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Content

▪ Definition „Digital Twin“ and Goals

▪ Digital Energy Twin DET as a decision-making tool

▪ Digital Energy Twin DET for operational optimization

▪ DET implementation learnings

▪ Results and Outlook
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Digital Twin Definition:
Differentiation by degree of data integration

Quelle: Digital Twin manufacturing: A categorical literature review and classification, 
Kritzinger W. IFAC, 2018.
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Goals of the Digital Energy Twin

▪ 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)
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DET as a decision-making tool in production planning

▪ Usecase in the laboratory of the Vorarlberg University of Applied Sciences

Quelle: FH Vorarlberg: FZ Digital Factory & FZ Energy; Eberle Automatische Systeme

Closed Loop



AEE – INSTITUTE FOR SUSTAINABLE TECHNOLOGIESwww.aee-intec.at ISEC 2024 | 10.04.2024

▪ Optimization of:

Loading program | Production schedule

DET as a decision-making tool in production planning

Optimierer

PV

Performance Prediction

Battery/Storage
Production schedule

Production

Rating Function

Quelle: FH Vorarlberg: FZ Digital Factory & FZ Energy; Eberle Automatische Systeme

file://srv-fs-01/daten/AEE_Projekte/P2019_27_o DigitalEnergyTwin/01_Project Content/01_Work Packages/07_AR_VR_addon/FHV-DET.mp4
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DET as a decision-making tool in production planning

▪ Data-based modelling of processes

Quelle: FH Vorarlberg: FZ Digital Factory & FZ Energy
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DET for Operational Optimization

▪ Use case of the energy supply AT&S

Quelle: AEE INTEC

Closed Loop
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DET for Operational Optimization

▪ Physically based model of heating and cooling supply at AT&S:

Modeling by sub-systems Validation of the detailed model 
"Chiller"

Heating and cooling supply units at 

AT&S

Comparison of simulation and 

measurement "Chiller"
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DET for Operational Optimization

▪ Physically based model of heating and cooling supply at AT&S:

Modeling by sub-systems Design optimization through simulation

Heating and cooling supply units at 

AT&S

Use of water dumped out of the 

system as source for a heat pump
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DET for Operational Optimization

▪ Accelerating computational time through Model Order Reduction (MOR)

− Transfer of physical relationships into a data model with reduced degrees of 

freedom

ENEXSA framework

Model Order Reduction
physical-informed neural 

network (PINN)
Physics-based model
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DET for Operational Optimization

▪ Data driven modeling of overall energy demand

Top-level energy demand
forecasting

Forecasting on machine level
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DET for Operational Optimization

▪ Operational Optimization Reference Model:

− Lowest costs to cover energy requirements
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Quelle: Thomas Kurz, Philipp Gradl, Thomas Kienberger: 

Linearisierung von komplexen industriellen Energiesystemen 

für die Betriebsoptimierung. IEWT2023.
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DET implementation learnings

• The use of industrial 
standard is key

• Physics-based and data-
driven modelling

• The availability and 
quality of the data is 
critic 

• Highly integrated cloud 
data base

− Data availability

− Data understandability

− Data access

Quelle: AEE INTEC
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▪ Usecase Laboratory FH Vorarlberg

− Reduction of energy costs by approx. ~10% in the laboratory 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 in 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

Results
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Outlook

1. Flexible Simulation Models 

Design of Hybrid Energy 

Supplies

2. Integration of fast 

computational methods

Optimization of industrial 

energy supply systems

Quelle: CORES - Integration kombinierter, erneuerbarer 

Energiesysteme in die Industrie

LSTM MOR
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Visualization using VR and AR

▪ Visualization of (live) data at the point of origin

− High immersion through VR/AR/XR

− Intuitive operation and information provision

Source: FH Vorarlberg

Virtual RealityAugmented Reality

Source: AT&S
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