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Automation Engineering of Modular Process Plants
Background

Market situation:
- Highly competitive
- Volatile markets

- Shorter product lifecycle requires faster time-to-market

Conventional production plants:

- World-scale are efficient, but inflexible

- Multi-purpose batch plants are flexible, but inefficient
- Both have high investment cost

Challenges in process industries:
- Flexible, but efficient, modular plant concepts
- Short time span between development and production

- Numbering-up instead of scale-up
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Automation Engineering of Modular Process Plants

Vision - plug & produce of process plants

Reflux
EM

TIC

Top
Product EM

TIC

Reboil
EM




Automation Engineering of Modular Process Plants
Automation architecture

Every module ...

serves one or several specific process functions

contains all automation functions for the process function
is encapsulated, intrinsic save part of the process

has an own intelligence (e.g. PLC, embedded controller)

communicates using an OPC UA server

Plant ...

aggregates all module OPC UA servers

has a supervisory system (process orchestration layer, POL)
that acts as OPC UA client

implements operations (HMls), module structures, control
recipes/strategy

POL

Control Recipe

HMI

Module Structure

OPC UA Client
t
OPC UA Aggregating Server

A

OPC UA Server

Module 1

OPC UA Server

Module 2

OPC UA Server

Module n




Automation Engineering of Modular Process Plants

Engineering workflow

Engineering is divided in two parts:

a) Module type engineering
- Instrumentation, control and electrical engineering
- 1/0 marshaling, physical installation

- Factory acceptance testing (FAT) and module
commissioning

b) POL engineering
- Moduleinstantiation and staging, plant engineering
- Site acceptance testing (SAT) and plant commissioning

TR

MODUL

Compile Automatic

& Load i
Generation MTP

Process Orchestration
Layer (POL)

haplhdualil BRayhdual Bhayhd nat

MODUL

Get Integration of the
module into the

plant automation

Project independent
module type engineering

Module Type Package is THE interface between module and plant

rd

Project dependent
POL engineering
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Automation Engineering of Modular Process Plants
State of the art - Modularization in process industries - Excerpt

Related standards Related technology Related activities
- ISA 881isAs8] / 10plISAL06] - State-based controlHU09] - Open Process Automation Forum
- ISA TR88.00.02[!SA88TR] - Service oriented architecturelBL16] - O-PAS Standard

- |EC: 62714lEC62714] 62424 61131[EC61131] “It Just Happens 2.0”

- NE 148NEw48]

Focus of
- VDI 2776[VDI2776] the
chapter
MTPIBELS] projects MTP community MTP standardization
- F3 FactoryfF3l - Namur working groups - VDI/VDE 2658 [VDI2658]
- ORCA - ZVEl working groups - Parts1-3 final versions
- BaSys4.2 - VDI/VDE GMA WG 5.16 - Parts4,6,7 draft print
- DIMA - |ECTC65 WG14 - Parts5,5.1,7.1 in preparation

- |EC 63280 ED1 ACD



https://www.opengroup.org/forum/open-process-automation-forum
https://publications.opengroup.org/p190
https://www.controlglobal.com/industrynews/2019/innovation-days-14/
http://enpro-initiative.de/ENPRO+2_0/ORCA.html
https://www.iese.fraunhofer.de/de/innovation_trends/industrie4_0/basys42.html
https://www.wago.com/de/digitalisierung/wandlungsfaehigkeit/dima
https://www.iec.ch/dyn/www/f?p=103:14:4073663966472::::FSP_ORG_ID:25654
https://www.iec.ch/dyn/www/f?p=103:38:11029849858046::::FSP_ORG_ID,FSP_APEX_PAGE,FSP_PROJECT_ID:1452,23,103501

Automation Engineering of Modular Process Plants

MTP Standardization Organization

IEC

International
organization for MTP
standardization

TC65 WG14
DKE GMA
National (VD|/VD E)
organizations of
IEC in Germany
National
& & Standardization
D of VDI 2658
(MTP) guideline
FA 5.16
AK xyz AK 941 Future automation .., FA n.m
Engineering system ’
architectures
A
- MTP
T e Delivers VDI Deliver
2658 for requirements
conversioninto
IEC63280 Deliver
drafts for | Send
VDI 2658 representatives
v v v
TF VDI2658
Work on the . TF VDI2658 TF VDI2658
different parts Runtime and Safet . Servi
of the standard Communication arety ervices

7 77

NAMUR ZVEI

l

AK 2.9
Human Process
Communication

Send

representatives

Ad-hoc AK2.9.1

HMI/Alarms for
MTP

T

AK 4.1 AK2.4 AK 2.3

Maintenance ManL.Jfacturmg Batch Control
Execution Systems

T T A
Send Send

representatives l representatives

AK “Modular
Automation”

Ad-hoc AK 4.1.1
Diagnosis and Ad-hoc AK2.4.1

Maintenance for POL Functions
MTP Send
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Automation Engineering of Modular Process Plants

Process Orchestration Layer (POL)

Used Technologies

Operations (OPC UA)

Engineering (AutomationML)

| | |
| | |
: vDlI2658-5.1 ﬁ: | vDl2658-1 _ :
| 3 | )
VDI VDI il VDI i
| 26\5/5[;'_ , | 26586 | 26581 | 26\5’5[;'_3 2658-6 2(;/5[5)3[ . 2(;/5%[2 ;l
| 2658-7.1 | 2658-3 il 2658-7 ¥
|___________3_______;____;:';—_“:'_'J' '___________3___________________":_":;—_“_l
. . Other i . Other i
Integration Services | A&E Tags Aspect | Tags A&E | Services HMI Aspect |
........... I ]
embedded | OPC UA ! State
4 ________ - |
Control Controller | Server | OPC Nodes Model
Fieldbus
Instrumentation Instrume PCE Request
nt
Process Tank Pipe

Process Equipment Assembly (PEA)

DOI: 10.1515/9783110745979-010
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Automation Engineering of Modular Process Plants
AutomationML Classes

Where to find instances
in the MTP-file?

Contained
InterfaceClasses

Below
‘ModuleTypePackage/
CommunicationSet/
SourcelList/OPCUAServer’

Within reference to
HMISet

Within reference to
AlarmSet

Below
‘ModuleTypePackage/MT
PSet’

Dataltem,
OPCUAItem,
Methodltem,
Objectltem

InformationFlowConn
ector,
MassFlowConnector

AlarmRelation

ExternalDataConnect
or

SystemUnitClassLib Parts of the Where to find instances Important/Example
standard in the MTP-file? SystemUnitClasses
MTPSUCLib Part1 Below InstanceHierarchy LinkedObject, MTPSet,
Part 5 ModuleTypePackage CommunicationSet,
ModuleTypePackage,
ModuleTypePackageEx
MTPCommunicationSU Part 1 Below OPCUAServer, ServerProfile InterfaceClassLib Parts of the
Clib Part 5 ‘ModuleTypePackage/ standard
Part5.1 icati
Commu.nlclatlonSet/ MTPCommunication- Part1l
Sourcelist ICLib Part 5
Part5.1
MTPHMISUCLib Part 2 Within reference to Connection, PortObject, Junction,
HMISet VisualObject, HMISet, Picture
MTPDataObjectSUCLib Mainly Part 3, Below ActiveElement, OperationElement, MTPHMIInterfacelib  Part 2
extended by part ‘ModuleTypePackage/ Inpuj(EIement, Indicator_EIement,
4,5and 7 o ServiceControl, AlarmView
CommunicationSet/ AlarmlICLib Part 7
InstanceList’
- - — - - AutomationMLInterfa Part 1
MTPServiceSUCLib Part 4 Within reference to Service, ServiceProcedure, ceClassLib
ServiceSet ServiceParameter
MTPTextSUCLib Currently only Within reference to Servicelnteraction, Text,
used in part4 and TextSet EnumDefinition
7
MTPAlarmSUCLib Part 7 Within reference to Alarm, AlarmGroup, AlarmSet

AlarmSet

DOI: 10.1515/9783110745979-010
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Automation Engineering of Modular Process Plants
Modelling Example: Table of Content[VD!2658-1]

Name Value DataType
g - rof{JR] Services xs:|DREF

b 73 Services <=
b T8 Alarms
4 3 ModuleTypePackage
4 [iE] BPXX {Class: ModuleTypePackag#Role: AutomationMLBaseRole}
b [€] AlarmConfiguration {Clgs€ AlarmSet Role: AutomationMLBaseRole}
4 [iE] Services {Class: Sery#€Set Role: AutomationMLBaseRole}
*2 ServiceRefererfce {Class: ExternalDataConnector }

b [€] BP_Display {Class: HMISet Role: AutomationMLBaseRole}

b [] CommunicationSet {Class: CommunicationSet Role: AutomationMLBaseRole}
1 %3 BP_Display

DOI: 10.1515/9783110745979-010
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Automation Engineering of Modular Process Plants
Modelling Example: Tags!VPI2658-1]

4 [1iE] CommunicationSet {Class: CommunicationSet Role: AutomationMLBaseRole}
4 [iE] Sourcelist {Class: Sourcelist Role: AutomationMLBaseRole} )
. MName Value Defaul  Unit DataType
[1E] OPCUA { . Server Role: AutomationMLBaseRole}
~o TOD0SVALACt {Class: OPC T > Endpoint opc.tep:/192.168.0.1:48050 xsistring
=@ TODOGVALLim {Class: OPCUAltemn } I
+0 T OOV L E el mliilsbyiehmppps}os P Name Value Defaul Unit DataType
[1E] InstancelList {Class: InstanceList Role: AutomationMLBaseRole} Access 3 yshyte
[1iE] YDOO1 : : i
i {Class: Monfnallv Role AutnmatmnMLEaseRule} Identifier T0009_IN xsistring
ie] TOOO9 { Class: AnaMon Role: AutomationMLBaseRole}
B —— Mamespace opcda//localhost/Freelance20000PCServer.23.1 xsistring
) [|arme Value Default  Unit DataType
ReflD 5f7579b1-1c20-444f-a036- 1 cafblcbfaaf us:D
TagDescription 0 0 xsistring
TagMame TODOGS xsistring
v d13d9dd5-018e-dbad-al185-f2c722088dff 0O us:IDREF
Static VAHACt 36597ac2-c314-4a8a-87b1-eeedbed5ala3  Falze us:IDREF

Attribute

Y&HER true true xs:boolean

0009 VAHLim d91 chact-760a-4924-Babb-843a756ckfas  45.0 xs:|DREF
Dynamic VALAct 00598d58-0061-4f89-b1d9-8480f08ad96  False ys:|DREF
I N :
L AttnbUte YALER true true ¥s:boolean

DOI: 10.1515/9783110745979-010
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Automation Engineering of Modular Process Plants
Modelling Example: OPC UA Access Description[VD!2658-1]

TO0og9

4 [ig] |nstancelist {Class: Instancelist Role: AutomationMLBaseRole}
[1E] TOO09 {Class: VisualObjectRole: AutomationMLBaseRole}

Mame Walue

ReflD 37579b1-1c20-444F - a036-1 cafolcbfaaf
TagDescription 0

TagMame TOOOS

W d13d%dd5-018e-4bad-a185-f2c722988dfT,
VAHACt 36597ac2-c314-4a8a-87b1-ecedbe35ala3d
WAHER true

WAHLim d91chacf-T76%9a-4924- Babb-243a756cbfas

4 [ie] Sourcelist {Class: SourcelList Role: AutomationMLBaseRole}
[IE] OPCUA {Class: OPCUAServer Role: AutomationMLBaseRole}

0 TOO09VAHLim {Class: OPCUAltem’
0 TOOO9VAHAct {Class: OPCUAIltem D

=0 TO009V {Class: OPCUAIltem } Name

DOI: 10.1515/9783110745979-010

|dentification

Unit DataType
x=D b
xs:string =
xsistring d
x=|DREF &
x=:|DREF hd
xs:boclean *
xs:|DREF hd

d13d%dd5-018e-4bad-a185-f2c722983dff
TODOSY


http://dx.doi.org/10.1515/9783110745979-010

Automation Engineering of Modular Process Plants
Modelling Example: HM|[VDI2658-2]

BAOOD

ABOOZ

FOO15

4 ";- BP_Display

4 [iE] BP Displav {Class:
[1E] FOO15 {Class:
[1E] BAOOO {Class:

Picture Role: AutomationMLBaseRole}
VisualObject Role: AutomationMLBaseRolef
VisualObject Role: AutomationMLBaseRole!

(1] AB0OO2 {Class: VisualObject Role: AutomationMLBaseRol }

4 [iE] InstanceList {Class: InstanceList Role: AutomationMLBaseRole}

€] FOO15 {Class: AnaMon Role: AutomationMLBaseRole}

g

Mame
ReflD
TagDescription
TagMame
v

Valye

Default  Unit

1cd87d7b-4fc8-4912-9eaf-87cf7f732c0a

0
FOD15
374a8b7e-T7d1-43ad-b33e-134f08490c90

DOI: 10.1515/9783110745979-010

0

DataType
xs:D
xsistring
xsistring

xs:DREF

MName A Def
ReflD Iﬂs’!d?b-4fc3-4912-9eaf-8?cﬁ’ﬁ'32c03
Width
Height 25
X 181
Y 275
Zlndex
Rotation 0

eClassVersion

T
eClassClassificationCla '

eClassIRDI

MName
ReflD
Width
Heir at

Y

Zlndex

Rotation

eClassVersion
eClassClassificationClass

eClassIRDI

- .

79
258
140

36030101

DataType
xs:D
xsinteger
xstinteger
xsiinteger
xsiinteger
xsinteger
xsiinteger
xsistring
xsistring

xsistring

DataType
xs:|D
xsiinteger
xsiinteger
xsiinteger
xsiinteger
xsiinteger
xsiinteger
xs:string
xsistring

xsistring
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Automation Engineering of Modular Process Plants
Modelling Example: HM|[VDI2658-2]

4 [ie] FO015 {Class: VisualObject Role: AutomationMLBaseRole}
4 [ie] HL31_LP {Class: MeasurementPoint Role: AutomationMLBaseRole}
0 Connector {Class: InformationFlowConnector }

Ba0nn
e 4 [iE] HL31 {@lass: MeasurementLine Role: AutomationMLBaseRole}
ABODZ 4 [iE] Endl{Class: MeasurementPoint Role: AutomationMLBaseRole}
+0 Connector{Class: InformationFlowConnector }
_M_'_‘ l 4 [ig] Start {Class: MeasurementPoint Role: AutomationMLBaseRole}
. o 0 Connector{Class: InformationFlowConnector}

\H—fﬁa 4 [iE] PL4 {Clgss: PipeRole: AutomationMLBaseRole}
4 [1e] HL3§ _MP {Class: MeasurementPoint Role: AutomationMLBaseRole}
0 Connector{Class: InformationFlowConnector }

4 [1E] ABOO2 {Class: VisualObject Role: AutomationMLBaseRole}
[1E] ABOO2_N1 {Class: Nozzle Role: AutomationMLBaseRole}

FO015 4 [iE] Nozzle2 {Class: Nozzle Role: AutomationMLBaseRole} 4 [1E] AB002_NO {Class: Nozzle Role: AutomationMLBaseRole}
~© Connector{Class: MassFlowConnector } @ Connector{Class: MassFlowConnector }
4 [iE] Nozzle1 {Class: Nozzle Role: AutomationMLBaseRole}
. F 0 Connector{Class: MassFlowConnector }

4 [iE] BAQOO - Class: VisualObject Role: AutomationMLBaseRole}
[1e] BAO)O_N1 {Class: Nozzle Role: AutomationMLBaseRole}
4 [iE] BAC J0_NO {Class: Nozzle Role: AutomationMLBaseRole}
0 Connector {Class: MassFlowConnector }

DOI: 10.1515/9783110745979-010
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Automation Engineering of Modular Process Plants
Take a look into the book to get therest ...

How to model services

How to model alarms

How all parts work together
How to model tags

How to model ...



Automation Engineering of Modular Process Plants

Pilot application

mr

Filtration Vent filter line a/b ABB Freelance AC700F
Filtration a/b
Clear a/b

pH Measurement  Vent the measurement line ABB Freelance AC700F
Measure pH
Calibrate sensor

Tempering Circulation Embedded
Tempering

Supervisory control:
- ABB System 800xA + AC800M controller

On-site commissioning reduced from 40h to 0.5h

Module 2: Module 1: Module 3:
pH Measurement Filtration Tempering
[ = B | 1 ]
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Plug & Produce auf

dem Sprung in den Markt

Neuerungen in Spezifikation und Implementierung des MTP

Modulare Automatisierung wird als eine der Schhisseltechnologien zur Echohung
der Fleibilitat von Produldion sanlagen angssehen. Zuglsichkann durch sine durch-
gingige Modularisisrung von Produkdionsan lagen und dis Verwen dung vom Standards
der Engineeringau fvand erheblich reduziert werden. Um dieses Ziel zu erveichen,
arbeiten Namur (Interessengemeinschaft Aulomatisierungstechnik der Frozess-
industrie) und der ZVEI (Zentralverband Elektrotechnik und Elekironikindustrie)
seit 2015 gemeinsam an der Spezifikation einer funkiionalen herstellerunabhangigen
Beschreibung von P i

sines Moduls heraus gewonnen werd en kann, Durch den Import eines Module Type
Fackages (MTF) in eine dbergeordnele Automatisierungsebene kinnen dort die
Modulfunktionen automatisch bereitgestellt werden. Durch die Kooperation mit
dem Fachausschuss 516 der VDI/VDE-Gesellschaft Mess- und Automatisierungs-
technik (GMA) sind Teile der gemeinsamen Spezifikationen in die Richtlinienreihe
VDI DEMamur 2658 dberfuhct worden, Diese bilden nun die Grundlage zur Ent-
wicklung entsprechender Werkzeuge auf Seiten der Automatisierungshersteller, die
bereits in Pi]nlpmjeklen efrprn'hl wurden, Der Artikel stellt den Fortschritt bei der
Spezifikation und Standardisierung des MTP dar und zeigt Ergebnisse aus Pilot-
projekten, die den Nutzen des MTF und die damit einhergehende praxistaugliche
Realisierung von Plug % Produce-Konzepien nachweisen,

Ifunkd ionen, d ie aus dem Automatisiecungsengineering

SCHLAGWORTER Modulare Prozessautomation / Standardisierung /

MTP-basiertes Engineering

Plug & produce nears market readiness —

Progress in the specification and implementation of MTPs

Modular autemation is a key technolog v for increasing the flexibility of production
facilities, Al the same time, the continuous modularization of production facilities
and the use of standards can significantly reduce the engineering requirements. To
achieve this goal, Mamur and ZVEI have been working together since 2016 on the
specification of a functional, manuficturer-independent description of process
module fanctions, which can be obtained from the modules sutomation enginsering
Byimporting this moduletype package into a higher automation level, all functions
can be provided thece autematically. Dueto the cooperation with the GMA B.18, parts
of the common specifications have been transferred to V DI/VDE Mamur 2658 series
ofstandards. These now provide thebasis for the development of appropriate tools

by the automation manufacturers, The results from pilot projects are presented.

KEYWORDS Modular process automation / standardization /
MTP based engineering

Owner

ABB
Namur Case Study

TU Dortmund
(Distillation)

Bayer
(API production)

Merck
(Distillation)

Evonik
(Membrane Test 1)

Evonik
(Membrane Test 2)

Evonik
(Reaction)

Automation Engineering of Modular Process Plants
Further Activities

References

[BI20-1]

[HO20]

[BE19]

[BI20-2]

Scale

Lab

Tech center

Tech center

Lab

Tech Center

Tech Center

# modules

Automation Suppliers

POL: ABB

PEA: ABB, B&R

POL: ABB

PEA: Wago, embedded, RasPi

POL: ABB
PEA: ABB, embedded

POL: ABB, B&R
PEA: B&R

POL: ABB
PEA: Wago

POL: ABB
PEA: Wago

POL: ABB
PEA: Phoenix Contact



Automation Engineering of Modular Process Plants
Findings

- First time application requires some effort

Safety &
Security

Alarm
Management

- Integration of MTP-based modules works flawless

Process
Control

Maintenance
Diagnosis

- Several pilots have proven the feasibility

-> Massive reduction in engineering and commissioning time, each up to 50%!
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Automation Architecture and Engineering for Modular Process Plants
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