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Abstract 

Early optimization minimizes the energy loads 
and thus reduces the buildings energy demand. 
However, model-driven simulation and 
optimization in the early planning phases poses 
several challenges, like responsibility for 
parameter values, exchange format and 
exchange requirements. In a BIM2BEM (Building 
Information Modelling to Building Energy 
Modeling) workflow, the simulation tool sets the 
requirements for the exchange. Properties must 
be defined, mapped between different tools, and 
then imported in such a way that they can be 
used on both sides. However, mostly there is a 
lack of information for a simulation workflow, 
because of missing data and problems with 
interoperability. Furthermore, the question of the 
responsibility of simulations, i.e. the input data 
used for the simulation, has not been clarified. As 
part of BIM2BEM-Flow a combined “web-based 
and BIM tool plugin” toolchain was developed to 
support all involved stakeholders in the 
organization and management of exchange 
requirements between BIM and external 
simulation tools. The tools are designed to define 
and manage parameters, coordinate exchange 
requirements between BIM and simulation tools 
and facilitate full implementation in BIM. The 
parameters are already defined in such a way 
that they contain all the necessary information for 
a BIM2BEM workflow. The results of the 
BIM2BEM-Flow project are presented in the 
following article. 

Introduction 

Based on the data of the Global Alliance for 
Buildings and Construction (GlobalABC), the 
construction sector demands 36% of the global 
energy and is responsible for 39% of the global 
CO2 emissions. Compared to the planning and 
construction phase, the building operation is 
responsible for up to 78% of the life cycle costs, 
which can be attributed to the energy demand 
and the CO2 emissions during the operation. For 

buildings with a high CO2 footprint the emissions 
over the life cycle can be up to 30% for the 
operation phase and for buildings with a low CO2 
footprint even up to 50% (DGNB, 2021). 
As is known from the MacLeamy curve, early 
changes in a construction project have a high 
impact, while costs are low, where during the 
progress of the project changes become more 
cost-intensive and complicated. Already within 
the early design stage, building shape, 
orientation, location, and window-wall-ratio 
(WWR) can be optimized, and by that the 
necessary demand for technical regulation 
(heating, cooling, air conditioning, artificial light 
and shading systems, controlling) can be 
reduced to a minimum (Porsani et al., 2021). 
Consequently, the costs and CO2 emissions 
during operation can be minimized (Figure 1).  

Figure 1: m.o.o.con Lifecycle Costs (Herzog, 2018) 

The Architecture, Engineering, Construction and 
Operating (AECO) industry is still struggling to 
implement a continuous integral approach. 
Beside the just mentioned shortcomings, further 
challenges can be mentioned: 

Giel & Issa, 2016; Alfred Olatunji & Alfred, 2011 

• The fragmented contract structures of
the AECO industry complicate the digital
process

• Varying BIM expertise between the
project participants

• Lack of BIM expertise among building
operators and owners
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Ullah et al., 2019: 

• BIM benefits are not outweighing the
implementation costs

• Legal issues

• Data ownership issues

• Complexity of the BIM Model

• Interoperability between software tools

• Lack of standardized tools and protocols

Gao et al., 2019; Barlish & Sullivan, 2012; Azhar 
& Asce, 2011; Habibi, 2017; Pereira et al., 2021: 

• Reliable data during early design stage

• Question of responsibility for simulation

• Time pressure within the project

• Investment driven motivation instead of
ecological

have to be considered in near future to overcome 
current obstacles. 

With Building Information Modelling (BIM), a 
concept was introduced to ease an integral 
project approach. But the idea of all project 
information in a digital model, usable by every 
stakeholder of the project, has encountered 
some challenges and limitations. BIM tools are 
providing mostly all the necessary capabilities of 
enriching the 3D model with all necessary 
metadata. But first, required data must be 
compiled, based on the requirements of 
exchange, this information must be enriched 
within the BIM tool and then be exported without 
losing information, in a way that it is usable in 
other tools (e.g. energy simulation). Although 
gbXML and IFC are the most established open 
BIM formats for building data exchange with 
building energy tools, they still do not sufficiency 
meet the requirements of the complexity of AECO 
elements, like curved geometry (gbXML) or lack 
of depth in the representation of HVAC systems 
(IFC). While the IFC can be enriched with 
additional information and definitions, the risk of 
incompatibility with other tools rises. Also, most 
of the building energy simulation tools do not 
support IFC, which is another challenge to solve 
(Porsani et al., 2021). An additional issue is the 
definition of the level of detail for the parameter 
exchange (e.g. heat transfer coefficient), 
depending on the planning phase and thus the 
requirement for result accuracy. This kind of 
information is probably unknown within the early 
design stage, but early design optimization is 
crucial for later building energy performance. So, 
who takes the responsibility for early design 
calculation assumptions? Gathering all this 
exchange requirements and transferring them 
into the BIM tool is complex and time consuming. 

Methodology 

Semantics, crucial in linguistics and logic, 
focuses on the meaning of language and 
symbols, ensuring consistent interpretation 
(Ciccozzi et al., 2023). In the context of BIM and 
BEM, semantics plays a vital role in data 
exchange interoperability. It helps in correctly 
interpreting data across different systems, 
enhancing efficiency and accuracy, promoting a 
unified interpretation of meaning for improved 
interoperability in BIM and BEM. ClosedBIM API-
based simulations, such as Revit - Sefaira or a 
web-based platform (Biblus, BIMServer.center, 
BIMcollab), are more consistent and less error-
prone, while in the openBIM approach the use of 
the models and the associated information for 
further simulations is problematic. Although a 
closedBIM approach has the advantage of 
solving some interoperability problems through a 
standardized development environment, it is stiff 
and inflexible and forces project participants to 
work with a specific software. Also, it excludes 
companies if the software or know-how is not 
available, which is why the openBIM approach is 
being pursued in project XY. Although Revit is 
used as a BIM tool, the focus is on the correct 
mapping and transfer of information using IFC. 

To support openBIM data exchange and enable 
BIM2BEM workflows as well as tackle the 
challenges presented in the previous section, the 
following requirements have to be fulfilled: 

R1. Central management of parameters, which 
are part of exchange requirements. Enabling the 
definition of mapping information for different BIM 
and SIM tools for those parameters. Enabling the 
definition of default values for parameters, to 
facilitate meaningful simulations even in the early 
planning stages. 

R2. A simplified interface to these parameters 
that makes it possible to coordinate the 
parameters required for a specific BIM2BEM 
workflow. 

R3. Offering BIM tool support to enhance a model 
with the parameters necessary for a certain 
BIM2SIM workflow and offer mapping-
empowered export capability. 

R4. The ability to compare different simulation 
results in a standardized view to support a 
comparison of variants 

With BIMQ (BIMQ, 2024), there is a solution for 
organizing the exchange of requirements and 
transferring them to the BIM tool, but there is no 
link for mapping this information from the 
requirements database to the BIM tool and to the 
simulation tool. With the freeBIM Merkmalserver 
(freeBIM, 2024), a database was developed to 
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provide component information in a standardized 
way. However, there is no functional connection 
to tools from the AECO industry. 

To fulfill R1-R4, a combined web-based and BIM 
tool plugin toolchain has been developed in the 
research project BIM2BEM-Flow (Figure 2). It 
consists of two web-based applications as well as 
a BIM tool plugin. For this project, we’ve decided 
to focus on the BIM tool Revit, since it is one of 
the most widely used tools in the industry and, 
most importantly, used by our project partner. 
The first application, a web-based UI to create 
and coordinate parameters on a database, fulfills 
R1. Parameters can be defined in so-called 
libraries, by the usual attributes name, id, unit and 
description. Additionally, mapping information for 
specific simulation and BIM tools can be defined. 
Currently, this encapsulates different names for 
the same parameter in different tools but will be 
extended in future versions to include conversion 
logic for different units. Different sets of default 
values for parameters can be created and 
managed. This work is based on the preliminary 
work of the freeBIM Merkmalserver (Fröch et al., 
2019) 

To tackle R2, the Parameter Workflow Manager 
(PWM) application has been created. Workflows 
as a concept of defining specific exchange 
scenarios and responsibilities can be managed. 
By defining which BIM and which SIM tool is used 
in a workflow, relevant parameters on the 
database can be inferred. To enrich a BIM model 
with these relevant parameters and support the 
actual mapping to a format that can be usable 
with the chosen simulation tool (R3), a BIM tool 
plugin, called Revit Workflow Manager (RWM), 
has been created. With this information all 
necessary exchange requirements, based on a 
specific exchange scenario (workflow), can be 
created, including already all necessary 
information for the exchange. As an open 
exchange format, IFC was used for data 
exchange between BIM and SIM tool. 

Figure 2: BIM2BEM-Flow software components and 
relations between them 

Parameter database application (R1) 

The core of the concept lies in the correct 
definition of the properties and the mapping of 
those to BIM and SIM tools. Parameters as well 
as necessary adjacent entities (named groups of 
parameters, associations of groups to 
construction components) can be created and 
managed in a library. In general, a parameter is 
described by its name, id, description, unit, value 
type (list or single), data type, phase and use 
case (Fröch et al., 2019). Furthermore, it is 
possible to create default value sets to define 
default values for parameters. Most importantly, 
however, flexible mapping functionality is offered 
for all core entities. Properties and sets can be 
mapped to any target tool in any version. 
Naturally, mapping capability is also offered for 
construction components, to enable the match of 
construction components on the database to 
whatever structure and terminology is supported 
within a BIM tool (Figure 3). Whether there exists 
a mapping for a certain BIM and SIM tool, as well 
as parameter meta data, builds the base for the 
parameter inference mechanism of a workflow.  

Figure 3: Example of an IFC based construction 
component hierarchy, where the parameter group 
'PSet_Wall_ThermalReq' is associated with the 

construction component 'IfcWall'. The group contains 
three parameters 

PWM – Project Workflow Manager (R2) 

The PWM helps to define, document, and 
encapsulate the necessary BIM process 
information. It represents the collaborative nature 
of BIM by allowing the definition of projects where 
multiple stakeholder companies cooperate in. 
The respective project manager of each company 
determines which employees of the company are 
working on the project. For every project, multiple 
workflows can be defined, as multiple different 
kinds of simulations are likely to occur (e.g. 
energy, day, and artificial light, etc.). Workflows 
are a key concept in our approach to enable a 
BIM2SIM process: they model the exchange 
requirements within a project.  
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A workflow contains the following data: 

• Which company and employee are
responsible on the BIM side, which tool
is used

• Which company and employee are
responsible on the SIM side, which tool
is used

• Meta data: phase, use case (e.g. artificial
light simulation, heating energy demand,
etc.), parameter library and optional an
initial default set on the database

This data is used to determine what parameters 
on the database are relevant for which workflow, 
using inference. This algorithm works the 
following way: parameters of the chosen 
parameter library are relevant, if: 

1. They contain a mapping to the simulation
tool,

2. They are relevant for the chosen use
case.

RWM – Revit Workflow Manager (R3) 

The RWM is a Revit plugin, and it implements 
three main features: 

• Coordination of workflows and import of
parameters from the database
associated with those workflows

• Special support for editing those
parameters

• Export a valid IFC file for a workflow,
containing all relevant parameters,
mapping the parameters from their BIM
form to their SIM form

Figure 4: Schematic example of workflow and library 
coordination between database, PWM and RWM 

The RWM plugin is connected to the PWM, which 
is in turn connected to the database. To import a 
workflow into a model, the user must be 
authenticated first, and is then only able to edit 
workflows that they are responsible for as defined 
on the PWM. Considering the possibility that one 
or more workflows may have already been 
imported, each containing overlapping 
information, such as the shared usage of an 
exemplary window parameter PSI_WindowWall, 
the RWM consistently conducts check-ups and 

seeks user confirmation prior to any overwriting 
action (Figure 4). 

After a workflow has been imported, the values of 
its associated parameters can be set. This is 
currently implemented by a user choosing a 
workflow and a certain construction component, 
which will then display a list of parameters that 
are associated with this workflow and the chosen 
construction component. All values can either be 
set manually, or a default value set, which must 
be part of the library chosen for the workflow, can 
be used. This choice of value is stored in the 
background and can later be exported as a 
documentation IFC file of the model. 
Responsibility is clearly defined and documented 
by assigning workflows and the associated data 
to the logged-in user and change documentation. 
The user can choose to store the changes either 
simply for the chosen construction component, 
or, in order to increase usability, apply the made 
changes to a subset or all other construction 
components of the same type. 

Once all parameters associated with a workflow 
have been set, it is possible to export the model 
in the context of a workflow. This export triggers 
the mapping logic and exports the workflow 
parameters in a way that the chosen SIM tool can 
understand them. To help the user determine 
whether all parameters necessary for a workflow 
have been set, a simple version of a model 
checker has been implemented. Even though 
buildingSMART is offering a new validation 
format with the Information Delivery 
Specifications (IDS) (buildingSMART, 2024), it 
was decided to check the completeness of 
information within the Revit plugin, besides 
ensuring the correct export of the IFC, it also 
ensures the completeness of the BIM model 
itself. 

Mapping 

The BIM2BEM-Flow Project is focusing on 
energy simulations (heating, cooling, day- and 
artificial light). In this kind of BIM2BEM scenario, 
the exchange requirements, in this case 
represented by the necessary parameters, are 
determined by the simulation tool. Revit2DALEC 
(Miller et al., 2020) for example has an IFC 
import, for geometrical and alphanumerical 
information. To import the IFC, the parameters 
must be arranged within the IFC, as expected by 
the importer of Revit2DALEC. Revit2DALEC for 
example works with IFC entities (IfcProject, 
IfcBuilding, IfcSpace, IfcWindow, IfcCurtainWall, 
IfcWall, IfcRoof and IfcSlab). Within these entities 
parameters are arranged in property sets. 
Property name and property set name, and the 
unit must be correct.  
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Oftentimes, the parameters needed for a SIM tool 
are slightly different from their form in the BIM 
tool. These differences can be as simple as a 
different name (e.g "Frame_PSI" in the BIM tool 
to "F_PSI" in the SIM tool), or a bit more complex 
like a different unit. In order to run a valid 
BIM2BEM workflow, it is necessary to map 
parameters from their BIM form to their BEM 
form.  

This mapping information is stored centrally with 
all other parameter data within the database 
application. For every parameter, parameter 
group or even construction component, it is 
possible to define a mapping for certain 
parameter attributes like name in a certain tool 
(e.g. Database – HeatTransferCoefficient → 
Revit Wall – ThermalTransmissionCoefficient → 
IFC IfcWall – U-Value). 

Revit-specific mapping process 

The creation of parameters, mapping those 
parameters into Revit and the IFC export, several 
steps are necessary and depending on the 
requirements of Revit and the IFC. Within the 
database, parameters are assigned to parameter 
groups which are assigned to building elements. 
To ensure the import of parameters into Revit and 
the correct export into IFC, these building 
elements are connected to an IFC entity within 
the database. While importing the workflow and 
creating the parameters, the Revit IFC import 
options are queried (Figure 5). Within these 
options IFC entities are assigned to Revit building 
elements (BuiltInCategories). From the IFC entity 
assignment on the database and the Revit IFC 
import options, the import mapping is generated.  

Figure 5: Revit Import Options 

The correct export of the IFC is ensured by two 
parts. The first part is the Revit IFC export 
options, where the Revit building elements 
(BuiltInCategories) are assigned to IFC entities. 
The second part is the automatic creation of an 
IFC export user defined property sets text file, 
which is used for the definition of a specific IFC 
export (Figure 6). Inside this file property sets are 
named and assigned to IFC entities - as 
described before, IFC entities are connected to 
Revit BuildInCategories by the Revit IFC export 

options. This property sets are defined by 
mapping the Revit parameters to the export 
parameters and the definition of a data type. 

Figure 6: Revit IFC Export mapping definition file 

The procedure explained above, ensures a 
correct mapping from Revit parameter import to 
IFC export. The correct creation of parameters 
within Revit is secured by the definition of a 
measurement unit and the parameter type (type 
or instance) within the database. Also, if an 
existing Revit parameter should be used, the 
mapping must be registered on the database as 
well. 

Figure 7: database parameter: U-Wert 

The measurement unit is connected to the Revit 
API ParameterType. Using the Revit API, the 
database parameter can now be created within 
Revit. First, if a Revit parameter mapping exists 
(as shown in Figure 7, red box), there is no need 
for a new creation. Secondly, each parameter is 
tested if it already does exist from an earlier 
implementation. Thirdly, if the parameter does 
not exist, it is implemented as a new parameter. 
A parameter can be created as an instance or 
type parameter being an attribute of the 
BindingMap class. Also, the 
BuildInParameterGroup must be instantiated. 
Instantiation of the Definition attribute creates a 
SharedParameter (Figure 8), which is defined by 
Name, ParameterGroup and ParameterType 
(Figure 9). ParameterType is connected to the 
measurement unit of the database, and the 
parameter type of the database is connected to 
the BindingMap Instantiation as Instance or 
Type. 

Figure 8: Revit API BindingMap Class 
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Figure 9: Revit API SharedParameter Class 

Layer, roles and workflow 

One big challenge for a consistent digital 
planning process is the question of responsibility 
in the planning process. During the early design 
process, parameter values for energy simulations 
must be assigned based on an assumption. 
During this phase, it would be important to 
provide the architects with simple results from 
thermal simulations for a comparison of variants. 
Because of unclear responsibility, early design 
optimizations are not performed. BIM2BEM-Flow 
has several layers to clarify and document 
responsibilities (Figure 10).  

Each of this layer has a clear assignment of a role 
and will be introduced in the following sections. It 
is not intended to define new roles or change 
existing roles in BIM projects. Role names can be 
seen as a suggestion.  

PWM Layer 

At the beginning of a project, a BIM Project 
Manager (BPM) must define all stakeholders or 
participating companies of the project. These 
specifications can also be adapted during the 
course of the project.  A company is assigned 
with a Project Manager (PM). The PM lists all 
employees (E) involved in the project. Within the 
next steps a workflow must be defined. A 
workflow within this project is a clear definition of 
a use case scenario. A workflow defines the used 
BIM tool and the used simulation tool, as also the 
responsible company and person on both sites. 
Furthermore, the phase of a workflow must be set 
(e.g. concept design, detail design, final design) 
and the use case as well (e.g. artificial light 
simulation, heating energy demand). The 
parameter library must also be assigned; 
assigning a default value set is optional. New 
workflows are created by the requirements of the 
exchange. Each workflow is assigned with a PM. 
The PM than has the responsibility of defining 
those workflows.  

Database Layer 

Since a workflow is a definition of an exchange 
between BIM and simulation, it is dependent on 
a defined mapping from the database. For this 

reason, a database Manager (YM) is 
indispensable. There can be several YM, since a 
lot of workflows with different demands can be 
required. The YM creates new parameter 
libraries, which contain all information for an 
exchange from BIM to simulation. Also default 
value sets can be created and assigned to the 
mapping parameters. All this information is 
managed by the YM. Created libraries can be 
reused in another project, as this work is the most 
time consuming and the function of a workflow 
deeply relies on a correct mapping.  

RWM Layer 

As described, within a workflow a BIM and a 
simulation responsibility are ensured. The BIM 
person is responsible for the digital model and 
can only access workflows, which he/she has 
rights to. Importing those workflows into the BIM 
tool, parameters and defined default values are 
authorized by the database.  

IFC Layer 

Values not taken from default sets are 
documented during export, through a parameter 
documentation IFC file. With this concept, 
responsibilities are clearly defined and 
documented. This approach should encourage 
architects to run early design optimizations, since 
model enrichment and default parameter values 
are defined within the database.     

Figure 10: Layers and roles 

Simulation 

With the given workflow concept a specific IFC is 
exported. It contains all the necessary 
information to run the simulation for a specific use 
case. Within the BIM2BEM-Flow project two 
proof of concepts with Revit2DALEC (Werner et 
al., 2017), (Miller et al., 2020) and PHPP have 
been performed. The Revit2DALEC tool has a 
direct IFC import. PHPP works with an IFC 
converter bim2PH, converting the IFC into a 
PHPP readable format (*.ppp). Other tools like 
IDA ICE, EnergyPlus, DesignBuilder do not 
support a complete IFC import. Converting to IDF 
is essential for EnergyPlus compatibility. IDA ICE 
has an IFC import, but only for geometrical 
information (Porsani et al., 2021). Most import 
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options basically focus on geometrical 
information, not parameter data. 

Dashboard (R4) 

Mapping and the associated clean transfer of 
information from the BIM model to the simulation 
are the basis for running reliable simulations. 
However, complicated simulation tools and the 
associated complex presentation and 
interpretation of results pose fundamental 
challenges for architects, especially in the early 
planning phase, and prevent an early comparison 
of variants. As part of the BIM2BEM-Flow project, 
an energy dashboard is being developed that 
assigns the results to predefined result 
parameters on the basis of a CSV file and 
simplifies a comparison of variants by simply 
displaying the excess or shortfall. However, the 
energy target corridor dashboard is still under 
development and will not be completed until the 
end of the project in October 2024. 

Figure 11: Conceptual design of the dashboard 

Discussion and Summary 

With the given 4-layer concept of database, 
PWM, RWM and IFC, a tool chain has been 
developed to organize and structure exchange 
parameters from the project beginning to the 
design phase. Due to the nature of the tool chain, 
roles are assigned and create a clear hierarchy 
of responsibilities. The tool structure supports 
these roles and responsibilities with automation 
where possible, as well as a consistent 
documentation of information. At every stage of 
the project workflow, it is possible to trace the 
origin of information and identify the creator. 
Creating a library for the first time can be time 
consuming and challenging. To facilitate this 
process, a CSV import has been implemented. 
Additionally, architects don’t need to be 
concerned about model enrichment and 
parameter values, since it is all organized on the 
database before, and relevant parameters can be 
inferred via the PWM. With this approach various 

challenges identified in BIM literature (Gao et al., 
2019), (Sattler et al., 2019), (Kamel & Memari, 
2019), (Farzaneh et al., 2019) are addressed. 
The biggest shortcoming on parameter servers or 
parameter standardization efforts lies in the 
usability of the information. Often, parameter 
servers end up as unused information storages. 
Even if the server can import its data into BIM, no 
clear benefit for an openBIM simulation workflow 
is given, since no mapping information is defined. 
In the end, the digital model ends up as a data 
storage with a lot of unusable information. With a 
consistent definition of parameter mappings from 
server parameter to BIM parameter and further 
on to simulation parameter and the definition of 
all essential information during this process, a 
source is created, which is of benefit during the 
entire process. The project is still at an early 
stage of development and requires further testing 
and development. Further investigation is 
required to determine how information can be 
transformed during changing project phases 
without losing data and, at the same time, 
maintaining consistency. Although the tool chain 
is supporting and encouraging project 
stakeholders to aim for early design optimization, 
the challenges from the simulation tool side are 
still hard to overcome. Since it cannot be 
expected in near future, that software developers 
adapt to open standards as an import format, 
converting mechanisms must be developed to 
connect BIM and simulation tools in an openBIM 
approach. 
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