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Motivation

 Smart Energy Systems - several use cases benefit from using models:
e Optimal design,
* optimal control,
» diagnosis & fault detection

* Ergo 1: We need models throughout the building delivery stages and continuing into the
operational phase

e Ergo 2: This lead to new requirements for building and urban simulation tool
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Motivation

Fostering joint developments
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The vision of IBPSA Project 1

[...] is to create open-source software that builds the basis of
next generation computing tools for buildings and districts
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Why Modelica and the
Functional Mock-up Interface



Qo
MODELICA

« Previous studies have reported that the time spending for
model development is significantly high (up to 80%) [1-5]

« 70% of project costs are consumed'by model creation'and calibration [s-s]

 There is an urgent need for automated model creation for optimization [10-12]
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AIM_SquirrelCage % | + ‘

medel AIM SquirrelCage
"Asynchronous induction machine with sgquirrel cage rotor"”
extends Machines.Interfaces.PartizlBasicInductionMachine (
final idq_ss=airCGapS.i_ss,
nal idq sr=airGapS.i_sr,
final idq_rs=airGapS.i_rs,
final idq_rr=airGapS.i_rr,
redeclare final
Machines.Thermzal.Asynchrono
thermalAmbient (final T
redeclare final Machg
thermalPort,
redeclare fin
internalThe
redeclare final
Machines.Inte
final lossPo
lossPowerRoto ,
statorCore (final atorCoreParameters.wRef));
output Modelica.SIunits.Current ir([2]=squirrelCageR.i

.

"Rotor cage currents";

nes.PowerBalanceAIMC powerBalance(
=squirrelCageR.LossPower, £inal

-
parameter Modelica.SIunits.Inductance Lm(start=3*sqgrt(l - 0.0667)/(2*pi
*fsNominal)) "Stator main field inductance per phase”
4 a:
parameter Modelica.SIunits.Inductance Lrsigma(start=3*(l1 - sgrt(l -
0.0687))/(2*pi*fsNominal))
"Rotor stray inductance per phase (equivalent three phase winding)"
4 ar
parameter Modelica.SIunits.Resistance Rr(start=0.04)
"Rotor resistance per phase (equivalent three phase winding) at TRef"
as
parameter Modelica.SIunits.Temperature TrRef(start=233.15)
"Reference temperature of rotor resistance”
D a;
parameter Machines.Thermzl.LinearTemperatureCoefficient20 alphaZOr(
start=0) "Temperature ccefficient of rotor resistance at 20 degC"

drs
parameter Modelica.SIunits.Temperature TrOperational (start=253.15)
4 "Operational temperature of rotor resistance"” 3;
> &
2 equaticon

d
end AIM SquirrelCage;
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Scalability?
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Co-Simulation



Monolithic simulation: the entire system is modelled and simulated in a single tool




In your opinion, is there a widely accepted standard for [...]

Hybrid

HLA
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FMI

What standard do you use for [...]?

HLA

14



IBPSA Project 1

...ongoing developments



The IBPSA Project 1 [2017 - 2022]

WP 1:

Modelica library for design and operation [LBNL Berkeley — Michael Wetter]

Model Predictive Control [KU Leuven — Lieve Helsen]

WP 2

City District Information Modeling [TU Graz — Gerald Schweiger]
BIM [RWTH Aachen — Christoph van Treeck]

WP 3

DESTEST [KU Leuven — Dirk Saelens]

Application [Aalborg University — Alessandro Maccarini]
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Ongoing developments

WP 1: Modelica library & MPC

LBNL RWTH }
* Robust, validated and well documented library of Modelica models that [ Berkeley Aachen
serve as the core of Modelica libraries IBPSA 1
[KLJLeuven ;JﬁK }
* The IBPSA library also becomes part of the redesign of EnergyPlus erin

called "Spawn of EnergyPlus”
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* Development of an open source library for MPC ODJ;TK“ jo‘h
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* Development of the BOPTEST framework: Test cases & Benchmark @ m &
OReport 7o



Ongoing developments

WP 2.1: Data Modeling & BIM

Exchange requirements and country-specific data mapping approaches

Participation in development of the CityGML schema and EnergyADE for specific simulation
tools

Transform building information models to building performance simulation

Advanced space boundary algorithms for model topology analysis and model generation



Ongoing developments

WP 3.1: Appliocation & DESTEST

» Validated models of urban energy systems by defining specific district energy cases

 Comparison and benchmarking of different tools and libraries

* Demonstrate capabilities enabled by the use of Modelica for building and district energy
systems

19



Conclusion



We want to develop and demonstrate the next-generation computational tools to analyze and
optimize buildings and districts.

The developments are based on open standards for data modeling (IFC and CityGML), for
modeling of physical and control systems (Modelica) and for exchange of simulators (FMI).

Collaborative development

wE WANT YOU!

https://ibpsa.github.io/project1/
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