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Key Innovations

e Creation of different building simulation models
based on BIM data for various software

e Using a semi-automated process to reduce error-
prone and time-consuming tasks

e Using enrichment and advanced identification to
use even lower quality IFCs

e Identification of gaps in the IFC standard regard-
ing simulations and collaboration with software
vendors to close these gaps

Practical Implications

The quality of BIM models is often insufficient for di-
rect mapping into simulation models. Also, the IFC
standard still has gaps, particularly in the area of rep-
resentation of HVAC systems. Enrichment and ad-
vanced analysis functions nevertheless make it possi-
ble to generate simulation models semi-automatically
and reduce effort and errors compared to the conven-
tional process of modeling.

Introduction

The high complexity of buildings and their energy
systems in today’s construction projects requires ad-
vanced tools for predicting their behavior even in the
early design stage. Dynamic simulations can ensure
the optimum functionality of such complex systems in
advance by analyzing various variants and identifying
optimization potentials. However, such simulations
and the creation of the models are highly complex,
time-consuming, error-prone and costly. Automated
model generation based on already available Build-
ing Information Modeling (BIM) models can signifi-
cantly reduce the time and effort of dynamic simula-
tion while at the same time increasing their precision.

This extended abstract aims to highlight the develop-
ment of methods and tools to derive descriptions gain-
ing ready-to-simulate models for the improved de-
sign and optimization of building energy systems from
BIM. This approach significantly reduce the manual
effort for model creation by supporting disseminating
modern building simulation applications.

Three different simulation topics are addressed,

namely, Building Energy Performance Simulation
(BEPS), Heating, Ventilation and Air Conditioning
(HVAC) simulations and Computational Fluid Dy-
namics (CFD) simulations. Additionally, Life Cycle
Assessment (LCA) of buildings is considered, how-
ever, the focus is on the simulation side. The basis
for all analyses and simulation models is the open
data format Industry Foundation Classes (IFC). The
information stored in an IFC file is analyzed by topo-
logical and semantic algorithms. In the future, other
import formats like gbXML could be added. Figure 1
displays the resulting workflow.
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Figure 1: BIM2SIM Toolchain
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Within the HVAC analysis part, the project deals
with the generation of Modelica models for two dif-
ferent libraries: the open-source library AixLib and
the in-house library HKESim. For both libraries,
the semantic and topological data of the IFC is used
to create a graph network. Against this network,
further analysis and simplification methods are per-
formed, reducing the system and creating a simulat-
able model. These methods include the enrichment of
missing data in IFC like characteristics and nominal
values as well as the reduction of the system to differ-
ent Levels of Detail (LODs). Regarding the reduction
these are:

e Simplification of the hydraulic network

e Grouping of parallel arranged devices

e Grouping to generation, distribution and con-
sumption

The generated simulation models are then used to
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calculate the final energy usage of the building based
on the calculated demands by the BEPS.

Building Energy Performance Simulation

With the usage of IFC data as a source, the genera-
tion of Building Energy Model (BEM) can be auto-
mated. This automation allows creating more con-
sistent results by avoiding the high impact of various
modeling strategies used by different modelers.

While BEPS is often used within the certification pro-
cess of buildings to show compliance with interna-
tional standards, the BEM used for the certification
process are often not kept up to date up to the lat-
est as-planned or as-built stage. This circumstance is
due to the high effort to manually follow up with all
the changes in the design of the building. By the au-
tomatization of the BEM generation, the BEPS can
be integrated into the complete design workflow of a
building without high additional cost. The BIM2SIM
project includes two separate paths for BEPS: a Mod-
elica based approach using TEASER and AixLib and
an approach based on EnergyPlus. In base structure
for both ways is the same, while EnergyPlus uses
the representation of second level space boundaries
in the IFC-File for the creation of the EnergyPlus in-
put file (IDF). The TEASER approach currently uses
more semantic data. More detailed information about
the TEASER approach are published in Jansen et al.
(2020). The obtained heating- and cooling demands
are exported and used by the HVAC part illustrated
in figure 1.

Computational Fluid Dynamics

If CFD simulations are performed based on IFC files,
the simulation expert faces various challenges. On
the one hand, IFC models can be extremely complex,
detailed and also unfavorably modeled or exported.
On the other hand, there is often no software avail-
able that provides an interface to the common CFD
workflow. In BIM2SIM, an interface between CFD
and classical meshing and geometry tools is being de-
veloped. The interface consists of a 3D viewer for
IFC files in which building parts can be filtered, sim-
plified and saved in various geometric data formats.
For example, all facade components can be selected
automatically. By displaying the component proper-
ties, simulation boundary conditions can be found for
the corresponding data set.

In addition to the manual conversion process in the
viewer, work is underway on a fully automated algo-
rithm that converts the IFC building model into a
consistently triangulated surface mesh (Fichter et al.,
2021). The resulting Standard Triangle Language
(STL) geometry can be used directly to generate a
surface mesh while preserving the IFC classifications
of the building elements. The final result of such a
workflow is shown in figure 2 using the example of an
airflow simulation.
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provided by the BIM2SIM workflow.

Life Cycle Assessment

A life cycle assessment aims to consider the environ-
mental impact of building materials and technical in-
stallations over the entire life cycle of a building. One
tool for carrying out such an analysis is the eLCA
tool of the Federal Institute for Research on Building,
Urban Affairs and Spatial Development, Germany.
As part of BIM2SIM, an interface between IFC files
and eLCA was created. This enables the automated
transfer of relevant data from the IFC file, such as
material names, quantities, areas and volumes. Fur-
thermore, additional information such as cost groups
can be enriched. eLCA can be used free of charge.

Conclusion

The BIM2SIM project deals with multiple aspects of
building simulations. The aim is to create a compre-
hensive tool to generate simulation models for those
aspects. The results carried out by this tool will give
an impression in which scope BIM models can be used
for dynamic simulations. Additionally, the project
identifies gaps and barriers regarding the usage of
BIM for simulation. As the project is ongoing the
extended abstract is intended to show the methodol-
ogy since the final tool is still under development.
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