B sovity product .:3 SOV'T\/
Factory-XiR#T—5EFTIV/AASICRIETE BBELT —F DERNHE

H B8 sovity {REER
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Vendor Specific Extensions

Companion Information Models | [l ramed a2
....................................................................................................................................... (O>IN\=HA>

__________________________________________________________________________________________________________________________________ ‘ 'TE*E:E;-‘) b)

Built-In Information Models | 3

o Base, DA, AC, HA, Programs o

mHEFL [ ' 2
A

“ OPC UA Meta Model o

= Basic rules for exposing information with OPC UA E

S —— —_— — — —— G .2 .‘E

BETTI O Services ) Message Model =

Browse, Read / Write - PubSub Configuration, DataSets =

Method Calls, Subscriptions 8 Message Readers and Writers &N

= _ N
TobL ye— e
W Websocket/HTTPs ll @ UDP TSN MQTT
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https://www.tinyboy.net/news/pre-production-progress-t0-of-the-injection-molding-finished/
https://creativecommons.org/licenses/by-sa/3.0/
http://flickr.com/photos/haiflymachine/5706445602
https://creativecommons.org/licenses/by-sa/3.0/

OPC UA - AAS - 2949 —T HBI(ICRZEE

AAS

Y Smart 1
| Factory @ IDS
' Web & kg Connector
Supply Chains
= Client A
Connector j *a g —
t {(a) =
NS IDS s
U Control Connector -
OPC UA sage Contro
Factory
Connector Client B
IDS
AAS Registry m Connector
Client C

ovcun [ el [

FLEDH I/ BETT —IHE

EMTT Communications Corporaticn All Rights Reserved.

Machine Production Line Sensors
(OPC UA) (OPC UA) (OPC UA)
Producer

https://www.smartfactoryweb.de/servlet/is/94965/Smart_Factory_Web-20201022-PU.pdf
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Manufacturing as a Service (TiZDHY—EX{L) ODI1—Xo—X

HiTIHik
Manufacturing Orders

J ﬁ—’—ﬂ\ﬂgJ C>
sOn

{3 : ORCHESTATOR | ~. _

Meta

ARD 59—

Data consumer

CONNECTOR

Data

Data provider

URT  xs mfisiuca Pithon Sh&stE / RBiG/EEDBHRRNE
Al f{; h i o
| xS BN /IBE&ETT—SHE

“SOPC UA

SERVER

i 3

OPC UA #&s5—4, IXINF—F—FRE
RY VDMA h' 7R MRIE TSGR Z Rt

Towards Standardized Manufacturing as a Service through Asset Administration Shell and International Data Spaces Connectors, Mondragon Unibertsitatea
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App Provider A—e.g. PCF

Tenant

Tenant Tenant Tenant
eg.loT Catena-X
certified managed
d

App Provider B—e.g. PCF

Tenant

Tenant

Tenant

Data Exchange Option B

Catena-X
federated Operating Environment

No operational data l

Registry

i Adapter
‘/ . Service
Ly =8

e.g. CSV-
SME1 Upload

No operational data

Trusted Identity / Marketplace

Notarization Service Contracting / ...

Marketplace
Navig., Apps, Services

Authentication
DAPS > Cust. Wallet

Digital Twins / ShopFloor

a®
-

No operational data

Semantic

Self-Description Hub

Hub

No operational data

No operational data

Data Exchange Option A

Note: EDC = Eclipse Data Space Connector (OSS)

RERBEOLF1VUST < XBEHITDIBESD

EMTT Communications Corporaticn All Rights Reserved.

EDC : Eclipse Dataspace Connector=IDS®05—D—&
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App Providerig. PCF Ap*wider B—e.g. PCF

Data Exchange Option B

%

Catena-X

Catena-X
federated Operating Environment

Digital Twin Semantic
Portal 2
Regstry Hub
Trusted Identity / Marketplace
Notarization Service Contracting / ...
Marketplace Authentication £ P
— Descnphm o

eg.loT
dapter certified managed

- A
‘/ Service
Loty

e.g. CSV-
SME1 Upload

/TN

No opperational data l

No operational data

Na
> o

No og

#ional data No op€ snal data

&)

Digital Twins / ShopFloor

i 4
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Data Exchange Option A

Note: EDC = Eclipse Data Space Connector (OSS)
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Manufacturing-X
EFEHEERT A MAY Rigi8 (IRE0H)

National Activities

©
JP Testbeds E
: Proposal:
IMX Councill Initial
. : US Testbeds =
Joint Committees Testbed Task Force HMI 2025

Task Forces demonstrators

EU Testbeds %

\ e
N
\
N =
N
\\ -
N
N
\
Y
N
\
N ‘ |———

Contribute to International Data Economy Activities

©MNTT Communications Corporation All Rights Reserved. (D EE 1 IMX Testbed Overview




Manufacturing-X

EET A MY Rig18

Exemplary standards

Exemplary
CONNEEtQrs

N s

Minimal setup for showcase
* Agree “basic IMX Schema”
« e.g. Digital ID, Compliance,

VC = Verifiable Credentials

Location- Issue VC Issue VC 4 B _ A
» Define Local Trust Anchors Verifiable Credentials
and mutual trust Issue VC Holder
» Decentralized verification . Y,
V(i Issuer VC Issuer ~N

Operator of local Trust
Services

VC Rigistry VC Registry

Service priOviders are
the national testbeds

VC Issuer

NS X MEEE (Verifiable Credential)
DEIFE &R % EIR

VC R_e_gistry
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TF—HANR—RAZGH[C{#EX S Data Space as a Service

External data sources User-friendly sovity frontend incl. support and onboarding

Business applications
and use cases

u Monitarine , Q s/ SiiBborE
onboardin Lo Mgmt

REST API

Integration & Open-source Core Data Space Extension Use Case & business
processing

applications Product carbon footprint
Control plane Usage policies
File Upload

T'ypeScript SDK
AP! Parametrization

Iraceability
Database Open API Spec
Binary files

DSPACE Protocol BPN Mgmt.

Data Space compliance
53 Bucket

Battery passport

Catena-X Certified

EV Charging

Any other business app (e.g.
MDS or Ca 3
Hosted in Europea ) { A {
Union

ting &
monitoring

FPIRGNEEDIR TE T—HAR—ADII LT EA FIADAIHEIC

BMTT Communications Corporation All Rights Reserved.

HE8 https://sovity.de/en/connect-to-data-space-en/
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T —HAR—ADTA Y RB—EXEES

DATA INTELLIGENCE HUB Contact us EN DE

Solutions Insights Resources Events About us Q -6- o

Build your applications in just 3 days with our managed dataspace

User-friendly interface with preconfigured operator tools

Quickly start with developing new ‘
ﬁ Experience full data sovereignty

.'g

applications

lﬂ) Trustful ecosystem compliant to

Cloud a ti
Gaia-X & IDSA @ oud agnostic

Integrate and manage your
@ Fast track to the world of dataspaces

|

applications easily with the included
toolbox

EHER/ RBADT —HANR—X%Z 3HET 95D RLICIEBEUVERTES

EMNTT Communications Corporation All Rights Reserved e T-Systems https://dih.telekom.com/en/living-lab
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DIH Space - Living Lab

T-SystemsttDFT —FANR—R FARNRY R

Application Layer Support Layer

A

Semantic Layer

l IDEH
Dataspace Layer 5-“—9 Z/\O_ZE

%E%WUI Data Space Management Ul
AC

1Y —EIiE g

rITUER

v+
=8

Leoend - Managed sermvice MB?\BQQGH\"&SUUC!U(G : Cus!omer-managed
F—H ANR—R (CHEIREEEEE(0SS)%Z as a Service Tt

BMTT Communications Corporation All Rights Reserve d. HER T-Systems https://dih.telekom.com/en/living-lab
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https://www.keidanren.or.jp/policy/2024/054.pdf

= el )

¢ SDGSER/EERFHRDIC ESGT—HDEEBHABHRARTYR
& XKRIRTEIFNRERET—IHBIC(E T—F AR—ZXAHMEF
¢ —HANR—RAFRICAT F—AIiEtLtFa1 VT bz
T —HANR—AFEAICIE OPC UA & AAS ZESDOHLEF

¢ HHII—RICMHT FIET—HAR—RZEDTHELD

52



OPC UA & AAS T 729 IVEmIN\AR— K
[CHEMRT D EET—HANR—R
International Manufacturing-X & Catena-X

NTTAZ1=5—>a>Xkie&t
TI\>OSTUXR B

158y &
(IDSA Board Member)




NS
"‘““\ FiELbComm GROUP™
" Connecting the World of
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AHDEEDAUE

« OPC Day Japan 2017 .
FDT GroupigEEDUpdate

~ FDTIOPCaSRL—La it YIVR{GREH~

201759 H140(_ZEME_7-FDT & OPC UA technology % Hiwebinar Z~— 2(Z
FDT lloTH —/\(FITS) $OPCL ) Wi & D At L B NLET

FOTRET DT I\ D499 = T4 T F1 7 FIERLE (180 BH)
2017412 ﬁlSB OPC Day 2017 in Japan

OPC Day Japan 2022 |IAFEE&H
[CFPEEHTH-ODT—2%XTIE
BETILDIRE~KEIETILDER~
1DBAEEE

OPC Day Japan 2022

CFPEZHEHTA-ODT—E3%KT
ERETILDIRE

~KEIETILDER~

2022512H8H

IAF 140 % % 35 158 8 R 32 & (CLIC)
5 W—8 (Z2EH (%)
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FDT Group®FieldComm Group~D#H &

« FDT Groupl. FieldComm Group~DBEZZTL. BEDHMELETT

#H#3 N 1ZSIC (Strategic Integration Committee) Z5%3ZL, OFIJLIZEKTFE LEELVT /N
AR ERMDFED A FMEZRETT S

CD#A#EIZIECC-Link/ \—kF—17% . EtherCAT Technology Group. FieldComm
Group. ODVA. OPC Foundation, Modbus. Profibus/Profinet International’Zz& D F &
74— LR T ALLEARER—R A N—EF SH5TH
o BRMICZIE, TNNLRADME DO DE—TNNA RNV —ONERIGEI—Ty
A
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FDT UE(FDT Unified Environnent) 7 —*%72F+

FDTH L. FOERA—krA— 32 (PA)-
T7IM) A= A= 30 (FAZE IR 214
YT —OREETHREICENTH, HiF
BEODEEE, RUAPEETORILDIE

WEBATHRET SV I 7H FDT Server: FDT/FRAME+OPC m
erver+Web Server
U?;T?—’J\'lN‘U'—S/{)
Analytics
FDT3.0&5AL . BIGHBR~D X1 7HEVE—FT7 IR
OPC UAFRICKS LNBADT—2#iE%EH Y %

o +tLUUMNSHISYRIZERVATLEEDLBEIZAIT . A—F
VIEE—OY)a—a v NEREWS

o HLEXMWETOER, TA4RI)—k. NATYYR)IZKBLT A ‘
—bA—L IV RT L T EYNEBVRAT L, IVA—T 54X s .
VAT LB TOE—ETILICKAEHREITEE i%g%%ge

Information

Controller

#Modbus TCP

Data ' ‘

Timescale
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® FDTHE#EIX, Lo ILaA—FRITOTRAYIMTIREE (FDT 1.X), TILF
—FEITDISATUMF—/N\TTO—F (FDT 2.X)EE L EZHITTES-

® 45[A!)1)—RL7T=FDT 3.0 ZZ#Tl&. OPC UAH—/\&WebH—/\ T A
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ZEREL,. 95O IVATIARX . IV A VTULER VT IILTRIMY

JTIREBI 6
FDT1.2 FDT2.0 FDT3.0
5574H)L 21—  Activex A hA—  WinForms 3> kO—)L HTML5/Javascript
HA8—T—R )L WPF O kA—)L
EoxRAOSYY cOMATDxHr  NETFramework A7z | .NET Standard 77z 9k
Ik
TR XDR WCF T—& a2 h594 WCF TF—42 AV ARS94
JSON
& 5 Windows 1> X Tz ANEHIAHD Zip file (Open Packaging
—> Windows A2 AF—3 ConventionZ{# )
5
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FDT3.0&£0PC UA [E8RETJL

Built-in Features

Platform Independence
Security Features
Scalable

Data Information Model

Live data

Historical data

Alarm and conditions
Others

Communication Model

Client/Server
Pub-Sub

Services
Transport

Vendor Specific Extensions

Specifications of Information Models
of other Organizations

OPC UA Base Services

Transport OPC UA Data model
Webservice / OPC UA Binary Modeling Rules

© 20248 AR T4—I)LRALT L—T



FDT3.0&£0PC UA [ERETJL

OPC UA Client
OPC UA
Services
/ OPC UA Information Model \\ DTM A
Comm [_represent_ Interface
Device A ] represent | >
Frame |
Application T ————— -
1 1 Gateway
. DIMB | |DTMC Device C
Flgld M | represent > [ represent ; THEET
Device B Device C Tz
-
Field
| Device B
T == '!
Field Field FSRTEEaTT ’ p o
Device D Device E P DTM D DTM E | | represent > i1 ) i1 )
. Field Field
OPC UA S Device D Device E
erver
Source: FDT 2.0 Technical Specification, page 324
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. Ty OEHN fp—g

Remote Asset Monitoring

Asset Management Systems Cloud Application

Data Logger

% ()
S 3
(- \=_S50§} =l s
~ = @ w o) : Ol ¢
FDT OPC UA FDT OPC UA
FDT Host A FDT Host B

Information Model Information Madel

(6= &

-

”

9 e

Plant Location A Plant Location B
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11. EiETEEEDFDT3.088 5 DHEE
(FDT UE®D;EREH)

TI31 RlloT

®  PA(Process Automation ){fl: DCS® L4 BIIZTFOERT—4H—/ \ELTDHOOPC UAY—/\F 16k
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OPC Day Japan 2022 IAFIA %)/ KPI (1SO 22400TR)L*X—HEEL
F
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\ =
) @ 15022400D A E T IJLF—;HE = (Comprehensive energy consumption)
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KPIOERERE TH SISO 22400/(F, BBHEEHIN TS - E: BEIRILXF—EEE
No. PE] s el P et ; :G : ;E‘gwﬁﬁilik)b#—'—iﬁﬁi
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-Product classification

Plan BOM

Unit code
-Senal number of BOM

Design BOM

“CAD output BOM
“CAPP output BOM

|

Customer BOM

~Customers order catalog

, ECBOM

-Matenals consumption

I |-Water consumption

ltem code
-Component consum ption

-Ekectneity consumption
-Oil consumption

Cox
-Selt-made component
~Summary of material details

-Space usage

“Order product specification

Sale BOM

-Basic parts
-Common parts
-Special parts

-Process route
-Process summary
-Component
-Equipment

The BOM conceptual model based on UML

~Optional parts
-Replacement parts

- Summary BOM Type

(unsmnp(lu pans
-Spare parts
-Easily damaged parts
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