ACHEMK2024, ,. R, 7o
10-14June 2024 . - SSEEEEEE G
erankaurt am Main, Germah'y ] '..... R = s Of

PIDMIC 3.0

Process Industry Data Model Integration Congress

11-12 June 2024

“\/ P Data Exchange in
the Process Industry

1ISO 15926-11:2023 Semantic Modelling

OF LIFE CYCLE DATA FOR PROCESS PLANTS

3 croonwolter&dros | T8I



1ISO 15926-11:2023 Semantic Modelling

Dr. ing. L.C. (Leo) van Ruijven MSc, Principal Systems Engineer, Croonwolter&dros (EPC contractor) kwj;
> 25 years experience in LCF Projects in infrastructure and industry from specification up untill maintenance.
> 20 years member of the Dutch NEN standardization committee ‘Information integration and interoperability’.
> 20 years member of Executive Commitee USPI.

Member ISO TC 184/SC4; Industrial Data, initiator and editor of ISO 15926-11

PhD: A unified framework improving interoperability and symbiosis in the field of Systems Engineering.

leo.vanruijven@croonwolterendros.nl
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Agenda

Status ISO 15926-11
Challenge of plant life cycle data integration in large capital facility projects
Fundamentals of 1ISO 15926-11 semantic modelling methodology

Harmonizing views on plant life cycle data with 1ISO 15926-11
» DEXPI, CFIHOS and Systems Engineering

Characteristics ISO 15926-11



ISO 15926-11:2015 Methodology for simplified industrial usage of reference data

Enables a flexible creation of product knowledge and Systems Engineering models
» that can be exchanged in the plant engineering supply chain
» by combining:
» RDF triples captured in Named Graphs,
» a standardized set of relationships,
» a project RDL with reference data from any other reference data library (RDL).

Edition 2:

ISO 15926-11:2023 Simplified industrial usage of reference data based on RDFS methodology
Improvements:

* RDF triples reified as rdf:Statement

* Changed the role of Named Graph’s in supporting configuration and change management

* Defined a lifecycle model for physical objects aligned with EN 17632 “Semantic modelling and linking”
e Based on Systems Engineering use cases derived from process industry best practices

e Explicit connection made to ISO 15926-2

e Supporting both data exchange and a data driven Common Data Environment as per ISO 19650 BIM standard



“Data cleansing and classification” by i
Information Delivery Team (ISO 19650) !

Full implementation of ISO 15926-11 within the PALLAS project (nuclear facility Netherlands)

Challenge: Integration of data obtained from legacy engineering tooling in a CDE (Single Point of Truth)

Civil Mechanical
Engineering Engineering

v
=L | §
3D modellingTooling \=%.-~ P&ID Tooling (Bentley, ~—

‘non-graphical’
data models

Electrical Instrument
Engineering Engineering

S

@, L
=

.

="

““Electrical circuit tooling ~ Instrument loop design ~ =2
(e.g. Revit, SolidWorks) Autodesk) (Bentley, Eplan) tooling (Bentley)

Systems Business
Engineering Process

¥ _

E‘tool (Relatics, EA) BPMN tools

S

(BizzDesign, Archimate)

Y.

Data cleaning & integratie proces

Common Data
Environment

* Assuring referential integrity
* Classification of individuals
* Unambiguous, human-readable content
* History of imported Named Graphs
* Traceability and management of
»changes
»deprecations
»additions

Biggest issue: accepting cleaned data by engineers
and using it for the next design iteration (the project
data modelling must be explainable to engineers)

Stakeholders: Configuration management, V&V, authorities, asset management etc.




Conscious choice for W3C standard RDFS in the context of ISO 15926-11

Capability level

) ]2 Yol R RN L v

Human and machine readable

SPARQL offers all required functionality

Technology for implementation on project level is available
Implementable by industrial IT people, not familiar with
W3C Technology

RDFS

SKOS | J

> Application
Terms & Information Information
definitions exchange and or  vyerification and

sharing inference



RDFS

rdf:Statement

is a statement
on its own

rdfs:Resource Ontology structure of ISO 15926-11 ', - .1
rdf:type Trdfs:subCIassOf » (O iimAbstractObject
» (O iimClass
rdfs:Class » (O iimRelationship
v (O iimPossibleindividual
» O iimActivity
Thing ISO 15926'2 rdf-Property » O imActualindividual
(Su bset) » Q) iimArrangedindividual

|

Possible Individual

Abstract Object

A

[

Relationship G part 11 relationship

A

» O iimEvent

» O iimiInformationObject

» O iimNonActuallndividual
» QO iimPartLifelndividual

» O iimPeriodIinTime

» O iimPhysicalObject

» O iimPointinTime

1ISO 15926-11

» O imWholeLifelndividual

Activity

rdfs:domain

A

O

’ performance test <

A

rdf:type

rdfs:subject

isPerformedOn (example)

dfs:
rars:Tange 4 Physical Object

Statement GUID

rdfs:predicate

A

rdf:type

‘ rdfs:object |
‘ 7‘| Pump P101

project data



Creating project data base on ISO 15926-11 and usage of an RDL

ISO 15926-11 ontology is free downloadable from
https://standards.iso.org/iso/ts/15926/-11/ed-2/en/

(>300 semantic relationships defined by domain and range)

ISO 15926-11
rdfs:domain rdfs:range
Activity isPerformedOn
rdf:type

rdfs:subject

rdfs:predicate

' rdfs:object

Testing pump P101 <

isClassifiedAsByLibraryClass_

v

Physical Object

|

| rdf:type

I Statement GUID

project data

PERFORMANCE TESTING Project RDL (CFIHOS, ISO 15926-4, private classes)

>I Pump P101

isClassifiedAsByLibraryClass_

v
FIRE FIGHTING PUMP



https://standards.iso.org/iso/ts/15926/-11/ed-2/en/

Creating project data base on ISO 15926-11 and usage of the ‘class of class’ mechanism

SO 15926-11
rdfs:domain rdfs:range
Information Object hasStatusByLibraryClass Class of Document Status
rdf:type rdf:type (‘isMemberOf’)
rdfs:predicate
rdfs:subject \ | rdfs:object
) Document xyz <

| Statement GUID

project data

isClassifiedAsByLibraryClass_

rdfs:subClassOf M
| APPROVED FOR DESIGN ——
\
INTERFACE DOCUMENT PRl ‘Picklist’
APPROVED FOR CONSTRUCTION  ———
: : SUPERSEDED —
Project RDL (CFIHOS, ISO 15926-4, private classes)

OPEN



Views on plant life cyle data integration

CFIHOS view

commemonioon e |

AREA CONSTRUCTION ASSEMBLY #
I I I
is funttitmall,L divided in Im:ﬁles groyps {LEAF (LEE Sel Bl e U
I I I CJJ A
I 1
grolps glo{]ps

_________________________

!

1
classfﬂes

g roi‘jp S

Systems Engineering view

Requirements

Objectives  Required activity commissioning
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Topological location ) design decielore)

Statements (typically
assumptions)

Functional Physical Object 3 Statararits
(typically

ifications)

Statements (typically
design principles)

Maintenance

Installed Materialized
Physical Object

Purchased Materialized

Physical Object
Manufacturer model

Based on ISO 15288; Systems and software engineering - System life cycle processes
(Systems Engineering process framework describing the life cycle of man-made systems)

PUMPING PUMP and CENTRIFUGAL
as a process step PUMP

ISO 15926 view

3D

SPACE installed remove

installed  removed

Tag P101

A CENTRIFUGAL PUMP
as an installed object

CENTRIFUGAL PUMPs,
which can be bought

Figure 50 — Function physical object P101 space-time map
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CFIHOS plant life cycle data breakdown structure: an 1ISO 15926-11 implementation

RDL class xxx ‘:

Each instance of a model entity is classified as a project RDL class

isClassifiedAs

(CFIHOS or ISO 15926-4 or private class)

PlantSite

>, SpatialLocation __————

isLocatedAt /_

ISO 15926 Part 2 entity

ISO 15926 Part 11 relation

PlantSite rdf:type SpatialLocation

---------------------------------------------- ‘ FunctionalObject
isWholeFor isMonitoredBy
Plant
| isMaintainedBy
isWholeFor iswholeFor isCommissionedBy
Artefact 4 Spatiallocation Artefact I InanimatePhysicalObject InanimatePhysicalObject i InanimatePhysicalObject
A
ProcessUnit Area Construction Assembly Commissioning Unit Maintenance Unit CorrosionLoop
A A
isWholeFor isWholeFor isGroupedBy isGroupedBy
isLocatedWithlIn isWholeFor InanimatePhysicalObject
isGroupedBy Maintenance system
. FunctionalPhysicalObject L
isWholeFor v Y : .
isGroupedBy
> Tag
it i i i islnstalledAs
Identifier hasldentification |sCompI|antW|th MaterializedPhysicalObject Identifier
hasldentification
TagNumber < Equipment > SerialNumber
ClassOfPhysicalObject
isOfType
Manufacturer Model |«




Storing Unit Operation

DEXPI process model implemented

Chemical Reaction Unit Operation

U0001 isWholeFor - _ by 1ISO 15926-11 U0003 1 isWholeFor
(simplified version of the DEXPI pump example model
expressed in ISO 15926-11; full version available) Inlet port
Outlet port
2 ?passes
passes
: isTransferredBy
Pressure Difference Pressure Process Stream
Process Stream Ah
asPropert
perty hasProperty PS0002
PS0001 isWholeFor isWholeFor
passes passes PIPING NETWORK SYSTEM
ol |nlet port j@sl Pumping Unit Operation [==========p} Qutlet port |«
LO001
Uuoo002

performs
* P&ID (Functional Design)
* Descriptive report representedBy isInstalledAs
* Interface document |« DesignedFunctionalPhysicalObject @ ActualMaterializedPhysicalObject asset 1234 serial 4711

Process Data Sheets y § Asset number Serial number
(g B> P001 TAG number
implements isOfType isLocatedAt
Technical Design I . .
* 3D m.odel representedBy ( gn) realizes Spatial Location
* Drawings DesignedMaterializedPhysicalObject <
Technical Specification
spoo1 Part occurrence number
isCompliantWith = model CPO01
P ManufacturerModel

Model number




ClassOfTypeOfstatement - Systems Engineering: 1ISO 15926-11 implementation of requirement management

Context ‘

Assumption ‘

Rationale ‘

Explanation ‘

(Class Members from RDL)

ClassOfAspect
reliability

availability

maintainability

safety

security

health

environment

economics

politics

usability
flexibility

constructability

testability

sustainability

(Class Members from RDL)

isClassifiedAsByClass Identification (string) hasName
Name (string)
hasldentification hasDescription
Statement Descirption (string)
isSupplementedBy
ClassOfSeverity
isHierarchicalSubordinatedTo ‘
‘ Fatal |
concernsAspectByClass hasSeverityByClass \ Critical |
Requirement
. - - - - ‘ Serious |
references  hasSource ‘ Cosmetic |
(Class Members from RDL)
Document involves
PartyRoleAndDomain

isClassifiedAsByClass ‘

specifies
Any class or instance

Thing

when relevant instances shall be classified as a RDL class

ClassOfTypeOfRequirement hasRole hasDomain
Constraint ClassOfRole
Initiator ‘
FunctionalRequirement ‘ Party

Any instance of

Responsible ‘ >tal
organisation or person

‘ PerformanceRequirement ‘

(Class Members from RDL) Owner ‘

(Class Members
from RDL)
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The life cycle model (ISO 15926-11 and EN 17632)
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:4c95bbb7-740a-4727-8258-1885c47dabca - a- rdf:Statement - ;

. df:subject - :dedf97dd-17108-4db2-ad7f-d956e8a5f385 - ;
Snapshots of used tooling and chosen rdf - predicate. rdf:type. aaf-amebena

c 1 . . . rdf:object -iim:InterfacePort-.

serialization in the Pallas project .

:d78bdc29-2335-43b8-89e8-2425867afT1b8 - a- rdf :Statement - ;
rdf:subject - :dedf97dd-1716-4db2-ad7f-d956e8a5f385 - ;
rdf:predicate-iim:Thing_isClassifiedAsByLibraryClass TypeOfThing-;
rdf:object-rdl:CutletNozzle-.

rdtPumpSystem
sPoa1 :de839078-bcf3-4fef-8cf5-76c91dff6e28 - a- rdf :Statement ;
O ey e e rdf:subject - :dedf97dd-1718-4db2-ad7f-d956e8a5f385 - ;

PUMP Pooo1
TimPhyic al{)b]'a'ct_ja'\‘.'Jmlch::_Induidual

rdf:predicate-iim:PhysicalObject realizes Phy51Lalﬂb]Ec 3
rdf:object- :59aefb28-9824-4955-3358-acd6@88d15a7 - .

iim Function_izPerformedBy Phvic aJCI ject

NSTRUMENTATION FUNCTION Voool

PUMP SYSTEM,5Paib1 AS-REQUIRED :331clfab-76e1-489c-a8c2-0c@d36e7548a - a- rdf:Statement - ;
rdf tvpiim-Desipned IaterializedPhysical Object_implements_DesiznedFunctionaPhyzicalOhject rd'F g ub] ect-: d'E'd'Fg ?d d -1716- _q_d b 2- ad ?-F _ d OCiela E.F 3I/5 :
/ rdf:predicate-iim:Thing haslLabelByLiteral Xsd-;
EmSEnCip IS e [ ST S v S TET O rdf:object  "FLUID -QUTLET -NOZZLE - PUMP - P@BB1" - .
mDesignedFunctionalPhysicalObjeet -l
4 CHEMICAL REAET "li. UNIT OPERATION UO0o

y . :71b86118-e899-4ecc-bo9B4-ec49e2333756- a- rdf :Statement - ;
O}’ iim: Activity_izsPerformedBy_PhyvsicalOhbject fire Process =WholeFor_Actvity rdf:s Ubj ect . :dedfo7dd-1718-4db2-ad7f-dO0C6e2a5+ 305 5
\ rdf:predicate-iim:Thing_hasIdentification Identification-;

Aot e rdf:object :e6e75258-54c8-499a-b82c-b34c66e3922¢ - .
ol B e :71ab5e5d-2153-4b%a-bBb2-6af82159e933 - a- rdf:Statement - ;
' ii.m:TIling_:is(‘lsssiﬁed:\.iB'}'Librsr}'Cln:&_T}'peOﬂhﬂg / --.O rdf:subject  :e6e75258-54c8-499a-b82c-b34c66e3922¢ - ;
: \ ¥ o RNe UM ot Uoood rdf:predicate- rdf:type-;
— e rdf:object-iim:Identification-.
y . 0 :de6c1b5c-5F80-439a-8297-eboff5be4775 - a- rdf:Statement - ;
D MLET BT B e ?ﬁpfw Quesssar SRR SRR im Actvy rdf:subject - :e6e75258-54c@-499a-bB2c-b34c66e3922¢ - ;

iim:Thing_hasIdentification_[dentificatioh

rdf:predicate -iim:Thing isClassifiedAsByLibraryClass TypeOfThing-;
rdf:object  rdl:TagNumber - .

:u“IﬂDﬁaﬁﬂgipﬂbh_ eraf5/I§ OUTLET PORT PUMPING UNIT OPERATION OPo01 :bdcd@e22-7a2c-41f2-a8bf-97471fcec6d7 - a- rdf :Statement - ;
S rdf:subject  :e6e75258-54c0-499a-bB2c-b34c66e3922¢ - ;
rdf: pPEdlEEtP iim:Identification hasIdentificationBylLiteral Xsd-;
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Characteristics 1ISO 15926-11 semantic modeling methodology

Allows to harmonize / integrate various ‘plant life cycle data’ approaches.

Highly scalable.

Machine AND Human readable (explainable to engineers => required for adoption).
Adequate semantic precision (scalable).

Supports change and configuration management (reified triples and Named Graphs).
Works with any data reference library.

Commercial databases / tools on project level available.

With SPARQL combined with e.g. Python, any functionality can be realized.

Supports Syntactic quality, Semantic quality AND Pragmatic quality according to ISO 8000.



USPI will organize a deep dive workshop Q3 2024 N j
MusTrie

1SO 15926-11 combined with a RDL (and other international
standards) to create a Common Data Environment (CDE)’

Contact:

Leo van Ruijven leo.vanruijven@croonwolterendros.nl

Paul van Exel paul.vanexel@uspi.nl
Vincent Grondman vincent.grondman@uspi.nl



mailto:leo.vanruijven@croonwolterendros.nl
mailto:paul.vanexel@uspi.nl
mailto:vincent.grondman@uspi.nl

	Dia 1: ISO 15926-11:2023 Semantic Modelling of Life Cycle Data for Process Plants
	Dia 2: ISO 15926-11:2023 Semantic Modelling
	Dia 3
	Dia 4
	Dia 5
	Dia 6
	Dia 7
	Dia 8
	Dia 9
	Dia 10
	Dia 11
	Dia 12
	Dia 13
	Dia 14
	Dia 15
	Dia 16: Characteristics ISO 15926-11 semantic modeling methodology
	Dia 17: USPI will organize a deep dive workshop Q3 2024:  ‘ISO 15926-11 combined with a RDL (and other international standards) to create a Common Data Environment (CDE)’  Contact:  Leo van Ruijven   leo.vanruijven@croonwolterendros.nl Paul van Exel  paul

