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SOMMARIO 

Il Building Information Modelling (BIM) sta cercando di superare il problema dell'interoperabilità 

promuovendo la collaborazione tra diverse discipline, che consente di effettuare le valutazioni delle 

prestazioni degli edifici (BPA) fin dalle prime fasi del processo di progettazione. Tuttavia, 

l'interoperabilità tra BIM e Calculation Virtual Environments (CVE) è raramente perfetta e vi è una 

perdita di informazioni durante la traslazione dagli strumenti di BIM authoring ai software di 

simulazione oppure l'interoperabilità è limitata alla semplice traslazione della geometria. Il presente 

studio identifica e valuta tali discrepanze tra Revit come strumento di BIM authoring e i due software 

di simulazione energetica DesignBuilder e IES VE, utilizzando IFC e gbXML come formati di 

esportazione. Inoltre, viene proposta una soluzione per superare il problema dell'interoperabilità 

adattando il linguaggio di programmazione in Dynamo per il calcolo dei parametri acustici, ovvero il 

tempo di riverbero e la frequenza di Schroeder. In questo modo la valutazione della qualità dell'ambiente 

può essere effettuata nelle prima fasi del processo di progettazione. 

 

Parole chiave: Analisi acustica, BEM, BIM, Dynamo, Interoperabilità 
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ABSTRACT 

Building Information Modelling (BIM) is trying to overcome the issue of interoperability by promoting 

collaboration between different disciplines, which enables Building Performance Assessments (BPA) 

to take place earlier in the design process. Nevertheless, interoperability between BIM and Calculation 

Virtual Environments (CVE) is rarely perfect and information is lost during translation from BIM 

authoring tools to simulation software or the interoperability is limited to the mere translation of 

geometry. This study identifies and evaluates such discrepancies between Revit as BIM authoring tool, 

and DesignBuilder and IES VE as two energy simulation software, using IFC and gbXML as export 

formats. Furthermore, a solution is proposed for overcoming the interoperability issue by adapting 

programming language in Dynamo for calculation of acoustic parameters, namely the Reverberation 

time and Schroeder’s frequency. This allows room quality evaluation to take place earlier in the design 

process. 

 

Keywords: Acoustic analysis, BEM, BIM, Dynamo, Interoperability  
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1. INTRODUCTION 

Building Information Modelling (BIM) is promoting multidisciplinary collaboration in building projects 

through using a single model and providing various export options tailored for different disciplines 

involved. One of the main obstacles to BIM’s full adoption in construction industry are the issues of 

interoperability and data management. Improved interoperability does not only make collaboration 

easier, but also enables several analyses, such as Building Performance Assessments (BPA) to take place 

earlier on in the design process. 

However, detailed architectural models for coordination are usually not designed for direct use in 

complete volumetric modelling. Such models first need to be converted into analytical models that allow 

different types of assessments in Calculation Virtual Environments (CVE). Several steps are needed 

before an architectural model can interact with virtual environments for assessing a building’s 

performance (De Angelis, et al., 2015). 

Therefore, the focus of this study is to investigate the interoperability paths and data exchange between 

BIM and CVE for two types of building analyses, namely energy and acoustic analyses, by exploring 

and comparing different software and corresponding workflows. 

Energy analysis is one of BIM uses which has not reached its full potential due to the above-mentioned 

interoperability challenges. This is also the reason why many engineers still prefer the conventional 

approach of separately generating the analytical model from scratch in a simulation tool. This is 

inherently more time-consuming and prone to errors (Ramaji, et al., 2020). 

Acoustic performance needs to be considered in the design phase, especially when there is special need 

for it, such as concert halls, auditoriums or schools and other lecture rooms. The later in process a 

suboptimal acoustic performance is identified, the more costly it is to improve it (Tan, et al., 2017). 

A further motive for choosing this research topic lies in the fact that even though BIM is constantly 

evolving and improving, there remains a strong need for minimising or preferably eliminating the 

post-processing of data which is presently still necessary for performing BPA. The loss of information 

that occurs during this process discourages early collaboration between architects and engineers, often 

leading to design data being exchanged late in the design process. This reduces possibilities for early-on 

design improvement based on performance assessments, which can be detrimental from a cost 

perspective. 

The thesis begins with a thorough Literature review and exploration of BEM and Acoustic software 

with their workflows. After the Method chapter which describes how the research is divided and which 

workflows are going to be tested, is the chapter Interoperability between BIM and CVE for energy 

analysis. Here, the used file formats and chosen software are presented, together with a Case Study of 

the research; the step-by-step process is described for the translation from architectural to analytical 

model; finally, a comparison is given of data transfer between different software using two file formats. 

Findings are discussed using nine evaluation criteria regarding data transfer. In the chapter 

Interoperability between BIM and CVE for acoustic analysis, three room acoustic parameters are 

calculated forming a basis for the room evaluation which is conducted through a visual programming 
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environment. Scripts in Dynamo are described and then tested in another model. Last chapter is a 

Conclusions, where contributions of presented work are summarized, discussed and evaluated. 
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2. LITERATURE REVIEW 

A literature review was conducted in order to explore the current knowledge on the topic and identify 

research gaps. It was divided into four main parts, starting with a definition of some basic concept, 

followed by a bibliometric analysis on BIM, which provided an overview of the body of knowledge 

through the published literature. The second and third part of the review considered the interoperability 

between BIM and energy and acoustic simulations. 

2.1. Definition of BIM, CVE and interoperability 

Building Information Modelling is the latest methodology and a step forward towards higher integration 

and better coordination in architecture, engineering and construction (AEC) sector and it is replacing a 

traditional way of modelling with CAD (Computer Aided Design) method. There are several definitions 

and explanations of what BIM is, however, it can mainly be understood as a methodology for virtual 

construction of a digital building, which is object-oriented, parametric and besides geometrical includes 

also semantic data of a building throughout its whole life cycle (Eastman, et al., 2011). The main benefits 

and factors, that are pushing BIM forwards are the automation of the process, improved accuracy, design 

optimization and cross-checks and communication between different disciplines, which results in 

reduced time and cost, needed for the design coordination (Kamel & Memari, 2019). BIM is not just a 

modelling tool, but a complex data management tool, that can be used until the end of life of an asset 

(De Angelis, et al., 2015), (Ciribini, et al., 2015). 

There are many applications of BIM, for example, BIM can work as a storage of data in a bi-directional 

interaction between the users or sensors and the building. Building that adapts itself according to the 

information it gets from the sensors and users is called a cognitive building. BIM as the main component 

can therefore be used in a bi-directional interaction with a human, using IoT networks that enable 

cognitive building to gather data, learn from it, process it, modifies and adapts the building so that the 

comfort is improved and the energy optimisation pursued (Rinaldi, et al., 2016). 

The term Calculation Virtual Environment (CVE) is here used to cover all the virtual environments that 

are used to conduct different specific analyses that support the design process and the optimisation of 

the selected design. 

The use of the same model for architectural design, MEP, structural analysis, energy assessment, 

acoustic evaluation and others is crucial. The common practice is that every discipline uses project data 

to perform their own analyses separately and the data is then not always updated which leads to model 

discrepancies and clashes which further on leads to increased time and cost during construction time. 

The term “interoperability” can be explained as an exchange of information between different digital 

environments, without many errors and in a nearly complete way. If data is extracted directly from BIM 

model and used in an energy model, instead of the two processes running in a parallel, the workflow is 

much more optimised, since the BIM model can work as a database (Tagliabue, et al., 2018). Because 

of this, energy analysis can be performed at all the stages of the design (Reeves, et al., 2015). As some 

of the energy performance engines come without a Graphical User Interface (GUI), BIM model can be 

used for the presentation of the outputs and visualisation of the results (Kamel & Memari, 2019).  
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2.2. Bibliometric analysis 

A recent bibliometric analysis from 2019 (including articles from 2009 to 2018) investigated the topic 

of integrating BIM with BPA and all its focuses and problems. The review showed that the most 

frequently mentioned issue was the “interoperability” between BIM and BPA tools, which is also one 

of the main research topics, with majority of research focusing on the interoperability between BIM and 

“energy” performance analysis (Jin, et al., 2019). The main approach to interoperability is through IFC 

and gbXML file format (further explained in sections 4.1.1 and 4.1.2), which are the most used formats, 

however research showed also alternatives, for example using a design tool in a combination with Visual 

Programming language (VPL) or by accessing Revit Application Programming Interface (API). Another 

paper (Kamel & Memari, 2019) pointed out the shortcoming of having just one tool for the BIM to BEM 

path. The most widely used BIM software is Revit, while BPA was performed with a variety of tools. 

The opinion of many research was, that the integration of BIM in the performance analysis is a necessity, 

and that extra research is needed for the cases when buildings have higher Level of Development (LOD) 

or when the design is more complicated (Jin, et al., 2019). 

An earlier literature review from 2017 explored the same topic, but looking deeper also into acoustic 

performance analysis. BIM can be used to deliver information about room geometry and material 

characteristics; however, the sound source and the audience is usually a domain of the acoustic software. 

Two main approaches were observed in connection with BIM-supported acoustic analysis: one uses 

BIM to export only the geometry (but the model needs to be simplified) and acoustic characteristics are 

entered in an acoustic software. The other approach deals with exporting BIM that includes also acoustic 

characteristic “custom” parameters into acoustic tools. The study emphasises that currently available 

software cannot perform acoustic analysis with BIM that is enriched with acoustic data. Nevertheless, 

the research showed that potential of BIM-supported energy analysis is high, whereas the support for 

acoustic analysis is very low and therefore in need of further research so that the building assessment 

can be performed at any design stage and not just at the end (Jung, et al., 2018). 

2.3. From BIM to BEM 

2.3.1. Definition of BEM 

Building Energy Modelling (BEM) or energy simulation means using a software to evaluate thermal 

needs of a building (De Angelis, et al., 2015). Energy modelling based on BIM differs from the 

traditional one by allowing higher accuracy and requires less time, since there is no need to develop an 

independent model that my lead to inconsistencies and loss of information. The main benefit of BEM is 

the consistency and conformity of the information flow between the design tool and the evaluation 

environment, which comes as a consequence of the interoperability between BIM model and specific 

energy assessment tool.  

Nevertheless, the BIM model first needs to be translated into an analytical model, meaning it has to be 

enriched with data, related to estimating energy performance of the building, such as thermal 

characteristics of the envelope, thermal zones, plants efficiency and typology (De Angelis, et al., 2015), 

(Ciribini, et al., 2016). Thermal zones represent bounded analytical spaces, that can be used for analysis 

of volumes and have the ability to store thermal characteristics and other specifications of the zone, such 
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as number of people and their schedules, ventilation rates, temperature set points etc. (Tagliabue, et al., 

2018). 

Many papers were found on the topic of interoperability between BIM and BEM, where authors shared 

their findings on various workflows, software and file formats they used. This means that it is an 

important and well explored topic, however it still remains an issue (Reeves, et al., 2015), (Laine, et al., 

2007).  

2.3.2. BEM tools and workflows 

The choice of BEM tool is based on what kind of analysis needs to be performed and in what phase of 

the design is it being performed, for example in early design stage it is more important to have the 

possibility to compare different options (design optioneering) than having a very accurate results, 

therefore, two main criteria need to be pointed out: speed of the simulation and the accuracy of the 

results (Reeves, et al., 2015). 

Data exchange between BIM and BEM tools can happen through five types of connections according to 

(Shadrina, 2015). First, the BEM tool can be embedded in a BIM software as a plug-in (e.g. 

EcoDesigner). Second, the BEM tool is accessed through a special plug-in in a BIM tool (e.g. 

Revit2Radiance plug-in). Third, an additional software is introduced as a GUI, which reads an IFC or 

gbXML file format and produces a file which is compatible with a BEM tool (e.g. Revit > DesignBuilder 

> EnergyPlus). Fourth, the communication can be achieved through a plug-in that allows data exchange 

between BIM and BEM tool (e.g. GBS). And the fifth way is the connection through a certain platform 

that combines several BEM tools (e.g. OpenStudio). 

Software mentioned in the literature are together with their relevant file formats shortly described in 

Table 1. 

Table 1 – Software descriptions 

Software Description 
File 

formats 
Source 

 
Revit BIM authoring tool 

IFC, 

gbXML 
(Autodesk, 2020a) 

 
ArchiCAD BIM authoring tool 

IFC, SKP, 

XLSX 
(Graphisoft, 2020) 

 
Rhinoceros 

3D modelling software that connects 

to ArchiCAD 
DWG, SKP (Rhinoceros, 2020) 

 

…continues on next page 
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…continues from previous page 

 
Excel Spreadsheet program 

XLSX, 

CSV 
(Microsoft, 2020) 

 

Green 

Building 

Studio 

Analysis engine of a cloud-based 

service for building performance 

simulations 

gbXML, 

IDF 
(Autodesk, 2020b) 

 Project Solon 
Visualisation of energy analysis 

within GBS 
/ (Autodesk, 2020c) 

 
SketchUp 3D modelling software, GUI 

DWG, IFC, 

SKP 
(SketchUp, 2020) 

 BESTenergy 
Plug-in for SketchUp, using engine 

of EnergyPlus 
SKP, IDF 

(Butera, et al., 

2013) 

 
EnergyPlus 

Calculation engine for dynamic 

energy analysis and thermal load 

simulation, but without a GUI 

IDF, IDD (EnergyPlus, 2020) 

 
OpenStudio 

Tools for building energy 

modelling, using EnergyPlus, 

Radiance as engine. Plug-in for 

SketchUp or standalone 

IFC, 

gbXML, 

IDF 

(OpenStudio, 2020) 

 
DesignBuilder 

GUI for EnergyPlus. A standalone 

software or Revit plug-in 

gbXML, 

IDF 

(DesignBuilder, 

2020) 

 
IES VE 

Software for building performance 

analysis 

gbXML, 

IFC 
(IES VE, 2020) 

 

Revit Python 

Shell 
Tool for writing plug-ins for Revit / (Thomas, 2020) 

 

Design 

Performance 

Viewer 

Plug-in for Revit for dynamic 

simulation, using EnergyPlus 
/ (ETH Zurich, 2020) 

 
Dymola 

Modelling and simulation tool based 

on Modelica and Functional 

Mock-up Interface (FMI) 

/ 
(Dassault 

Systèmes, 2020) 

 

…continues on next page 
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…continues from previous page 

 

Space 

Boundary Tool 
Tool that converts IFC to IDF  IFC, IDF (SBT, 2020) 

 
Grasshopper 

Graphical algorithm editor 

integrated within Rhino’s 3D 
/ 

(Grasshopper, 

2020) 

 
Honeybee 

Plug-in that connects Grasshopper 

to engines for building simulation 
/ (food4Rhino, 2020) 

 

EcoDesigner 

STAR 

Plug-in for ArchiCAD for energy 

analysis 
gbXML (Graphisoft, 2020) 

 

Workflows from BIM to BEM, based on the literature review, are presented in schema in Figure 1, 

which should be read together with Table 1 for better understanding. Afterwards, follows a short 

description of each numbered workflow. 

 

…continues on next page 
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…continues from previous page 

 

Figure 1 – Workflow schema based on the literature review 

1. A semi-stationary regime using Excel spreadsheet is only interoperable with BIM in a way, that it 

uses quantities that can be extracted from Revit through schedules (De Angelis, et al., 2015). 

 

2. Interoperability is simple due to Revit and GBS being from Autodesk, however the model needs to 

be simplified (level of detail manually decreased) and “spaces” (which differ from “rooms”) need 

to be defined. Attention needs to be paid at the export - in the case of errors, software assigns default 

values in order to perform the simulation instead of reporting the errors. This way it allows the 

comparison of different options, however the final results may not be accurate (De Angelis, et al., 

2015), (Ciribini, et al., 2015), (Ciribini, et al., 2016). 

 

3. Exporting IFC file from Revit to SketchUp and using plug-in BESTenergy offers a control over 

input information, however the material properties and geometrical descriptions need modification 

(De Angelis, et al., 2015). 

 

4. IDF file is exported from Revit through GBS. BESTenergy, a SketchUp plug-in works as a GUI. 

Model includes all the default values that come as a consequence of exporting Revit model through 

GBS (Ciribini, et al., 2015). 

 

5. IDF file is exported from Revit through GBS. Amongst different levels of details, the simplified 

architectural model shows good geometrical interoperability (Ciribini, et al., 2016). 

 

6. IDF file is exported from Revit through GBS. OpenStudio, a SketchUp plug-in works as a GUI. 

Model includes all the default values that come as a consequence of exporting Revit model through 

GBS, errors are found in material, geometry and schedule import (Ciribini, et al., 2016). Better 

results are achieved when simplified model is used (Gao, et al., 2019). 
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7. Geometry is exported well, while thermal characteristics are exported properly only when “rooms” 

are used instead of “spaces”. Default values are used for “schedules” or need to be manually 

modified in the DesignBuilder (Ciribini, et al., 2015), (Ciribini, et al., 2016). 

 

8. In the case of IES VE and gbXML file, the information flow can also go in the opposite direction, 

allowing the bi-directional information flow (Tagliabue, et al., 2018). 

 

9. Workflow shows how object-oriented data representation from BIM (MVD) can be accessed with 

C# and Modelica, an object-oriented physical modelling language in a simulation environment 

Dymola, using LBNL Modelica Buildings Library. Model does not need to be manually recreated 

in a simulation tool, meaning the approach is overcoming the issue of file formats (Jeong, et al., 

2014). 

 

10. Revit’s plug-in RevitPythonShell (RPS) enables the access to API for extracting data from the BIM 

model and Design Performance Viewer (DPV) plug-in for exporting an IDF file for EnergyPlus. 

This way, everything is done inside Revit. However, some manual geometrical simplification of the 

model was needed, which was done in OpenStudio (Miller, et al., 2014). 

 

11. Space Boundary Tool (SBT-1) is a semiautomated tool, developed by Lawrence Berkley National 

Laboratory, which translates geometry from IFC file and exports an IDF file which is compatible 

with EnergyPlus (SBT, 2020), (Ivanova, et al., 2015). 

 

12. Modelling part in Rhinoceros was found hard and time consuming (Ciribini, et al., 2015), (Ciribini, 

et al., 2016). 

 

13. BIM authoring tool ArchiCAD enables translation from BIM to BEM using an add-in Ecodesigner 

STAR. Issues were observed in connection with linear thermal bridges and annual heat demand, 

which was too low (Lovšin, 2016). 

2.3.3. Findings of BIM to BEM literature review 

Errors are usually reduced in the information workflow if the level of detail in the model is reduced. The 

minimum that needs to be defined are Spaces or Rooms. Such reductions in details reduces also the size 

of the IDF file. SketchUp works well as a graphical interface since it shows geometrical errors, which 

are not visible in EnergyPlus simulation engine. Workflow from Revit to EnergyPlus through GBS is 

not convenient since it requires a lot of extra work. The most direct path from Autodesk Revit to 

EnergyPlus is through the DesignBuilder, but manual work is still required in DesignBuilder, however 

no additional work needs to be done after IDF file is set. The fullest interoperability is between Autodesk 

tools, but results are not so reliable (Ciribini, et al., 2016). Software IES VE appeared to be the best, 

when assessment is based on interoperability and usability and what inputs and outputs are allowed and 

provided (Reeves, et al., 2015). 

The main conclusions that can be taken out of the literature review regarding BIM to BEM is that every 

simulation engine uses its proprietary format which is preventing data from BIM to be efficiently 

translated to BEM (Jeong, et al., 2014). The workflow from BIM to simulation engine usually requires 
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an intermediate tool as a GUI (OpenStudio, DesignBuilder, BESTenergy, etc.), which does not perform 

the simulation, but only helps the user to produce an input and output file for the simulation engine by 

converting BIM file to another file format, which is readable by simulation engine (Gao, et al., 2019), 

(Kamel & Memari, 2019). Such workflow is shown in Figure 2. 

 

Figure 2 – BIM to BEM interoperability process 

In the BIM to BEM process it is also important to acknowledge certain concepts that are different 

according to the different purpose of the tool – in a modelling software it is relevant to define wall 

thickness, while BEM tool only needs the information about thermal properties, so the wall is 

represented as a surface without thickness. Such differences can result in discrepancies between 

architectural and analytical volume (Kamel & Memari, 2019). 

In general, the integration of BEM in a design process is not satisfactory and therefore the energy 

analysis is rarely a part of an early design stage. The information flow between BIM and BEM has not 

yet reached its full potential, since some data, related to energy analysis still needs to be manually 

entered or modified (Gao, et al., 2019) and losing data on the go has been reported to be one of the most 

frequent issues (Kamel & Memari, 2019). 

2.4. From BIM to acoustic analysis 

A little bit different story could be observed in the case of interoperability path between BIM and 

acoustic simulation tools. The connection is presented in only a few studies in the literature and research 

on improvement of indoor acoustic performance are limited (Tan, et al., 2017). 

The fact that acoustic simulations are usually performed in a specific software, which are not integrated 

with a design software might be the reason why acoustics is quite often overlooked, even though it is 

one of the important parameters for assessing indoor environment quality (IEQ) (Aguilar-Aguilera, et 

al., 2019). 

2.4.1. Acoustic tools and workflows 

Several acoustic software was mentioned in the literature, such as Odeon, Ramsete, SoundPlan, VNoise, 

SEAM 3D, COMSOL Multiphysics, Ecotect etc. Two were said to be the leading ones: CATT, where 

you can model the geometry inside the software or import it from other modelling tool, for example 

SketchUp, where CATT-Acoustic plug-in SU2CATT can be used (Santachiara, 2016), and EASE, 

where the geometry can be imported from CAD, however the absorption coefficients need to be 

manually entered by the user. In case of EASE, the exchange of information can happen both ways 

(from EASE back to BIM) which enables communication regarding the performance during the design 

stage. (Kirkegaard & Kamari, 2017), (Wu & Clayton, 2013), (Tan, et al., 2017). 
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It was assumed, since BIM models contain also non-graphical (semantic) data, that acoustic simulation 

can therefore easily be performed. Nonetheless, not many of mentioned software support BIM models 

with its semantic data. The ones who can connect are a commercial tool COMSOL Multiphysics and 

Autodesk Ecotect, but due to its import format, which is gbXML, only the geometry is imported, while 

acoustic data needs to be added manually (Kirkegaard & Kamari, 2017). Unfortunately, Ecotect 

Analysis is being discontinued by Autodesk since 2015 (Autodesk, 2020d).  

One of the proposed solutions was a prototype software which uses Revit API, DirectX toolkit and C# 

programming language. Data about room boundaries and its surfaces is collected, including absorption 

coefficients which are defined as custom parameters. Using Sabine’s equation and equation for sound 

intensity, the reverberation time (RT) and sound intensity level (SIL) are calculated (Wu & Clayton, 

2013). 

Rhinoceros’s plug-in Pachyderm can be used for acoustic simulations and it can be linked with 

Graphisoft. Revit on the on the other hand does not include any tool for acoustic simulations, except an 

add-in Acoustamo for Dynamo, which can perform ray detection. Another possibility is connecting 

Revit model to Rhinoceros (Kirkegaard & Kamari, 2017).  

Besides using a specific software for the calculation, an interesting framework for indoor acoustic 

conditioning in early stages of design (Aguilar-Aguilera, et al., 2019)  showed a way, where calculation 

can be performed inside the design tool. They used Autodesk Revit as a BIM tool and visual 

programming environment Dynamo. The goal was to calculate the Reverberation time and Airborne 

sound insulation between adjacent rooms. The workflow is automatic and adapts to changes, made in 

BIM model, so that the design can be optimized. To sum up the workflow, firstly the model is built with 

defined space uses, then data from the model is extracted by the initial nodes, followed by the calculation 

and simulation. The absorption values are entered manually or extracted from the database. The final 

step of the workflow is the visualisation of results in BIM model. Results were then compared to values, 

obtained with the official simulation tool. With this work, the calculation time is reduced, results can be 

seen inside the designing tool and mistakes due to copying values from one tool to another are avoided. 

2.4.2. Findings of BIM to acoustic analysis literature review 

The lack of interoperability between BIM and acoustic analysis tools is especially significant and not 

many publications were found in this field. The main conclusion that can be taken from the literature 

review is that interoperability between BIM and acoustic simulation software usually relates only to the 

translation of the geometry. Other data which is needed to conduct the analysis is unfortunately not 

exported. The present workflow is presented in Figure 3. 

 

Figure 3 – BIM to acoustic tool interoperability process 
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Given its importance in IEQ, the topic definitely needs further research and existing tools its upgrade in 

order to be compatible with BIM tools, which have been on the rise for several decades. Nevertheless, 

the existing literature forms a good base on which future work can be based on. 
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3. METHOD 

The takeaways of the literature review from the previous chapter, which underlined research gaps, can 

be summed up as follows: 

• Various studies concerning BIM-supported energy analyses have been conducted, exploring the 

use of roughly the same tools. Even though several workflows have been tested, none of them 

showed seamless performance. 

• Existing research into BIM-supported acoustic analysis is limited and interoperability is mainly 

understood as geometry translation. 

Taking findings into account, it was decided to divide the present research into two parts. The aim of 

the first one is to validate the transfer of the data from BIM to BEM by comparing two different 

approaches using two file formats, followed by the second part which explores how BIM can be used to 

conduct acoustic analysis. 

The two workflows of the first part are presented in Figure 4. Revit was used as a BIM authoring tool 

and two different file formats were exported as BIM files, namely a gbXML and an IFC. The gbXML 

file was imported to DesignBuilder which as a GUI prepared the IDF input file, being a native file format 

for the EnergyPlus simulation tool. The IFC file was imported to IES VE to perform the simulation. 

Since IES VE allows also the import of gbXML file, it was decided to test this approach as well. 

 

Figure 4 – First part of the research 

The second part of the research used Revit again as a BIM authoring tool and Dynamo as a Graphical 

Programming Interface, which is an add-in to Revit, as shown in Figure 5. Values, required to calculate 

acoustic parameters were extracted from BIM model using VPL. The basis of the proposed workflow 

derives from the paper “BIM-based framework for indoor acoustic conditioning in early stages of 

design” (Aguilar-Aguilera, et al., 2019) which was more thoroughly described in the chapter Literature 

review. 

 

Figure 5 – Second part of the research 
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4. INTEROPERABILITY BETWEEN BIM AND CVE FOR 

ENERGY ANALYSIS 

4.1. Formats (IFC, gbXML) and tools 

Each BIM tool is using its own proprietary file format and with different types of building analyses, e.g. 

energy or structural, different input data or file format is required as an input for a simulation tool. In 

order to transfer the model from one tool to another, the intermediate translators are usually required. 

The alternative to this is the use of open standard formats and for that reason, different formats and data 

schemas were developed by the AEC industry.  Each of them is serving its own purpose and helping to 

avoid data redundancy (Ramaji, et al., 2020). 

The level of collaboration between disciplines greatly depends on the choice of formats participants are 

working with, together with software they are using and how information is exchanged. Usually the 

architectural model, produced with a BIM tool, is imported using one of the common file formats (IFC 

or gbXML) to BPA tool where the analysis is performed. Output data is used to alter the architectural 

design in a BIM tool and the process is repeated until the optimal design is reached. Such collaborative 

working is known as BIM maturity Level 2 by the UK government (NBS, 2020), (Shadrina, 2015). 

4.1.1. IFC file format 

Industry Foundation Classes (IFC) schema is widely accepted between AEC sector for model exchange. 

It was developed by BuildingSmart, an international and non-profit organisation, which was previously 

called the International Alliance of Interoperability (BuildingSmart, 2020). It is a “standardized, digital 

description of the built environment” (BuildingSmart, 2020) that can be written in various file formats, 

such as STEP Physical file (extension IFC), XML (extension IFCXML) etc. IFC is an open and vendor-

neutral standard for BIM. It consists of four conceptual layers, namely the core layer, the shared layer, 

the domain layer and the resource layer. Together they describe geometric and non-geometric 

information and ontology of a BIM model (BuildingSmart, 2020). The main purpose of the IFC format 

is to be universal and improve the data exchange of an entire project between digital tools and 

stakeholders and it therefore recognises any geometry (Gao, et al., 2019). Structure of IFC file is seen 

in Figure 6. 
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Figure 6 – IFC hierarchy schema (Borrmann, et al., 2018) 

4.1.2. gbXML file format 

Another widely accepted format for data exchange is Green Building XML (gbXML) which was 

developed by Autodesk Green Building Studio (gbXML, 2020) and is established in XML format 

(Kamel & Memari, 2019). Its structure follows the hierarchy from location, building, space, surface to 

openings as observed in Figure 7. Its main purpose is to simplify the translation from BIM model to 

energy simulation software and is therefore recognized by many BEM tools. gbXML however only 

recognises rectangular geometry (Gao, et al., 2019). 

 

Figure 7 – gbXML hierarchy schema 

It is important to bear in mind that no exchange format performs without errors and there are limitations 

to both of the mentioned ones regarding which data is transferred from BIM model to simulation tool 

(Bell, 2014). 



Interoperability between BIM and CVE for energy and acoustic analysis 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 

European Master in Building Information Modelling BIM A+ 29 

4.1.3. DesignBuilder 

DesignBuilder (DB) is a modelling environment that enables the import of BIM files in a gbXML file 

format. It can prepare a simulation input file and thus works as a Graphical User Interface for 

EnergyPlus, which is a simulation engine for thermal analysis, integrated within DesignBuilder. For the 

purpose of the comparison a DesignBuilder version 6.1.5.004 was used. DB uses a hierarchy and data 

inheritance of categories to automatically populate subcategories in lower levels, going from Site, 

Building, Block, Zone, Surface to Opening. The hierarchy is the same as schema of a gbXML file 

format. By choosing one of the provided templates in DB, data in tabs called Activity, Construction, 

Openings, Lightning and HVAC is instantly filled (DesignBuilder, 2020). 

4.1.4. IES Virtual Environment 

Virtual Environment, developed by IES (IES VE), combines several analysis tools and it integrates with 

BIM not only through gbXML file format, but also through IFC. Its simulation engine for thermal 

simulation is ApacheSim (IES VE, 2020). Version used in this comparison is 2019.2.0.0. 

4.2. Case study 

Revit model that was used for the analysis is a simple single-floor school building, that consists of an 

Entrance area, a Hallway, five Classrooms of different sizes and a Restroom area. Classroom areas are 

39 m2, 53 m2 and 59 m2, Hallway is 140 m2, Entrance and both Restrooms are 12 m2. Total area of the 

building is 380 m2. In Figure 8 the roof is not shown and Table 2 lists all the materials and thermal 

characteristics of building envelope. All windows have solar heat gain coefficient (SHGC) of 0.56, 

meaning that 56 % of solar radiation is admitted through the window. 

 

 

Figure 8 – School building model in Revit 
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Table 2 – Material properties of building envelope defined in Revit 

Element Material 
Thermal 

conductivity 

Thickness Conductance of 

wall 

External wall 

Plaster 

Rock Wool 

Brick 

Plaster 

0.510 W/mK 

0.034 W/mK 

0.540 W/mK 

0.510 W/mK 

0.01 m 

0.10 m 

0.20 m 

0.01 m 

0.2984 W/m2K  

Roof 

Aluminium 

Rigid insulation 

Concrete 

Plaster 

230.0 W/mK 

0.035 W/mK 

1.046 W/mK 

0.510 W/mK 

0.01 m 

0.15 m 

0.30 m 

0.01 m 

0.2178 W/m2K 

Floor 

Wood flooring 

Cement Screed 

Rigid insulation 

Concrete 

0.180 W/mK 

1.046 W/mK 

0.035 W/mK 

1.046 W/mK 

0.01 m 

0.05 m 

0.05 m 

0.40 m 

0.5224 W/m2K 

Window Triple glazing - 1/4 in thick - clear/clear/low-E (e = 0.2) glass 1.5330 W/m2K 

 

4.3. Translation from architectural to analytical energy model 

An architectural model needs to be enriched with data that is needed to perform the analysis. In other 

words, the model needs to be carefully translated into the analytical model, bearing in mind that the 

quality of inputs is inevitably related to the accuracy of results.  

Several tutorials and guidelines (Bell, 2014), (Batisim, 2020) are available regarding the translation of 

BIM architectural model into analytical model together with exporting options that facilitates the import 

into a simulation engine. However, the majority of instructions is focusing on the gbXML file format, 

which was developed in order to ease the dialogue between BIM and simulation tool. IFC file on the 

other hand is a multipurpose file format and is intended to be used in variety of software, serving 

different purposes. 
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4.3.1. Step-by-step process 

The proposed process for translating an architectural model to analytical one consists of a sequence of 

steps, which may vary based on the version of the software. Hereafter the procedure with Autodesk 

Revit 2020 is presented (Autodesk, 2020e), (Autodesk, 2020f). 

 

Figure 9 – Step-by-step process 

At this point it is necessary to distinguish between several components, which are related to energy 

modelling:  

• Rooms are architectural components which hold the information about the area. 

• Spaces define volumes of air and store the information that is needed for the energy analysis – 

heat gains and losses due to processes that occur inside (people, lightning, equipment…) and in 

the adjacent spaces. Volume of a space is calculated based on the room-bounding elements that 

play a role of rooms separators.  

• Surfaces are boundaries of spaces through which the heat is transferred. They can be treated as 

Exterior (have adjacent spaces only on one side) or Interior (have adjacent spaces on both sides), 

based on the selection of the type parameter Function. 

• Zones are groups of one or more spaces with the same environment parameters, such as 

temperature, humidity, occupancy etc. (Autodesk, 2020e). 
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1. Define geometry 

Geometry needs to be defined in a way, that the Location Line 

is in the centre of an element, because when energy analysis is 

performed, only the analytical line is important. In the 

Properties window, Location Line is found under Constraints. 

The minimum LOD level that needs to be achieved, in order to 

perform the simulation, is LOD 200, since building envelope 

needs to be defined (Lovšin, 2016). 

 

 

 

 

2. Define materials and their thermal properties 

Materials and their thermal properties of the assembly should be defined by accessing Type Properties 

> Structure > Edit. In the Material Browser under tab Thermal the properties like Thermal Conductivity 

can be modified as seen in Figure 11. Analytical properties of the assembly can be checked under Type 

Properties of the element. It is important to assign those properties to windows and doors as well. 

 

Figure 11 – Material properties 

Figure 10 – Wall centerline 
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3. Define location 

One of the important parameters in the energy 

analysis is the Location since it greatly affects the 

results by determining the weather data. It can be 

defined in tab Manage > Project Location. A 

window for Location Weather and Site opens as 

seen in Figure 12. 

Chosen location for the Case study was Milan with 

a Project Address (45.4666, 9.2) and the closest 

weather station of Milano/Linate. 

 

 

 

 

4. Assign Energy Settings of the building 

Energy Settings of the entire project are defined in tab Analyze > Energy Optimization > Energy 

Settings. The window for assigning Energy Settings is seen in Figure 13. 

• There are three available modes for creating a model: Conceptual mass / Building elements / 

Conceptual mass and Building elements. 

• Ground plane needs to be defined due to specific heat transfer through the ground. 

• Project phase needs to specified if there are more. 

• Analytical Space / Surface resolution are set to default values. They define what is a minimum 

gap that can be ignored when identifying spaces, since the building must be an enclosed space 

for the analysis. 

• Perimeter zone Depth / Division define the distance from the exterior to the interior to define a 

discrete space and are set to default values (Autodesk, 2020e). 

 

Figure 13 – Energy Settings 

Figure 12 – Location 
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The Advanced Energy Settings as seen in Figure 14 can be accessed under Other Options. 

• Detailed Model section applies only when Conceptual mass is selected as a mode. 

• Building Data section contains data which is relevant for the entire project. By choosing a 

Building Type, a set of default Parameters, typical for a chosen type is defined, such as Loads, 

Occupancy schedule, Lightning schedule etc. 

• Room/Space Data section is related to exporting options. When Spaces are selected, the 

information about Name, Number, Occupancy, Lightning, Equipment and Zones is exported. 

• Material Thermal Properties section defines which material data should be used. If material 

and their thermal assets were specified for each building element under Material Properties 

then Detailed Elements check box needs to be selected. This allows a full customisation of a 

building element. Otherwise the Schematic type or default Conceptual types are used 

(Autodesk, 2020e). 

 

Figure 14 – Advanced Energy Settings 

The mentioned Building Type data that can be modified is shown in Figure 15 and can be accessed in 

tab Manage > MEP Settings > Building/Space Type Settings. For the example of a School or University 

the data is listed together with graphs which are defined by Time and Factor and demonstrate a 

percentage of the use during the day. 
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5. Assign Spaces  

Spaces can be assigned by going to Analyze > Spaces & Zones > Space. If Rooms were defined 

beforehand, Space Naming can be used, which uses numbering and naming of Rooms and assign them 

to Spaces.  

 

Figure 16 – Floor plan of defined Rooms 

Figure 15 – Building Type Settings 
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Figure 17 – Floor plan of defined Spaces 

Base and Top Constraints with corresponding Offsets need to be properly defined, so that the volumes 

of the Spaces correctly calculated. Besides that, Areas and Volumes need to be chosen in Area and 

Volume Computation as seen in Figure 18 (left).  

Elements that form boundaries of a room need to be selected as Room-Bounding, by checking the box 

in the Properties window as shown in Figure 18 (right). Those are the elements that form the energy 

model. For that reason, the elements that are outside the building and not relevant for the energy 

assessment, such as railings etc., should not be set as Room-Bounding. Doing so, the elements will be 

excluded from the analytical model and thus reduce its overall size. 

  

Figure 18 – Area and Volume Computation (left) and Room Bounding (right) 

6. Assign Energy analysis data to each Space 

Several parameters can be modified in a Space Properties dialog window, however for the calculation 

of a heat demand only Energy Analysis set of parameters needs to be defined. The user can choose 

whether the Space is Occupiable or not or if it is a Plenum. It is specified to which Zone does the Space 

belong and what is its Condition Type.  
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The intended use of each Space is defined by a Space Type, that determines the Occupancy, Lighting, 

Exchange with the outdoor air etc. Similar to Building Type, the parameters and their values can be 

examined and modified in tab Manage > MEP Settings > Building/Space Type Settings (refer to Figure 

19). Three Space Types have been chosen in this case, namely the Classroom/Lecture/Training, 

Corridor/Transition and Restrooms. 

 

Figure 19 – Space Type Settings 

In the Construction Type dialog window, the construction of 

walls, roof and other elements can be selected. Since it is desired 

to use previously defined materials and their thermal properties, 

and Detailed elements were selected in Advanced Energy 

Settings, no additional work is necessary here, so the default value 

of <Building> is used. 

 

 

 

 
Figure 20 – Energy Analysis 

section 
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Since all the mentioned values need to be entered for each Space individually, it might come in handy 

to prepare a Space Schedule in Revit (refer to Figure 21) to have control over inputs or even insert the 

values right through the Space Schedule. 

 

Figure 21 – Space Schedule 

7. Assign Spaces to Thermal Zones 

Spaces can be assigned to Zones by going to tab Analyze > Spaces & Zones > Zones. Data such as 

Heating and Cooling Set Point can be defined in the Properties dialog window under Energy Analysis 

section. In the presented case three zones were defined: Bathroom area, Classroom area and Hallway 

area as illustrated in Figure 22. Zone-based modelling is useful in the early design stage, when room 

locations and areas are not yet defined. 

 

Figure 22 – Floor plan of Thermal Zones 

8a. Export a gbXML file  

In order to perform the analysis in another software, the model first needs to be exported. Beforehand it 

is recommended to purge the project with the purpose of getting rid of everything that is not being used 

in the model.  

When the gbXML exportation format is chosen, two methods are available: Use Energy Settings or Use 

Room/Space Volumes. The first option refers to exporting the analytical model, created by Revit while 

later one exports volumes that were defined by Rooms or Spaces in the model, which is applicable it the 

presented case. 
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Figure 23 – Export gbXML dialog window 

After that, the export dialog window leads through General and Details tab, where the settings that were 

previously defined (e.g. Building Type, Location etc.) can be double checked as shown in Figure 24. 

Under Export Category Spaces should be selected since they contain data for the energy analysis. Export 

Complexity defines how detailed are the openings exported and whether they include shading surfaces 

or not. Sliver Space Tolerance defines which spaces (if they are small) can be ignored in order to 

maintain the accuracy of the model. Building Envelope is identified based on the Function of the 

element. If the default values for Occupancy and Loads of the Spaces Types are used, then Default 

Values need to be exported. If there are any issues with the model, a warning will display in the Details 

tab.  

  

Figure 24 – General and Details tab in export dialog window 
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In the Detailed tab, Spaces and Zones of the model can be inspected together with Analytical Surfaces. 

Example for the Case Study is illustrated in Figure 25. 

 

Figure 25 – Spaces (left) and Analytical Surfaces (right) 

9a. Check the gbXML file 

For a double check, a gbXML file can be inspected in several ways. One option is by opening a file in 

a Notepad++ or any other text editor. In Figure 26 a section of XML file in Notepad++ is showing data 

of two materials, that were defined in a model. Altogether, the gbXML file in Notepad++ contains 7,650 

rows. 

 

Figure 26 – XML file in Notepad++ 

Another option for checking a gbXML file are different tools like i.e. Ladybug tool, Spider gbXML 

Viewer (Ladybug, 2020) which lets you explore your model in 3D as seen in Figure 27. 

 

Figure 27 – gbXML viewer 
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Such graphical inspection is much more plain-spoken as it allows checking the data by clicking on the 

element of investigation. This step is not necessary; however, it may ease up the import into the 

simulation tool. For example, from Figure 27 it can be seen, that the proper wall type was assigned to 

the selected wall, so if in the simulation tool, the wall type is not set as “Basic Wall: PROJECT Brick 

wall” it means that the issue lays at the import to the simulation tool and not at the export from a BIM 

tool. 

8b. Export an IFC file 

When exporting an IFC file, according to IES VE instructions (McGrath, 2017), a Setup needs to be 

modified. Under General tab, 2nd level should be selected as Space boundaries. This means that Rooms 

and Spaces are exported together with materials and their thermal properties. 

 

Figure 28 – Export setup 

Besides that, in Property Sets tab the Export Revit Property Sets and Export IFC Common Property Sets 

should be checked. Level of Detail needs to be set to Low. 

9b. Checking the IFC file 

Similar to gbXML, the IFC file can be opened in a Notepad++ where a double check can be performed. 

In Figure 29 a section of IFC in Notepad++ is showing data of materials. Compared to XML format, the 

IFC is harder to read. Altogether, the IFC file contains 11,630 rows, which is more than gbXML. This 

was expected since gbXML file was developed to ease the translation from BIM to BEM and therefore 

includes only data, relevant for performing the simulation. 
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Figure 29 – IFC file in Notepad++ 

Besides exporting a file from a BIM tool and importing it to BEM tool, another possibility could be the 

use of BEM software’s plug-in for Revit. Unfortunately, the IES VE plug-in supports only Revit version 

2016 or less and DesignBuilder version 2019 or less, meaning that none of them is compatible with 

Revit version, that is being used in this case. 

4.4. The comparison of data transfer 

Once the analytical model was prepared and files exported, the data transfer between BIM and BEM 

software was compared. Nine evaluation criteria for all three import options (i.e. gbXML to DB, gbXML 

to IES VE, IFC to IES VE) were checked for different export settings done in Revit. This refers to using 

different Export Category (i.e. Spaces, Rooms) and different Export Complexity (i.e. Simple, Simple 

with Shading surfaces). Mentioned settings apply only to gbXML export, since IFC export does not 

distinguish between them. All the options that were compared and evaluated are summed up in Table 3. 

Table 3 – Compared options  

 Software File format Export Category Export Complexity 

1. DB gbXML Room Simple 

2. DB gbXML Room Simple with Shading surfaces 

3. DB gbXML Space Simple 

4. DB gbXML Space Simple with Shading surfaces 

5. IES VE gbXML Room Simple 

6. IES VE gbXML Room Simple with Shading surfaces 

7. IES VE gbXML Space Simple 

8. IES VE gbXML Space Simple with Shading surfaces 

9. IES VE IFC / / 
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4.4.1. Description of the evaluation criteria 

The evaluation considered building geometry, location, dimensions, spaces, building construction, 

occupancy, electrical load, ventilation rate and HVAC data. The nine criteria were thoroughly described 

for each of the options presented in Table 3. Overall results were later on summarized and graphically 

compared in section 4.4.2 in Table 5. 

1. Building geometry 

When exporting a gbXML file, choosing Spaces or Room, setting Export Complexity to Simple with 

Shading Surfaces, and importing it to IES VE, three Local Shades element appeared even though there 

were no shadings modelled in Revit. Similar was observed in DB where two shading planes were 

included in the model as illustrated in Figure 30. 

 

Figure 30 – Spading surfaces in IES VE (left) and DB (right) 

The geometrical comparison of the three models (refer to Figure 31) showed that the shading surfaces 

come from the roof and floor overlapping with grid lines, since both elements are aligned with the 

external wall, which was modelled as a Centerline. 

 

Figure 31 – Comparison between Revit (left), IES VE (middle) and DB (right) 

Besides Shading Surfaces issue, the windows in Restroom area were not imported in IES VE eventhough 

they were exported from Revit and could be found in a gbXML file.  
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Figure 32 – Missing windows in IES VE 

 

Figure 33 – Restroom window in gbXML file 

When Simple Export Complexity (using Spaces or Rooms) was chosen in Revit, there were no shading 

surfaces in the model in IES VE and DB, however the issue with the missing windows in case of IES 

VE remained. 

On the other hand, at the IFC import into IES VE, the software asked about certain import options, 

among others, which spaces to import. Two possibilities were given, namely the Thermal spaces and 

the Non-thermal spaces. When both options were selected, the Non-thermal spaces were presented in a 

model as Shading Surfaces. There were 16 of them and were placed next to every surface in the model, 

including interior walls. If one corner in a model’s floor plan was compared in both software, it showed 

how a shading surface, marked with red in IES VE coincide with external wall in Revit and Shading 

Surface’s thicknesses corresponded to thicknesses of the walls in Revit as seen in Figure 34. The grey 

line in IES VE marks the edges of a space and can be compared to grid lines in Revit. Since walls in 

Revit were modelled as Centerline and Spaces are defined by the inner finish of a wall and not the grid 

lines, the areas of spaces in IES VE are larger than in Revit.  

 

Figure 34 – Comparison between Revit (left) and IES VE (right) 

In contrast to gbXML import to IES VE, no issues with geometry translation (such as missing windows) 

were observed in case of IFC file. 

2. Location 

IES VE with both Export Category, both Export Complexity and both file formats recognized the 

location of Milano Linate, Italy and was using a MilanoIWEC.fwt weather file. FWT is a proprietary 
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file format for weather files in IES VE (IES VE, 2020). DB, on the other hand, did not import location 

data at all, although it was exported from Revit and could be seen in a gbXML file. 

 

Figure 35 – Location in gbXML file 

3. Dimensions (area, volume) 

Areas and volumes were properly imported into IES VE when all options of gbXML file were tested 

and they corresponded to values in Revit. 

With IFC file import in IES VE, the bounding surfaces of spaces were placed on the grid lines as 

previously mentioned, making spaces larger than they were in Revit. The difference concerning room 

borders’ definition is represented in Figure 36 (left), where orange square shows how area is defined in 

IFC file and green square shows area in Revit. The difference occurred also in height definition. In Revit 

the Space Height is the distance between Levels, which means it is the same as the inner height of the 

room, while in case of an IFC file in IES VE, the height is 3.17 m, which is a sum of inner height of a 

room and thickness of a roof. Area and height discrepancies therefore result in incorrect volume 

calculation, which makes it unsuitable for the use in energy simulation. 

  

Figure 36 – Comparison between area (left) and height definition (right) 

Floor area in DB with both Export Categories and Export Complexities did not match any of the values 

from Revit, whether it was compared to the area calculated from grid lines or from the inner sides of the 

walls. From a floor plan in DB it could be seen, that the software does not distinguish different wall 

thicknesses, in fact it assigns thickness of 10 cm to every wall, as seen in Figure 37. In case of inner 

walls, this value is halved on each side of a grid line. The floor area is therefore calculated as a 

multiplication of a grid to grid distance, minus 5 cm if it is an inner wall or 10 cm if it is an outer wall. 

The height to calculate the volume is a sum of inner height of the room and roof thickness. Areas and 

volumes are therefore not comparable to Revit values.  
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Figure 37 - Area definition in DB 

Table 4 shows discrepancies in area, height and volume calculations for the case of Classroom 1 between 

all three approaches. No discrepancies were found only in case of a gbXML file import into IES VE. 

Table 4 – Comparison of area, height and volume discrepancies 

 Area 
Area 

discrepancy 
Height 

Height 

discrepancy 
Volume 

Volume 

discrepancy 

Revit 59.41  2.70  160.41  

IES VE gbXML 59.41 0 % 2.70 0 % 160.41 0 % 

IES VE IFC 63.00 6 % 3.17 17 % 199.71 24 % 

DB gbXML 60.96 3 % 3.17 17 % 193.26 20 % 

 

4. Space  

All Space Types were properly imported to IES VE with gbXML file format and when Spaces were 

used as Export Category, regardless of Export Complexity. They were assigned to spaces as Thermal 

templates. Zones and Space ID’s were assigned to spaces and properly correspond to the ones in Revit. 

 

Figure 38 – gbXML file in IES VE, using Spaces 
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On the contrary, when Rooms were used as Export Category, regardless of the Export Complexity of 

the gbXML file, the same Thermal template was assigned to all spaces, namely the 

BuildingAreaTypeDefaultSchoolOrUniversity as seen in Figure 39 and same Zone was used, namely 

the Default. 

 

Figure 39 – gbXML file in IES VE, using Rooms 

When IFC was used in IES VE, all three Zones were imported but without any properties. Only one out 

of three Space Types from Revit was imported and used as Thermal templates, namely the Restrooms, 

which was applied to all spaces, even though other Space Types were exported from Revit as seen in 

Figure 40. Space ID’s in a first column also did not comply with Space ID’s in Revit. 

 

 

Figure 40 – IFC import in IES VE (top) and Space Type in IFC file (bottom) 

DB uses Activity templates to define space data. Regardless of the Export Category or Export 

Complexity, Space Types from Revit were not imported and software used one of the default templates. 
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Figure 41 – Activity template in DB 

5. Building construction 

Building constructions were properly assigned to building elements in the model when gbXML file was 

imported to IES VE, using all different options. Materials, layer thicknesses and their thermal properties 

were properly imported as it can be observed in Figure 42. The difference between Revit and IES VE 

that could be observed was the calculation of U-value. IES VE was more precise and included the 

resistance of inner and outer surface to the calculation of the thermal transmittance. 

 

Figure 42 – Surface resistance calculation in IES VE 

The same approach of calculating U-value was found also in DB, where thicknesses and thermal 

properties of materials were properly imported as well as seen in Figure 43. 

 

Figure 43 – Surface resistance calculation in DB 
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Building constructions, using all export options, were imported and properly assigned to almost all 

building elements in DB. The exceptions were windows and doors. They needed to be manually selected 

from the Imported folder like shown in Figure 44. When importing a gbXML file into DB it was 

important to select Import thermal properties in the Import Options. 

 

Figure 44 – Door definition in DB 

With IFC import to IES VE, almost all constructions were imported, except for the Roof, even though 

it was exported from Revit and could be found in an IFC file. Building constructions were also properly 

assigned to building elements in the model. Materials and layer thicknesses were imported; however, 

the material conductivity and other thermal properties were incorrect (the same value was assigned to 

all materials), which resulted in false U-values. 

 

 

Figure 45 – Roof in IFC file (top) and thermal properties in IES VE, using IFC (bottom)  

6. Occupancy 

With gbXML import to IES VE when Spaces were used as Export Category, regardless of Export 

Complexity, the Number of people, Area per person, Sensible and Latent heat gain and Occupancy 

schedule were correct and properly exported from Revit. If Rooms were used as Export Category, those 

values were not exported and default values were used in IES VE, except for the heat gains. 

Opening IFC file in IES VE showed that Number of people was not the same as in Revit, although the 

data was exported from Revit and could be found in an IFC file. Occupancy schedules or Variation 

Profiles, as they are called in IES VE also did not match Revit Occupancy schedules while Sensible and 

Latent heat gains in W per Person were successfully imported to IES VE. 
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Figure 46 – Occupancy data in IFC file 

Due to Activity templates in DB, no occupancy data was imported regardless of the export options, so 

DB used values of a default template and the correct data had to be manually implemented. 

Electrical loads 

gbXML file in IES VE with Spaces as Export Category and with both Export Complexity imported 

Lightning loads and Lightning schedules. Power loads were imported as well, except in IES VE they 

were assigned to Miscellaneous Gain Type. In case of Room Export Category, no Lightning and Power 

data was exported from Revit, so default values were used in IES VE. 

In case of IFC import to IES VE, Lightning load in W per Area was imported correctly, but the Lightning 

schedules were not. Power loads were not imported at all, even though the data was exported from Revit 

as seen from an IFC file in Figure 47. 

 

Figure 47 – Power load in IFC file 

Due to Activity templates in DB, no Electrical data was imported regardless of the export option, so DB 

used values of a default template and the correct data had to be manually implemented. 

Ventilation rate 

Ventilation rate covers data which is in Revit defined as Outdoor Air per Person, Outdoor Air per Area 

and Air Changes per Hour. 

IES VE did not show ventilation rates when gbXML file was imported, using Spaces as Export Category 

with both Export Complexity, although Air changes per hour were exported from Revit. 

 

Figure 48 – Ventilation rates in gbXML file 

In case of Rooms as Export Category, no ventilation rates were exported from Revit so default values 

were used in IES VE. The same was observed with IFC import to IES VE and due to Activity templates 
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in DB, no outdoor data was imported to DB, regardless of the export option, so values of a default 

template were used and the correct data had to be manually implemented. 

HVAC 

IES VE imported HVAC data in case of gbXML import, selecting Spaces, while when using Rooms, 

this data was not exported, so default values were used in IES VE. The same happened in case of IFC 

import and in case of DB, due to Activity template no data was imported, so default values were used 

and the correct data had to be manually implemented. 

4.4.2. Discussion on comparison of different software and file formats 

Table 5 summarizes the results of the comparison of the three chosen approaches by looking at nine 

evaluation criteria, listed in the first column. Green indicates complete interoperability without any 

issues, yellow represents good interoperability with minimum manual work, and red corresponds to no 

interoperability. 

Table 5 – Comparison of different software and file formats 

Evaluation criteria 

IFC 

import in 

IES VE 

gbXML 

import in 

IES VE 

gbXML 

import in 

DB 

Building geometry    

Location    

Dimensions    

Space     

Building construction    

Occupancy    

Electrical load    

Ventilation rate    

HVAC    

 

Great difference could be observed when comparing the three approaches. It could be concluded, that 

both file formats are capable of communication with CVE tools and in terms of importing geometry, 

both formats performed well. However, the ultimate goal should remain to reach full interoperability, 

which includes much more than just building geometry. Import of a gbXML file into IES VE retrieves 

almost all of the data from Revit, while the other two approaches have proven less reliable. Regarding 
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different export options that Revit offers, Spaces should be used as an Export Category, since Room are 

as previously explained just an architectural component which holds no data for the energy analysis. It 

was also seen that if there are no shadings modelled in Revit, it is best to use Simple Export Complexity 

to avoid unnecessary shading elements in the simulation tool. Better performance of a gbXML file 

compared to IFC was expected, since it was developed to facilitate the data translation between BIM 

and BEM tools. 

Nevertheless, in all case, additional manual and time-consuming adjustments were needed. In the ideal 

workflow all the data is accurately translated into CVE and no editing is needed. It is important to 

mention, that in some cases, the data was properly exported from Revit, yet it was not imported into a 

simulation tool. The difference that was found in the calculation of U-value could be understood, since 

Revit is modelling tool and not a software for assessing thermal performance. 

Comparing the user experience of both tools it could be said that IES VE is more intuitive and offers 

better data representation since a lot of information can be visually observed in a 3D model. On the 

contrary, in DB a lot of “clicks” were required in order to get the information. Besides, the same window 

was used for a 3D model representation and a list of data, both under different tabs, so they could not 

be accessed at the same time. It is also believed that software like DB will have to improve their import 

options of a BIM model, because the Activity templates are currently considered an obstacle rather than 

a simplification of a process as they were probably previously meant to be. 

All things considered, it is still important to bear in mind that no software can provide absolute results. 

Simulations are inherently meant to give an approximation, although having an accurate model increases 

the possibility to have more reliable results. The contribution of the demonstrated discrepancies can 

therefore be in serving as a guide for the user when importing the model into a simulation software, in 

turn enabling a thorough interpretation of the obtained results. 
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5. INTEROPERABILITY BETWEEN BIM AND CVE FOR 

ACOUSTIC ANALYSIS 

The literature review demonstrated that simulation software for acoustic analysis is only able to import 

geometry without any semantic data and that there are no plug-ins for Revit that could assess acoustics 

of a room. The usual workflow therefore consists of exporting the geometry from a BIM authoring tool 

and manually applying acoustic data inside the simulation tool. The lack of interoperability is a great 

issue that is obstructing early design acoustic analysis. The paper (Aguilar-Aguilera, et al., 2019) 

exhibited an interesting proposal on how such simulation can easily be included earlier in the design. It 

was used as a basis for the present research with the aim to improve it by making it more easily operated 

and with less need of manual work. The objective was to: 

• enable performance of preliminary acoustic analysis inside Revit without the need for export, 

• allow user to have control over input data, mainly the absorption coefficients, 

• present the results visually inside Revit, 

• introduce a user-friendly tool that is adaptable to changes in Revit.  

Dynamo was the visual programming environment where the script was created and Dynamo Player 

was used as an interface for the user to modify the parameters. This way there is no need for the user to 

have any knowledge in programming in order to run the script, since Dynamo Player executes the script 

on its own. 

The presented workflow is focusing on the calculation of the Reverberation time and the Schroeder’s 

frequency which are presented in a following chapter; however, the same approach can be used to 

calculate other parameters as well. 

5.1. Room acoustic parameters 

The reverberation time is one of the most important parameters for assessing acoustics of a room. It is 

defined as a time needed for a sound level to decay for 60 dB after the sound in a room has been switched 

off. The decay happens due to material absorption of a sound at each reflection and air absorption. It 

depends on the volume of the room and acoustic absorption of surfaces in the room. The calculation is 

done with Sabine or Eyring’s formula for each octave frequency from 125 to 2000 Hz (Barron, 2010).  

Sabine’s equation for calculating reverberation time is: 

 
𝑅𝑇 =  

0.16 ∙ 𝑉

𝐴
 

(1) 

Where 𝐴 = 𝑆 ∙ 𝛼 and 𝑆 = surface, 𝛼 = average absorption coefficient. 

Slovene regulation in its Technical guideline for Noise protection in buildings (TSG-1-005:2012, 2012) 

provides an equation for calculation of optimal reverberation time for rooms, depending on its purpose. 

The value represents a middle value of reverberation time in octave frequency band 500 Hz and 1000 Hz. 
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For classrooms, the optimal reverberation time is calculated as: 

 𝑇𝑜𝑝𝑡 = 0.32 ∙ 𝑙𝑜𝑔 ∙ 𝑉 − 0.17 (2) 

When assessing room acoustics, the whole spectrum of frequencies is analysed in order to identify 

undesirably high reverberation time that needs to be decreased with an appropriate treatment. In order 

to do so, the whole frequency spectrum needs to be divided into two parts for an analysis of the sound 

field. The approximate limit between low and high frequency regions is called Schroeder cut-off 

frequency (Crocker, 2007). Each frequency spectrum is analysed using different approach. The low 

frequency region is also called Modal region and is dominated by single, separate modes. In this region, 

a modal analysis with a deterministic waves model is appropriate for assessing room acoustics. On the 

other hand, the high frequency region or Schroeder Region, where sound is well described as particles 

or rays, can be best described by energy-based prediction methods, using probabilistic wave, rays or 

energy model. This way a proper approached is applied to analysed frequency spectrum. 

The equation to calculate Schroeder’s frequency is: 

 
𝑓𝑆𝑐ℎ ≅ 2000 ∙ (

𝑇60

𝑉
)1/2 

(3) 

Following the equation, in rooms with a large volume (V), low Schroeder’s frequency is expected and 

therefore the most suitable way to treat a room is by probabilistic or energy approach. To the contrary, 

in rooms with smaller volume (V), a larger part of important frequency range lies below Schroeder’s 

frequency, thus the room is best treated by using a modal approach (Mazzarella, 2019). 

5.2. Dynamo scripts 

The tool for preliminary acoustic analysis is organised in four Dynamo scripts, corresponding to four 

task that can be performed through Dynamo Player. The first one sets Room parameters, the second one 

performs the main calculation of acoustic parameters while the last two manage visual representation of 

the results. In the following chapters each script is thoroughly explained followed by the instructions for 

the user on how to use Dynamo Player. 

5.2.1. Setting Room parameters 

The first Dynamo script creates Room parameters in Revit by using Parameter.CreateProjectParameter 

node. Two separate nodes were needed to correspond to two Parameter Types, one being Text and the 

others being Number as seen in Figure 49. 
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Figure 49 – Dynamo script for setting Room parameters 

5.2.1.1. Dynamo Player 

After Dynamo Player is accessed in Revit under Manage tab and correct folder with scripts chosen, the 

user needs to click on a Play sign in front of the script name in order to run it as marked in Figure 50. 

This will create parameters are store them under Analysis Results. They will be filled with values after 

running the Calculation script. 

 

Figure 50 – Dynamo Player window (left) and created parameters (right) 

5.2.2. Calculation 

The Calculation script is more complex and consist of several parts, the main ones being the Selecting 

a Room in Revit and getting desired areas, Reading values of absorption coefficients from Excel, 

Calculating the final results and Setting values to the predefines Room parameters in Revit. The script 

was written using packages GeniusLoci, Clockwork, Data-Shapes and DynamoMEP. 
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5.2.2.1. Selecting a room in Revit and getting areas 

It was decided to write the script in such way that it only performs the calculation for the Room that was 

chosen by the user instead of evaluating every room in the project, since certain rooms do not need 

acoustic assessment, e.g. restroom areas, technical rooms etc. Therefore, in order to run the calculation 

script, Dynamo requires an input from the user. A String node named Room Name (refer to Figure 51) 

was selected as an Input which means it will appear in Dynamo Player so the user can enter the name of 

the room he/she wishes to evaluate.  

 

Figure 51 – Dynamo script for Room selection 

After the Room selection it is necessary to get the areas. To acquire Door and Window area, the 

Clockwork package was used, which retrieves all the Doors or Windows that are associated with a 

selected Room. Besides getting Window or Door’s Width and Height it was also necessary to extend 

the calculation in such a way that it considers also Rooms without Windows or Doors. Such occurrence 

was for example the Entrance in a Case study, which has no Windows. The calculation workflow is the 

same for retrieving Windows’ and Doors’ areas, so only the case for Windows’ areas is presented in 

Figure 52 and Figure 53.  

In the first part of the script (refer to Figure 52), a red mark shows how the element list was cleaned of 

null values in order to avoid warnings that would appear if there were no Windows or Doors in a Room.  

 

Figure 52 – Dynamo script for Window area calculation (1/2) 

In the second part of the script (refer to Figure 53) a red mark is highlighting a step with an if sentence, 

which decides on how to proceed with the calculation in case there are no Windows or Doors in a Room. 
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Figure 53 – Dynamo script for Window area calculation (2/2) 

Ceiling and floor area were extracted from Revit using Room.Area node (refer to Figure 54 left), while 

gross wall area was calculated as a multiplication of two extracted values from Revit, the Perimeter and 

the Room Height (refer to Figure 54 middle). It is therefore of crucial importance that the Room’s 

Unbounded Height is set correctly, which is done by controlling the values of Level, Upper Limit and 

Limit Offset under Room Constraints in Properties dialog window. Net value of walls was then 

calculated by extracting the Window and Door area from gross wall area using a Formula node (refer 

to Figure 54 right). 

   

Figure 54 – Dynamo script for ceiling and floor area (left), gross (middle) and net wall area 

(right) calculation 

5.2.2.2. Reading values from Excel 

Excel was used as a database for sound absorption coefficients (Acoustic Supplies, 2020), which can be 

extended or modified at any time. All values currently listed in a database are presented in the 

Appendices under Appendix 1. In Excel they are divided by Sheets into Wall materials, Ceiling 

materials, Floor materials, Door materials, Window materials, People and Seating materials as seen in 

a Code Block in Figure 55. 

 

Figure 55 – Dynamo script for accessing Excel file 
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The script reads from Excel as many times as there are Sheets, which is in this case seven as previously 

mentioned. Before the use, List with data needed to be properly organised using List.DropItems, 

List.Transpose and List.Clean node. Then the items from the List are read using node 

List.GetItemAtIndex. Code Blocks marked with red in Figure 56 (top) correspond to Excel columns seen 

in the same figure (below). 

 

 

Figure 56 – Dynamo script for accessing values in Excel (top) and Excel database (bottom) 

In order for user to select the values from Excel database, a Data-Shape package was used which 

provides a MultipleInputForm++ user interface (UI) with dropdown menus, sliders and text boxes as 

inputs. It also allows you to put your own logo to the UI window. 

 

Figure 57 – Dynamo script for creation of the multiple input form 
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Inputs for the multiple input form are a List of all the DropDown Data, Sliders and TextBox Data seen 

in Figure 58 that also come from the Data-Shapes package. Keys in dropdown menus are material names 

that the user can choose from and Values are their average absorption coefficients, that are extracted 

from Excel. 

   

Figure 58 – Dynamo nodes Dropdown Data, Slider and a TextBox Data as inputs 

5.2.2.3. Calculating the final results 

Once the areas and sound absorption coefficients of materials are collected, the final results can be 

calculated. Firstly, the Math.Sum node is used to get all the 𝑆 ∙ 𝛼 (see Figure 59), then the Room Volume 

is obtained using Room.Volume node and finally the RT60 is computed. Similarly, the RT optimal and 

Schroeder’s frequency are obtained as observed in Figure 60. 

 

Figure 59 – Dynamo script for S·α calculation 
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Figure 60 – Dynamo script for calculation of acoustic parameters 

The results were rounded up to two digits using Math.Round node. Next step was a comparison between 

RT60 and RTopt. It was desired to know whether the RT60 is equal or less than the optimal value, which 

can be checked using a <= node with a Boolean answer.  

However, the RTopt is valid only for classrooms and not for any other type of a room. For that reason, 

an If sentence was introduced which selects only rooms where Classroom/Lecture/Training is selected 

as a Space Type to perform the comparison. To find such rooms, nodes from DynamoMEP and 

Clockwork package were used. Node Space.IsInSpace determines whether an element (in this case a 

Room) lies within the volume of a Space (in this case a list of Spaces was filtered to only Spaces with 

Classroom/Lecture/Training as a Type as seen in Figure 61). If the sentence appears to be True (meaning 

that a Room is a classroom), values for RTopt and a comparison between RT to RTopt will show under 

predefined Room parameters. If the sentence appears to be False, a text NA (not applicable) will appear 

under RT to RTopt comparison and a number 0 under RTopt, because a type of the later parameter is a 

Number and not a Text. This can be seen in Figure 62. 

 

Figure 61 – Dynamo script for assigning values only to classrooms (1/2) 
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Figure 62 – Dynamo script for assigning values only to classrooms (2/2) 

5.2.2.4. Setting values to the Room parameters in Revit 

The final step of this script is to push the calculated values back to Revit under parameters that were 

defined with a previous script. This is done with nodes Element.SetPArameterByName as illustrated in 

Figure 63. 

 

Figure 63 – Setting values to Room parameters 

5.2.2.5. Dynamo Player 

In order to run the script that performs the calculation, the user first needs to provide an input by clicking 

on Edit inputs sign as indicated in the first part of Figure 64. There the Room Name needs to be entered 

as Figure 64 suggests in a second step. After that a Play sign is to be selected as a last step. 



Interoperability between BIM and CVE for energy and acoustic analysis 

Erasmus Mundus Joint Master Degree Programme – ERASMUS+ 

European Master in Building Information Modelling BIM A+ 62 

  

Figure 64 – Dynamo Player steps for Calculation script 

Pop-up window will appear which will require from the user to input values regarding finish materials, 

door and window materials, data about people, seats, desks and size of a blackboard. Values need to be 

selected from a dropdown menu, number needs to be assigned by using a slider and number needs to be 

entered in a text box as Figure 65 suggests. 

  

Figure 65 – Input values in UI dialog window 

When the calculation is complete values will appear under Analysis Results in Room parameters in 

Revit as exhibited in Figure 66 (right). 
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Figure 66 – Dynamo Player window (left) and filled values to created parameters (right) 

5.2.3. Visualisation 

The visualisation script consists of three parts, namely the Writing of an instruction message that appears 

in Revit, Getting parameter values from Revit and Assigning colours to rooms based on those values. 

5.2.3.1. Instruction message 

The instruction message was written using Python Script node. First the RevitAPIUI.dll assembly is 

loaded with a clr module clr.AddReference(“RevitAPIUI”) so the Namespaces of the assembly can be 

accessed. In order to have a dialogue window that appears in Revit, a TaskDialog needed to be imported, 

to display the message (Revit API Docs, 2020). Text, written in a Code Block is an input for the Python 

script, which as an output shows a Task dialog window with a chosen title and a message. 

 

 

Figure 67 – Python script for a text box in Revit 
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5.2.3.2. Getting parameter values 

After the initial message with instructions and a colour legend is displayed, the script extracts the values 

of a Room parameter called “RT60 equal or less than RTopt”, which is either a Yes, a No or a NA. This 

is done with a node Element.GetParameterValueByName as seen in Figure 68. 

 

Figure 68 – Dynamo script for acquiring parameter values 

5.2.3.3. Assigning colours 

Based on the acquired values, three colours are assigned to a room using three 

Element.OverrideColorInView nodes. Green colour marks rooms where RT60 is equal or less than 

RTopt, red colour is for rooms where RT60 is larger than RTopt and grey colour corresponds to rooms 

where this parameter is not applicable (e.g. Hallway). If the calculation was not done for a particular 

room, a default Room interior fill colour (light blue) will remain. Figure 69 shows example of assigning 

green colour. 

 

Figure 69 – Dynamo script for assigning colours to Rooms 

5.2.3.4. Dynamo Player 

Visualisation script can be run after the run of Calculation script is completed. When selecting a Play 

sign in front of a Visualisation script in Dynamo Player, a message box will appear with instructions 

and a colour legend as Figure 70 suggests. Following the instruction, user needs to set a check mark for 

the Room Interior fill under Visibility/Graphic dialog window in order to enable visualisation of results. 

After that the rooms in the selected view will colour according to the colour legend as seen in Figure 

71. 
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Figure 70 – Dynamo Player window (left) and text box message (right) 

 

Figure 71 – Floor plan with applied visualisation 

5.2.4. Clear visualisation 

If the user wishes to clear the visualisation, which is a result of running the Visualisation script, the 

Clear visualisation scrip can be run. Node View.ResetElementOverrides from Clockwork package clears 

the overrides in a view after the user has edited the inputs by selecting a view from a dropdown menu 

in Dynamo Player as shown in Figure 73. 

 

Figure 72 – Dynamo script for clearing the visualisation 
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Figure 73 – Selecting input in Dynamo Player 

5.2.5. Testing the script 

Since All Dynamo scripts were developed in the Case 

study, presented in chapter 4.2Case study., the script 

needed to be tested in another model as well. The Test 

Case Study model also represents a small school, but 

in two levels as seen in Figure 74. There are seven 

rooms in a Test Case Study of which one is a Staircase 

that stretches over two levels and one is a Transit area 

that was defined by the room separation line. Both 

floor plans with mentioned rooms can be observed in 

Figure 75. The test was mainly intended to check how 

the script addresses such particular rooms. 

    

Figure 75 – Floor plans of Level 1 (left) and Level 2 (right) 

Figure 74 – Test Case Study model 
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When assigning Rooms to floor plans, the user needs to pay attention to Level, Upper Limit and Limit 

Offset, which are the constrains that define rooms’ Unbounded Heights. This value is important in the 

calculation of the reverberation time so it needs to be set correctly. The easiest way to check it and 

modify it is by creating a Room schedule as seen in Figure 76. 

 

Figure 76 – Room schedule 

User also needs to define Space Types, so that the optimal value for the reverberation time is calculated 

only for Rooms which are defined as Classrooms/Lecture/Training. 

Running the script in the Test Study Case showed that there is no issue with defining a Room with a 

Room Separation line or with Rooms that extend through several levels. The Perimeter of a Room and 

a Room Height, which are crucial elements for the calculation, adapt accordingly and therefore causes 

no problems. It was also seen why it is important to extend the formula of Door area calculation in such 

way, that considers Room without Doors. At first it might seem pointless, but it was shown that in cases 

when Rooms are separated with a Room Separation line (e.g. Staircase in a Test Case Study), such 

rooms can appear and need to be treated as such. 

Figure 78 and Figure 78 show results of running the script in a Test Study Case model. Figure 78 shows 

how parameters were created and filled with values and Figure 78 shows visualisation of results and 

clearing of the visualisation. 

 

Figure 77 – Created and calculated parameters in Test Case Study 
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Figure 78 – Visualisation in Test Study Case 

5.2.6. Discussion on writing a Dynamo script 

The purpose of writing the presented Dynamo script was to show how Revit as a BIM authoring tool 

can be used to support the analysis aimed at achieving room quality and comfort, which was in this case 

assessed by acoustic parameters. Drawing on the possibility of writing the script in a visual programming 

environment inside Revit, there was no need for importing the model into another simulation tool to get 

preliminary acoustic results. This reduces the time and eliminates errors that might occur during the 

translation of a model from one software to another. Dynamo Player, which is a Dynamo interface allows 

the user to run the script without the need for any programming knowledge. The results can then be 

visualised inside the same tool and the design can easily be optimised. The ability to write a script in 

order to perform various analyses represents an extension to the use of a BIM authoring tool. 

The script can be used for preliminary acoustic analysis by producing values for acoustic parameters 

and evaluating indoor space accordingly. Some of the script’s strengths regarding geometry include the 

assessment of Rooms that extend through several Levels (as long as the height is set correctly) and the 

assessment of Rooms with no Windows and Doors. This comes as a consequence of defining a Room 

with a Room Separation line. It also recognizes whether a Room is a classroom (after defining Space 

Types in Revit) and computes its optimal reverberation time, serving as a basis for acoustic evaluation 

of a Room. In Rooms which are not defined as classrooms a sign NA (not applicable) will appear. 

Another advantage is that the database of all materials and their sound absorption coefficients can easily 

be adapted and modified by the user, for example if there is a need to include any custom material. The 

overall experience was aimed to be user-friendly. Nevertheless, there is still room for improvement since 

the script includes several identified limitations. First, user cannot choose different types for different 

windows or doors inside one Room. Second, it is assumed, that all walls of a room are the same material. 

Third, the script’s use is limited to simple shape rooms, so a room with the inclined ceiling would not 

produce accurate results. These limitations of the proposed tool are subject to further research and 

optimisation through its application. 
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6. CONCLUSIONS 

The presented thesis investigated the interoperability issue between BIM authoring tools and Calculation 

Virtual Environments for performing Building Performance Assessments. Even though BIM’s aim is to 

improve collaboration between participants from different disciplines, the data transfer is not as seamless 

as desired. 

The existing BEM and acoustic simulation software tools together with their strengths and weaknesses 

were examined through literature review. The key finding was that there is a variety of simulation tools 

on the market, however none of them offers full interoperability, which means translation of geometric 

and semantic data from one software to another. In BEM tools, semantic data is usually not properly 

imported, whereas in acoustic simulation tools only geometry was successfully translated. Based on the 

literature review, the study was organised in two parts. 

The first part presented step-by-step modelling methods inside the BIM authoring tool that increase the 

interoperability with energy simulation software. Data imported into two simulation tools, 

DesignBuilder and IES VE, was compared by assessing different possibilities that a BIM authoring tool 

Revit offers as export options. Differences that were found between Revit model and analytical model 

in simulation tool were highlighted based on nine evaluation criteria. Acknowledgment of discrepancies 

that come as a result of translating a model from one tool to another is of crucial importance since it 

allows a critical interpretation of the obtained values. The contribution of the presented overview of 

different import and export approaches is the identification of strengths and weaknesses of the two 

mentioned software and export file formats that the user should keep in mind when selecting a software, 

choosing file formats, and interpreting the results. If a decision is to be made on which approach to 

choose, the recommendation is IES VE with the import of the gbXML file and using Spaces as Export 

Category, since it showed the best performance regarding data exchange amongst all nine options. 

The second part of the thesis demonstrated a solution for completely overcoming the issue of 

interoperability by connecting a BIM authoring tool with a programming environment in order to enable 

a preliminary assessment of Indoor Environment Quality early in the design stage. Empowered by the 

capabilities of visual programming languages, BIM forms a powerful tool for managing and analysing 

model data. The proposed workflow, performed with Dynamo and its interface Dynamo Player, supports 

a design optioneering process for achieving comfort and quality of a space by computing acoustic 

parameters. Four scripts presented in the thesis set Revit’s parameters, calculate reverberation time and 

Schroeder’s frequency, and evaluate a classroom’s acoustics based on chosen regulations. This makes 

the room assessment process faster and reduces possibilities for errors by removing the need for 

translating the model into another tool. Finally, to facilitate design optimisation the results are listed and 

visualised inside Revit. 

Given the results of the first part of the study, and considering BIM’s aim to improve collaboration 

between disciplines, it is evident that existing software tools have room for improvement. Currently, 

data exchange is still considered an obstacle; until software is further developed, it remains engineers’ 

responsibility to acknowledge inconsistencies that come as a result of model translation. In the second 

part of the study rooms were acoustically evaluated. Although only preliminary analysis was performed 
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and specialized software is still required to obtain comprehensive results, the study showed that 

interoperability issues can be solved by adopting programming languages. 
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LIST OF ACRONYMS AND ABBREVIATIONS 

AEC 

API 

BEM 

BIM 

BPA 

CVE 

DB 

GBS 

gbXML  

GPI 

GUI 

HVAC 

IDF 

IES VE 

IEQ 

IFC 

IU 

LOD 

RT 

SBT 

SHGC 

VPL 

XML 

Architectural, Engineering, Construction 

Application Programming Interface 

Building Energy Modelling 

Building Information Modelling 

Building Performance Assessment  

Calculation Virtual Environment 

DesignBuilder 

Green Building Studio 

Green Building Extensible Markup Language 

Graphical Programming Interface 

Graphical User Interface 

Heating, Ventilation, Air Conditioning 

Input Data Format 

Integrated Environmental Solution Virtual Environment 

Indoor Environment Quality 

Industry Foundation Classes 

User Interface 

Level of Development 

Reverberation Time 

Space Boundary Tool 

Solar Heat Gain Coefficient 

Visual Programming Language 

Extensible Markup Language 
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APPENDICES 

APPENDIX 1: SOUND ABSORPTION COEFFICIENTS 

 

 

 

125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz Average

Reflective wall materials

Brick (natural) 0.03 0.03 0.03 0.04 0.05 0.07 0.04

Brick (painted) 0.01 0.01 0.02 0.02 0.02 0.03 0.02

Concrete block (coarse) 0.36 0.44 0.31 0.29 0.39 0.25 0.34

Concrete block (painted) 0.1 0.05 0.06 0.07 0.09 0.08 0.08

Concrete (poured, rough finish, unpainted) 0.01 0.02 0.04 0.06 0.08 0.1 0.05

Plasterboard (12mm (1/2″) paneling on studs) 0.29 0.1 0.06 0.05 0.04 0.04 0.10

Plaster (gypsum or lime, on masonry) 0.01 0.02 0.02 0.03 0.04 0.05 0.03

Plaster (gypsum or lime, on wood lath) 0.14 0.1 0.06 0.05 0.04 0.04 0.07

Plywood (3mm(1/8″) paneling over 31.7mm(1-1/4″) airspace) 0.15 0.25 0.12 0.08 0.08 0.08 0.13

Plywood (3mm(1/8″) paneling over 57.1mm( 2-1/4″) airspace) 0.28 0.2 0.1 0.1 0.08 0.08 0.14

Plywood (5mm(3/16″) paneling over 50mm(2″) airspace) 0.38 0.24 0.17 0.1 0.08 0.05 0.17

Plywood (5mm(3/16″) panel, 25mm(1″) fiberglass in 50mm(2″) airspace)0.42 0.36 0.19 0.1 0.08 0.05 0.20

Plywood (6mm(1/4″) paneling, airspace, light bracing) 0.3 0.25 0.15 0.1 0.1 0.1 0.17

Plywood (10mm(3/8″) paneling, airspace, light bracing) 0.28 0.22 0.17 0.09 0.1 0.11 0.16

Plywood (19mm(3/4″) paneling, airspace, light bracing) 0.2 0.18 0.15 0.12 0.1 0.1 0.14

Drapery (10 oz/yd2, 340 g/m2, flat against wall) 0.04 0.05 0.11 0.18 0.3 0.35 0.17

Drapery (14 oz/yd2, 476 g/m2, flat against wall) 0.05 0.07 0.13 0.22 0.32 0.35 0.19

Drapery (18 oz/yd2, 612 g/m2, flat against wall) 0.05 0.12 0.35 0.48 0.38 0.36 0.29

Drapery (14 oz/yd2, 476 g/m2, pleated 50%) 0.07 0.31 0.49 0.75 0.7 0.6 0.49

Drapery (18 oz/yd2, 612 g/m2, pleated 50%) 0.14 0.35 0.53 0.75 0.7 0.6 0.51

Fiberglass board (25mm(1″) thick) 0.06 0.2 0.65 0.9 0.95 0.98 0.62

Fiberglass board (50mm(2″) thick) 0.18 0.76 0.99 0.99 0.99 0.99 0.82

Fiberglass board (75mm(3″) thick) 0.53 0.99 0.99 0.99 0.99 0.99 0.91

Fiberglass board (100mm(4″) thick) 0.99 0.99 0.99 0.99 0.99 0.97 0.99

Open brick pattern over 75mm(3″) fiberglass 0.4 0.65 0.85 0.75 0.65 0.6 0.65

Pageboard over 25mm(1″) fiberglass board 0.08 0.32 0.99 0.76 0.34 0.12 0.44

Pageboard over 50mm(2″) fiberglass board 0.26 0.97 0.99 0.66 0.34 0.14 0.56

Pageboard over 75mm(3″) fiberglass board 0.49 0.99 0.99 0.69 0.37 0.15 0.61

Performated metal (13% open, over 50mm(2″) fiberglass) 0.25 0.64 0.99 0.97 0.88 0.92 0.78

125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz Average

Ceiling Material

Plasterboard (12mm(1/2″) in suspended ceiling grid) 0.15 0.11 0.04 0.04 0.07 0.08 0.08

Underlay in perforated metal panels (25mm(1″) batts) 0.51 0.78 0.57 0.77 0.9 0.79 0.72

Metal deck (perforated channels,25mm(1″) batts) 0.19 0.69 0.99 0.88 0.52 0.27 0.59

Metal deck (perforated channels, 75mm(3″) batts) 0.73 0.99 0.99 0.89 0.52 0.31 0.74

Plaster (gypsum or lime, on masonary) 0.01 0.02 0.02 0.03 0.04 0.05 0.03

Plaster (gypsum or lime, rough finish or timber lath) 0.14 0.1 0.06 0.05 0.04 0.04 0.07

Sprayed cellulose fiber (16mm(5/8″) on solid backing) 0.05 0.16 0.44 0.79 0.9 0.91 0.54

Sprayed cellulose fiber (25mm(1″) on solid backing) 0.08 0.29 0.75 0.98 0.93 0.76 0.63

Sprayed cellulose fiber (25mm(1″) on timber lath) 0.47 0.9 1.1 1.03 1.05 1.03 0.93

Sprayed cellulose fiber (32mm(1-1/4″) on solid backing) 0.1 0.3 0.73 0.92 0.98 0.98 0.67

Sprayed cellulose fiber (75mm(3″) on solid backing) 0.7 0.95 1 0.85 0.85 0.9 0.88

Wood tongue-and-groove roof decking 0.24 0.19 0.14 0.08 0.13 0.1 0.15

125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz Average

Floor materials

Carpet 0.01 0.02 0.06 0.15 0.25 0.45 0.16

Concrete (unpainted, rough finish) 0.01 0.02 0.04 0.06 0.08 0.1 0.05

Concrete (sealed or painted) 0.01 0.01 0.02 0.02 0.02 0.02 0.02

Marble or glazed tile 0.01 0.01 0.01 0.01 0.02 0.02 0.01

Vinyl tile or linoleum on concrete 0.02 0.03 0.03 0.03 0.03 0.02 0.03

Wood parquet on concrete 0.04 0.04 0.07 0.06 0.06 0.07 0.06

Wood flooring on joists 0.15 0.11 0.1 0.07 0.06 0.07 0.09
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125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz Average

Doors

Doors (solid wood panels) 0.1 0.07 0.05 0.04 0.04 0.04 0.06

No doors 0 0 0 0 0 0 0.00

125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz Average

Windows

Glass (1/4″ plate, large pane) 0.18 0.06 0.04 0.03 0.02 0.02 0.06

Glass (small pane) 0.04 0.04 0.03 0.03 0.02 0.02 0.03

No windows 0 0 0 0 0 0 0.00

125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz Average

People

People-adults (per 1/10 person) 0.25 0.35 0.42 0.46 0.5 0.5 0.41

People-high school students (per 1/10 person) 0.22 0.3 0.38 0.42 0.45 0.45 0.37

People-elementary students (per 1/10 person) 0.18 0.23 0.28 0.32 0.35 0.35 0.29

No people 0 0 0 0 0 0 0.00

125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz Average

Seating Materials

Benches (wooden, empty) 0.1 0.09 0.08 0.08 0.08 0.08 0.09

Benches (wooden, 2/3 occupied) 0.37 0.4 0.47 0.53 0.56 0.53 0.48

Benches (wooden, fully occupied) 0.5 0.56 0.66 0.76 0.8 0.76 0.67

Benches (cushioned seats and backs, empty) 0.32 0.4 0.42 0.44 0.43 0.48 0.42

Benches (cushioned seats and backs, 2/3 occupied) 0.44 0.56 0.65 0.72 0.72 0.67 0.63

Benches (cushioned seats and backs, fully occupied) 0.5 0.64 0.76 0.86 0.86 0.76 0.73

Theater seats (wood, empty) 0.03 0.04 0.05 0.07 0.08 0.08 0.06

Theater seats (wood, 2/3 occupied) 0.34 0.21 0.28 0.53 0.56 0.53 0.41

Theater seats (wood, fully occupied) 0.5 0.3 0.4 0.76 0.8 0.76 0.59

Seats (fabric-upholsterd, empty) 0.49 0.66 0.8 0.88 0.82 0.7 0.73

Seats (fabric-upholsterd, fully occupied) 0.6 0.74 0.88 0.96 0.93 0.85 0.83

Adult office furniture per desk 0.5 0.4 0.45 0.45 0.6 0.7 0.52

No seats/desks 0 0 0 0 0 0 0.00


