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Kurzfassung 

Zeit ist ein Schlüsselfaktor, um das Klimaziel der Europäischen Union, bis 2050 klimaneutral 

zu sein, zu erreichen (Climate Action 2023). In Österreich soll dieses Ziel bis 2040 erreicht 

werden (Österreich 2023). Die Verbesserung der Energieeffizienz von Gebäuden, die 

entweder neu errichtet oder renoviert werden, ist entscheidend, um CO2-Emissionen zu 

minimieren. Das Building Information Modeling (BIM) unterstützt diesen Prozess durch 

Digitalisierung. Open BIM ermöglicht die Erstellung eines Informationsmodells und dessen 

Übertragung durch Datenaustausch von Industry Foundation Classes (IFC) an die Building 

Performance Simulation Software. Mit diesem Workflow können Energieberechnungen 

innerhalb kurzer Zeit durchgeführt werden. 

Diese Arbeit zielt darauf ab, (i) den Workflow von BIM zum Building Energy Modelling (BEM) 

zu untersuchen, (ii) die Schwachstellen im Datenaustausch zu identifizieren und (iii) das 

Potenzial des Open BIM-Workflows für Gebäudesanierungskonzepte zu erkunden und deren 

ökologischen Auswirkungen zu bestimmen. 

Die Arbeit wird in zwei Phasen durchgeführt: Erstellung eines fiktiven Gebäudemodells mit der 

BIM-Software Revit, Übertragung an die BEM-Software IDA Indoor Climate and Energy 

(IDA ICE) für Energiesimulationen und Implementierung von Sanierungskonzepten zur 

Verbesserung der Energieeffizienz. Die Ergebnisse zeigen, dass Open BIM-Workflow den 

Sanierungsprozess erheblich beschleunigen kann, trotz einiger Herausforderungen während 

des Prozesses. Die implementierten Sanierungskonzepte zeigen signifikante Verbesserungen 

bei U-Werten, Energieverbrauch und CO2-Emissionen. Die spezifische Endenergienachfrage 

des renovierten Zustands mit Fernwärmeversorgung ist im Vergleich zum Bestandszustand 

um etwa 54,3 % gesunken (von 151 auf 70 kWh/m2a), und die CO2-Emissionen sanken um 

rund 68 % (von 41 auf 13,2 kg/m2a). Die spezifische Endenergienachfrage des renovierten 

Zustands mit einer Erdwärmepumpe ist um etwa 87,5 % reduziert (von 151 auf 19 kWh/m2a), 

und die CO2-Emissionen sanken um fast 80 % (von 41 auf 8,2 kg/m2a). 

Schlagwörter: open BIM, IFC, IDA ICE, Renovierungskonzept, CO2-Emissionen 

 



 

2 

Abstract 

Time is a key factor to achieve the European Union's climate goal of being climate-neutral 

by 2050 (Climate Action 2023). In Austria, this objective is set to be reached by 2040 

(Österreich 2023). Improving the energy efficiency of buildings that are either being 

constructed or renovated is crucial to minimize CO2 emissions. Building Information Modelling 

(BIM) assists in the acceleration of this procedure through digitalization. Open BIM allows the 

creation of an information model and its transfer through data exchange Industry Foundation 

Classes (IFC) to building performance simulation software. This workflow ensures that energy 

calculations are completed within a short period.  

This thesis aims at (i) investigating the workflow from BIM to Building Energy Modelling (BEM), 

(ii) identifying the weak points in data exchange, and (iii) exploring the potential of open BIM 

workflow for building renovation concepts and determining their ecological impact.   

The work is conducted in two stages: creating a fictional building model using BIM software 

Revit, transferring it to BEM software IDA ICE for energy simulations, and implementing 

renovation concepts to improve energy efficiency. The results demonstrate that open BIM 

workflow can extensively accelerate the renovation process, despite some challenges 

encountered during the process. The renovation concepts implemented in the work 

demonstrate significant improvements in U-values, energy consumption, and CO2 emissions.    

The specific final energy demand of renovated state with district heating energy supply 

decreased by approximately 54.3 % in comparison with unrefurbished state 

(from 151 to 70 kWh/m2a), and the CO2 emissions lessened by around 68 % 

(from  41  to  13.2  kg/m2a). The specific final energy demand of renovated state with a ground 

source heat pump is reduced by approximately 87.5 % (from 151 to 19 kWh/m2a), and the 

CO2  emissions decreased by almost 80 % (from 41 to 8.2 kg/m2a).   

Keywords: open BIM, IFC, IDA ICE, renovation concept, CO2 emissions 
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1 Introduction 

In the present era, one of the 17 global goals of humanity is the conservation of nature by 

taking urgent action to combat climate change and its effects (The Global Goals 2023). This 

aim has become critical because the human footprint in the amount of over 36.8 Gt (Gigatons) 

in 2022 (IEA 2023) is so massive and destructive that emergency measures are necessary to 

prevent irreversible ecological catastrophes. These actions include reducing or ideally 

eliminating the causes of environmental pollution.  

The building sector is one of the contributors to greenhouse gas emissions and ecological 

damage. The construction and operation of structures consume large amounts of energy, 

primarily derived from non-renewable sources, resulting in the emission of greenhouse gases 

and other pollutants. Residential buildings exploit substantial amounts of energy for lighting, 

heating, air conditioning, and the operation of household appliances. Moreover, the energy 

required to produce and transport building materials also contributes significantly to the 

sector's environmental footprint. The first steps towards an environmentally sustainable and 

less energy-consuming building sector require time-consuming analyses and thorough 

comprehension of interactions between climate effect and energy performance of existent 

buildings. That is why the building industry constantly faces challenges in different building 

renovation concepts. 

Aided by modern technologies of computer science, analysing construction energy 

performances became rapid. Using an open BIM workflow can significantly speed up the 

process of providing a complete and accurate representation of the building and its 

components, the ability to predict its energy performance under different scenarios as well as 

to define the climate influence. The assessment of these factors is essential to make informed 

decisions about building renovation projects and to ensure that the reconstructed buildings 

meet the required energy performance and environmental standards.  

1.1 Motivation 

As reported by the European Commission's climate goal in July 2021, the target is to reduce 

net greenhouse gas (GHG) emissions by 55 % by 2030, in comparison to the net GHG 

emissions recorded in 1990. By 2050, the long-term strategy is to make Europe the world's 

first climate-neutral continent (Bundesministerium für Klimaschutz, Umwelt, Energie, Mobilität, 

Innovation und Technologie 2021a).   

Fortunately, the building sector within the European Union (EU) has experienced a consistent 

decrease in greenhouse gas (GHG) emissions since 2005. This reduction rate amounts 

to 35 %, attributed to a reduction in electricity and heat consumption in buildings, as well as a 

shift away from fossil fuels (European Environment Agency 2022). This positive trend is 

associated with the implementation of stricter standards for new constructions and the 

adoption of innovative approaches to enhance energy efficiency through building renovations. 
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These measures have been developed to decarbonize the building sector and align with 

climate goals, and it is important that this downward course of GHG emissions continues in 

the future.  

Following the climate-neutrality policy of the European Commission, the Austrian federal 

government has established a determined goal of completing decarbonisation of the energy 

and economic sector by 2040 (Bundesministerium für Klimaschutz, Umwelt, Energie, Mobilität, 

Innovation und Technologie 2021b). This plan involves a complete transition away from gas-

generated energy usage. Similarly, Vienna City Government in accordance with the Austrian 

federal government aims to reach net zero GHG emissions by 2040 (City of Vienna 2022).   

However, to overcome the challenges and advance the progress towards emission reduction, 

a significant increase in the rate of building renovations is necessary. Indeed, the issue of 

renovation is of great importance in disconnecting gas from heat and electricity production. By 

reducing the heat consumption of buildings and by switching to renewable energy-based 

systems, net zero GHG emissions could be achieved.  

BIM is becoming increasingly important in the building sector. European Commission has been 

actively working on strategies for the development of digitalization in this sector. CEN 

Technical Committee 442 (CEN/TC 442), a European technical committee, was established in 

2015 to develop standardization and support in the field of building and construction 

(Joinup 2022).   

The use of BIM offers a wide range of advantages across the entire building lifecycle: planning, 

design, construction, and operation (Autodesk 2023). It enables collaboration, improves 

accuracy and efficiency, simplifies decision-making, reduces costs and waste, and provides a 

virtual representation of buildings for maintenance and operation. As a result, BIM has become 

an essential tool for the building sector, and its adoption has great potential in the future. 

Incorporating BIM into a bachelor thesis presents a compelling opportunity to explore and 

harness its potential benefits. 

1.2 Problem Statement 

In Central European cities like Vienna or Budapest, the buildings that need complete thermal 

renovation predominantly date back to the Gründerzeit era, which includes structures 

constructed before 1919. In Vienna specifically, residential dwellings from this period constitute 

the largest portion at 28.1 % of the total housing stock. Buildings constructed between 1961 

and 1970 hold the second-largest share at 13 %, while those built between 2001 and 2010 

represent the smallest proportion at 5.9 % (STATISTIK AUSTRIA 2023).  

Vienna had approximately 440,000 gas-heated apartments out of a total of 926,000 in 2020 

(Statista 2022). While the dependence on gas had been slowly declining, the urgency to reduce 

gas usage has accelerated this downward trend. Therefore, the focus has shifted to building 

renovation and research on urban renovation techniques coupled with the integration of 

renewable energy sources. Thus, these topics have become high-priority areas of concern. 
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The majority of Gründerzeit buildings rely on gas for heating. Consequently, the development 

of renovation concepts utilizing renewable energy sources has gained significant attention. To 

regulate these concepts, renovation standards have been established for energy-inefficient 

buildings. The Austrian Institute for Construction Engineering (OIB) issues these standards in 

the form of guidelines that inform construction engineering regulations in Austria. 

Conduction of renovation by implementing an open BIM workflow in the building sector meets 

several challenges. Among the main obstacles, the lack of standardization and interoperability 

issues are concerned. Despite efforts to standardize BIM processes and protocols, there is still 

an absence of consistency in the way different countries, organizations, and professionals use 

BIM. Different software programs and platforms used in BIM may not be fully compatible with 

one another, leading to difficulties in exchanging information and collaborating on projects.   

Currently, the Austria Institute of Technology (AIT) in close cooperation with other institutions, 

is realizing a project on enhancing the digitalization of the construction industry in Austria. 

Establishing BIM parameters for building materials and simplifying the integration of BIM into 

the construction sector are aimed to develop a clear framework in this field (ZAB 

Zukunftsagentur Bau GmbH 2023). 

1.3 Research Question  

Given the above-mentioned challenges, the research work aims to address the following 

scientific question: 

How can an open BIM workflow, incorporating a validated building simulation model based on 

a typical Wilhelminian-style (Gründerzeit) building in Vienna with different renovation variants, 

accelerate the process of comparing the energy performance of the variants and their climate 

impact? 

1.4 Definition of Objectives  

The main goal of the bachelor thesis is to investigate the potential of using an open BIM-based 

workflow in the renovation process. This includes:  

− Investigating the workflow from BIM to BEM and spotting the weak points in the data 

exchange process.  

− Providing a comprehensive representation of the building and its systems.  

− Comparison of different renovation variants by using the same building simulation 

model.  

− Giving real-time feedback on the energy performance and climate impact of the 

building, based on the data generated by the simulation model.  

To come to the point, the aim is to show that an open BIM workflow simplifies and accelerates 

the analysis of variants and thus improves the efficiency of building renovation.   
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The thesis does not intend to develop a new building simulation model or BIM software. The 

focus is on the integration of existing tools and the optimization of the workflow for the specific 

task of comparing and assessing the energy performance and climate impact of different 

renovation concepts. The thesis also does not aim to provide complete solutions, but rather to 

contribute to the advancement of knowledge in this field and to identify areas for further 

research.  

1.5 Methodology 

The methodology for the thesis includes a literature review of existing research on the use of 

BIM and simulation tools in the assessment of energy performance and climate impact. To 

realize the BIM-based workflow, the following steps have to be conducted:  

− Developing a building model based on typical Wilhelminian-style (Gründerzeit) building 

features in Vienna, incorporating data such as building geometry, materials, and energy 

system. The model is designed in the BIM authoring software Autodesk Revit.   

− Transferring the building model using IFC.   

− Defining renovation concepts according to OIB standards with different changes to the 

building envelope and energy systems.   

− Running simulations in the building performance simulation (BPS) software IDA ICE to 

create different variants of refurbishment.   

− Evaluating the results of the simulation and using them to assess the potential benefits 

of each renovation variant.  

− Discuss the advantages and limitations of using an open BIM workflow in the renovation 

process of the buildings.   

1.6 Expected Results 

It is expected that the results of this bachelor thesis will provide valuable insights into the 

practical implementation of an open BIM workflow integrating a building simulation model in 

the assessment of energy performance and climate impact of renovation concepts. The work 

is supposed to demonstrate the potential of this approach for improving the efficiency and 

effectiveness of building performance estimations.   
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2 Theoretical Basics  

Workflow, in a general view, refers to the process of activities that are undertaken to complete 

a particular task or achieve a specific goal used in projects in different fields. These activities 

typically include stages of planning, execution, evaluation, and optimization of a project. 

Therefore, the meaning of any workflow is to execute a project according to plan, estimate 

whether the objectives are achieved, and identify any areas for improvement.  

2.1 BIM Workflow  

To increase efficiency and accuracy in the construction sector, BIM workflows are of high 

importance. They are aimed at eliminating errors and delays as well as enabling stakeholders 

(architects, engineers, or facility managers) to make more informed decisions based on 

accurate and up-to-date information. Thus, the main task of the workflow can be solved by 

allowing multiple users to access and modify the same model and supporting real-time 

communication and collaboration among team members.  

From a practical point of view, BIM workflows can be divided into three main stages: design, 

construction, operations, and maintenance. During the design stage, architects, engineers, 

and other stakeholders use BIM software to create 3D models of the building or structure. 

These models include information on the physical and functional properties of the building, 

such as dimensions, materials, and equipment. In the construction stage, BIM software is used 

to plan and coordinate the different activities involved in the construction process. This includes 

scheduling tasks, tracking progress, and managing resources such as materials, equipment, 

and personnel. Once the building or structure is completed, BIM software can be used to 

manage its ongoing operations and maintenance. This includes tracking maintenance 

schedules, monitoring energy usage, and managing repairs and upgrades (Autodesk 2023a). 

In terms of application and interaction BIM workflow is divided into two types: closed and open. 

A closed BIM workflow involves using a single software platform to create and manage the 

BIM data. This means that all stakeholders use the same software to collaborate and share 

information. It ensures consistency and accuracy in the BIM data. Closed BIM workflows may 

also offer greater control over access to the BIM data, as all users are within the same system. 

On the other hand, an open BIM workflow involves using multiple software products from 

different participants to create and manage the BIM data. This means that different 

stakeholders can use the software products that best fit their needs and expertise, and the BIM 

data can be shared across different platforms using standardized file formats such as IFC. 

Open BIM workflows can offer greater flexibility and interoperability, as they allow stakeholders 

to use the software products that work best for them, rather than being limited to a single 

platform (BIMpedia 2023). 
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The advantages and disadvantages of these two workflows are depicted in Figure 1. 

  

Figure 1: Closed BIM vs. Open BIM Workflow (Source: own representation).  

In general, larger and more complex projects may benefit from an open BIM workflow, while 

smaller projects may be more suited to a closed workflow. It is important to note that both 

closed and open BIM workflows require careful planning and management to ensure that the 

BIM data is accurate, consistent, and up-to-date and that all stakeholders are able to effectively 

collaborate and share information. 
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2.2 Open BIM Workflow 

Open BIM workflows can enable the exchange of data between different software applications, 

including BIM and BEM software presented in Figure 2.  

 

Figure 2: Open BIM Workflow (Source: own representation). 

Transferring data from BIM to BEM is conducted by following the listed steps:  

Model Creation (BIM Software – Autodesk Revit) 

The first step is creating a BIM model of the building. The BIM model should include all the 

necessary information on the building's geometry, materials, and systems. In this bachelor’s 

thesis, it is done by using the BIM software Autodesk Revit. The application is developed in 

2000 by an American multinational software corporation Autodesk, Inc. It is widely used in the 

architecture, engineering, and construction (AEC) industries for creating and managing digital 

representations of buildings and structures. Revit also allows adding detailed information such 

as materials, lighting, and HVAC (heating, ventilation, and air conditioning) systems (Autodesk 

2023b).  

File Export (IFC file) 

The BIM model can be exported in a standard file format such as IFC that can be read by BEM 

software. The IFC file should include all the necessary data for energy analysis. 

IFC stands for Industry Foundation Classes, which is an open file format used in the building 

industry for exchanging digital information between different software applications, ensuring 

that information is consistent and up to date throughout the building process. IFC is developed 

by the buildingSMART international organization, which is a global alliance of building industry 
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professionals who aim to improve the efficiency and sustainability of the construction industry 

through the use of open standards. 

IFC files contain information about building elements such as walls, floors, doors, windows, 

and HVAC systems, as well as metadata such as material types, quantities, and properties. 

This information can be used for a range of purposes, such as cost estimation, energy analysis, 

clash detection, and construction planning. 

Overall, IFC is a key component of the BIM workflow, enabling interoperability between 

different software applications and promoting collaboration and efficiency in the building 

industry (buildingSMART Technical 2023). 

BEM Import (BEM Software – IDA ICE) 

The IFC file is imported into a BEM software application called IDA Indoor Climate and Energy 

(IDA ICE) which will use the data from the BIM model to perform energy analysis and 

simulation.  

IDA ICE is a building performance simulation software developed by the Swedish company 

EQUA Simulation AB in 1998. It is used to simulate and analyze the energy consumption and 

indoor climate of buildings. 

The features and capabilities of IDA ICE include a detailed building simulation model that takes 

into account various building components such as walls, roofs, windows, doors, and HVAC 

systems. It allows for performing energy analysis of buildings, including thermal comfort, 

energy consumption, and carbon footprint analysis. IDA ICE also includes optimization tools 

that allow designers and engineers to identify the most energy-efficient design and operation 

strategies for buildings. The software can simulate and evaluate indoor climate conditions, 

including temperature, humidity, and air quality. Moreover, IDA ICE allows for the simulation 

of various renewable energy systems, including photovoltaic panels, wind turbines, and 

geothermal systems. Thus, IDA ICE is a powerful software tool that enables designers and 

engineers to optimize building energy performance and reduce energy consumption and 

carbon emissions. The results of the analysis can be used to identify opportunities for energy 

savings and optimization (EQUA 2023). 

All in all, open BIM workflows can enable effective data exchange between BIM and BEM 

software applications, allowing for more accurate and detailed energy analysis of buildings.  

2.3 General Renovation Solutions of Gründerzeit-

buildings  

The first half of the 19th century in Central Europe witnessed significant industrial 

development, leading to the emergence of the Gründerzeit era, spanning from the 1840s to 

1918. During this period, Vienna experienced rapid growth in building construction (Wiener 

Stadt- und Landesarchiv 2022). 
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The Gründerzeit-buildings, including numerous rental apartments, mansions, museums, and 

banks, exemplify the architectural style of the Gründerzeit period. 

Table 1 illustrates the distinctive construction components, with their features and problems, 

that indicate buildings from the Gründerzeit era. (Werner Architekten 216; BauNetz; Die 

Deutsche Digitale Bibliothek 2008; e7 2012, Stadt Wien 2014). 

Table 1: Typical features of Gründerzeit-buildings (Source: Dioszegi, M.,2022, Semester Project) 

General information 

• Four- to six-story building 

• Large apartments, spacious rooms 

• Room height up to 4 m 

• Luxuriously decorated front façade 

• Plain, plastered back façade 

Components Material Dimension 
U-value 

W/(m2K) 
Problem 

Exterior walls

 

solid brick 

masonry 

Limestone/ 

sandstone 

slab (to 

prevent 

moisture) 

wall 

thickness 

basement 

and ground 

floor 50-90 

cm,  

top floor 30-

40 cm 

1.8-2.0 
• Dilapidated façade 

(cracks, hollow areas, 

chipping) 

• Poor sound insulation 

• No/poor thermal 

insulation 

• moisture damage, lack of 

waterproofing  

Upper floors  

 

wooden 

beamed 

ceilings 

 0.95-1.2  
• Risk of pest infection  

Basement 

floor  

 

vault, cap 

concrete 

ceiling with 

steel beams 

 
• cold floor 

• moisture damage in the 

basement and plinth area 

• risk of corrosion  

Roof Mansard or 

gable type,  

Wooden 

frame, clay 

tiles 

 1.0 – 3.0 
• Old defective roof 

covering 

• Insufficient heat 

protection 

Windows Wooden 

frame, box-

 2.5 – 4.5 
• Frame damage 
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type single 

simple 

glazing 

windows  

• Insufficient sound 

protection  

• Insufficient heat 

protection  

Other 

features 

Craftmanship 

of railings, 

stoves, 

stucco, 

doors, floors 

  
• High decoration costs 

Energy 

supply  

individual 

stove heaters 

gas heating   

Primary energy demand 

• approx. 170–

300 kWh/(m2a) 

Heating demand 

approx. 150–200 

kWh/(m2a) 

Building services engineering: 

• Technically outdated 

•  high carbon-emitted 

Energy Performance Certificate 

(EPC): 

• Class E (ÖNORM H 5055 

Energieausweis für 

Gebäude) 

 

The target of each building renovation is to enhance performance, according to renovation 

guidelines and safety requirements. The actions mean improving energy efficiency, carbon 

neutrality, functionality, and comfort. The identified issues presented in Table 1 require a 

comprehensive plan and coordinated efforts to address them. The application of energy 

efficiency measures includes upgrading the energy efficiency class from E to A (as per 

OIB- RL 6) by reducing thermal heat demand through insulation of walls, roofs, and 

basements, and replacing windows and doors. Building services modifications involve 

transitioning from gas to renewable energy sources (such as solar, wind, bio-, hydro-, and 

geothermal energy), HVAC improvements, and upgrading water supply and sewage systems. 

Additionally, measures to eliminate humidity include thermal insulation, waterproofing, and 

ventilation. Acoustic insulation, restoration of façades and decorative elements, and upgrading 

electrical systems with new wiring, sockets, and switches are also necessary components of 

the renovation process. 

 

 
 

 

https://de.wikipedia.org/wiki/%C3%96NORM_H_5055
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3 Practical Part  

Practical chapter of the thesis introduces the open BIM workflow. In the first phase, a model of 

the Gründerzeit-building is created in Revit. Afterwards, the model is transferred to IDA ICE 

with the help of an IFC file. In the final step, the model is simulated, and consequently, a 

renovation concept is defined to improve the energy performance of the building.   

3.1 BIM Model in Revit Autodesk  

The hypothetical test building, modeled in Revit and shown in Figure 3, is located in Vienna, 

Austria. It represents the buildings that were constructed during the Gründerzeit era between 

the 1840s and 1918. The main entrance of the model is facing south and directs to a public 

street, the back entrance stands facing north to the back yard, the west and the east sides are 

adjacent to the neighbouring buildings.  

Front south façade

 

 

Back north façade

 

Orientation 
South           main entrance  

North            back entrance  

West/East     attached to the neighboring buildings  

Measurements 
Length          20,400 m 

Width           12,400 m 

Gross area   1,570.7 m2 

Net area       1,104.2 m2 

Floors 
Basement 

1 Ground floor – 4,000 m 

4 Floors- 3,100 m 

Figure 3: Hypothetical test Gründerzeit-building (Source: Revit Autodesk – own representation)  

Based on collected data of typical Gründerzeit-buildings, provided in Table 1, the test building 

has the following measurements: length 20,400 m and width 12,400 m. It consists of a 
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foundation, a basement, a ground floor with a ceiling height of 4,000 m, four floors with a ceiling 

height of 3,100 m, and a roof.  

Table 2 demonstrates the Revit floor plans of the ground floor and four floors of the building. 

The rentable/net floor area (NFA) 1,104.2 m2  includes measurements of all living space, 

excluding the roof and the basement, whilst the gross floor area (GFA) 1,570.7 m2  includes all 

the floors. 

The ground floor comprises one entrance hall with an area of 114 m2 and two storage rooms 

with an area of 55 m2. There are three flats on each floor. The floor consists of one studio flat 

(30 m2), one one-bedroom flat (75 m2), and one two-bedroom flat (94 m2). Each flat has a 

WC/Bathroom with an area of 3/6/9 m2 respectively.  

Table 2: Floor Plans (Source: Revit Autodesk – own representation).  

 

Ground floor:  

Entrance hall 

2 Storage rooms  

 

Floor:  

1 Studio (30 m2): 

Room, WC/Bathroom 

1 One-bedroom flat 

(75 m2): Room, 

Kitchen, WC/Bathroom 

1 Two-bedroom flat 

(94 m2):    2 Rooms, 

Kitchen, WC/Bathroom  
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To obtain information that is necessary for planning, energy modeling, and simulation, the 

location and the space parameters are to be considered. The boundaries of the rooms which 

represent spaces within a building are specified in Revit. Defining names (Room, Kitchen, 

WC/Bathroom, Stairs, Storage room, Entrance Hall), their area and the corresponding 

numbers are assigned to each room/space and floor level.  

The expected number of occupants is specified for each room, according to the average living 

space in square metres per person for municipal housing in Vienna (STATISTIK AUSTRIA 

2022). Thereby, a studio (30 m2) is occupied by 1 person, a one-bedroom flat (75 m2) – by 

2 persons and a two-bedroom flat (94 m2) by 3 persons. WC/bathroom, stairs, entrance hall 

and storage rooms are not occupied, as are usually unheated and uncooled spaces that are 

only used for short periods of time. The defined parameters, such as a level, an area, a room 

name and its occupancy are presented in Figure 4.  

 

Figure 4: Room Schedule for a Model 

(Source: Revit Autodesk – own 

representation). 

 

To model the construction elements of a building envelope, namely external and internal walls, 

basement walls, slabs, a roof and windows as well as to identify the material in the 

Unrefurbished state of the test building, the data of the research, demonstrated in Table 1 

“Typical features of Gründerzeit-buildings” was used. The data has been analysed, developed 

and shown in Table 3.  



 

17 

Table 3: Construction components of the unrefurbished state (Source: Revit Autodesk – own 

representation).  

Building envelope construction components of unrefurbished 

state 

Roof The roof has a slope of 30 ° and consists of clay roof tiles, an air layer, 

building paper and timber (wooden planks) of 25 cm.  

The building element constitutes 65 cm. 

The U-value accounts for 2.5595 [W/m²K]. 

 

External 

walls 

The external walls consist of solid bricks.  

The wall thickness varies, from the basement walls measuring 60 to the top 

floors measuring 30 cm.  

The side walls are attached to the adjacent walls. 

The average width of a building element without plastering (4 cm) 

constitutes 35 cm.  

The U-value accounts for 1.376 [W/m²K].  

 

Internal 

walls 

The internal wall consists of 2,5 cm of plaster from both sides and 10 cm of 

brick. 

The U-value accounts for 1.762 [W/m²K]. 

 

Windows The windows measuring 1100 x 1500 mm have a single glazing with a 

thickness of 24 mm and a wood frame.  

The U-value accounts for 5.562 [W/m²K] U-value.   

  

Basement 

walls 

The walls consist of 15 cm limestone and a solid stone with a width of 44 cm.  

The building element constitutes 59 cm. 

The U-value is 4.915 [W/m²K].  
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Slab 

towards 

ground  

The ground touched floor consists of 25 cm of concrete. 

The U-value accounts for 4.184 [W/m²K]. 

 

Internal 

floor 

The internal floors consist of two layers of timber (12 cm each), 10 cm of 

concrete with screed, and 6 cm of oak flooring. 

The building element constitutes 40 cm. 

The U-value accounts for 0.1 [W/m²K]. 

 

 

3.2 IFC - Data Exchange Format  

Transferring the model from BIM software Revit Autodesk into BEM software IDA ICE is done 

using IFC - the file format for data exchange. Creating an IFC file in Revit is important because 

it enables to share of BIM data with other project participants who use different software 

applications. By applying IFC files, project partakers avoid the need to manually re-create BIM 

models or data in different software applications, which can be time-consuming and error-

prone. 

IFC transfer is accomplished using an IFC file, which contains the BIM data in a standardized 

format that can be read by another software application that supports IFC. The process of IFC 

transfer, shown in Figure 5, involves firstly exporting the BIM data from Revit in the IFC format, 

afterwards transferring the IFC file and lastly importing the IFC file into the new software 

application IDA ICE to access the BIM data. 
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IFC File 

Export from 

Revit 

 

IFC File 

Import into 

IDA ICE 

Figure 5: IFC Transfer Process (Source: Revit Autodesk, IDA ICE, own representation).  

As it is displayed in Figure 5, the construction BIM data of the model is successfully transferred, 

including the external and internal building geometry, such as a basement, walls, a roof, 

windows, and doors. 

3.2.1  IFC Mapping  

IDA ICE can read IFC files that contain building geometry, thermal properties, and other 

relevant data. Once the model is imported into IDA ICE, the parameters have to be mapped.  

IFC Mapping in IDA ICE is a process of defining the relationships between building elements 

and their properties in BIM, using the IFC file, specifically for the IDA ICE software application. 

It involves mapping the specific elements and properties of a BIM model in Revit to their 

corresponding entities and attributes used in the IDA ICE energy model for energy 

performance simulations. This process involves defining the building envelope, HVAC 

systems, lighting, and other building systems and components (EQUA 2018). 
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Mapping in IFC includes the following categories: 

Materials  

The first step to be done is to map materials. Mapping materials in IDA ICE involves assigning 

specific material properties to building elements in the model. The material properties include 

parameters that affect the energy performance of the building such as thermal conductivity, 

density and specific heat. The IDA ICE software includes a library of predefined material 

properties for commonly used building materials, such as concrete, steel, and glass.  

It is important to note that the transfer of data between Revit and IDA ICE is not always 

accurate and comprehensive. There may be some data loss or errors in the process. 

As it is illustrated in Table 4, the materials like Brick, Concrete, Render, Stone and Wood are 

mapped with IDA ICE resources, loaded from the database. Other materials like Limestone, 

Plaster and Roofing are not presented in IDA ICE default library. The option to import from IFC 

does not work, as there are no parameters data available. The solution is to create a new 

resource for missing materials with appropriate properties, like thermal conductivity, density 

and specific heat.  

Table 4: Material Mapping (Source: IDA ICE, own representation). 

 

Available materials in IDA ICE database 

 

Brick 

Concrete 

Render 

Stone 

Wood 

 

Undefined material parameters in the IFC file 
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New material creation 

 

Limestone 

Plaster 

Roofing  
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Constructions  

Construction mapping involves assigning the correct construction and material properties to 

each building element to accurately represent the building's thermal performance. This 

includes specifying the thickness, density, thermal conductivity, and other thermal properties 

of each material layer in the construction.  

Once the materials are mapped to IDA ICE resources, the constructions, namely the roof, 

basement, external and internal walls, external and internal floors as well as the slab towards 

the ground are imported from IFC and mapped in one click. The construction contains all layers 

(materials), their thickness as well as the total thickness of the construction and u-value which 

is slightly less than in Revit.  Table 5 presents the information on construction mapping.  

Table 5: Construction Mapping (Source: IDA ICE, own representation). 

Available constructions in IFC  

 

Roof 

Walls:  

Basement 

External 

Internal  

Internal Partition 

Slab towards 

ground  

  

Available construction components in IFC file 
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Windows  

Windows mapping from IFC data to IDA ICE resources is not successful, for the reason that 

only the names with measurements of the elements are presented in IFC data. It means that 

new window properties such as size, orientation, frame type, glazing type, shading devices, 

and air leakage have to be created and imported into the library. Table 6 demonstrates the 

error in IFC data and the creation of new two-pane glazing windows with 910 mm x 2000 mm 

and 1100 mm x 1500 mm measurements.  

Table 6: Windows Mapping (Source: IDA ICE, own representation). 

Unavailable constructions in IFC  

 

Windows  

New construction creation 

 

Windows:  

910 x 2000 

1100 x 1500 
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Openings 

There are no data regarding openings. Although doors are physically present on all levels and 

rooms in imported CAD data. Therefore, the geometry of doors is created as new resources. 

The measurements for the entrance door are defined with 1600 mm x 2700 mm, flat doors 

1200 mm x 2400 mm and doors between the room 700 mm x 2000 mm measurements. Table 7 

shows missing information in IFC data and newly created doors in the model.  

Table 7: Openings Mapping (Source: IDA ICE, own representation). 

Unavailable openings in IFC  

 

Openings/Doors  

New construction creation 

 

Doors:  

Entrance 

1600 x 2700 

Flat 

1200 x 2400 

Partition 

700 x 2000 
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Spaces 

Space mapping in IDA ICE represents the process of creating a virtual representation of a 

building's internal spaces, including their layout, dimensions, and other crucial properties that 

affect energy performance. 

As it is depicted in Table 8, IFC data contains all the spaces/rooms with corresponding names, 

levels and numbers in a list. The difficulty occurred with mapping, as IDA ICE resource does 

not contain main information, namely the setting for the zone, required to proceed with any 

simulation. The zone has only elements of constructions available. Hence, all information such 

as internal gains or temperatures must be entered manually.  

Table 8: Spaces Mapping (Source: IDA ICE, own representation). 

Spaces in IFC  

 

Spaces/Zones  

 

3.3 Preliminary Conclusion 

Mapping from IFC to IDA ICE involves translating the building information stored in IFC format 

into the IDA ICE format. While this process can be automated using software, there is a 

potential for errors due to differences in the data structures, terminology, and modeling 

assumptions between the two formats. 

Some common errors that occur during the mapping process 

include: 

Inaccurate geometry 

In cases, when the model, which is provided in Revit initially has mistakes, the wrong geometry 

of the building elements is translated into IDA ICE model, resulting in errors in the virtual 
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building's shape and zone creation. In Figure 6 it is visible that the walls are not connected to 

each other, therefore zoning is also formed not accurately. 

  

Figure 6: Geometry Error (Source: IDA ICE). 

Incomplete or inconsistent data 

The data in the IFC model can be incomplete and inconsistent, consequently, it is not possible 

to accurately map the data to the IDA ICE format. In this case, there are no data parameters 

for some materials, or the materials are not presented in the database.  The windows geometry 

is not available, the openings are absent, and the space data are empty.  

Differences in terminology 

IDA ICE and IFC may use different terminology to describe building elements and properties, 

which can lead to confusion and errors during the mapping process. For instance, material 

“Plaster” is mapped with earlier created “Altputz” which was available in the database of IDA 

ICE. 

Assumptions and simplifications 

 IDA ICE and IFC may make different assumptions and simplifications in their models, which 

can lead to differences and errors when mapping between the two formats. For example, the 

u-value of some constructions significantly differ in two formats. In IDA ICE it is much less than 

in Revit.  

Positive aspects during the mapping process are the following: 

Building geometry 

The IFC model is successfully transferred into IDA ICE, that includes the external and internal 

building geometry, such as walls, a roof, windows, and doors. The boundaries of the zones 

with their names, levels and numbers are also obtainable. 

Thermal properties 

The thermal properties of building materials, such as thermal conductivity, specific heat 

capacity, and density are presented in available materials.  

Table 9 demonstrates the positive and negative outlooks of mapping process and suggests 

short-term solutions for the problems.  
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Table 9: General Overview of Mapping Process in IDA ICE (Source: own presentation). 

 Positive Obstacles 
Solution  

(short-term) 

 IFC IDA ICE 

Materials 

All materials1 

names 

with properties 

- 

 

Some of 

materials not 

available 

Manually create 

material 

properties  

     

Construction 
Constructions  

with parameters  
- 

Slightly different 

 u-value 
Corrections  

     

Windows 
All names and 

measurements  

No geometry 

or data 

parameters  

 
Manually create 

windows 

     

Openings  
Visually presented 

in IFC model 

No geometry 

or data 

parameters  

No 

measurements  

Manually create 

doors 

     

Spaces 

-List of all 

spaces/rooms with 

constructions  

-Visually presented 

in IFC Model 

IFC export of 

spaces2 does 

not work 

No data 

available 

Manually create 

zones with 

settings  

To put it simply, the main difficulties lay in data transmission.  

The short-term solutions are the manual creation of missing data and making assumptions 

about absent information in order to continue with the mapping process.  

The long-term solution could be developing special software tools which could perform the 

information transfer of all missing elements or settings.  

In summary, to minimize errors during the mapping process, it is important to carefully review 

and validate the data in both the IFC and IDA ICE models and to ensure that any differences 

or discrepancies are resolved before the energy simulation is conducted.  

 

 

 
1 Refers only to the workflow, conducted in this bachelor thesis. 

2 Occupancy, temperature setpoints, lighting, equipment.  
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3.4 BEM Model in IDA ICE 

Simulation in IDA ICE represents the process of using the IDA ICE software to create a digital 

model of a building and simulate its energy use, including heating and cooling energy 

consumption, indoor air quality and climate conditions or thermal comfort.  

To perform a simulation in IDA ICE, inputs expressed in the following data must be provided 

appropriately:  

Building model 

The digital model of the building is transferred with the help of IFC. The data that could be 

identified, are mapped as shown in Figure 7. This includes the building's geometry: IFC 3D 

Model, levels, zones, windows and openings, construction elements and materials (see 

Appendix). Shading buildings with a height of 12 and 15 meters are set on the south and north 

sides. The external walls of buildings on the west and east sides ignore heat transmission and 

are adiabatic for the reason that the neighboring building has the same temperature. Total 

envelope losses of thermal bridges comprise 0.2 W/m²K.   

Floor plan (zones, windows, doors) 3D Model 

 

 

Figure 7: Model Data (Source: IDA ICE). 

Climate data 

Vienna is chosen as a location of the model as well as a synthetic climate data profile of this 

region. The list of Austrian holidays was created as it changes the schedule on these specific 

days.   

Internal gains  

Internal gains are essential to consider when simulating the thermal performance of a building 

in IDA ICE. They refer to the amount of heat generated by the occupants, lighting, and 

appliances within the building and therefore have a significant impact on the indoor 

temperature, humidity, and overall energy consumption of the building. 



 

29 

- Occupancy data 

As it is depicted in Table 10, there are 3 persons two-bedroom flat (defined by “Room 1, 

Room 2, Kitchen); 2 persons in a one-bedroom flat (Room, Kitchen) and 1 person in studio 

(Studio).  In WC/Bathroom, Entrance Hall, Storage Rooms, Basement, Stairs and Attic 

occupants are absent.  Activity level (M Faizal et al. 2010), is set up at 1.2 MET, that refers to 

light activity. The clothing is in the range of light-warm outfit and is prescribed at 

0.85- 0.25 Clo3. The schedule for the present occupants is taken from the default.  

Table 10: Occupancy Data (Source: IDA ICE). 

 

Zone name 

Number of occupants 

Activity level 

Schedule  

 

House living schedule  

(Occupants are absent 

from 8 a.m. till 3-5 p.m.) 

 

 

 

 
3 Measure of clothes thermal insulation 
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- Equipment/Lighting data  

The equipment and light are defined for the zones according to usage. The information 

regarding elements and their schedules is demonstrated in Table 11.  

A washing machine is installed in the WC/Bathroom with a power of 2500 W and working time 

only on Saturdays for one hour and thirty minutes. One LED bulb light with 13 W power, 

12 lm/W luminous efficacy is chosen for the room. It is switched on four times a day for five 

minutes.  

For zones with rooms and a kitchen, the following pieces of equipment are installed:  a 

refrigerator with 25 W power and scheduled “Always on”, an oven with 3500 W and switching 

on time three days a week for one hour and thirty minutes, a laptop with 45 W once a day for 

one hour and a TV set with 100 W switched on once a day for two hours.  

Table 11: Equipment/Lighting data (Source: IDA ICE). 

Zones Schedules 

WC/Bathroom: 

Wash machine 

LED Bulb

 

Wash machine

 

Light

 

Two-bedroom-flat: 

Oven 

Refrigerator 

TV 

Laptop 

LED Bulb

 

Oven

 

Laptop/TV 
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The number of LED bulbs varies for different flat types. Rooms in a two-bedroom flat include 

9 bulbs, rooms in a one-bedroom flat have7 bulbs and the studio room has 3 bulbs. Light in 

the rooms is defined by the house living profile.  

Windows/Openings  

A schedule for windows is formed to let the zones air three times a day for fifteen minutes 

during the whole week. The door’s schedule is also set for opening and entering three times a 

day for fifteen minutes. WC/Bathroom doors open according to the WC/Bathroom light 

schedule. The visual information is presented in Table 12. 

Table 12: Windows and Openings (Source: IDA ICE).  

 

 

 

Thermal comfort criteria 

Thermal setting in IDA ICE is a key input for achieving accurate simulation results. The thermal 

setting includes the heat set point and the cool set point that are used to control the indoor 

temperature of a building. These are the points when the temperatures at which the heating or 

cooling systems turn on and start to warm up or cool down the indoor air. The set points are 

adjusted, as it is shown in Table 13, according to regulations for room temperature 

recommendations  (Standards 2023) to meet energy efficiency and comfort goals. As there is 

no cooling in unrefurbished state, the cool set point for all zones is + 50 °C. The heat set point 

for entrance hall, storage rooms and stairs is + 10 °C, for rooms and a kitchen + 20 °C, for 

WC/Bathroom + 24 °C. The basement and the attic are considered as unheated zones.  
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Table 13: Zone setpoints (Source: IDA ICE). 

 

 

Basement/attic -100 °C 

Entrance Hall 

 

+ 10 °C 

Storage Room 

 

+ 10 °C 

Stairs 

 

+ 10 °C 

Room 

 

+ 20 °C 

Kitchen 

 

+ 20 °C 

WC/Bathroom + 24 °C 

 

As soon as all required settings are conducted, the BEM model is ready to be simulated. All in 

all, the workflow is not fully automated and requires manual effort. The elements and settings 

that are manually created are as follows:  

- Materials (Limestone, plaster, roofing) 

- Windows/doors parameters 

- Shading  

- Thermal bridges 

- Location/Climate data  

- Austrian holidays profile  

- Internal gains (Occupancy, Lighting, Equipment (Refrigerator, Oven, TV, Laptop, 

Wash machine) 

- Schedules (Windows, Doors, Equipment, Light) 

- Heat/Cool set points 
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3.4.1 Simulation (Unrefurbished Building – Natural Gas) 

Once the BIM model is transferred using IFC data exchange file and the essential settings are 

adjusted, the energy simulation can begin. The simulation data is fixed as a dynamic startup, 

within 31 days and maximum timestep of 0.25 hours. Based on these inputs, the energy model 

calculates the energy consumption and other performance metrics for the entire building. The 

requested output is total heating diagrams of the building, main temperatures and heat balance 

of zones.  

The simulation is executed from 01.01.2023 to 31.12.2023. As a result, the energy report, 

including graphs and tables that illustrate the building´s energy performance over a year is 

generated.  

In IDA ICE, the space heating energy demand including domestic hot water is simulated for 

the geographical place located in Europe, Austria Vienna. The simulation is conducted for 4 

floors with 12 apartments, as it is presented in Table 5.  There are no power producers for 

warm water and heating available except of natural gas for this building. The COP (Coefficient 

of Performance) of a gas boiler comprises 0.9, that is not a very efficient rating. The calculated 

heat demand and specific heat demand are 169,438.8 [kWh] and 108 [kWh/m2a] respectively. 

This is the amount of heat energy per square meter of gross floor area, required to maintain a 

comfortable indoor temperature, set in all zones of the building. The number refers to the 

energy category D according to ÖNORM H 5055 Energieausweis für Gebäude, where D≤150 

presents an old, non-renovated building. This value excludes domestic hot water load.  

Table 14: Data for Unrefurbished State Simulation (Source: own representation)  

Building data 

 Length – 20.4 m, width – 12.4 m, height – 4/3.1 m 

Unheated basement 

Ground floor  

4 residential floors 

Unheated attic  

Net living area 1,104.2 m2 

Gross floor area 1,570.7 m2 

U-value average is 1.88 [W/m²K]  

Energy category D 

Energy producer Natural gas Gas boiler (COP) 0.9 

Heat demand [kWh] 169,439 

Specific heat demand [kWh/m2a] 1084 

Envelope & Thermal bridges losses [kWh] 176,379 

 

 
4 Divided by GFA (1,507.7 m2) 
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One of the key factors that affects the energy performance of the building and its ability to 

maintain comfortable indoor temperatures is envelope transmission. It refers to the rate at 

which heat flows through the building envelope (the walls, roof, windows, and doors) that 

separate the interior and exterior environments. Based on the u-value of each component of 

the building envelope and the area of each component, the envelope transmission is calculated 

during the simulation and presented in Figure 8. The total amount of heat loss through the 

envelope is 176,379 [kWh]. As it is illustrated in the figure, the main causes of heat loss are 

external walls and windows. The next sources are thermal bridges and the roof. The lower 

values go to floors and doors.  

 

 

 

Figure 8: Envelope transmission of unrefurbished state (Source: IDA ICE). 
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3.5 Renovation Concepts OIB-RL 65 

Insulation is one of the most essential aspects of any renovation concept as it plays a crucial 

role in reducing energy consumption and improving indoor comfort. The guideline OIB-RL 6 

(Österreichisches Institut für Bautechnik 2023) prescribes improving insulation in various parts 

of the building envelope, including the roof, walls, and floors. 

Thermal insulation involves the application of materials to protect areas within a building, 

including floors, walls, roofs, and foundations. There is a wide range of insulation materials 

available, which contribute to creating a comfortable indoor environment by providing warmth 

in winter and coolness during hot seasons. Thermal insulation helps safeguard the building 

from moisture infiltration, aids in reducing external noise and protect from fire. These factors 

are crucial considerations when selecting suitable thermal insulation.  

To conduct the thermal insulation of the building envelope components, the relevant values 

from guidelines OIB-RL 6 are considered and the results are presented in Table 15. 

Table 15: Construction components of the renovated state (Source: IDA ICE – own representation). 

Building envelope components of renovated state 

 

Roof 

The roof is insulated using a 20 cm mineral thermal insulation panel. This 

panel, typically made of mineral wool or mineral fiber material, is installed to 

provide effective insulation and thermal protection for the roof. The 20 cm 

thickness ensures a sufficient layer of insulation to prevent heat loss and 

improve energy efficiency in the building. By installing this type of insulation, 

the roof effectively retains heat during colder months and maintains a 

comfortable indoor temperature. 

The parameters for the material mineral wool are created manually: 

o Thermal conductivity: 0.035 W/mK 

o Density: 150 kg/m3 

o Specific heat: 800 J/kgK 

Thus, the building element constitutes 37.5 cm. 

The U-value accounts for 0.158 [W/m²K]. 

 
5 Minimum requirements 
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External 

walls 

For external walls insulation, a 20 cm mineral thermal insulation panel is 

utilized. This panel is composed of mineral wool or mineral fiber material 

and is installed on the outer surface of the walls to enhance insulation and 

thermal performance. By applying a 20 cm thick insulation layer, the external 

walls can effectively minimize heat transfer, improve energy efficiency, and 

contribute to maintaining a comfortable indoor environment. The mineral 

thermal insulation panel acts as a barrier, reducing thermal bridging and 

preventing heat loss from the building's exterior walls. This insulation 

solution helps to create a well-insulated and energy-efficient building 

envelope.  

Thus, the building element constitutes 55 cm without the plastering. 

The U-value accounts for 0.152 [W/m²K].  

 

Internal 

walls 

Internal walls can affect the distribution of temperature within a building and 

can impact the overall energy performance of a building. For example, 

internal walls can affect the rate of heat transfer between rooms, and they 

can also impact the amount of solar radiation that enters a room. 
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In thermal simulations, internal walls are typically modelled as heat transfer 

surfaces with specific properties, such as thermal conductivity and heat 

capacity. These properties are used to calculate the rate of heat transfer 

between the surfaces and the surrounding air. 

Nevertheless, for the energy consumption calculation, the internal walls are 

not changed. 

 

Windows During the window renovation process, the existing glazing of the windows 

measuring 1100x1500 mm and 910x2000 mm was replaced with new 

glazing of the same size but with improved U-value.  

The windows have 1.1 [W/m²K] U-value.   

 

 

Basement 

walls 

Insulation of basement walls towards the ground improves energy 

efficiency, increases comfort, and reduces moisture infiltration. Insulation 

also helps to prevent the formation of mold and mildew, which can be a 

health hazard in damp and poorly ventilated basements. 

As an insulation material, rigid foam insulation with a width of 20 cm, also 

known as EPS or beadboard is chosen. It is moisture-resistant, fire-

resistant, and has a high R-value (a measure of thermal resistance). 

The building element constitutes 75 cm. 

The U-value accounts for 0.147 [W/m²K].  
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Slab 

towards 

ground  

The ground touched floor insulation is 20 cm of EPS. 

The U-value accounts for 0.148 [W/m²K]. 

 

Internal 

floor 

The internal floors are not changed, as they may contribute a smaller portion 

of the overall heat loss compared to other surfaces such as the external 

floors, walls or the roof. However, it is important to include them in the 

calculation to ensure that the heat demand is accurately estimated and that 

the building is properly designed and insulated for energy efficiency. 

 

External 

floor 

External floor involves adding insulation materials to the exterior of the floor, 

in the form of rigid foam panels, which are then covered with a protective 

layer. 

Firstly, it helps to reduce heat loss from the building. Secondly, it assists to 

prevent the formation of cold spots and dampness in the floors, which can 

be a problem in older or poorly insulated buildings. 

Rigid foam Insulation with a width of 20 cm is added to the external floor.  

The width of the external floor is 45 cm. 

The U-value accounts for 0.147 [W/m²K]. 
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Insulating the building envelope components in the test building has led to considerable 

improvements in the building's performance parameters. The components now meet the 

energy class standards of OIB-RL 6, with all u-values for the insulated components also 

corresponding to these requirements. 

Data in Table 15 supports the conclusion that thermal insulation is the primary and most 

effective way to enhance building efficiency. This is achieved through improved U-values, 

higher-quality materials that increase the durability of structural components, and lower energy 

costs. 

The second crucial aspect of the renovation concept is to consider the building's energy source 

and make necessary changes to improve its energy efficiency. Changing the energy source is 

important for several reasons. Firstly, the use of non-renewable energy sources such as fossil 

fuels (gas in the unrefurbished state) contributes significantly to greenhouse gas emissions, 

which have been identified as the primary cause of global climate change. By switching to 

renewable energy sources such as solar, wind, or hydro power, the building's carbon footprint 

can be reduced, and its environmental impact minimized. Secondly, changing the energy 

source can reduce the building's operating costs. Renewable energy sources can be cost-

competitive with fossil fuels and therefore cheaper.  

The renovation concepts perform 2 Variants with different energy sources. The sources are 

chosen according to their availability in the city of Vienna and good energetic performances. 

Variant 1 uses district heating and Variant 2 employs a geothermal heat pump.  

3.5.1 Simulation 1 (Renovated State–District Heating) 

Following the insulation of the components and changing the windows, which resulted in better 

u-values of the building envelope, with the district heating as an energy producer, is decided 

to conduct the simulation in IDA ICE for Variant 1.   

District heating in Vienna is provided by Wien Energie. The company operates a vast network 

of district heating pipes that distribute heat from a range of sources, non-renewable and 

renewable, including biomass, geothermal energy, and waste heat, to households throughout 
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Vienna. Wien Energie is committed to providing sustainable and environmentally friendly 

energy solutions to the city.  

The district heating system includes the heat source (a power plant), the distribution network, 

and the consumer part (a heat exchanger). As a heat exchanger in buildings is the end-use 

equipment of the system, its efficiency value is taken into consideration.  

Typical thermal efficiency of the heat exchanger is almost 100 percent, except for a very little 

amount of heat loss of less than 1% (Industrial Manufacturing Blog | linquip 2021). Thus, it can 

be concluded that district heating efficiency comprises which is a rather good indicator for 

providing heat.  To simulate Variant 1 in IDA ICE, generator efficiencies for heating and DHW 

are set with COP 1. 

The data for Renovated state with district heating is demonstrated in Table 16. After 

renovation, the envelope and thermal bridges transmission of a building has a very low 

indicator of 19,979 [kWh] due to improved insulation and upgraded windows and doors. These 

implemented energy-efficient measures reduce heat loss. Consequently, the calculated heat 

demand and specific heat demand are 67,961 [kWh] and 43.3 [kWh/m2a]. The specific heat 

demand figure represents the energy category B according to ÖNORM H 5055 

Energieausweis für Gebäude, where B≤ 50 corresponds to low-energy houses without DHW. 

Table 16: Data for Renovated State Simulation 1 (own representation) 

Building data 

 Length – 20.4 m, width – 12.4 m, height – 4/3.1 m 

Unheated basement 

Ground floor  

4 residential floors 

Unheated attic  

Net living area 1,104.2 m2 

Gross floor area 1,570.7 m2 

U-value average is 0.265 [W/m²K]  

Energy category B 

Energy producer 
District 

heating 

 A heat exchanger 

(COP) 
1 

Heat demand [kWh] 67,961 

Specific heat demand [kWh/m2a] 43.3 

Envelope & Thermal bridges losses [kWh] 36,323 

As it is illustrated in Figure 9, transmission heat loss through the building consists of 

36,323 [kWh]. The major causes of heat loss are windows and external walls. The next sources 

are thermal bridges and the roof. The least segment goes to floors and doors.  
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Figure 9: Renovated State Envelope Transmission (Source: IDA ICE). 

 

3.5.2 Simulation 2 (Renovated State – Heat Pump) 

The second Variant is simulated with a renewable energy source. A geothermal heat pump is 

chosen for this purpose, because of its high efficiency. The COP of the selected heat pump 

is 4.2.  This means that for every unit of electricity used to power the heat pump, 4.2 units of 

heat energy can be extracted from the ground. This can result in significant energy savings 

compared to heating systems in Unrefurbished state, supplied with gas and Renovated state 
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Variant 1, supplied with district heating. This value is set for generator efficiency for heating, 

cooling and DHW to perform a thermal energy simulation in IDA ICE.  

In Vienna, the use of geothermal energy for heating and cooling is also supported by the city's 

government, which assists new and renovated buildings to be connected to the district heating 

network where feasible. Moreover, geothermal heat pumps can be used as a decentralized 

heating and cooling solution in buildings.  

One more decisive reason for implementing geothermal energy is that geothermal heat pumps 

can provide cooling. In the cooling period, the heat pump can extract heat from the building 

and transfer it to the cooler ground source, running cooling for the building. The same 

underground loop system used for heating can be used for cooling, making geothermal heat 

pumps a versatile solution for both heating and cooling needs. 

The energy performances, displayed in Table 17, have the same heating demand and 

envelope and thermal bridges losses as in Variant 1 (see Table 16 and Figure 9). The specific 

cool demand is 9.7 [kWh/m2 a]. The renovated building has energy category B.   

Table 17: Data for Renovated State Simulation 2 (own representation) 

Building data 

 Length – 20.4 m, width – 12,4 m, height – 4/3.1 m 

Unheated basement 

Ground floor  

4 residential floors 

Unheated attic  

Net living area 1,104.2 m2 

Gross floor area 1,570.7 m2 

U-value average is 0.265 [W/m²K]  

Energy category B 

Energy producer Geothermal heat pump   (COP) 4.2 

Heat demand [kWh] 67,961 

Specific heat demand [kWh/m2a] 43.3 

Specific cool demand [kWh/m2a] 9.7 

Envelope & Thermal bridges losses [kWh] 36,323 
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3.6 CO2 Emissions 

Calculating CO2 emissions during building renovations is a critical step in reducing a building's 

environmental impact, improving energy efficiency, and ensuring compliance with regulations. 

With this procedure, the problematic areas, where carbon footprint must be reduced, can be 

identified. As a result, such reduction contributes to suspend climate change.  

To calculate the CO2 combustion product, the Formula (1) is used:  

where: 

CO2 – Carbon dioxide emissions 

EEB- Delivered energy [kWh], a German abbreviation for: Endenergiebedarf 

fCO2 - Carbon intensity conversion factor [kg/kWh] 

The values used for conversion factors are taken from OIB-RL 6 and estimated using the data 

from the energy supplier.  

Table 18: Conversion Factors (Source: OIB RL 6/2019). 

 

1. Unrefurbished state – Natural Gas (Energy source)  
 

CO2 Emissions (natural gas) = 151 [kWh/m2a] x 0.247 [kg/kWh] + 

17 [kWh/m2a] x 0.227 [kg/kWh] = 41 [kg/m2a] 

 

2. Renovated State – Variant 1 – District Heating (Energy source) 
 

CO2 Emissions (district heating) _OIB RL 6= 70 [kWh/m2a] x 0.022 [kg/kWh] + 

3.9 [kg/m2a] = 5.4 [kg/m2a] 

CO2 = EEB * fCO2                                   (1) 

Energy source fco2 [kg/kWh] 

Natural gas 0.247 

District heating 0.022 

Electricity 0.227 

Waste heat  0.022 

Biomass 0.017 
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The district heating in Vienna comes from the combined heat and power plants. The conversion 

factor for district heating is calculated considering the fact that half of Vienna's district heating 

is produced with natural gas and half of it with waste heat, biomass and geothermal heat (Wien 

Energie 2023).  

Thus, the calculation is made in the following order, as stated in Formula (2) and gives the 

average value of fco2:  

District heating fco2= (Natural gas fco2 + ((Waste heat fco2 + Biomass fco2)/2))/2 

District heating fco2= (0.247+((0.022+0.017)/2))/2=0.133 [kg/kWh] 

              (2) 

CO2 Emissions (district heating) _WienEnergie_calculated = 70 [kWh/m2a] x 
0.133 [kg/kWh] + 3.9 [kg/m2a] = 13.2 [kg/m2a] 

 

3. Renovated State – Variant 2 – Geothermal Heat Pump - Electricity (Energy source) 
 

A geothermal heat pump requires an electrical energy source to power its components. As 

there is no on-site renewable energy source, such as solar panels, the electrical energy is 

provided by Wien Energie.  

CO2 Emissions (geothermal heat pump) = 19 [kWh/m2a] x 0.227 kg/kWh + 3.9 
[kg/m2a] = 8.2 [kg/m2a] 
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4 Analyses 

In the course of the thesis work, two stages are performed to investigate and demonstrate the 

impact of using open BIM workflow on the speed and quality of renovation concepts.   

4.1 Stage 1 – Open BIM Workflow  

In the first stage, depicted in Figure 10, a fictional building model is created using BIM Software 

Revit. This involves creating a 3D model of the building, adding elements such as walls, floors, 

doors, windows and assigning data to each element (constructional and/or thermal 

parameters). Once the model is completed, it is exported to the IFC file format that allows a 

BIM model to be shared between different software platforms. The IFC file is then imported 

into BEM Software IDA ICE, where it is used for energy simulations and analysis. 

 

 

 
 

 

 

 

 

 

 

  

Figure 10: Open BIM workflow (Source: own representation). 

During this process, the building geometry, constructional elements, their measurements and 

materials they consist of, as well as the spaces are transferred into IDA ICE.  

Despite the benefits of transferring a BIM model from Revit to IDA ICE via IFC, there are some 

difficulties encountered during the process. The main challenges are loss of data and 

incompatible data. When exporting a model to IFC, some data is missing or changed during 

the conversion process. This results in errors or inconsistencies when the model is imported 
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into IDA ICE. For instance, the U-values of some constructional components differ in Revit and 

IDA ICE.  

Another problem is that different software platforms use different data formats or standards, 

which can make it difficult to transfer data between them. For example, the materials have 

different names in software tools used in this workflow, meaning that materials mapping is 

approximated.  

Also, essential data for thermal simulation, such as internal gains (occupancy, lighting, 

equipment) and temperature setpoints are not transferred from Revit into IDA ICE via IFC file. 

The obstacle can lie in the standard parameters or properties in the IFC data model, which 

may not be mapped to corresponding parameters or properties in the IFC schema. All in all, 

the transfer of a BIM model from Revit to IDA ICE via IFC is a complex process that requires 

careful attention to detail to ensure that the data is transferred accurately and without errors.  

There are several positive aspects in transferring a BIM model between different software tools 

via IFC files. Using an open standard like IFC allows collaboration between different file formats 

and various BIM software tools. Another positive aspect is that open BIM workflow enables 

advanced energy analysis and simulation capabilities, which can help identify opportunities for 

energy savings and improve the overall sustainability of the building. In summary, the open 

BIM workflow has proven to be an effective approach to accelerate the renovation concepts 

from Revit to IDA ICE. 

4.2  Stage 2 – Renovation Concepts 

In the second stage, the following steps, aiming at improving the energy efficiency of a building 

by reducing its energy consumption, are conducted:  

    4.2.1 Simulation of Unrefurbished building  

To perform a simulation of the Unrefurbished state to determine its condition, performance, 

and potential for improvement., some of the parameters had to be corrected and added. It 

relates to building orientation, building envelope (some materials, and thermal properties of 

the walls, roof, floors, windows, and doors), energy sources, temperature setpoints, lighting 

systems, occupancy and equipment (the number of occupants/equipment, their activities, and 

schedules), weather conditions (local climate, including temperature, humidity, solar radiation, 

and wind speed and direction. 

    4.2.2 Implementation and Simulation of Renovation Concepts 

The first step is reducing heat loss by insulating the building envelope. 

The roof, external walls, basement walls, the external floor and the slab towards the ground 

are insulated. The chosen insulation materials are: 

- Mineral thermal insulation panel – the roof and external walls 
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- Rigid foam insulation (EPS-expanded polystyrene) – basement walls, the external floor, 

the slab towards the ground 

The materials have good thermal insulation properties, thermal conductivity of both materials 

is almost the same (λ=0.031(EPS)/0.032(Mineral wool)-0.040 [W/mK]).  

Mineral thermal insulation panels are chosen for the walls because they provide good fire and 

sound resistance. They are made from natural materials and are generally considered to be 

environmentally friendly. The choice of EPS foam insulation is explained by its high resistance 

to humidity that can help prevent mold growth and moisture damage in buildings.  

The second step is upgrading windows. 

The windows glazing is replaced from single to double glazed units with low-emissivity frames.  

The next measure is improving thermal bridging. 

Manual improvements of thermal bridging from poor state to good state are conducted in IDA 

ICE. These measures have significantly lowered the U-values of all building envelope 

components after renovation in accordance with OIB-RL 6 minimum required standards. The 

results are demonstrated in Table 19. 

Table 19: Comparison table of U-values of all variants [W/m²K] (Source: own representation) 

 
6 Minimum requirements (Source: OIB-RL 6, April 2019, p.23-24) 

Building 

envelope 

components 

(Unrefurbished state) (Renovated state) 
U-values 

(OIB-RL 6)6 

U-values 

[W/m²K] 

Thickness 

[m] 

U-values 

[W/m²K] 

Thickness 

[m] 
 

Roof 2.50 0.1 0.158 0.38 0.20 

External walls 1.46 0.3 0.15 0.59 0.35 

Internal 

walls 
1.95 0.4 1.762 0.2 - 

Basement wall 

towards 

ground 

4.14 0.25 0.147 0.75 0.40 

Internal 

floor 
1.95 0.4 0.4378 0.4 - 

External 

floor 
3.17 0.21 0.147 0.45 0.40 

Slab towards 

ground 
4.37 0.1 0.148 0.45 0.40 

Windows 5.8  1.1  1.4 

Average U-value 1.88  0.26   
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The most substantial improvements can be seen in the roof, which had a U-value of 

2.5 [W/m²K] in the unrefurbished state but was reduced to 0.158 [W/m²K] after renovation, the 

basement wall towards the ground, with the U-value being reduced from 4.14 [W/m²K] to 

0.147 [W/m²K].  Similarly, the U-values of the slab towards the ground and the external floor 

were also significantly decreased after renovation. The U-value of the windows was lowered 

from 5.8 [W/m²K] in the unrefurbished state to 1.1 [W/m²K] in the renovated state. 

It is also worth noting that the U-values are determined not only by the thickness of the 

insulation, which is increased, but also by the factors such as the thermal conductivity of the 

materials used, the air tightness of the building envelope, and the thermal bridges. 

The next activity is to upgrade a heating system. 

The heating system has been changed into a more efficient heating systems, from natural gas 

to district heating in Variant 1 and a geothermal heat pump in Variant 2. 

    4.3 Calculation of CO2 Emissions 

The reduction of heat demand, achieved through a combination of above-listed measures, 

decreased CO2 emissions.  

 

The results of renovation concepts are presented in Table 20 and therefore can be analysed:  

1. The energy category of the building has improved from D (≤150 [kWh/m2a]) in 

Unrefurbished state to B (≤50 [kWh/m2 a]) in the Renovated state. That means, that the 

energy efficiency is upgraded, and the building is considered low-energy, according to 

the value.   

2. Average U-value of the Renovated state (0.265 [W/m²K]) is 7 times lower compared to 

the Unrefurbished state (1.88 [W/m²K]). This indicates better insulation, thermal 

bridging, and lower air tightness.  

3. Following the aim of Austria to be independent of oil, gas and coal till 2040 and the 

program “Out of Gas”, the heat supplier was replaced from natural gas in the 

Unrefurbished state to a district heating and heat pump in the Renovated state. This 

results in having a more efficient and sustainable heat source, which has greater 

energy output due to better COP and significantly reduce carbon emissions.  
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Unrefurbished State 

_Natural Gas 

Renovated State 

_District Heating 

Renovated State 

_Electricity 

Energy Category D7 B8 B 

Average U-value [W/m²K] 1.88 0.2647 0.2647 

Heat supplier  Natural gas District heating 
Ground source 

heat pump 

COP 0.9 1 4.2 

Used 

energy  

 

Heat demand 

[kWh] 
169,439 67,961 67,961 

Specific heat 

demand 

[kWh/m2a] 

108 43.3 43.3 

Cooling demand 

[kWh] 
- - 15,239 

Specific cooling 

demand [kWh/m2a] 
- - 9.7 

Domestic hot water  

[kWh] 
32,353 32,353 32,353 

Specific domestic 

hot water 

[kWh/m2a] 

20.6 20.6 20.6 

Losses 

Distribution losses 

in heating/cooling 

[kWh] 

6,775 2,718 2,836 

Distribution losses 

DHW circuit [kWh] 
6,880 6,880   6,880 

Energy 

demand 

Energy demand 

[kWh] 
215,446 109,900 125,269 

Specific energy 

demand   

[kWh/m2a] 

137 70 79.8 

Delivered 

energy 

 

 

 

 

 

Cooling [kWh] - - 2,924 

Heating9 [kWh] 237,810  109,900 26,89510 

Specific final 

energy demand 

[kWh/m2a] 

151 70 19 

Equipment 19,704 19,704 19,704 

Lighting [kWh] 6,836 6,836 6,836 
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4. Specific heat demand, required to heat the building to defined zone temperatures per 

unit of floor area per year has decreased from 108 [kWh/m2a] to 43.3 [kWh/m2a]. The 

comparison of three Variants of heat demand, domestic hot water and cooling is 

displayed in Figure 11.  

 

Model 1 – Unrefurbished State – energy 

source (natural gas) 

Model 2 – Renovated State – energy source   

(district heating) 

Model 3 – Renovated State – energy source   

(geothermal heat pump) 

 Heating 

 DHW 

 Cooling 
 

Figure 11: Comparison of Three Variants (Source: IDA ICE, own representation) 

 

7 OIB-RL 6 (D≤ 150 – old, non-renovated building, without DHW) 

8 OIB-RL 6 (B≤ 50 – low-energy house without DHW) 

9 With losses (9,715 [kWh/m2 a]) 

10 With losses (2,313 [kWh/m2 a] (9,715.7 /4.2)) 

 

 

Delivered 

energy  

  

 

 Unrefurbished State 

_Natural Gas 

Renovated State 

_District Heating 

Renovated State 

_Electricity 

Specific domestic 

electricity 

demand  

[kWh/m2a] 

17 17 17 

Total final energy 

demand 
264,353 136,440 56,359 

Total specific  168 87 36 

Envelope & Thermal bridges 

losses [kWh] 
176,379 36,323 19,979 

CO2 Emissions [kg/m2a] 41 5.4 /13.2 8.2 

Table 20: Energy Results of Renovation Concepts (Source: own representation).  
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According to Klimaaktiv criteria catalogue 2020 (klimaaktiv 2023), which covers 

aspects of sustainable building, including energy and supply, minimum OIB-RL 6 

requirements for specific heating demand for renovations with the compactness of the 

building is: HWB from 28 kWh/m² (A/V ≤ 0,2) till 44 kWh/m² (A/V ≥ 0,8).  

The compactness of the building is calculated with Formula (3): 

 

A

V
=

1,505.8 𝑚2

4,678.8 𝑚3
= 0.3218

𝑚2

𝑚3 
                                      (3) 

 

The specific heat demand value is calculated by linear interpolation with Formula (4):  

𝑦 = 𝑦1 +
𝑦2 − 𝑦1

𝑥2 − 𝑥1
∗ (𝑥 − 𝑥1) 

 

𝑦 = 28 +
44 − 28

0.8 − 0.2
∗ (0.3218 − 0.2) = 30 [kWh/m2a]   

(4) 

 

The specific heat demand of 43.3 [kWh/m2a] does not fulfill the requirements of 

30 [kWh/m2a], meaning that in practical case during the examination, the building could 

not get the OIB points in the energy and supply sector and must improve its energy 

performance.  

5. The specific final energy demand, indicating the amount of energy required to meet the 

building's energy demand per unit area per year, in this instance takes into account the 

energy consumed by the building for heating, cooling, domestic hot water, lighting, and 

equipment. 

The values given in the table, demonstrate that the specific final energy demand for the 

building when using gas as fuel is 151 [kWh/m2a], while it is reduced to 70 [kWh/m2a] 

and 19 [kWh/m2a] when using district heating and ground source heat pump, 

respectively. 

This reduction is due to the fact that district heating and ground source heat pumps use 

only or partly renewable energy sources, resulting in lower energy consumption.  

6. The values of CO2 emissions shown in the table indicate the level of the ecological 

aspect of the building. 

The Unrefurbished state with gas supply has the highest number at 41 [kg/m2a]. This 

is because burning natural gas produces a significant amount of CO2 emissions. 

The Renovated state with a district heating energy supply has a lower CO2 emission 

rate in theory, at 5.4 [kg/m2a]. In reality, however, the CO2 emission rate is higher, at 

13.2 [kg/m2a]. This is because district heating systems are operated by a mix of 

different energy sources, and some of these sources produce more CO2 emissions 

than others. 
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The Renovated state with the ground heat pump has the lowest rate of CO2 emissions, 

at 8.2 [kg/m2a]. This is because ground heat pumps use renewable energy from the 

ground to heat and cool buildings and for operation use less energy in the form of 

electricity, making it a more environmentally friendly option. 
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5 Conclusion  

Based on the findings of this bachelor thesis, it can be concluded that the use of an open BIM 

workflow can significantly improve the speed and quality of renovation concepts.  The thesis 

is executed in two stages, the first stage consists of involving the creation of a fictional building 

model using BIM software Revit and its transfer to BEM software IDA ICE for energy 

simulations and analysis. The second stage involved the implementation of renovation 

concepts to improve the energy efficiency of the building by reducing its energy consumption. 

In the first stage, the open BIM workflow has proven to be an effective approach in accelerating 

the renovation concepts from Revit to IDA ICE. Although some challenges were encountered 

during the process, the benefits of using an open standard like IFC and the advanced energy 

analysis capabilities provided by the workflow outweighed the difficulties. 

In the second stage, the implementation of renovation concepts demonstrated energy 

efficiency improvement of the building. The simulation of the unrefurbished building with gas 

supply shows that upgrading is necessary in the building envelope, windows, thermal bridging, 

and heating system. After the renovation, substantial improvements are achieved in the U-

values of building envelope components in accordance with OIB-RL 6 minimum required 

standards, with reductions ranging from 84 % to 97 %. The improvements are accomplished 

by insulating the building envelope, upgrading windows, improving thermal bridging, and 

upgrading the heating system. The renovation has also resulted in a 56.4 % reduction in the 

annual heating energy consumption of the building. The total energy consumption was reduced 

by 28.6 %. The reduction in energy consumption also resulted in a decrease in CO2 emissions, 

with a 37.2 % reduction in the annual CO2 emissions of the building. 

To summarize, the results of this thesis demonstrate the potential of using open BIM workflows 

and renovation concepts to improve the energy efficiency and sustainability of buildings. These 

findings can be used by architects, engineers, and building owners to make informed decisions 

about building renovations and contribute to a more sustainable built environment. 
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Appendix: Construction Elements Unrefurbished State 
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