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Kurzfassung 
Die vorliegende Semesterarbeit untersucht den Bestandszustand, insbesondere die 
energetische Leistung eines Gründerzeitgebäudes. Dementsprechend werden auf Basis der 
Ergebnisse vier Sanierungskonzepte für dieses entwickelt. Die Arbeit konzentriert sich auf die 
Wärmedämmung der Gebäudehüllenbauteile nach zwei Energiestandards, OIB-RL 6 
(Österreichisches Institut für Bautechnik Richtlinie 6) und EnerPhit (Energiestandards für 
Passivhäuser).  

Das Hauptziel der Arbeit ist, die Verwendung von Erdgas für die Heizung als primäre 
Energiequelle zu beenden und eine Lösung zur Substitution fossiler Brennstoffe in Form von 
geothermischer Energie anzubieten.  

Es wurde festgestellt, dass im Zuge der Renovierung der durchschnittliche U-Wert 
(Wärmedurchgangskoeffizient) der Gebäudehülle im Ist-Zustand um das Neunfache (von 
2,314 W/m²K auf 0,257 W/m²K) auf den Standard eines Passivhauses gesenkt werden kann, 
was eine Reduzierung des Energieverbrauchs auf 15 kWh/m2  bedeutet.  

Der praktische Teil dieser Forschungsarbeit umfasst die Anwendung von Erdwärmesonden 
und zeigt, dass die verfügbare Fläche von ca. 50 m2 in Innenhöfen von Wiener 
Gründerzeitgebäuden mit 3 Erdwärmesonden ausreicht, um den spezifischen Energiebedarf 
von 25,4 kWh/m2 zu decken, sofern das Gebäude nach EnerPHit-Standard gedämmt ist. 
Andernfalls ist eine Fläche von 500 m2 mit 20 Erdwärmesonden notwendig, wenn die 
Gebäudeenergieeffizienz der OIB-RL 6 entspricht.  

Daraus lässt sich schließen, dass die Ergebnisse von unmittelbarer praktischer Relevanz sind. 
Die Sanierung des Gebäudesektors mit Einsatz von Geothermie ist ein wichtiger Schritt in 
Richtung Klimaneutralität, explizit CO2 Emissionsreduktion. 

Schlagwörter: Sanierung, Gründerzeit-Gebäude, Erdsonde, Energiekonzept, raus aus 
Gas 
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Abstract 
The given semester project examines the existence state, specifically the energy performance 
of a Gründerzeit-building. Accordingly, based on the results, four renovation concepts are 
developed for it. The work concentrates on thermal insulation of the building envelope 
components according to two energy standards, OIB-RL 6 (Austrian Institute of Construction 
Technology Guideline 6) and EnerPhit (Energy Standards for Passive House), respectively.  

The key objective of the paper is to cease the usage of natural gas for heating as the primary 
source of energy and to offer a solution of fossil fuel substitution in the form of geothermal 
energy.  

It was found that in the course of renovation, average U-value (Thermal transmittance) of the 
building envelope of the existence state can be decreased 9 times (from 2.314 W/m²K to 0.257 
W/m²K) to the standards of passive house, which means energy consumption reduction to 15 
kWh/m2.  

Practical part of this research work comprises the application of geothermal probes and reveals 
that the common available area of approximately 50 m2 in inner yards of Vienna Gründerzeit 
buildings with 3 geothermal probes is sufficient to cover the specific energy demand of 25 
kWh/m2 in condition that the building is insulated in accordance with the EnerPHit standards. 
Otherwise, the area of 175 m2 with 8 geothermal probes is necessary if the building energy 
efficiency corresponds to minimum standards of OIB-RL 6.  

It can be thus concluded that the findings are of direct practical relevance. Renovation of 
building sector with implementation of geothermal energy is a vital step towards climate 
neutrality, explicitly CO2 emission reduction.   

 

 

  

Keywords: renovation, Gründerzeit-building, geothermal probe, energy concept, out of 
gas 
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1 Introduction 
Greenhouse gas (GHG) emission from the European Union (EU) building sector reveals a 
declining tendency since 2005 ( (European Environment Agency 2021). This phenomenon is 
linked to setting higher standards in new buildings and to introducing new ways in increasing 
the energy efficiency by renovating old building constructions. These measures are devised to 
decarbonise the building sector to achieve the climate goals. It is thus necessary that the 
steadily decreasing GHG emission trend will continue in the future. However, to conquer the 
struggle and accelerate emission tendency, a very strong rise in the renovation rate is needed.  

Buildings that require complete thermal renovation in Central European cities like Prague, 
Budapest and Vienna were constructed before 1918, in the Gründerzeit era. Most of their 
actual buildings are dated back to this period. Vienna’s residential dwelling from this period 
comprises 28.1% taking the largest part of the total housing. In comparison to it, the second 
place in residential distribution of the buildings constructed takes the period between 1961 and 
1970 and accounts for 13% of the total  (Statistik Austria 2022).  

The Gründerzeit- buildings are GHG-emissive and the majority of them are heated by gas.  
Consequently, renovation concepts generated by implementing renewable energy sources are 
constantly being developed. Since the concepts have to be regulated, the renovation 
standards are established for such non energy efficient buildings. These standards OIB-RL 6 
are issued by the Austrian Institute for Construction Engineering (Österreichisches Institut für 
Bautechnik) in the form of the Guidelines and EnerPHit (Energy Standard for old buildings 
Modernisation with Passive House Components) to serve the construction engineering 
regulations in Austria.  

1.1 Relevance 
The European Commission defined its climate goal in July 2021, which aims at a net GHG 
emission reduction by at least 55% by 2030 as compared to the net GHG emission of 1990. 
The long-term plan is to make Europe the world's first climate-neutral continent by 2050 
(Bundesministerium für Klimaschutz, Umwelt, Energie, Mobilität, Innovation und Technologie, 
2021).  

In accordance with the climate-neutrality strategy of the European Commission, the Austrian 
federal government set its ambitious target of complete decarbonisation of the energy and 
economic sector by 2040 ( (Bundesministerium für Klimaschutz, Umwelt, Energie, Mobilität, 
Innovation und Technologie, 2021a)). This strategy incorporates the full separation from gas-
generated energy usage affecting the Austrian provinces differently. Vienna, because of its 
cogeneration (i.e. combined heat and power) station, Lower and Upper-Austria because of 
their industry sector, are the main gas consuming provinces of Austria (2022a). 

Vienna City Government in line with the Austrian federal government aims to reach net zero 
GHG emission by 2040 (City of Vienna 2022). The two main GHG emission sectors are energy 
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and transport. The former one literally means the heating of buildings and the GHG emission 
during this procedure (City of Vienna 2022a). Therefore, Vienna City Government launched its 
long-term Smart City Wien Strategy along with the building restoration program. 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, the net zero GHG emission could be 
achieved. 

1.2  Problem Statement  
There are 440.000 buildings in Vienna heated by gas, using 40% heat consumption in 2019 of 
the yearly final energy consumption (City of Vienna 2022b). This percentage had been in a 
slow-moving declining process until recently. The pressure on gas usage omission stimulated 
and accelerated this decreasing trend. A complete exit out of gas must be realized in the 
shortest time possible. Therefore, building renovation and research on urban renovation 
techniques combined with renewable energy have become high-priority topics. 

Alongside the current geothermal energy sector in Austria, particularly in Vienna, is growing 
slowly and little used. The main drawback of using geothermal energy in urban environment 
appears in the lack of available sites suitable for drilling near the buildings. Despite this fact 
geothermal energy offers huge heat potential in the near surface, which could be fully 
implemented in combination with renovation techniques.  

1.3 Research Question  
Taking the above stated problems into consideration, the main objective of this study is 
formulated as follows: 

How could typical Wilhelminian-style (Gründerzeit) buildings in Vienna with different renovation 
variants eliminate their dependence on gas by using geothermal probes and what size of 
outdoor area should be available for this purpose depending on the gross floor area? 

1.4 Definition of Objectives  
The project defines four renovation concepts in dependence on the combination of available 
area size for the geothermic system next to the building and energy standards. Accordingly, 
the following variants will be examined:  

(i) Renovation concept based on the OIB-RL 6 with an available area for geothermal energy. 

(ii) Renovation concept based on the OIB-RL 6 with the required area for geothermal energy 
to achieve the target values. 

(iii) Renovation concept based on the EnerPHit with an available area for geothermal energy. 

(iv) Renovation concept based on the EnerPHit with the required area for geothermal energy 
to achieve the target values. 
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Thus, based on the specified variants, the objectives of this study are: 

• To determine quantitatively the energy efficiency of the alternatives. 
• To determine quantitively the difference between the energy efficiency of the 

alternatives. 
• To determine the minimum required potential area for a geothermic system to cover 

the energy demand of the test building. 
• To discover whether the renovation methods with the geothermal system are 

implementable on similar buildings in Austria.  

Non-objectives are defined by the fact that the study aims at comparing the four renovation 
models and their applicability in Austria only and not in any other countries. The building to be 
examined, is a typical Wilhelminian-style building and located in Vienna with its unique 
Viennese historic surroundings and cultural background. These among other factors play an 
essential role in determining the renovation strategies. As this work is directed at determining 
energy efficiency, the economic efficiency calculation is also not a purpose of the study.   

1.5 Methodology 
To compare the concepts, particular steps have to be conducted. 

To start with, collecting relevant realistic data for four renovation variants (if data does not exist, 
it is to be generated using realistic examples) and calculating energy efficiency with the help 
Software Polysun for four variants  have to be done.  

The next step is estimating minimum area potential for variants. The minimum area is going to 
be defined by condition that energy demand of the building is covered by energy, supplied by 
geothermal probes.  

In addition, simulating energy efficiency in dependence on variants and available area size for 
geothermal energy with the Software Polysun is going to be performed.  

In conclusion, comparing the four variants as well as visualising and interpreting model results 
will be completed.  

The energy efficiency is calculated and evaluated with the assistance of two digital 
applications: a web portal Baubook and a software Polysun1.  

1.6 Suspected Results 
The hypothesis is that the available potential area for geothermal probes will be a significant 
factor in defining how renewable energy composition will be incorporated in the renovation of 
the studied building. It is also expected that in the case of the renovation concepts (i) and (iii) 

 

1 for more information see page “Relevant Definitions “ 
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(see section 5) the net floor area due to thicker insulation will be decreased. Estimated (i.e., 
simulated and modelled) energy difference between the first pair (i and ii) and the second pair 
(iii and iv) of renovation models will be mainly depended on the size of outdoor area available 
for the geothermal system and not by the energy standard variants (i.e., OIB-guidelines and 
EnerPHit-Standard). It can be expected that the number of relevant research works found, will 
be limited because this topic of this study is quite new.  
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2 Theoretical Basics  
A background information on the history, that marked the beginning of the building construction 
with architecture, design features, engineering and structure specifications of the residences, 
offer an overall view of the buildings of the era. The consequences and challenges arising from 
these characteristics provide insight into the current situation in building renovation. 

2.1 History of Gründerzeit-buildings  
For Central Europe the first half of the 19th century was characterised by intensive 
industrialisation. This was the beginning of an era which came to be known as Gründerzeit 
and dates to the period between 1840s and 1918. Under Emperor Franz Joseph I, after the 
revolutions of 1848 in the Austrian Empire, the construction of important railways, high-spring 
water pipelines and population growth, Vienna experienced rapid development and flourishing 
of culture, art and architecture (Wiener Stadt- und Landesarchiv 2022). 

The construction of the broad Ringstrasse boulevard in 1857 promoted the erection of many 
prominent monumental buildings such as the Opera House (completed in 1869), Vienna City 
Hall (1883) and Parliament (1883). Alongside numerous rental apartments, houses like the 
Linke Wienzeile Buildings by Otto Wagner (1898-99), palaces like Palais Ephrussi (1873), 
diverse mansions, museums and banks represent Gründerzeit-buildings on the boulevard and 
in the surrounding districts (Stadt Wien 2014).  

 

Figure 1: Palais Ephrussi is a former Ringstraßenpalais in Vienna (Source: own presentation) 

2.2 Building Features  
The Gründerzeit-buildings constructed during this period present the grandeur of the 
Historicism style and later, since 1900 Art Nouveau style. 

Typical features and components which characterise the buildings from this era are illustrated 
in the Table 1 (BauNetz; Die Deutsche Digitale Bibliothek 2008; e7 2012; Werner Architekten 
216). 
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Table 1: Typical features of Gründerzeit-buildings (Source: own presentation) 

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 

 

wall thickness 
basement 
and ground 
floor 50-90 
cm,  

top floor 30-
40 cm 

1,2 -1,8 • Dilapidated façade 
(cracks, hollow areas, 
chipping) 

• Poor sound insulation 
• 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 

basement and plinth area 
• risk of corrosion  

Roof Mansard 
or gable 
type 

 0,9 - 2,3 • Old defective roof covering 
• Insufficient heat protection 

Windows Wooden, 
box-type 
single 
simple 
glazing 
windows  

 2,5 – 4,5 • Frame damage 
• Insufficient sound 

protection  
• Insufficient heat protection  
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Other 
features 

Craftmans
hip 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) 

 

2.3 General Renovation Solutions  
The purpose of the renovation is to improve the performance of the buildings, to bring them 
into the line with renovation guidelines and safety requirements and to make them more energy 
efficient, carbon neutral, functional and comfortable.  

The highlighted problems in the Table 1 above need to be solved according to the 
comprehensive plan and the works must be regulated and coordinated with each other. The 
application of energy efficiency measures in the course of thermal and electrical renovation as 
well as in the transition to renewable sources of energy may be expressed as follows: 

• The increase of energy efficiency class from class E, which refers to an old, 
unrenovated building, up to class A (in the case of OIB-RL 6) or up to class A++ (in the 
case of EnerPHit), which defines passive building standards:  

o decrease of thermal heat demand: 
▪ Thermal insulation of walls, roofs and basement  
▪ Windows and doors replacement 
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• Building services modification:  
o Energy supply: 

▪ Refusal of gas 
▪ Usage of renewable energy sources (solar, wind, bio-, hydro-, 

geothermal energy)  
o Heating, ventilation and air conditioning systems  
o Water supply and sewage  

• Humidity elimination:  
o Thermal insulation of building envelope (for example external walls, windows, 

roofs, basement floor) 
o Waterproofing of roofs, walls and basement 
o Ventilation  

• The necessity of acoustic insulation 
• Restoration of façades and decorative elements 
• Upgrading of electrical system: 

o Outdated wiring replacement 
o Installing new sockets and switches 

2.4 Renovation Administration and Examples  
Vienna, as an enthusiastic guardian of one of the best liveable cities in the world, has always 
skilfully managed to combine applying technological advancement with carefully preserving 
the legacy of its rich past. 

2.4.1 Administrative Institutions  

The governmental organisation the City of Vienna (German: Stadt Wien) interactively manages 
the complexity of different fields of the city life. Concerning the building sector, the 
transportation and urban planning department has several pending projects, which create 
pioneering concepts and approaches for the city. In 2014 the City of Vienna issued the Urban 
Development Plan Vienna STEP 2025 as a long-term strategy (Stadt Wien 2015). 

In the framework of STEP 2025, the City of Vienna drew up action plans respecting the 
enhancement and modernisation of various building groups. These are the historic houses 
constructed during the Gründerzeit period, and the buildings from the 50’s, 60’s and 70’s. The 
developed Masterplan Gründerzeit (Stadt Wien 2018) represents the conceptual overview 
which addresses building upgrading issues characterised by the era.  

Another important organisation named Hauskunft (Renovation consulting for houses with a 
future) as a service authority of WOHNFONDS WIEN (fund for housing and urban renewal), 
was established by the City of Vienna with the purpose of advising companies on technologies 
and legal issues concerning renovation (Hauskunft). Furthermore, every renovation project 
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within the city boundaries is bundled into a GIS-service, which gives detailed information on 
successfully completed renovation projects (wohnfonds_wien 2022). 

2.4.2 Demonstrative Projects 
“Haus der Zukunft Plus“ (presently “Stadt der Zukunft Plus“) was a research and technology 
programme of the Federal Ministry of Transport, Innovation and Technology, which provided 
comprehensive information regarding the projects, scientific studies and publications. Its 
project “The Gründerzeit mit Zukunft: Innovative modernisation of Gründerzeit-buildings” 
involved leading companies in the field of energy-efficient construction, refurbishment and 
energy management (Haus der Zukunft s.a) and was actively supported by the City of Vienna.  

Having examined the demonstration renovation objects executed by the members of this 
project, it is worth to accentuate the object Eberlgasse (Gründerzeit mit Zukunft s.a). 

The success of the project consists in the fact that it is the first building from Gründerzeit era 
which has achieved the passive house criteria.  As a result of the thermal and electrical 
renovation of the building, the heat demand was reduced by 90% to the level of passive house 
requirements, namely from 178 kWh/m²a to 15 kWh/m²a (Passivhaus Institut 2022). The 
Gründerzeit-building, constructed in 1898 and located in the second district of Vienna, is a 
residential premise consisting of 10 apartments with 585 m2 of usable floor area. The 
renovation period took place in 2012-2013.  

To reach the energy efficiency of the building, the effective measures were implemented. The 
absence of a complex historically significant decoration on the front façade allowed the 
external walls to be thermal insulated. The windows and doors were replaced with high-quality 
ones that meet the passive house standards. The installation of innovative building technology 
like a photovoltaic system, a ground water heat pump, a heat recovery ventilation system and 
renewal of electrical engineering brought to the desired results of the set goals 
(Bundesministerium für Verkehr, Innovation und Technologie – BMVIT im Rahmen der 
Programmlinie Haus der Zukunft Plus 2015).  

Among other renovations, conducted by the members of the “Gründerzeit mit Zukunft” project, 
the use of such innovative solutions like solar panels equipment on the façade area for water 
heating and heating support; integrated greening on the roofs for improvement of Microclimate 
or automatically controlled shading system in the attic to avoid summer overheating were 
implementing (e7 Energie Markt Analyse GmbH s.a).  

Another remarkable project is being implemented by the ÖVI (Der Österreichische Verband 
der Immobilienwirtschaft) as a pilot project in collaboration with architects Trimmel & Wall 
(TRIMMEL WALL ARCHITEKTEN 2022). The Gründerzeit-building is located on Zwölfergasse 
21 in the 15th district, presented in Figure 2. 

Running the realization of geothermal energy was the main aim of the project. The challenge 
the architects and specialists had to deal with was the deficiency of available place in the inner 
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yard which could be used for drilling and setting the geothermal probes. During the renovation 
plan execution, the yard was drilled and three 150 m length geothermal probes were installed. 
It allowed three attic apartments and three renovated apartments to be heated with floor 
heating using geothermal energy. To supply other apartments with green energy three more 
150 m geothermal probes were installed in the pavement in front of the building. In Vienna 
such procedure is possible with the approval with magistrate.  

Another project which faced thermal renovation as a challenge is a historical Gründerzeit-
building on Denglergasse, 2, built in 1872, presented in Figure 3. Here the front façade was 
insulated with the Aerogel plaster, which represents a tested alternative to meet high energy 
efficiency standards and created to preserve external appearance of historical facades. The 
project was able to fully meet the high constructional and design requirements. However, the 
expected thermal performance was not achieved.  

 

Figure 2: Renovated Gründerzeit-building 
Zwölfergasse 21 (Source: own presentation) 

 

Figure 3: Renovated Gründerzeit-building 
Denglergasse, 2 (Source: own presentation) 

One more project that deserves to be mentioned is the renovation of Wien Museum on 
Karlsplatz which was constructed in 1887. The renovation is also carried out with the 
application of geothermal energy. For this purpose, 150-metre-deep geothermal probes are 
installed, which supply the building with thermal energy via heat pumps. They extract energy 
from the ground and convert it to use for air conditioning, cooling or heating. The heating and 
cooling energy required for the new Wien Museum is generated by two highly efficient hybrid 
heat pumps. This is achieved by using the energy content of the exhaust air systems, the air-
conditioning systems and by storing the energy by means of 30 geothermal probes in the 
ground. In the cooling season (summer), the museum's waste heat is stored in the ground, 
and in the heating season (winter) it is extracted from the ground for heat generation. The 
geothermal probes cooled by extracting the heat energy in the heating season serve as the 
hybrid system's cooling energy source in the cooling season (Gerald Egger 2022).  
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As the examples demonstrate, the city of Vienna uses all possible renovation concepts and 
actively promotes the introduction of the implementation of geothermal potential in the building 
sector.   

2.5 Geothermal Energy Regulation in Vienna  
Geothermal energy is regulated by the Water Law Act issued in 1956 
(Rechtsinformationssystem des Bundes 1959) (Bundesministerium für Finanzen 2022) in 
Austria. The act defines the legal framework for the whole country, but law enforcement is 
described and conducted by the federal provinces of the country.  

According to §103 WGR (Water Law Act) 1959, any usage of thermal groundwater on Austrian 
soil requires legitimate authorization. This can be obtained by the permit procedure conducted 
by the legislative branch. Interestingly, geothermal probes are generally exempt from this 
permit procedure. As stated in §114 WRG 1959, geothermal probes require permit by 
notification procedure only under special circumstances. These are the following: probing is 
planned in grounds either belonging to water protection zones or containing artesian confined 
groundwater bodies. Regarding the City of Vienna, the extent of these areas can be obtained 
from the digital geothermal atlas (Stadt Wien s.a). 

In accordance with the atlas the installation of geothermal probes is only exempt from permit 
in certain areas, to the right of the pink dashed line slicing the city from south-west to north-
east in two. Geothermal probe installation is feasible without permit in a small part of the city 
to the west, however in the city centre and the eastern part a permit is required by the law. 
Thus, the renovation of Gründerzeit buildings does require permit.  

To receive the water law approval of the deep boreholes in the public domain, usually in a 
sidewalk outside the building, the authorization procedure in Vienna takes place in several 
magistrates. MA (Magistratsabteilungen) 28 (Road management and road construction), 29 
(Bridge construction and foundation engineering), 45 (Vienna waters), 46 (Traffic organisation 
and technical traffic matters) and 58 (water law) provide technical and legal clarification which 
permits the implementation of geothermal power.  

The conditions for applying for the approval of the deep boreholes in the public area are:  the 
lack of space on the site for geothermal probes, preservation of pavement on the sidewalk and 
absence of structures belonging to the borehole heat exchanger pipeline remaining up to a 
depth of 180 m (TRIMMEL WALL ARCHITEKTEN 2022).  

Thermal conductivity is classified by drilling depth thresholds of 0-30 m, 0-100 m and 0-200 m 
respectively. A drilling graph using spatial points presents the drilling locations for the 
consecutive drilling depth categories, suggesting that the installation of geothermal probes is 
possible on these locations.  
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3 Practical Part  
3.1 Test Building   
The test building, demonstrated in Figure 4, is located on the left bank of the Vienna River on 
Linke Wienzeile 118 in the 6th district. It was constructed in 1910. 

Linke Wienzeile Street was laid in 1899 and covers the 6th, 14th and 15th districts of Vienna. 
Several notable buildings which stand out for their peculiar architecture were constructed 
during the Gründerzeit period. Majolikahaus, number 40, an apartment house built by Otto 
Wagner in 1898/1899, which façade is clad with weather-resistant panels featuring striking 
plant ornaments or "Renaissance-Hof", number 56, a tenement house in old German forms, 
build in 1901 are among these remarkable buildings ((2022b).  

Based on data, provided by architects who are meanwhile in process of further development 
of the building, the test building consists of a foundation; a basement with 4 storerooms, a 
staircase, an underground car park, WC and 2 workshops, a raised first floor with a living 
areas, a corridor and a courtyard; a mezzanine with living areas, 4 floors with 4 apartments on 
each floor, an attic with a terrace and a roof. The Figure 5 demonstrates the general view and 
selected part of the building in Revit. The front façade faces the west and directs to a public 
street, the back façade stands facing east to the back yard, the north and south parts of the 
building are adjacent to the neighbouring houses.  

 

Figure 4: Test building, Linke Wienzeile 118 
(Source: own presentation) 

 

Figure 5: General and selected part of the 
building (Source: Revit Plan) 

 

As visible in Figure 6, the selected part for gross area calculation for the research project is 
represented with 2 apartments on each floor and the back windows are moved to the back 
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side of the building. The apartments are practically the same and consist of 3 rooms, WC, a 
bathroom, a hall, a kitchen. One apartment has a loggia that faces the street. The length of the 
building is 19.25 m and the width is 14 m.  

 

Figure 6: Selected part of the building 3rd floor (Source: Revit Plan) 

3.1.1 Measurements Calculations 

The plans supplied by the architects include data only on net floor area (NFA). The calculation 
of NFA, displayed in the table, was conducted using the Revit plan of the 3rd floor. The table 
as well as the plan are represented in Appendix A.  

To make gross floor area (GFA) calculations, the Revit plan was imported into AutoCAD 
software application as it is shown in Figure 7. 

 

Figure 7: Gross area boundaries (Source: 
AutoCAD own presentation) 
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The calculated GFA and NFA areas of the selected part of whole building are presented in the 
Table 2. The NFA 1,679 m2 includes measurements of all living space, excluding the attic and 
the cellar, whilst the GFA 2,239 m2 includes all the floors including the attic. The atrium was 
extracted from the calculations for both floor areas.  

The external walls were measured from the western and eastern sides, see Table 2, as they 
are exposed walls in an immediate contact with the outside air and which plays a key role in a 
structure’s energy efficiency. The measurements of the northern and southern sides are not 
considered because they come into contact with the walls of neighbouring buildings where 
there is no difference in temperature between the inside and the outside.  

Table 2: Rough floor area and external walls calculation (Source: own presentation) 
 

       Building area rough calculation 

Floors  
Gross area 

[m2] 
Net area 

[m2] 
Cellar 280 210 

Raised ground floor  280 210 
Mezzanine  280 210 
1st Floor 280 210 
2nd Floor 280 210 
3rd Floor 280 210 
4th Floor 280 210 

Attic Floor 280 210 
Atrium -1 -1 
Total  2,239 1,679 

 

 

 

External 
walls 

Area 
[m2] 

Nord 0 
South 0 
West 478.4 
East 478.4 

Total  956.8 

 

Thus, the building efficiency ratio between NFA and GFA constitutes 75%.  

To estimate the area of the building envelope as a building system boundary, which consists 
of the area of the roof, external walls, windows and basement floor, SketchUp software 
application was used as it is displayed in Figure 8.  

 

Figure 8: Building envelope of the house (Source: 
SketchUp plan own presentation) 
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The total calculation of the thermal building envelope area and the volume of the heated space   
are to be taken from the Table 3. 

Table 3: Building envelope area and volume (Source: own presentation) 

Building 
Envelope 

Components 
Thermal Envelope 

Area [m2] Measures Gross heated 
Volume [m3] 

Ground touched floor  280 Length 19,25 
External walls 956,8 Width 14 

Roof 307 Height 18,6 
Total  1543,8 Total  5012,7 

The characteristic length “lc” that represents the compactness and describes the relationship 
between the volume and surface area of a building is calculated with the Formula 1 and 
constitutes 3.247.  

 

                                             Formula (1) 

3.1.2 U-value of Existence State  
Energy efficiency of the building directly depends on the thermal conductivity of the building 
envelope components. The higher is the thermal conductivity, the faster is the exchange 
between the bodies, in this case, between the components and the environment, which means 
the building is much more expensive and difficult to heat. The lower it is, the longer the walls, 
a floor and a roof are cooled or heated. That is why the buildings built of materials with low 
thermal conductivity are warmer in winter and cooler in summertime.   

Thermal conductivity divided by thickness of the walls measured in metres determines the heat 
transfer coefficient (U-value). It is likely the most important parameter used to define the quality 
of a building's thermal parameters. The U-value signifies the heat lost through a given 
thickness of a particular material. Simply put, the heat transfer coefficient shows how much 
heat energy passes through the enclosing structure of the building. Thus, the lower the value 
of this coefficient, the lower the heat loss.  

To identify the loss of energy through the material in the existence state of the test building, 
the data of the research, demonstrated in the Table 1 Typical features of Gründerzeit-
buildings and the visual information from the Internet platform Baubook were used. The data 
has been analysed, developed and shown in the Table 4.  
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Table 4: U-value of the components of the existence state (Source: Baubook (Schmidinger 2022) and 
own presentation) 

Building envelope components of existence state 
 

Roof 

The roof has a slope of 30 ° and consists of clay roof tiles, air layer, building 
paper and timber (wooden planks) of 21 cm.  

The building element constitutes 28.50 cm. 
The U-value accounts for 2.341 [W/m²K]. 
Energy efficiency class represents G level (ÖNORM H 5055 
Energieausweis für Gebäude). 

 

External 
walls 

The outer walls are massive constructions, that consist of solid bricks in the 
normal form.  

The wall width without plastering in the basement is 60 cm, the raised 
ground floor is 45 cm, the top floors - 30 cm. 
The street façade is decorated. The side walls and back façade are simply 
designed. 

The 3rd floor is taken as an example and the wall consists of 3 cm plastering 
from both sides and a solid brick with the width of 30 cm.  

The U-value accounts for 1.531 [W/m²K].  
Energy efficiency class is G level. 
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Windows 

The windows are simple wooden box windows (100x180 mm) with a single 
glazing of 6 mm and a hard wood frame. The two sash frames are 
additionally divided by window bars due to the available glass size. Both 
window levels in box-type windows open inwards. 

The windows have 4.726 [W/m²K] U-value.   

 

Basement 
(ceiling) 

The ground touched floor and the brick vault ceiling of the basement consist 
of 25 cm of solid bricks, 20 cm of fillings, 2,5 cm of timber and 2 cm of 
parquet. 

The floor constitutes 50 cm. 
The U-value accounts for 0.863 [W/m²K]. 
Energy efficiency class represents F level. 
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Results  

What can be clearly seen in this table is the complete absence of thermal insulation in all 
components of building envelope. The heat demand of F and G energy efficient classes, which 
refers to an old and unrenovated building,  is more than 250 [kWh/(m²a)] (ÖNORM H 5055 
Energieausweis für Gebäude). It leads to the heat loss in the external structures of the building, 
the effect of the heating system is extremely low, and the costs of operation and maintenance 
of the building correspondingly are high.  The lack of insulation reduces the strength and 
durability of the structures.  In addition, it is the cause of dampness in the building and 
dangerous to health mold on the inner surface. Consequently, heat insulation of the house is 
necessary and important for the health of residents, creation of necessary microclimate in the 
building and saving costs.  

Like the majority of the multi-storey Gründerzeit apartment buildings in Austria, specifically in 
Vienna, the test building has a central heating system with natural gas or heating oil. In order 
to implement the funding campaign strategy “out of oil and gas”, reduce the CO2 emissions 
and decrease the energy costs, the energy supply has to be changed onto renewable energy 
sources.  

Summarising, the thermal insulation of the building and fuel switch from fossil-fuelled heating 
to a sustainable, environmentally friendly heating system, are the goals which are to be 
considered in this project.  
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3.1.3 Energy System Simulation Existence State 
In Polysun, the space heating energy demand excluding domestic hot water is simulated for 
the geographical place located in Europe, Austria Vienna. The simulation is conducted for 6 
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 gas boiler power 
is chosen with power of 200 kW, as it is calculated with the figure of 150 W/m² specific heating 
power demand for old heritage buildings, without special thermal insulation and total heated 
area of 1,263.6 m2. In old, unrenovated buildings, a lot of heat is lost and the heat demand is 
correspondingly huge. In this case, higher flow temperatures, from 75 to 90 °C, are required. 
The room temperature is set at 20 °C.  

Table 5: Data for Existance State Simulation (Own representation) 

Building data 

6 floors (length – 18 m, width – 11.7 m, hight – 3.1 m) 

Residential system 

Heated living area 1,263.6 m2 

U-value average is 2.31 [W/m²K] (Source: Table 12, p.38) 

Energy producer Natural gas Gas boiler 200 kW 

Heating units  Radiators 70/60 °C 

Heating energy demand (required by consumer to 
ensure that the required comfort conditions are 

met) 
Qdemand MWh/a 442 

Specific heating energy demand  
Qsp.demand 

kWh/m2a 
350 

Heating energy consumption (actually consumed 
energy by a consumer) 

Quse MWh/a 425  

Energy supplied from heat generator to system   Qaux MWh/a 428 

Fuel and power consumption by heat generator 
(amount of fuel required by heat generator) 

Etot MWh/a 477  
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Results  

The heating energy demand of the building in existence state of 442 MWh is extremely big 
and therefore the provided system cannot cover the required amount of calculated energy 
demand. The specific heating energy demand is 350 kWh/ m2 which reveals that the thermal 
insulation properties of the building are inefficient. The energy deficit, namely the difference 
between energy demand and energy consumption, constitutes 20.149 kWh, which means that 
required temperature of 20 °C is not reached. Total energy losses are 548 MWh. The factors 
like the insulation of the building, high U-value of the components (2.31 [W/m²K]), the height 
of the ceiling (around 3.10 m), windows type or shading cause the building to lose heat. The 
losses which occur during heating process, the geographical location of the building and the 
purpose of the building also influence energy demand. 

3.2 Renovation concept OIB-RL 6 
The purpose of the renovation concept based on OIB-RL 6 is to provide the building with two 
major factors which determine the energy efficiency of the buildings. These central features 
represent the thermal insulation and the application of renewable energy system, specifically 
implementation of geothermal probes.  

3.2.1 Thermal Insulation Renovation State  

Thermal insulation is understood as the filling and protection of the surfaces of the room. Most 
floors, walls, roofs and the foundation of the building are subjected to thermal insulation. At the 
same time, thermal protection can be made both from the inside and outside of the building. 

Nowadays, a wide range of materials is available for surface insulation. Thermal materials 
allow to create a comfortable microclimate in the rooms, that is, to provide warmth in the winter 
and coolness in the hot seasons. Due to moisture-resistant thermal insulation, it is possible to 
protect the apartment from moisture penetration. The insulation materials are also able to 
prevent noise coming from the outside. These factors play a decisive role in the choice of the 
suitable thermal insulation.  

To conduct the thermal insulation of the building envelope components, the relevant guidelines 
from IOB-RL 6 (Richtlinien des österreichischen Institutes für Bautechnik 2022), given in 
Appendix B, the visual elements from the Internet platform Baubook and the data from the 
Internet platform TABULA WebTool (Intelligent Energy Europe projects TABULA and 
EPISCOPE 2021) were worked out and presented in Table 6.  
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Table 6: U-value of the components of the renovated state OIB-RL 6 (Source: Baubook, TABULA 
WebTool and own presentation) 

 

Building envelope components of renovated state 
 

Roof 

A non–insulated roof is one of the most vulnerable building 
structures in terms of heat loss. Through it, heat energy 
needed for residents is easily "evaporated" into the 
atmosphere. 

Insulation of the cold roof in a house provides a significant 
reduction in heat loss. 

Ventilation of the roof occurs through roof openings located 
along the entire area to avoid the formation of ice, that could 
lead to the destruction of the roof.  

20 cm mineral thermal insulation panel was used to 
insulate the roof. The choice of this kind of insulation was 
made due to its advantages. The mineral insulation is safe 
and environmentally friendly, suitable for any type of 
construction, convenient and easy to install. It absorbs 
noise, is vapor-proof and fire-resistant. It possesses good 
plasticity and can take the desired shape. With proper 
installation, it does not deform or shrink, which eliminates 
the formation of cold bridges Moreover it is resistant to 
aggressive environmental influences and the crucial factor 
of it is excellent thermal insulation.  

Thus, the building element constitutes 41.02 cm. 

The U-value accounts for 0.194 [W/m²K]. 
Energy efficiency class represents A level.  
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External walls 
 

The insulation of the façades of the building is required to 
maintain the temperature and humidity and to keep them 
optimal. With the correct insulation, less energy is used to 
heat a building in winter or cool it in summer. A building lasts 
longer, due to the right materials that protect the facade from 
external influences.  

According to technology, the most correct option would be 
to insulate the walls of the building from the outside. Internal 
insulation is used only when it is impossible for any reason 
to perform an external one.  

Front west wall 

In this case the front façade has to be insulated inside in 
view of the fact that it is decorated with expensive materials 
and has ornamental stucco. 

However, there are several obstacles in the process of 
internal insulation.  

Firstly, it can be performed upon condition that the water and 
sewage pipes do not pass inside the front wall. Otherwise, 
they would be damaged because of the displacement of the 
dew point and glaciation as a result in the freezing time.   

Secondly, it is important for internal insulation is to do 
everything possible to prevent contact of moist air with the 
dew point. The task is to protect the inner surface of the wall 
from the slightest contact with steam. It could be achieved 
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with the correct installation technology, a vapor barrier 
equipment and the choice of the right material for wall 
insulation. 

The material LINITHERM PAL (hard foam) with the width 
of 7 cm to prevent the loss of inner space was chosen for 
insulation. It is suited for buildings that cannot be insulated 
from the outside and offers effective protection against cold, 
heat, moisture and mould.  

The vapour brake was also placed between the plastering 
and the insulation.  

Thus, the building element constitutes 37.3 cm without the 
plastering. 

The U-value accounts for 0.349 [W/m²K].  

Energy efficiency class is E level. 

 

Back east wall 

The back eastern façade can be insulated from outside 
since there is no embellishment on the wall.  

During cold time the insulation located outside will take over 
the negative temperature, preventing it from reaching the 
walls of the house. Therefore, the temperature of the walls 
and the temperature inside the house will be similar which 
protects the walls from condensation. Further advantages of 
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external insulation are additional sound protection, free 
"breathing" of walls and longer service life of facades without 
repair. 

Mineral thermal insulation panel was chosen as an 
insulator for the back wall with the width of 12 cm. It has 
excellent thermal insulation properties and the impossibility 
of ignition. Such plates are resistant to external damage and 
do not deteriorate when exposed to moisture.  

Thus, the building element constitutes 42.10 cm without the 
plastering. 

The U-value accounts for 0.326 [W/m²K].  

Energy efficiency class is D level. 

 

Windows 

To renovate the windows, the (100x180 mm) single glazing 
was substituted for the same size double-glazed heat- 
protection coated glass. The two sash frames are replaced 
with wooden aluminium frames, that are robust and have 
good thermal insulating properties.  

The windows have 1.264 [W/m²K] U-value. Energy class is 
E level. 



 

29 

 

Basement (ceiling) 

For the basement ceiling the same type of insulation as for 
the other components was chosen.  

Therefore, the ceiling consists of the 1 cm plastering, 25 
layer of solid bricks, 8 cm mineral thermal insulating 
panel, 3 cm of fillings, 7 cm of timber and 2 cm of parquet. 

The Floor constitutes 44.5 cm without plastering. 

The U-value accounts for 0.292 [W/m²K]. 

Energy efficiency class represents D level. 
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Results  

Thermal insulation of the building envelope components carried out in the test building reveals 
considerable results in improving the building performance parameters. The energy class of 
the components varies between three levels A, E and D. Level A refers to low energy home, 
meanwhile E and D still applies to old, unrenovated building. Notwithstanding, all the U-values 
of insulated components correspond to IOB-RL 6.  

In short, as can be concluded from the data from Table 6, that thermal insulation is the first 
and the most responsible measure in upgrading the building efficiency and thus providing 
comfortable microclimate, durability of the structural components and reducing energy costs.  

3.2.2 Energy System Simulation Variant 1 (available area) 
Variant 1 is a renovation concept based on the OIB-RL 6 with an available area for geothermal 
energy. The simulation of the designed system in Polysun is presented in Figure 9.  

 

Figure 9: System diagram brine-to-water heat pump (Source: Polysun) 

The test building has been thermally insulated, consequently the U-value is decreased and 
constitutes 0.493 [W/m²K], which is just about 4.5 times less than the U-value of the existence 
state. This procedure allows to reduce the heat capacity (load) for heating and domestic hot 
water supply, namely the consumers.  

The room temperature is set at 20 °C during the day. Heating setpoint temperature at night is 
19 °C. The absence is considered deducting annual holidays.  

The energy provider is near surface geothermal energy which is presented by a heat pump 
with ground-source loop and geothermal probes.  
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The brine/water heat pump, which draws the energy from the ground, has capacity of 39.7 kW 
and is estimated regarding the number of geothermal probes.   

To increase the efficiency of a heat pump, floor heating with the inlet temperature of 45 °C and 
return temperature of 35 °C is chosen as a heating system of the building. The water flow 
temperature is decreased because of the fact that the heat losses of the building are 
significantly reduced. 

Most of Gründerzeit-buildings have inner yards, where thermal probes could be potentially 
installed.  Roughly assumed, the area of internal yard of the test building constitutes 50 m2. 
Considering that the distance between the probes is required to be 4-8 m, 3 probes can be 
fitted in the yard of a triangle shape with the distance of 5 m between them. The probes have 
the length of 180 m. There could be also possibility to use the public area, in an actual case 
the pavement, in front of the building if the magistrates´ requirements are fulfilled. Thus, 3 more 
geothermal probes with the length of 180 m and the distance of 5 m between them could be 
fitted in the pavement. The area which is needed for these probes constitutes approximately 
75 m2 of a rectangular shape. 

The data and received results of the energy balance of the system are demonstrated in Table 
7.  

Table 7: Data for Renovated State Simulation Variant 1 (Available Area (Source: own representation)) 

Building data 

6 floors (length – 18 m, width – 11.7 m, hight – 3.1 m) 

Heated living area 1,263.6 m² 

U-value average is 0.493 [W/m²K] (Source: Table 11, p.39) 

Energy producer 

Geothermal 
energy 

(Ground-
source loop) 

Heat pump  

(COP 4.3) 
39,7 kW 

Heating units 

Floor heating 45/35 °C 

Probes 
3 á 180 m (yard) 

3 á 180 m (sidewalk)   

Heating energy demand (required 
by consumer to ensure that the 
required comfort conditions are 

met) 

Qdemand MWh/a 136 
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Specific heating energy demand  Q spes.dem kWh/m2a 108 

Heating energy consumption 
(actually consumed energy by a 

consumer) 
Quse MWh/a 126 

Energy supplied from heat 
generator to system   

Qaux MWh/a 125 

Fuel and power consumption by 
heat generator (amount of fuel 

required by heat generator) 
Etot MWh/a 26 

Results  

The provided area for 6 geothermal probes is approximately 125 m2 in the inner yard and 
outside in the pavement in front of the building. According to the professional report of the 
simulated system, the energy supplied from heat generator to the system constitutes 125 
MWh/a, which is not enough for covering the required heating energy demand of 136 MWh/a. 
The energy deficit, the difference between energy demand and energy consumption, remains 
17 MWh/a. The shortage of the supplied energy could be provided by other renewable energy 
sources. In particular case solar energy transformed by means of solar collectors could be 
employed to cover the lack of heating load.  

3.2.3 Energy System Simulation Variant 2 (required area)  

Variant 2 exemplifies the energy concept based on the OIB-RL 6 with a required area for 
geothermal probes.  

The components for the simulation remain the same as for the Variant 1 and can be found in 
Figure 9 p. 30.   

The brine/water heat pump has capacity of 72.37 kW, as it is estimated with the figure of 
around 100 W/m² specific heating power demand for building with insulation according OIB 
RL6 standards multiplied with heated living area of 1,263.6 m².   

The number of geothermal probes constitutes 8 pieces with the distance of 5 m between them 
and the length of 180 m deep.  

The data regarding the building dimensions, energy provider as well as simulated energy 
inflows and distribution results are demonstrated in Table 8.  
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Table 8: Data for Renovated State Simulation Variant 2 (Required Area (Source: own representation)) 

Results  

To cover the required energy demand of 139 MWh/the, brine/water heat pump capacity is 
increased and the number of 8 geothermal probes is necessary for this purpose. 
Consequently, the required area in this case will be around 175 m². Energy supplied from the 
heat generator to the system is equivalent to heating energy demand, therefore there is no 
energy deficit. The heating energy demand is covered by implementing geothermal energy as 
the main system energy provider.  

Building data 

6 floors (length – 18 m, width – 11.7 m, hight – 3.1 m) 

Heated living area 1,263.6 m² 

U-value average is 0.493 [W/m²K] (Source: Table 11, p.39) 

Energy producer 

Geothermal 
energy 

(Ground-
source loop) 

Heat pump  

(COP 4.3) 
72.37 kW 

Heating units 

Floor heating 45/35 °C 

Probes 
8 á 180 m 

Distance 5 m 

Heating energy demand (required 
by consumer to ensure that the 
required comfort conditions are 

met) 

Qdemand  MWh/a 139 

Specific heating energy demand  Qspes.demand  kWh/m2a 110 

Heating energy consumption 
(actually consumed energy by a 

consumer) 
Quse MWh/a 140 

Energy supplied from heat 
generator to system   

Qaux MWh/a 139 

Fuel and power consumption by 
heat generator (amount of fuel 

required by heat generator) 
Etot MWh/a 31.9 
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3.3 Renovation concept EnerPHit 
The renovation concept based on criteria of EnerPHit (Passivhaus Institut 2016) attempts to 
reach the high performances of building envelope components, which is going to increase the 
building efficiency. 

3.3.1 Thermal Insulation Advanced State  
The renovation of buildings with historic constructions requires innovative concepts in order to 
meet both design requirements and technical considerations. Consequently, the energy-
efficient passive house standard is quite challenging for old unrenovated Gründerzeit-
buildings. It requires much greater thermal insulation than a house, renovated according to 
OIB RL 6 standard. This is the basic condition for high energy efficiency. It affects all exterior 
walls, a basement ceiling and a roof. During the insulation work, all thermal bridges presented 
in the building structure must also be eliminated. The heat transfer coefficient on opaque 
surfaces must not exceed 0.15 [W/m²K], which is demonstrated in Table 9.  

To reduce heat loss to the outside in passive houses, specially developed windows are used, 
which do not let heat go out of the building and at the same time let a lot of solar shine into the 
building. The heat transfer coefficient is a maximum of 0.8 [W/m²K]. The windows of the test 
building are located in the eastern and western walls, that allows to get enough solar heat 
through them, correspondingly in the first part of the day from one side, and in the afternoon 
from the another.  

Table 9: U-value of the components of the renovated advanced state EnerPHit (Source: Baubook, 
TABULA WebTool and own presentation).  

Building envelope components of advanced state 
 

For the thermal insulation of external walls, the roof and the basement ceiling, the material 
Fixit 222 Aerogel high-performance insulating plaster (Röfix 2022) was used to reach 
the standards of passive house.  

The application of this jointless thermally insulating base coat on facades and interior walls 
can go up to 15 cm. The choice is explained by its high insulation value and layer thickness 
possible. The material is natural and has excellent manual and mechanical workability and 
low consumption. It is also innovative, highly heat-insulating, ecological and specially 
designed for old buildings. 

Roof 

The roof was insulted with 15 cm of Fixit 222 Aerogel high-
performance insulating plaster.  

Thus, the building element constitutes 36.02 cm. 
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The U-value accounts for 0.143 [W/m²K]. 
Energy efficiency class represents A++ level.  

 

External walls 
 

Fixit 222 Aerogel high-performance insulating plaster 
provides a new alternative for the application area of old 
building renovation with facades worthy of preservation. It 
has been already applied in renovation projects of 
Gründerzeit-buildings in Vienna (Stadt der Zukunft 2019)  
and other constructions which have historical and 
esthetical value.  

Thus, it was decided to insulate the walls from outside as 
well as inside.    

Front west wall 

For the aerogel application, the old plaster has to be 
chipped off first and the pre-spray work has to be carried 
out before the aerogel plaster is applied by machine in one 
operation. After completion of the draught parts, cornices, 
the coating is applied. 

For the west wall the 6 cm outer insulation and 8 cm 
inner insulation was used. The plaster was changed into 
Styropor light plaster, that performs better Lambda 
value.  

Hence, the building element constitutes 44.30 cm without 
the plastering. 

The U-value accounts for 0.175 [W/m²K].  
Energy efficiency class is A++ level. 
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Back east wall 

The back eastern façade is also insulated from outside 
and inside in order to reach the desired heat transfer 
coefficient.  

For the east wall the 3 cm inner insulation and 15 cm 
outer insulation was implemented. The plaster was also 
changed into Styropor light plaster, for better Lambda 
value.  

Thus, the building element constitutes 48.50 cm without 
the plastering. 

The U-value accounts for 0.140 [W/m²K].  

Energy efficiency class is A++ level. 
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Windows 

The windows were replaced with three-glazing windows 
with thermal insulation glass. The two sash frames are 
substituted with wooden aluminium frames, that have 
better performance.  

The windows have 0,674 [W/m²K] U-value. Energy class 
is E level. 

 

Basement floor (ceiling) 

For the basement ceiling the same type of insulation as for 
the other components was chosen.  

The insulation of 15 cm of aerogel was applied. 

The Floor constitutes 52 cm without plastering. 

The U-value accounts for 0.145 [W/m²K]. 

Energy efficiency class represents A++ level. 
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Results  

The energy class of the components presents level A++. It refers to a passive house category, 
which means that the heating demand equals or less than 10 [kWh/ (m²a)]. This low value is 
achieved through sufficient insulation. The additional measures like avoidance of thermal 
bridges and controlled ventilation of the living space should be also conducted. In many cases, 
a passive house does not need extra heating. The required heat is generated passively via 
internal heat recovery.  

The thermal insulation of the building components is conducted according to the EnerPHit 
standards which corresponds to the norms of passive house. The U-values meet the 
established criteria of 0.15 [W/m²K]. 

Table 10 demonstrates the results of thermal insulation in the form of comparison of U-values 
components of three states (Existence, Renovated and Advanced).  
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Table 10: Comparison table of U-values of all variants [W/m²K] (Source: own representation) 

To conclude, the lower the U-value, the lower the heat loss, the better energy performance of 
the building.  Therefore, to launch the renovation of any building, especially the old one, the 
thermal insulation is the first and the most essential stage in the building renovation process.  

For the energy system simulation in software Polysun, the average U-value of components is 
necessary. The calculation is presented in the Table 11. 

Table 11: Average U-values of Existence, Renovated and Advanced States (Source: own 
representation) 

3.3.2 Energy System Simulation Variant 3 (available area) 
Variant 3 is a renovation concept based on the EnerPHit criteria with an available area for 
geothermal energy, demonstrated in Table 12.  

The test building has been thermally insulated to the EnerPHit standards, subsequently the U-
value is reduced and constitutes 0.257 [W/m²K], which is just about 9 times less than the U-

Building 
envelope 

components 

U-values 

(Existence 
state) 

U-values 

(Renovated 
state) 

U-values 

(OIB-RL 
6) 

U-values 

(Advanced 
Renovated state) 

U-values 

(EnerPHit) 

Roof 2.341 0.194 0.2 0.143 0.15 

External 
walls 

1.531 East 0.326 

West 0.349 

Average = 
0.338 

0.35 East 0.140 

West 0.175 

Average= 

0.157 

0.15 

Windows 4.726 1.264 1.4 0.674 0.85 

Basement 
floor 

0.863 0.292 0.4 0.145 0.15 

Components 
Area 
[m2] 

U-value Ex.S. 
[W/m²K] 

U-value R.S. 
[W/m²K] 

U-value A.S. 
[W/m²K] 

Basement ceiling  280 0.863 0.292 0.145 
External walls 8,250 1.531 0.338 0.157 

Windows 2,817.8 4.726 1.264 0.674 
Roof 2,822.7 2.341 0.194 0.143 

Average U-value 
[W/m²K] 2.314 0.493 0.257 
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value of the existence state and almost 2 times less than the U-value of the renovated state 
OIB-RL 6.  

For simulation in Polysun, the room set temperature, absence and energy provider are chosen 
the same as in two previous variants.  

The floor heating with the inlet temperature of 40 °C and return temperature of 35 °C is chosen 
as a heating unit of the building. The water flow temperature is decreased because the heat 
losses of the building are reduced. 

The brine/water heat pump has capacity of 23.1 kW, as it is estimated with the number of 
around 40 W/m² specific heating power demand for building with insulation according EnerPhit 
standards multiplied with heated living area of 1,263.6 m². 

The number of geothermal probes in this case constitutes 3 pieces with the distance of 5 m 
between them and the length of 180 m deep.  

The data regarding the building dimensions, energy provider as well as simulated energy 
inflows and distribution results are demonstrated in Table 12.  

Table 12: Data for Renovated State Simulation Variant 3 (Available Area (Source: own 
representation)) 

Building data 

6 floors (length – 18 m, width – 11.7 m, hight – 3.1 m) 

Heated living area 1,263.6 m² 

U-value average is 0.257 [W/m²K] (Source: Table 11, p.39) 

Energy producer 

Geothermal 
energy 

(Ground-
source loop) 

Heat pump  

(COP 4.4) 
23.1 kW 

Heating units 

Floor heating 40/35 °C 

Probes 
3 á 180 m 

Distance 5 m 

Heating energy demand (required 
by consumer to ensure that the 
required comfort conditions are 

met) 

Qdemand  MWh/a 31.6 

Specific heating energy demand  Qspes.demand  kWh/m2a 25 
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Results  

The provided area of approximately 50 m2 is enough for 3 geothermal probes which can be 
placed in the inner yard. According to the professional report of the simulated system, the 
energy supplied from heat generator to the system in the form of geothermal probes constitutes 
31.5 MWh/a, which is a sufficient amount for covering the required heating energy demand of 
31.6 MWh/a.  

3.3.3 Energy System Simulation Variant 4 (required area)  
Variant 4 which is supposed to exemplifies the concept based on the EnerPHit criteria with a 
required area for geothermal probes is not considered necessary. The energy demand of the 
building is totally covered by supplied energy installed in available area.  

3.3.4 Energy System Simulation Variant 5  
Since U-values for Variant 1 and Variant 2 were performed according to Minimum requirements 
OIB-RL 6, the outcomes can be regarded as theoretical results. In practice, the calculation of 
LEK value (line of European criteria), which is a characteristic value for the thermal quality of 
the building envelope taking into account the building geometry, is determined.  In accordance 
with the OIB-RL 6, LEK value is estimated with the Formula 2 and constitutes 35.399 kWh/m2a.  

 
Formula (2) 

  
 

The Variant 5 is simulated using the template in Polysun for the building with the U-value that 
is 0.3 [W/m²K]. 

For simulation, the room set temperature, absence and energy provider are chosen the same 
as for previous variants.  

Heating energy consumption 
(actually consumed energy by a 

consumer) 
Quse MWh/a 31.7 

Energy supplied from heat 
generator to system   

Qaux MWh/a 31.5 

Fuel and power consumption by 
heat generator (amount of fuel 

required by heat generator) 
Etot MWh/a 7 
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The brine/water heat pump has capacity of 28.3 kW. The floor heating with the inlet 
temperature of 40 °C and return temperature of 35 °C is chosen as a heating unit of the 
building.The number of geothermal probes in this case constitutes 4 pieces with the distance 
of 5 m between them and the length of 180 m deep.  

The data regarding the building dimensions, energy provider as well as simulated energy 
inflows and distribution results are demonstrated in Table 13.  
 
Table 13: Data for Renovated State Simulation Variant 5 (Available Area (Source: own 
representation)) 

 

Building data 
6 floors (length – 18 m, width – 11.7 m, hight – 3.1 m) 

Heated living area 1,263.6 m² 
U-value average is 0.25 [W/m²K]  

Energy producer 

Geothermal 
energy 

(Ground-
source loop) 

Heat pump  

(COP 4.4) 
28.3 kW 

Heating units 

Floor heating 40/35 °C 

Probes 
4 á 180 m 

Distance 5 m 

Heating energy demand (required 
by consumer to ensure that the 
required comfort conditions are 

met) 

Qdemand  MWh/a 46.6 

Specific heating energy demand  Qspes.demand  kWh/m2a 36.9 

Heating energy consumption 
(actually consumed energy by a 

consumer) 
Quse MWh/a 46.8 

Energy supplied from heat 
generator to system   

Qaux MWh/a 46.5 

Fuel and power consumption by 
heat generator (amount of fuel 

required by heat generator) 
Etot MWh/a 9.9 
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Results  

As the results of the simulation show, specific heating energy demand  36.9 kWh/m2a is nearly 
the same as calculated, recommended specific heating energy demand of 35.399 kWh/m2a. 
The energy demand is covered. For this case 4 geothermal probes are needed with the 
required area of 75 m2.  
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4 Analysis  
In the course of this work, the current state of buildings constructed during Gründerzeit era 
was investigated, which amounts to 32.000 buildings in Vienna and almost all of them are 
heated with natural gas. The structural and technical conditions of the buildings were likewise 
examined. The materials of which they were built were analysed and the data of building 
envelope components was processed into a representative representation of their U-values 
using the Baubook platform to calculate the heating demand of a single test Gründerzeit-
building.  

The components of the building envelope were afterwards thermally insulated in order to 
reduce the heat loss and improve the efficiency of the building. The insulation was conducted 
in two phases, the first stage according to the OIB-RL 6, the second one according to the 
EnerPHit standards.  

Concerning energy supply of the building, the initial main provider gas was eliminated and 
geothermal energy was delivered instead in the form of a brine/water heat pump and 
geothermal probes. 

Using Polysun software, four variants depending on the provided and required area and one 
extra variant based on LEK calculation were simulated. The results, the values of energy 
inflows: energy supplied from heat generator to system, and its distribution, namely the heating 
energy demand excluding warm water, were compared. The overall view is presented in Table 
14.  
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Table 14: Overall view of variants simulations (Source: own representation) 

  

 

 

 

 

 

 
2 Minimum requirements 

3 Minimum requirements 

4 LEK (line of European criteria) 

5 Energy demand is not met 

 Variant 1  Variant 2 Variant 3  Variant 4   Variant 5  

Energy standard OIB2 OIB3 EnerPhit EnerPhit OIB4 

Average U-value 
[W/m²K] 

0.493 0.493 0.257 

V
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ia
nt

 4
 is

 n
ot

 re
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nt
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 re
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d 
ar

ea
 is

 n
ot

 n
ee

de
d 

0.3 

Specific Energy 
demand [kWh/m2 a] 

108 110 25 36.9 

Area [m2] 
125 

Available 

      175 

Required 

50 

Available 

75 

Available 

Energy demand 
[MWh/a] 

136 139 31.6 46.6 

Number of 
geothermal probes 

6 8 3 4 

Heat pump [kW] 39.7 72.37 23.1 28.3 

Energy supplied 
from heat 

generator [MWh/a] 
1255 139 31.7 46.5 
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Based on the simulation results, a dependence graph between the required area for the 
geothermal probes and the specific heating energy demand was plotted.  

 

 

Figure 10 Area for Geothermal Probes and Energy Demand Dependence (Source: own 
representation) 

Figure 10 shows that for the specific heating energy demand 25 kWh/m2a of the building, 
which corresponds EnerPHit standards, the area of 50 m2 (available area) with 3 geothermal 
probes is required. For the specific heating energy demand of 36.9 kWh/m2a and 110 
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kWh/m2a relating to OIB-RL 6, the area of 75 m2 (available area) with 4 probes and 175 m2 
(required area) with 8 probes are correspondingly expected.  In these cases, the energy 
demand of the building is covered. 

The specific heating energy demand 108 kWh/m2a with available area 125 m2 with 6 probes 
is not covered by the system, indicating energy deficit in this case. 
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5 Conclusion  
In this semester project the research question of four different renovation variants of the test 
Gründerzeit-building was considered. The principal condition for the renovation was the 
exclusion of the energy source natural gas by implementing geothermal energy as the main 
energy supplier. In addition, an essential task was to determine the required area for the 
installation of geothermal probes to cover the energy demand of the building.  

The findings of this study, its calculations and simulations revealed the possibility of decreasing 
the heat loss of the building. The average U-values of the variants were reduced from 2.314 
W/m²K to 0.493 W/m²K for the OIB-RL 6 and from 0.493 W/m²K to 0.257 W/m²K for EnerPHit 
standards by performing thermal insulation of building envelope components.  

For Variant 1 with corresponding thermal insulation to OIB-RL 6, the 125 m2 available area 
consisting of the inner yard (50 m2) and sidewalk (75 m2), with 3 geothermal probes on each 
site is not sufficient to meet the heating energy demand. The specific energy demand of 108 
kWh/m2 a (heating energy demand 136 MWh/a) is not covered by the supplied energy from 
geothermal probes of 125 MWh/a. Therefore, it is recommended to use additional renewable 
energy sources. 

For Variant 2, with thermal insulation relating to OIB-RL 6, to cover the specific energy demand 
of 110 kWh/m2 a (heating energy demand 139 MWh/a), by providing energy from geothermal 
probes of 139 MWh/a, an area of 175 m2 is required with an installation of 8 geothermal probes.  

In the case of Variant 3 thermally insulated according to the EnerPHit standards, a provided 
zone of 50 m2 is satisfactory with 3 geothermal probes, meeting the specific energy demand 
of 25 kWh/m2 (heating energy demand 31.6 MWh/a) and delivering energy from geothermal 
probes of 31.7 MWh/a.  

Variant 4 was found to be not relevant in the course of the work since Variant 3 met the heating 
energy demand of the test building.  

Additionally, Variant 5 was simulated, with specific energy demand of 36.9 kWh/m2 a (heating 
energy demand 46.6 MWh/a), by supplying energy from geothermal probes of 46.5 MWh/a. 
The area of 75 m2 is required with an installation of 4 geothermal probes. 

Consequently, Variant 3 and Variant 5 are the most rational and effective implementation, for 
the reason that heating demand of the building is covered by geothermal probes for which the 
area is provided by the inner yard in Variant 3 and by sidewalk additively in Variant 5. If 
additional space is available, Variant 2 can also be implemented. However, it is unlikely in a 
city, because of the lack of space. 

To summarize this research, it can be concluded that the implementation of geothermal probes 
within the framework of Gründerzeit-buildings renovation in Vienna is acceptable and feasible. 
Due to the huge energy demand of the buildings combined with the lack of available space in 
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urban area, the installation of probes is limited in the case of non-sufficient thermal insulation 
because it requires large place for execution. 
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Relevant Definitions   
 

Net floor area (NFA)  

 

the total floor area of the building measured from the interior walls, 
including cellars and basements with a floor to ceiling height of at 
least 1.95 metres. Total Net Floor Area does not include stairs, 
landings, cold cellars, garages, carports, and mechanical rooms. 

Gross floor area 
(NFA)  

total floor area inside the building envelope, including the external 
walls, and excluding the roof. 

The building efficiency 
ratio 

represents the share of net rentable square meters to the total 
gross square meters of a building. 

The building envelope consists of all components that separate the interior from the 
exterior. It includes the materials that comprise the foundation, wall 
assembly, roofing systems, glazing, doors, and any other 
penetrations. 

Energy efficiency is the use of less energy to perform the same task or produce the 
same result. 

U-value thermal transmittance [W/m²K] is the rate of transfer of heat through 
a structure, divided by the difference in temperature across that 
structure. The better-insulated a structure is, the lower the U-value 
will be. 

Heating demand 
(HWB) 

indicates how much heat energy a building needs within a year 
depending on its area to be heated, so that a desired temperature 
is achieved in the rooms. The HWB is expressed in [kWh/ m²a]. 

The kilowatt hours are calculated by multiplying the heating output 
by the number of hours of heating. 

The heating demand or building energy demand is therefore a 
criterion for describing the energy quality of a building. 

Heating capacity (Heizleistung) [W/m2] 

- is the amount of heat needed to maintain a certain room 
temperature. The power of the heating system is associated 
with it.  
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Energy demand  or “load” [kW], is a measure of power. More specifically it is the 
amount of power required in an instant to satisfy the needs of all 
connected appliances, lighting fixtures, HVAC systems, and 
anything else requiring electricity in the building. On a grid level it 
is the amount of instantaneous power required to keep everything 
running.  

Energy consumption  how much electricity a member uses over a period of time. This is 
measured in kilowatt-hours 

Specific heating 
demand 

The specific heating demand describes the amount of heat 
required per square metre of heated gross floor area to maintain 
the indoor temperature at 20 degrees Celsius. 

Baubook  Baubook is a web portal, developed in Austria, which introduces 
the database for building products, components and tools that 
simplifies ecological, healthy building and renovation. The web 
platform provides free validated building material data for the 
calculation of energy and ecological indicators. The calculation for 
building elements such as the U-value (heat transfer coefficient), 
and graphical representation of the section through the 
components building components and visual 3D display of the 
components are of a great help for planning and modelling in a 
building sector field.   

Polysun The simulation of the building energy performances is conducted 
with the help of the software Polysun from Vela Solaris, designed 
in Switzerland. By means of software products, the planning and 
implementation of efficient, innovative and comprehensive energy 
concepts is enabled. The simulations of energy system with reliable 
results in terms of functionality, energy efficiency and cost-
effectiveness, covering electricity, heating and cooling 
requirements are carried out in Polysun software.   
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Appendix A: 
A.1 Plan of the 3rd floor  
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A.2 NGA calculation of the 3rd floor  
 

3rd Floor  Net area [m2] 
Room 1 31,22 
Room 2 25 
Room 3 23.79 

Room 1a 31.25 
Room 1b 25.4 

Hall 1 24.16 
Hall 1a 20.8 

Bathroom 2*3.88 
WC 2*1.52 

Kitchen 10.12 
Study 13.32 

Extra added area 5 
Atrium -1 
Total  209.06 
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Appendix B: Richtlinien des österreichischen Institutes für 
Bautechnik 6   
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