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Digital Twin Definition:
Differentiation by degree of data integration

Digital Model Digital Shadow
Physical and Virtual object
virtual objects do follows physical
not influence each object
other

Physical Physical
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Digital Digital
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Quelle: Digital Twin manufacturing: A categorical literature review and classification,
Kritzinger W. IFAC, 2018.
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Goals of the Digital Energy Twin
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= Optimization of industrial energy systems
— Decision-making tool for production planning
— Operational optimization
— Basis for design optimization

= Application in an industrially relevant environment
— Modelling of complex supply systems
— Standardization (FMU) and Simplification (MOR)

= Energy Manager 4.0 & E-Learning
— Tool for scenario development of hybrid energy supply
— Augmented and Virtual Reality (AR/VR)

AEE — INSTITUTE FOR SUSTAINABLE TECHNOLOGIES ISEC 2024 | 10.04.2024



DET as a decision-making tool in production planning
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= Usecase In the laboratory of the Vorarlberg University of Applied Sciences
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DET as a decision-making tool in production planning
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= Optimization of:
Loading program | Production schedule

PV
Performance Prediction

SO
7z

i

Production schedule

o—||o—||o— . | Optimierer &he
e e o Oroe, I
(’Cl‘/b

Rating Function

€

Quelle: FH Vorarlberg: FZ Digital Factory & FZ Energy; Eberle Automatische Systeme
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DET as a decision-making tool in production planning
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= Data-based modelling of processes
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DET for Operational Optimization
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= Use case of the energy supply AT&S
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DET for Operational Optimization
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= Physically based model of heating and cooling supply at AT&S:

Modeling by sub-systems Validation of the detailed model
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DET for Operational Optimization
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= Physically based model of heating and cooling supply at AT&S:

Modeling by sub-systems
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DET for Operational Optimization
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= Accelerating computational time through Model Order Reduction (MOR)

— Transfer of physical relationships into a data model with reduced degrees of
freedom
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Calculation =
f— Energie/Ressource
h tem grid vies
‘ . OOOOOOOOOO |ing I CPYt hon Worker I
7 W W demand
t H wnol Production | CPython Worker |
ow
.\, temperat - ) | CPython Worker |
55 0 Calculation Job :
e
L “ Input Calculation Model [_CPython Worker_|
Storage cooling HX 15 o
b W1 [ e "4~ boundary {e.e. FMU + Python ) | CPython Worker |
=T | e B &5 4§ "conditions
=~ oo ¥ i Calculation Case
lerplant. - ] Cw d'warm v@ B, M.&Wu?‘ag@“
ges P
i olte o J Calculation I“pl-lt nl.lm I.It
0 ling protectio q Node
e Fll———————7—)| | ChillerWerk1 »
L;it‘ 2‘; 3 P | CPython Worker |
e e ] ; P i IR 5". Calculation Case Yt
— | o MU RER o] § 7 S st | e | | CPython Worker |
O O e i A Chiller
ol ——— @& 3 —{A | CPython Worker |
Cold and water s e . i |57 iz ey i yt
logic control = . T\T_“ ry cool :
vwmﬁ'les"__"".’.?,tﬁl iy ot ovesfiow | CPython Worker |
| CPython Worker |

ENEXSA framework

AEE — INSTITUTE FOR SUSTAINABLE TECHNOLOGIES ISEC 2024 | 10.04.2024



DET for Operational Optimization
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= Data driven modeling of overall energy demand

Forecasting on machine level
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DET for Operational Optimization
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= Operational Optimization Reference Model.
— Lowest costs to cover energy requirements
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DET implementation learnings
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The use of industrial
standard Is key

Physics-based and data-
driven modelling

The availability and
guality of the data is
critic

Highly integrated cloud
data base

— Data availlabllity
— Data understandabillity
— Data access

Quelle: AEE INTEC
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Results
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» Usecase Laboratory FH Vorarlberg
— Reduction of energy costs by approx. ~10% Iin the l[aboratory setup

— Consideration of a battery charge control AND an optimized production
sequence

= Usecase AT&S
— 25% reduction In fresh water demand through integration of free cooling

— 20% reduction Iin gas consumption by using waste heat by means of a
heat pump

= Concepts for the online simulation and optimization of energy supply
systems were implemented
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Outlook

AEE INTEC

1. Flexible Simulation Models
Design of Hybrid Energy st

Supplies ” ﬁztﬁ

Wetterdaten

A

B|C

D

Speicher

-

-

>
j

2. Integration of fast
computational methods
Optimization of industrial
energy supply systems

Photovoltaik
Z@ CORES
elektrisch —— Sekundarversorgung

Verbraucher 1

2

thermisch

i

]

A

<

-
-
Y

®

? Verbraucher 2

-

<

Y Y

Warmepumpen

i )

=

@

1 Verbraucher 3

@

8

e

Speicher

k-

Quelle: CORES - Integration kombinierter, erneuerbarer
Energiesysteme in die Industrie

MOR

[=] | =] (=] | [=] | [=] (=] | [=] ololo
|| =|=|l= b=l 1631 I 6=l | B3] 1 s
S IEIRE B B o =1 1IH=HE o
=21 =] ollelle Y olle ollel]e [
ElEIRE B E = G E I EIREL B E =5
c c
HIHBHEHIEIE S F HIERE RIS 25
ollc olle e o = ollo ollo]le o =
S|z =EE =1 1 E SHEHE =,
=1 1=ll=1=] o HIBREIEIE 5]
o||o BB B s o|lo o ||z ||z =1
Z115 === SHE SNHEH5

ISEC 2024 |

10.04.2024



AEE INTEC

AEE - Institute for Sustainable Technologies (AEE INTEC) DI Dr. Wolfgang Weil3
8200 Gleisdorf, Feldgasse 19, Austria Wo.weiss@aee.at
+43 (0)664 1875603

Twitter: @AEE_INTEC https://digitalenergytwin.eu/

Website: www.aee-intec.at



https://digitalenergytwin.eu/
mailto:wo.weiss@aee.at

Visualization using VR and AR
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= Visualization of (live) data at the point of origin
— High immersion through VR/AR/XR
— Intuitive operation and information provision

Augmented Reality

Source: FH Vorarlberg Source: AT&S
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