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Digital Twin
Implementation Challenges
Forge based Digital Twin
DEXPI

Model broker
Customer examples




Evolution of Industry

Mechanization, Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems

Image Credits: Christoph Roser at AllAboutLean.com



Digital Twin trending
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3D model
Geometry

4D, 5D
Construc-
tion, AWP

Connected
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Evolution of CAE tools - Evolution of the Digital Twin

ERA OF DOCUMENTATION

Introduction of CAD tools
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ERA OF OPTIMIZATION
Digitals Models

ERA OF CONNECTION

Connected workflows
across the project lifecycle




BIVI

Building Information Modeling




BIVI

Building an Information Model




CONCEPT OVERVIEW oerations
DIGITAL TWIN System Models Data

and Controls

An up to date, digital representation of an object, or  '°%¢ & P2t

system with operational awareness

Digital Twins are enabled by:

« 3D models data

 Relevant asset data ( properties, service data,...)
 Models and simulation

- Connected, real world data from sensors and

control systems (e.g. IoT)

Used for monitoring, diagnostics, prognostics, ook
optimization,... back
Can use the past to predict the future (with ML/AL...)
Historic Realtime Simulated

As a “living digital simulation” a digital twin can learn from real data and Data Data Predictions
improve over time



AnswerGarden =

What do YOU want to do with YOUR Digital Twin?

Type your answer here... Submit

save time, eff. improve efficiency

provide value for cl
architecture

maintanance safety
10t devices



Digital Twin — of what?




Digital Twin — Process Industry




* Digital Twin

* Implementation Challenges
* Forge based Digital Twin
 DEXPI

* Model broker
Customer examples



Digital Twin in Process Industry

A digital replica of a plant,
which contains information of

the: Physical Plant Digital Twin

=Structure

*Dynamics of how the devices
Or processes operate




Digital Twin

A digital replica of a plant, Physical Plant Digital Twin
which contains information of

the:

*Dynamics, which can be
partially obtained from data-
dr'lven methods oot .

*E.g. machine learning, data

analytics, Al L , l,OUtPUtS

“‘-—-.\_//— _ /
t Inputs l




Digital Twin

Plant  Digital Twin




Digital Twin in Process Industry

A digital replica of a plant, .
which contains information of Phy5|ca| Plant

the:

Digital Twin

=Structure

--------------------------------------------------------------------------------------------------

Piping & Instrumen- Control Application

3D Plant Models : .
_ tation Diagrams Programs

Nk
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Digital Twin

A digital replica of a plant, Physical Plant Digital Twin
which contains information of p

the:

*Dynamics, which can be
simulated using first-
principles simulation models
of the plant



Simulation-based Digital Twin
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Simulation-based Digital Twin: Applications

Semantum Live
Virtual Twin



Model development in process industry
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Flowsheet-based
Simulation Tools




* Digital Twin

* Implementation Challenges
* Forge based Digital Twin
 DEXPI

* Model broker
Customer examples



3D Plant Simulation Simulation

Modeler Modeler Engine Connectivity

Platform




Components of the Digital Twin

Platform




Evolution of development interfaces

ERA OF DOCUMENTATION ERA OF OPTIMIZATION ERA OF CONNECTION
Introduction of CAD tools Digitals Models Connected workflows

across the project lifecycle

Autol.isp

Object ARX

Visual LISP

AUTODESK FORGE




PRE-CONSTRUCTION FIELD EXECUTION

Clash Detection
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Technology.

Forge takes
components from
Autodesk’'s powerful
library of software and
delivers them as
cloud-based building
blocks for companies
to create their own
new solutions.

© 2018 Autodesk



Use these services to
extend products or to
create entirely new
solutions within your
existing infrastructure.
We provide the blocks,
you build the solution.

& AUTODESK
FORGE




3D Plant Simulation Simulation
Modeler Modeler Engine

Connectivity

AUTODESK  FORGE




3D Plant

Modeler




3D Plant Modeler

AutoCAD Plant 3D™

An industry-specific toolset for

plant design and engineering to

A AUTOCAD PLANT 3D

create P&IDs and integrate them

into a 3D plant desigh model.

AUTODESK FORGE

INTERGRAPH

Smarto3D




AutoCAD
Plant 3D




Simulation

Modeler




Simulation Modeler: SIMANTICS (open source)

AutoCAD SIMANTICS
Plant 3D




Simulation

Engine




Simulation Engine: Apros 6

SIMANTICS

AutoCAD (open
Plant 3D source)




Connectivity




OPC Unified Architecture

Seamless and non-disruptive integration of heterogeneous

data sources.

Secure data exchange that includes encryption,

authentication and auditing

More than just a communication protocol. It offers

specifications for other functions, e.g.:
o Data modelling
o Historical access

Enables creation and adoption of new industrial services

Industrie 4.0/110T: Smart World

o
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OPC Unified Architecture

Information exchange for industrial

communication

* Platform independent, scalable and internet

compatible

Information modelling capabilities
Standardized as IEC 62541
Server/client architecture

Based on latest security standards

FOUNZDATI ON

Factory Floor

| MES |
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Field Level

Component Level



Enabling technologies

A SIMANTICS OPC UA

AutoCAD (open (open
Plant 3D source) source)




Enabling technologies




* Digital Twin

* Implementation Challenges
* Forge based Digital Twin
 DEXPI

* Model broker
Customer examples



What and who is DEXPI?




DEXPI — A Successful Team DEXP
DATA EXCHANGE IN THE PROCESS INDUSTRY

Software Vendors

VVVVVYVYYVYVVY

Autodesk
Aucotec
Aveva
Bilfinger
Hexagon
PTC
Semantum
Siemens
X-Visual
eVision

Owner / Operators EPC
» BASF > Equinor > Air Liquide
» Bayer » EVONIK

> Covestro > Merck

Research Organizations
> AIXCAPE e.V.

» VTT of Finland

» TU Berlin

» RWTH Aachen University
» Tecgraf/PUC Rio

International Community
» ISO TC 184 SC4 > CFIHOS

> CII/FIATECH > DECHEMA / NAMUR / DKE / VDMA
» OPC Foundation 3 gsgG

Data Exchange in
the Process Industry



DEXPI| Hackathons

Two times a year




DEXPI Mi1ssion DEXPT Gateechonsein
What we do

We work to create an open, neutral and reliable data
exchange standard for the process industry to

establish a future-proof digitalized collaboration.
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What Problem is DEXPI trying to solve?
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Data Exchange in Plant Life Cycle

Decommissioning é;’

Revam[? . Detailed
Upgrading :
Conceptual Design
Design
Detailed Procurement
Design .&
Materials Mgt.

Procurement &
Materials Mgt.

Construction &

. Commissionin
Operations 8

Construction &
Commissioning

DEXP

Data Exchange in
the Process Industry



One of more important documents in a

process plant...
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PEID Information

Graphics

Stileklifte zur Schubfange Zeichnung Nr...
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Stlicks
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PEID information transferred as... DEXPI 55w,
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NO standard for PEID exchange DEXPI 2555,
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DEXPI| workflows DEXPI 255,
These (data exchange) workflows are supported through the DEXPI standard

= PID data exchange between CAE systems / Data handover of semantic PID’s:

= From EPC to O/0
= From EPC to equipment supplier Owner/
= From O/0O to contractor Operator
= From O/0 to equipment supplier
= [nside a company between

different departments

- A

Exchange Data,
not documents

Equipment
«{IIII’» EPC
Supplier




Handover between PID tools

-

Siemens

-

1 Comos PID

-

Autodesk

-

~—— AutoCAD PID

D EX P Data Exchange in
the Process Industry

-
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Managing Data, not documents

Transfer of a semantic PID between different software vendors (Siemens, Autodesk)
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Handover between PID tools

4 N
Hexagon

P
Smart
PID

Aveva

Aveva
PID

-

X-Visual
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Plant

Engineer

D EX P Data Exchange in
the Process Industry
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DEXP| workflows

DEXPI

These (data exchange) workflows are supported through the DEXPI standard

Instrumentation
systems

£ /7

Process
simulation

)f‘_;r(

Re-use PID information for other disciplines

[oT and control
systems

‘((.«ﬁ

3D piping
systems

o
1=

Mobile solutions

]

Safety and work
permit systems

VAL
T

Data Exchange in
the Process Industry

ERP, Data
Management
(Plant topology)

O % T
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status and roadmap

DEXPI




DEXPI's Influence and cooperation DEXPI oo

the Process Industry

‘ ' Construction

Industry

Bk Institute’

() Fiatech’

Innovation that builds the world.

1 Data Exchange in D K E
I&POSC Caesar ) D EX P the Process Industry

Association ; = VDE DIN

PROCESSINET

EINE INITIATIVE VON DECHEMA UND VDI-GVC

CFIHOS

Commission

International <
Electrotechnical
e—




DEXPI € CFiHOS DEXPI &55seer,,

Working closer together: MoU signed and content harmonization takes place.




2019 Implementation Status DEXPI 2550,

‘ AUCOTEC Engineering Base 2020 Export only

{\ AUTODESK. AutoCAD P&ID 2020 Import & Export

Aveva PID Import & Export

Smart PID 2009, 2014, 2014 R1 Export only

SIEMENS
XVISUAL

Comos PID Import & Export

Plant Engineer 2019 Import & Export



External Testing Body Established DEXPI 25590,

Owner / Operators EPC

. . » BASF » Equinor 5 Air Liquide
Independent Test Organization > Baver > EVONIK :
(plants & bytes)
FOunded fOF that reason ioglﬁsgss\ll(endors Research Organizations
ucotec » AixCAPE e.V.
Funded by Owners / Operators i - VI o inian
: > Bilfinger = N

SW vendors provide i Eﬁéag%n - RWTH Aachen Universty

- Software + DEXPI Interface > Semantum

_ . . » X-Visual

Tra] i ng i %‘%ﬁm International Community

» ISOTC184 SC4 » CFIHOS

» CII/FIATECH » DECHEMA / NAMUR / DKE / VDMA
» OPC Foundation 3 g5

Timeline agreed with DEXPI group




Testing and development timeline DEXPI 25590,
How we proceed in 2019 and beyond

10th Hackathon
|
9th Hackathon Management Meeting 2020 11th Hackathon

2019 2020

MNow lan Jun

> >

31 5 30 1
Applications Installed & Licensed Report Results Report Results Report Results

A
Test reparation w2 (.
Se Oct
ory Run’ >
2 31
Mow Mar
15t Test Round "
2 30
A %}
1 29
. . . Mowv
3rd Test Round Dec - Dec
1 31

[ * “Dry Run”: Trial “Test Round” which will serve to iron out possible issues with, for example, the testing procedure or the software installation. ]
12th Hackathon, 14th Hackathon,
I |
Management Meeting 2021 13th Hackathon Management Meeting 2022

2021

2022

8
Report Results

>

Feb May Jan

> > >

3 31 31
Report Results Report Results Report Results

Jan 1-Jan
3rd Test Round
.
Update specification &, (] *°° '
Verificator 31
A M
sttt " O
1 28
Update Specification & Verificator Jun 1 _ Feb 28
D 1

o * I

1 26

Mar Apr
o Test Round ° .



* Digital Twin

* Implementation Challenges
* Forge based Digital Twin
 DEXPI

* Model broker
Customer examples




Model Broker for Apros®




Apros®: high-fidelity simulation for thermal-hydraulic processes

= Apros® (www.Apros.fi) is a software
tool for modelling and dynamic
simulation of industrial thermal-
hydraulic processes,

= Including automation and electrical
systems

= Widely used for modeling and

simulation of power plants, their = =

subsystems, control applications and o, Eowm
equipment ® L i A oo e
(=) e 1;:31;? EJ.-'kg

= Combined and heating PP ﬁ ®
= Concentrated solar power Y7
= Nuclear o or e

. . . . PI1_HT1.5 _ B
= District heating and cooling networks e s

FI1 HBL.S —T T 1T 1L Tl

—FI1 _HH#a..10

= Pulp and paper mills


http://www.apros.fi/

Model development in process industry
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Automatic model generation of a lab process
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Model development in process industry

A AUTOCAD PLANT 3D

Piping & Instrumen-
tation Diagrams




Model Broker
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v | Auto Transform 3 Export Report B Pt Ty

{5 Import P&ID - Import Steady State prosess 1.xml

PaID

Steady Slate
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Automatic Process Simulation Model Generation from AutoCAD
Plant 3D Model

3D Plant Model
A AUTOCAD PLANT 3D



3D Plant Model of the Water Heating Process
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Automatic Model Generation

3D Plant Model

A AUTOCAD PLANT 3D

= Automatic model generation in 3D Plant Model Broker is
based on Simantics Constraint Language.

= AutoCAD Plant 3D model 1s used to retrieve geometrical data
of:

= Equipment

= Piping

= Pipes, elbows and tees.
= Points

= Connections




Automatic model generation:
Automatic Equipment Connections
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Simulation Model Results
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Simulation Model Results
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Digital Twin interface developed with Autodesk Forge

Automation System/DCS

A AUTOCAD PLANT 3D

Piping & Instrumen-
tation Diagrams

[ AUTODESK?
"0 FORGE




Digital Twin interface developed with Autodesk Forge
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Digital Twin interface developed with Autodesk Forge
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Digital Twin interface developed with Autodesk Forge

©) AUTODESK FORGE ~ Home  Demos  Gallery @ Logn  About..

WaterProcess Monitoring Panel

Feedwater Tank Level

O Main Line Flow
O Vessel Pressure

| Start Simulation ll Stop Simulation

f Measured Tank Level - Digital Twin
< . ' i Tank Level: 0.21 ’ 0.12 “ Set

Level[m] - Measured Tank Level - Digital Twin: 0.2096
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| Connect l Disconnect l
Measured Tank Level - Real Process
Tank Level: JFS ‘ 0.12 Set

Level[m] - Measured Tank Level - Real Process: 0.2062




Benefits

Model Broker




Reduction of simulation models development time and cost

Automatic model generation dramatically reduces model development
and maintenance time and costs.

A AUTOCAD PLANT 3D

Piping & Instrumen-
tation Diagrams

3D Plant Model
A AUTOCAD PLANT 3D




Automatic generation based on DEXPI
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Increased fidelity

D E X P:[@Data Exchange in
the Process Industry

Piping & Instrumen-

; ReSUltS Of SimUlation mOdelS 3D Plant Models tation Diagrams
automatically generated <

improve when other Sk

. ) ~
eng]neeﬂ.ng data SOurces Steatdy State Control Application
are combined. Models Programs

Simulation Model



Solutions for thermal hydraulic and petrochemical industries

Visual Modeler®



Efficient model generation

Automation testing
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* Digital Twin
* Implementation Challenges
* Forge based Digital Twin
 DEXPI

Model broker




E Digitalize the Customer Experience

O BT

PRODUCT/PARTS BUYING EXPERIENCES

IE )

The Challenge

Identifying the correct product configuration or
spare part to order can be error prone — leading to
delays and extra cost.

The Solution

Use Forge to create a simple point-and-click
ordering experience based on interactive 2D and
3D views of your product.

The Benefits

@ Lower Cost

I I Higher
o | Revenue

Faster Issue

Resolution
N /1 Scalable,

Transparent
¥ N\  Solution
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Spare Parts Documents
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Augmenting customer
experience through Digital
Twin In a competitive market

J24-41-37-0-10-1+-MOT

1 H
[ 1 ]
TZ Mo 201300410 n

phase, single speed, with ground &

A024-41-371-0-30-1 +MOT

L 1
) 201300409 ﬂ

Orain a

‘ Fphase, single speed, with grownd e




-, Digitalize the Customer Experience

< BF 7
 Andritz used Forge to create a web portal — creating a
BENEFITS single place where each customer can view and select
parts to order from interactive 3D models of their
Faster Issue Resolution equipment

Andritz's customers can more
qguickly identify the correct parts to
order — reducing downtime due to
errors =are Fars: Dooorenks

(1 g s

an

W PLLLT ) Viewer

maw ey XX

T ETILLT

Higher Revenue

"o S ||
| I I Delivering a better customer & e e, T4
. . . N 8 IaTIR.CALTHS Model
' experience is protecting Andritz’s etz 2ives | et om | o it o R Derivative
spare parts business from copycat o API
manufacturers .
Scalable, Transparent Solution e St Data
R z Management
API

Forge allowed Andritz to quickly

z N build a robust solution that can
serve the diverse needs of its
many customers



../OneDrive - autodesk/0_Forge-Biz-Dev/My Drive/Customer Engagements/Videos Snippets for PPT/Andritz Media1.mp4

MIL Spare Parts Catalog

Welcome to your
ANDRITZ Spare Parts Platform

Browse by Plants Browse by Equipment Advanced Search

Please select one of the buttons to start your spare part request. "Browse by Plants” provides an
overview of all your plants currently included in the catalog. "Browse by equipment” allows you to
see all equipment across all plants. "Advanced search" provides search functionality across all

your plants and equipment.

If you have any further questions please use the help button at the top to get in touch with an
ANDRITZ representative who will be happy to assist you.

agn =

Need some help?

Requests Quotations

Submitted
' Created
Cancelled

?

100



{:cli} Digitalize the Operations

DIGITAL TWIN FOR MONITORING

A,
®

The Challenge

Modern, sensor-laden machinery generates
huge quantities of operation data. It is difficult
to present this data in a meaningful way — from
which we can draw insights.

The Solution

Forge allows you to connect your detailed design
data to all your enterprise data — including live IoT
data — creating an interactive ‘Digital Twin’ view of
your machinery thereby allowing you to monitor and
control it better.

The Benefits

W ¢ B W

Lower Cost

Optimized
Performance

Increased
Productivity

Faster Issue
Resolution



a better world

{c}} Digitalize the Operations

Closing the loop from Design to Operations

' GEA Digital Twin Viewer :
AUTODESK FORGE | Visualization and Data integration ey
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Videos Processing/GEA/GEA_snippet_demo_virtual_plant.mp4
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Videos Processing/GEA/GEA_snippet_demo_virtual_plant.mp4
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* Digital Twin

* |Implementation Challenges
* Forge based Digital Twin
 DEXPI

* Model broker
Customer examples
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