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Abstract 

Three different workflows for creating High Order 

building models from IFC files are described, with a 

particular focus on processing the geometry of 

neighborhood relationships (IfcRelSpaceBoundary). 

Common challenges and requirements for IFC files 

are described. 
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Introduction 

Due to the high effort in model creation, building 

simulation is used in the design process only rarely. 

The existing trend towards BIM-based planning offers 

opportunities to simplify model creation by 

automating tasks. This paper examines workflows that 

create building simulation models based on the open 

BIM format IFC. 

Approaches to automated model creation were already 

described years ago, e.g. in the projects (ISES), 

(HESMOS), (eeEmbedded). Since then, BIM has 

become much more widespread and with IFC4 

(buildingSMART 2017) a new major release of the 

open BIM file format is available. Nevertheless, the 

use of BPS in design is still not widespread. 

BIM2SIM workflows have been presented in 

numerous papers. These can be distinguished 

according to the source format (usually IFC or 

gbXML) and the target format. In this paper, relevant 

target systems are building specific simulation tools 

like NANDRAD and EnergyPlus, as well as the 

general simulation tool Modelica, which can be used 

for building and plant simulation. The creation of 

Modelica from IFC has already been addressed by 

(Andriamamonjy 2018) and the (EnEff:BIM 2017) 

consortium e.g. (Nytsch-Geusen, 2019), the creation 

of EnergyPlus models from IFC-was already 

addressed by (Ahn 2014), (Giannakis 2015), (Kamel 

2019). 

Modern buildings contain more and more equipment, 

thus it becomes more important to evaluate the 

interaction of building physics and the HVAC plant. It 

is possible to use simulation tools that cover both 

domains. Alternatively, a coupled simulation is 

feasible. (Wetter 2021) summarizes in his article why 

a coupled simulation for the building envelope and the 

plant technology is preferable to the use of an 

integrated tool. 

- Using specialized, efficient, fast tools for build-

ings physics 

- Facilitating modularity of Modelica for HVAC 

equipment simulation 

The following considerations aim at generating the 

building side of a coupled simulation and differ in this 

respect from the aforementioned publications. For the 

coupling the FMI standard shall be applied. 

Furthermore, it will be investigated which technical 

hurdles still hinder the application of such workflows. 

Workflows for creation of building simulation models 

have been investigated (Eckstädt 2022), three of them 

featuring the creation of High Order Models are 

presented in this paper. One of them features Modelica 

based building simulation, two others feature full 

fledged building simulation kernels (NANDRAD and 

EnergyPlus).  

Example School Building  

In the sections below, the different workflows are 

explained on the basis of a school building (see Fig. 

1). The model was created with Revit 2019 and then 

exported as IFC2x3 and IFC4. It comprises two floors 

with a total of 60 rooms, as well as an attic with a few 

technical rooms. The suitability of the different 

workflows for large buildings can be well examined 

on this model. This model contains rooms and the 

main construction elements (walls, ceilings, windows, 

doors) and can thus be provided by the architect in the 

preliminary design phase. 



                                                                                                                                                   

 

 

Figure 1 Example Model of School Building (gener-

ated with Revit, Visualiziation by simpleBIM) 

Toolchains: Commonalities 

Structure 

All the workflows described below have the basic 

structure shown in Fig. 2: Starting from an IFC file, a 

solver input file is generated in a first step, which is 

referred to as "preprocessing" in the following. This 

"step" can be divided into sub-steps. In a second 

"step", the actual simulation takes place, which 

generates result files that are then processed further in 

"postprocessing" and finally serve as the basis for 

decisions. The necessary steps 1 to 3 can be performed 

with separate tools or bundled in one user-friendly 

interface. With respect to space available, in this 

paper, only preprocessing (step 1) is considered. 

 

Figure 2: Structure of Workflows 

In order to be able to evaluate a building 

comprehensively, the interaction between the HVAC 

system and the building envelope must be assessed. 

This is done by means of a coupled simulation. 

Important components and possible coupling points 

were discussed in (Eckstädt 2020). For reasons of 

space, only the creation of the building physics model 

is explained in this paper. 

Space Boundaries 

For thermal simulation, the correct neighborhood 

relationships between the spaces are usually essential 

to correctly represent the heat flows, such models are 

called High Order Models (HOM) in contrast to 

Reduced Order Models (ROM). Architects, as the 

primary authors of IFC files, create building 

components with respect to later fabrication or for 

quantity takeoff,. Therefore, walls and floor slabs 

usually extend beyond room boundaries. For thermal 

building simulation it is necessary to intersect opposite 

wall and ceiling surfaces in order to determine which 

neighboring room is connected to a considered room 

via which surface and construction. In order to 

correctly represent such neighboring relationships, 

2nd-level space boundaries have been defined in the 

IFC standard (Bazjanac 2010). 

Fig. 3 shows the importance of SpaceBoundaries on 

the walls of the first floor of the school building. 

Although this is a building with very simple geometry 

(all rooms are cuboid), there are numerous places 

where the correct intersection of the space boundary 

surfaces is necessary. 

 

Figure 3: red colored are the walls spanning across 

several zones on the first floor 

The investigations in the project on 171 own and 

publicly available IFC models of 29 buildings from 13 

different authoring tools show that only 36 models 

contained space boundaries at all. However, these 

were usually 1st-level boundaries or boundaries 

misleadingly labeled as 2nd-level. In particular, no 

correct 2nd-level space boundaries were found at floor 

slabs in any of the models. On top of that, existing 

space boundaries, if they were correctly intersected, 

are incorrect in detail or do not correspond to the 

definition in the IFC schema (example in Fig 4). It is 

therefore still not reasonable in 2022 to set up a 

workflow based on IfcSpaceBoundaries. The 

workflows described below each have their own 

solution for this, which is referred to as a 'cutting 

algorithm'. 

 

Figure 4incorrectly placed SpaceBoundaries in the 

middle instead of on the surface of a wall (generated 

by Revit 2020) 

Toolchains: Description, Capabilities and 

Limitations 

IFC2GC 

The implemented process for data transfer of 

information from IFC into a building simulation 

model is based on the BIM2Modelica workflow, 



                                                                                                                                                   

 

which was developed at the UdK Berlin (Nytsch-

Geusen, 2019). The Python code from the submodule 

for data export from IFC of the templating tool 

CoTeTo was extracted, adapted and extended. For 

simplified access to data from IFC, the Python library 

ifcOpenShell was used. 

The data read from IFC is first prepared and stored in 

an internal Python structure. The simulation model is 

then generated and parameterized using the COM 

interface of SimulationX. For this purpose, a 

BuildingZone element from the GreenCity library 

(GC) is added to the model for each room and the 

previously determined parameters are set. The 

individual zone elements are connected to an 

environment element, which provides the 

environmental data. 

When preparing the information from the IFC, the 

parameters are divided into different categories: 

Category A includes parameters that can be 

transferred directly to the simulation model. For 

example, this applies to the room temperature, which 

is imported from the PropertySet 

'SpaceThermalRequirements'. Category B parameters 

still have to be converted or calculated from other 

parameters from the IFC. This includes, for example, 

window area, since this can be calculated from the 

width and height of the window element in the IFC. 

For the parameters from category C, external data 

sources are consulted. This includes, for example, 

individual material parameters, which are taken from 

a material database stored in Python. Category D 

serves as a superordinate category to the previously 

mentioned ones, because for parameters from this 

category it must be checked whether the information 

is contained in the IFC (category A) or if this is not the 

case, then an assumption must be made for the value 

(category C). An example of this is the U-value. 

The resulting model contains the enclosing surfaces 

for all building zones, which are modeled with an U-

value and a heat capacity. These are parameterized 

using the IFC model, if available. The room model is 

limited to 9 contact surfaces per room, which is 

problematic especially for large rooms with many 

neighboring rooms. The algorithm for finding the 

bounding surfaces only works for horizontal and 

vertical surfaces, and thus has problems with pitched 

roofs. In addition, zones that are not separated by 

building elements are not recognized. The present 

workflow is therefore suitable to create a BPS model 

for very roughly zoned, simple geometries. Larger 

models, such as the school building discussed here, 

cannot be handled sensibly in the block diagram view 

(see Fig. 5). 

The main application of the workflow is the 

examination of a plant system to be connected to the 

building physics. This must be added manually 

afterwards and is not part of the toolchain. A heat flow 

for heating/cooling must be connected to each room. 

 

Figure 5 simulation model of the school building 

generated with IFC2GC 

AX3000 

AX3000 is a commercial add-on for Allplan . If the 

model is not to be created in Allplan but an existing 

IFC is to be imported, the Allplan import functions are 

used. The add-on creates an EnergyPlus (EP) input file 

IDF, but for the outdated EP version 7.2, although EP 

version 9.5 is now up to date. The simulation is then 

performed with EP within Allplan and the results are 

also visualized there. However, it is not possible to 

export the results to IFC. 

For the present model, the IFC was imported into 

Allplan in a first step. All rooms, boundary surfaces, 

windows and doors were imported correctly. 

Subsequently, the data is imported internally into the 

AX3000, where the necessary settings for power 

supply, global settings and internal loads are made 

manually. 

AX3000 has its own algorithm to determine adjacency 

relations. However, this has significant problems, 

which are described using three example rooms (see 

Fig. 6): Room EG-26 has a continuous interior wall 

that borders zone EG-28 & EG-27. While from the 

perspective of the two smaller WC rooms the wall 

areas are correctly recognized, from the perspective of 

room EG-26 only one neighbor is recognized, which 

is assigned the full wall area. Adjacency relations via 

IfcSlabs instead of via IfcWalls are not recognized by 

the AX3000 algorithm at all. The (incorrect) 

adjacency relations are documented for the school 

building in the generated IDF file, for other models the 

adjacency relations were partly not generated in the 

IDF at all. 

 

Figure 6 exemplary group of rooms: EG-26 (cloak-

room), EG-28 & EG-27 (bathrooms) 



                                                                                                                                                   

 

For walls (interior and exterior) the material 

designations of individual wall layers, if available in 

the IFC, are transferred to AX3000 along with their 

thickness. Since EnergyPlus does not use cumulative 

U-values but layered wall constructions, any U-values 

existing in the IFC are irrelevant. The material 

properties must be maintained manually in AX3000 

because they are not considered during the Allplan 

IFC import. No information is transferred for floor 

slabs; this must be edited manually in the GUI. For 

windows the correct geometry is imported, but no 

designation or material data is imported. For rooms, 

besides the name, no parameters, such as the room 

temperature, are imported. This results in a high effort 

for subsequent editing.  

The exterior walls proved to be problematic in the 

present model when imported into AX3000. The 

reason is the modeling as two separate walls, instead 

of one wall with two layers, as it would be necessary 

for the import. This is exemplified in Fig. 7 for zone 

EG-03. Furthermore, it was shown that for the attic 

room DG-04 no exterior wall was imported, because 

this was modeled spanning all floors, but were 

imported for only one floor. 

After thorough testing, this ToolChain cannot be 

recommended for simulation because one of the key 

points for simulation, the correct reproduction of the 

thermal interaction of the spaces with each other, is 

not reliably rendered. 

 

Figure 7 Problem of 2-part outer wall using the ex-

ample of room EG-03 (principals office) together 

with attic room DG-04 which has only 1 (outer) wall 

SIMVICUS 

SIM VICUS is an open source simulation tool for 

building and district simulations. NANDRAD 2.0 is 

used as simulation solver. SIM-VICUS does not yet 

import IFC files in the current version 0.7 it instead 

requires an IDF file which contains the correctly cut 

room boundary surfaces for walls, ceilings and 

fenestration objects incl. the designation of their 

constructions.  

In the SIM VICUS user interface, the construction 

placeholders are replaced by complete constructions 

in just a few steps. For this purpose, the extensive 

internal database or user-defined records can be used. 

For rooms only the designations are imported, no other 

parameters e.g. room setpoint temperature or internal 

loads. For the parameterization, SIM VICUS offers 

numerous different working views, which facilitate 

the editing by coloring the model surfaces according 

to different criteria. Room parameters are usually 

grouped and assigned to utilisation profiles. Once all 

parameters (constructions, thermal resistances, room 

utilization, conditioning of room temperature, etc.) 

have been set, the project file is exported to an 

executable NANDRAD project file or as a Functional 

Mockup Unit (FMU 2.0). 

 

Figure 8 Import Townhouse in SIM-VICUS view 

"Konstruktionen" 

The BIM HVACTool is used to generate the IDF file 

with the intersected room boundary surfaces. It is a 

commercial user interface for different simulations: 

Besides TGS, daylighting or airflow simulations are 

supported. The BIM HVACTool generates adjacency 

relationships between rooms from an IFC2x3 file. For 

this purpose, the room boundary surfaces are 

partitioned according to the rooms behind them and 

the wall structure as well as the two adjoining rooms 

are determined. Furthermore, the window areas are 

assigned to the adjacent rooms. For the building 

components, construction designations and layer 

thicknesses are imported from the IFC. However, 

other parameters, material parameters, thermal 

parameters are not processed. The result is exported in 

the format IDF 8.X. The prerequisite is that the IFC 

model contains IfcSpaces. Since the BIM HVACTool 

does not support the latest NANDRAD version and 

requires a license, work is currently underway to 

integrate the cutting algorithm into SIM-VICUS. 

 

Figure 9 Visualization of exemplary zones after exe-

cution of the cutting algorithm for linking the heat-

transferring surfacesin SIM-VICUS. 



                                                                                                                                                   

 

The described toolchain IFC → BIM HVACTool 

→SIMVICUS is complex, but it is the only one of the 

previously described ones that generates a model that 

contains the adjacency relationships completely and 

correctly. 

Comparative Analysis 

The simulation durations for the example building are 

less than 90 min for an annual simulation on a standard 

desktop computer with any of the simulation tools. 

In addition to the school building, the workflows were 

tested with many different models. The following 

conclusions result partly from tests with other models. 

Problems and limitations of the toolchains can be 

classified into the following categories: 

1. problems of IFC files 

2. limitations of the IFC import 

3. limitations of the simulation tool/library 

Modeling / IFC-based problems 

All described workflows require the presence of 

rooms (IfcSpace), but no or hardly any parameters are 

imported for these objects, although most parameters 

are required by all toolchains. The authors suspect that 

this is due to the lack of standardization, as authoring 

tools store important information in different places 

(different PropertySets and PropertyNames). For the 

same reason, presumably none of the workflows 

import building material properties. 

Different simulation models partly require different 

values: While e.g. NANDRAD requires the wall 

structures layer by layer (each layer thickness, density, 

heat capacity and thermal conductivity), GC only 

requires a U-value and an equivalent density and heat 

capacity for each wall. There are also differences in 

the wall areas to be considered (interior, middle, 

exterior). A standardization would therefore have to 

consider different options. 

Further problems arise from the different requirements 

of the primary model author (architect) and the 

'downstream' simulation engineer. Common problem 

areas are: 

1. multi-layer walls, which are often not modeled as 

such, but as two adjacent single walls. 

2. cross-room components (walls, ceilings). 

3. rooms with several usage areas, these can be 

modeled as one or several IfcSpaces 

These problems cannot be avoided in models that are 

shared by many stakeholders (and this is the core idea 

of BIM). However, the consequences can be mitigated 

by clear communication. The simulation engineer will 

then usually have to find ways to deal with the models 

that have been created according to the architects 

request. 

For the problem of cross-space components, the 

IfcSpaceBoundaries were defined by buildingSMART 

decades ago as a approach to solve the problem, but 

unfortunately their (correct) use is still not possible 

with the current CAD authoring tools (for details see 

(Eckstädt 2022). 

Limitations of the IFC-Import 

Further problems arise when importing IFC files. For 

example, the Allplan IFC import only accepts 

geometry, not parameters. The BIM HVACTool in the 

version used can only read IFC2x3 files, so it is not 

possible to use IFC4. None of the workflows presented 

import SpaceBoundaries in a sufficient way. The 

constructions of components and rooms are usually 

imported by name and have to be populated with 

catalog elements. 

Limitations of the simulation tool/library 

All presented workflows serve the generation of 

"High-Order-Models" (HOM). However, only the 

SIMVICUS toolchain fulfills the requirement to 

completely represent the adjacency relationsships of 

spaces. AX3000 has considerable deficits, which is 

why it cannot be recommended for use. The IFC2GC 

workflow has significant limitations in terms of 

geometry, but can be used within its scope. 

Even though Modelica has a graphical interface, it is 

unsuitable for handling large building models. Key 

input parameters for building simulation are geometric 

in nature and cannot be clearly represented in a block 

diagram. While Modelica is well suited to represent 

plant and control engineering, building simulation in 

it is only useful to a limited extent, usually to represent 

the load side for plant simulation, the building physics 

must be able to be combined into a few zones, this is 

possible for small buildings or early planning phases 

for larger buildings. 

Summary 

Three representative workflows out of five 

investigated in the project (Eckstädt 2022) were 

presented. According to the use case (Eckstädt 2020), 

it has to be decided whether a ROM or HOM is 

needed: SIMVICUS workflow is suitable for HOM of 

multi-zoned buildings. Modelica-based workflows are 

only suitable for small or coarsely zoned buildings. In 

addition to the limitations of the calculation model, the 

poor model handling due to the lack of a 3D view also 

plays a decisive role for this recommendation. 

AX3000 is not recommended for any use case. 

The investigation showed that no workflow allows 

complete automation, but this claim is only justified 

for very limited use cases. Usually the professional 

engineer for testing and evaluation of the simulation is 

necessary anyway and it makes sense to involve him. 



                                                                                                                                                   

 

As early as possible in the design process, the 

interaction of building envelope and plant technology 

should be considered. The system simulation should 

be coupled with the building simulation via the FMI 

interface. Technical details for the coupling were 

described by (Paepcke 2022). 

Future Work 

In order to minimize project-specific adaptations and 

coordination efforts, a proposal for standardized 

parameters in the IFC schema is being developed 

(Eckstädt 2021); if necessary, this can be taken into 

account in the current revision of the IFC standard to 

version 4.3. 

The functional workflows are integrated into a 

superordinated toolchain based on FMI. This allows 

steps 2 ‘simulation" and 3 ‘postprocessing’ in Fig. 1 to 

be unified. 

CAD software vendors are encouraged to implement 

SpaceBoundaries correctly. In the meantime, 

SIMVICUS will be further developed so that the use 

of a second commercial tool for the cutting algorithm 

will be unnecessary. 
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