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Esipuhe 
 
TTYn rakennusfysiikan tutkimusryhmän ja RILn järjestämä rakennusfysiikkaseminaari pidetään 
nyt viidennen kerran. Tampere-talon tilat ovat uudistuneet viimekertaisen seminaarin jälkeen. 
Tapahtuman rinnakkaissali on vaihtunut uuteen Duetto-saliin, jossa on enemmän tilaa katsojille ja 
paremmat puitteet esitysten pitoon. Seminaarijulkaisu on puolestaan saatavilla nyt ensimmäistä 
kertaa sekä sähköisenä että painettuna kirjana. 
 
Seminaaripäivät on jaettu jälleen eri aihepiirejä koskeviin teemoihin. Ensimmäisen päivän aiheet 
liittyvät rakennusfysiikan tutkimukseen, suunnitteluun ja ohjeisiin. Toisena päivänä rakennuksen 
kosteus- ja homeongelmat ja niiden ennaltaehkäiseminen sekä sisäilman laatu ovat esitelmien 
keskiössä. Kolmannen päivän aihepiireinä ovat pääosin energiatehokkuus ja akustiikka. Kaiken 
kaikkiaan seminaarissa kuullaan yli 90 puheenvuoroa. 
 
Ympäristöministeriö uudistaa parhaillaan rakentamismääräyskokoelman osia, ja uudet asetukset 
niin rakennusten energiatehokkuuden kuin kosteusteknisenkin toiminnan osalta astuvat voimaan 
vuoden 2018 alusta. Uusista kosteusasetuksista on seminaarissa myös esitys. Muitakin 
rakennusfysiikkaan liittyviä uusia tai valmisteltavana olevia ohjeita esitellään seminaarissa. 
Näistä voidaan mainita mm. kosteus- ja homevaurioituneen rakennuksen korjausoppaan 
päivitystyö, joka on parhaillaan käynnissä. 
 
Yhtenä merkittävänä osana seminaarissa on tällä kertaa TTY:n vetämän COMBI-hankkeen 
tulokset. COMBI-hankkeessa keskitytään palvelurakennusten energiatehokkuuden parantamiseen 
liittyvien vaikutusten ja ongelmien selvittämiseen ja ratkaisemiseen. Hankkeessa tarkastellaan 
palvelurakennusten toimintaa kokonaisvaltaisesti arkkitehtuurin, rakenteiden ja taloteknisten 
järjestelmien näkökulmista. Tästä hankkeesta seminaarissa on mukana toistakymmentä esitystä. 
Näistä voidaan nostaa esiin mm. tutkimukset palvelurakennuksissa mitattujen energiankulutusten 
eroista laskennallisiin arvoihin verrattuna sekä tavoite-energiankulutuksen pienentämisen 
vaikutukset elinkaarikustannuksiin, joista on saatu mielenkiintoisia tuloksia. 
 
Kosteus- ja homevauriot ovat perinteiseen tapaan vahvasti edustettuina esityksissä. 
Rakennusaikaiseen kosteudenhallintaan liittyviä käytännön kokemuksia sekä uusia hyviä 
toimintatapoja esitellään entistä enemmän. Esityksissä on mukana myös useita case-kohteissa 
tehtyjä tarkasteluja. Puukerrostalorakentaminen on alkanut yleistyä myös Suomessa ja 
puukerrostalorakentamisen kosteusteknistä toimivuutta koskevia esityksiä onkin kuultavissa 
seminaarissa.  
 
Rakennusten olosuhteiden seurantaan ja hallintaan on alettu kiinnittämään yhä enemmän 
huomiota, mikä näkyy myös aiheeseen liittyvien esitelmien kasvaneena määränä. 
Rakennusvirheiden ja kosteusvaurioiden ennaltaehkäisemiseksi kehitetään uusia menetelmiä ja 
toimintatapoja. Myös rakennusten energiatehokkuuden parantaminen tavoitellulle tasolle 
edellyttää rakennuksen toimivuuden seurantaa ja hallintaa. 
 
Seminaarissa kuullaan tällä kertaa kolme kansainvälistä ja yksi suomalainen keynote-
puheenvuoro. Seminaari alkaa tiistaina kahden kansainvälisen rakennusfysiikan professorin 
puheenvuoroilla. Toisen tiistain puheenvuoroista pitää Norjan ainoan teknillisen yliopiston 
NTNU:n rakennusfysiikan professori Stig Geving. Hän on erikoistunut tutkimuksessaan lämmön 
ja kosteuden siirtymiseen rakenteissa, kosteusteknisiin simulaatioihin, kosteusvaurioihin sekä 
rakennusaikaiseen kosteudenhallintaan. Viime vuosina hän on keskittynyt myös rakennusten 
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Buildings of tomorrow - Moisture safe, nearly-zero-energy and BIM 
based solutions 

Part 1: Experiences and future developments in Austria

Thomas Bednar 
TU Wien Vienna University of Technology 

Abstract 

The paper presents important aspects for the design and operation of “Buildings of tomorrow” 
from an Austrian perspective. The indoor climate with and without a basic ventilation without 
occupants action, the possibility of decreasing the yearly net-energy-demand of buildings below 
zero and the moisture safety of constructions espacially after renovations are adressed. Conluding 
that the detailied overview on all components the designers have to deal with is one of the keys a 
proof-of-concept of a consistent data model model is presented. Clients can be used by all 
designers to manipulate all items until the find the optimal solution. Industry delivering real 
componentes at the end are ask to hand in virual twins of their products to contractors. In that way 
the perfromance of a building is already known at the time the contracts are signed. Also the 
control algorithm can be programmed and it is not necessary anymore to wait till occupants use 
the building. In that way “Buildings of tomorrow” will have virtual twins and buildings physics 
experts will have time to design them with a nearly zero risk for moisture damage. 

1. Introduction

The energy system of Europe will be tranformed into a resilient, renewable energy sources based 
system. As the energy consumption inside buildings for lighting, ventilation, heating, cooling, 
transport is approximaly 40% of the energy consumption many measures during renovations try 
to decrease the energy need without impairing thermal comfort and durability of the building 
construction. In addition, the use of various forms of energy is associated with all human 
activities, like office work, cooking, clothes washing etc. 

To reduce the energy demand for heating the building envelope is insulated more than in the past. 
The whole envelope is much more airthight, energy efficient ventilation systems are installed and 
the equipment is exchanged with energy efficient products. Well designed passive houses showed 
very good energy performance and thermal comfort. Such succesfull building projects have been 
supported by the program “Building of Tomorrow”, which was launched by the Federal Ministry 
of Transport, Innovation and Technology in Austria in 1999. With the aid of an active research 
and technology policy, architecturally ambitious buildings have resulted that employ ecological 
materials, are exceptionally energy-efficient and at the same time are rewarding to live in and to 
use. The following paper presents the personal view of the author on the important aspects of a 
building concept and concludes in a new way to design and operate “Buildings of Tomorrow”  
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2. Moisture excess in new building without mechanical ventilation

Modern building envelopes are very air-thight. From a durability point of view it is very 
important not to transport moisture by vapour convection into the cold parts of an envelope. The 
following summary of a research project focuses on the indoor vapour content in single family 
buildings without a mechanical ventilation system. The research question was: “How high will be 
the moisture excess, if the airthigtness of the envelope is high and people use the windows as the 
like it.” [1] 

2.1 Description of building stock 

The measurements of indoor climate have been done in a suburban residential area in Vienna. 100 
similar small single family houses are situated there. The houses are built in a prefabricated wood 
frame method. In total 28 families agreed to be monitored for one year. The airthightness of the 
buildings was n50-value = 0,7±0,2 1/h. The average number of occupants was 2,3 ± 0,7.  

Figure 1. Residential area with similar single family houses. The location of the temperature and 
humidity sensors are shown in the drawings. 
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2.2 Measured Indoor Temperature and Moisture Excess 

The indoor temperature and humidity was logged for more than one year. The following 
diagramms show the monthly mean values of the average over all sensors in one house.  

Figure 2.  Distribution of the measured moisture excess in January for all 28 houses and the 
monthly values for an example of the lower, middle and upper third of the distribution. According 
to EN ISO 13788 half of the houses belong to moister class 4 and only half are within moisture 
class 3. 

Figure 3.  Distribution of the measured operative temperatures for an example of the lower, 
middle and upper third of the distribution.  

As can be seen the temperatures during winter time is between 19°C and 22 °C. Half of the flats 
are within moisture classe 3 and the other half within moisture class 4 according to EN ISO 
13788. 
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Comparing the results to the study of Vinha et.al. 2008 [2] it can be seen that the distribution is 
similar but shifted by 4 g/m3 towards higher humidities. The study in Finnland included around 
60% of houses with supply and extract ventilation systems, 30% with extract ventilation systems 
and 10% with window ventilation only. Additionally the air-thightness of the envelopes was  
n50 = 3,9±1,8 1/h.  One can conclude that the shift towards higher relative humidties is due to lack 
of controlled ventilation together with a very airthight envelope in the Austrian ensemble of 
single familiy houses. 

Figure 4.  Distribution of the measured moisture excess in January (outdoor temperature 5°C)  
compared to Vinha et.al. 2008 [2]. The standardized value used in Austrian building physics 
moisture performance assessments is 7 g/m3 (ÖNORM B 8110-2:2003). 

3. Buildings of tomorrow – Demonstration projects

3.1 Buildings of Tomorrow – Demonstration objects 

Since 1999 the Austrian Federal Ministry of Transport, Innovation and Technology supports 
research and demonstration of innovative building concepts and components. A good overview 
over the demonstration projects can be found at  

https://nachhaltigwirtschaften.at/resources/hdz_pdf/innovative_gebaeude_in_oesterreich_2012_te
chnical_guide.pdf 

Since 1999 the focus was on ecological lowest energy buildings. 2008 additionaly local 
conversion of energy had to be part of research or demonstration projects.  

3.2 Plus-Plus-Energy High-Rise Office Building  
TU Wien – Getreidemarkt Object BA 

Due to a lot forgoing research projects at TU Wien the idea was born to use one of the ongoing 
renovation projects to demonstrate the possibility of highest energy efficiency in a city in the 
middle of Europe. The goal was to use less non-renewable energy from electricity and district 
heating grid than the building could export to the grid. After the renovation the 11 storey high-rise 
building is mainly used for offices for institutes of the faculty of mechanical engineering. Office 
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workplaces, teakitchens and high performance computing. The new IT concept of the university 
allowed to transfer the high performance computing out of the offices into server-rooms. One 
server room in the cellar of the building is used as the heating source during winter. 

Figure 5.  Picture of the high-rise building of TU Wien. 

Figure 6.  Time line of building project. The first valid monitoring data was collected in 2016. 
The relocation of scientific IT (simulation server) is still ongoing. 

Detailed information can be found at  

http://univercity.at/en/locations/getreidemarkt/plus_energy_office_high_rise_building/overview/ 

The following figures presents the energy consumption for usage (10 storeys office work, 
communication, tea kitchen, ...) and building services (heating, cooling, lighting, ventilation, 
transport) for a typical new building and the very efficient building. Only if all measures can be 
realized the overall energy consumption will be less then the possible conversion of solar energy 
into electricity on roof and façade of the building. 
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Figure 7.  Possible reduction of energy demand if all measures can be realised. The emissions of 
the building, furniture and all other items limit the possibility of ventilation air flow reduction. 
The predicition assumes a lowest emitting building. 

During 2014 and 2015 the building systems were finalized by the contractors and the monitoring 
system was validated by the research team. 2016 the first valid monitoring data was available. 

Figure 8.  Measured energy consumption before optimisation (2016). The estimation of the energy 
consumption after complete relocation of simulation servers and optimisation of building and 
HVAC control (presumable 2018) is promising. The goal of an equal yearly usage and production 
seems possible. 

Due to the very detailed monitoring system the impact of still remaining simulation servers in the 
offices, some sub-optimal performance of lightning, ventilation and chiller control system could 
be quantified. The next figure presents the split of the deviation between the minimal achievable 
energy consumption and the measured energy consumption 2016. 
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Figure 9.  Split of enhanced energy consumption. The use of simulation servers inside the offices 
instead of an efficient hardware in server rooms, together with suboptimal control of chiller and 
ventilation system is responsible for more than half of the enhanced consumption.  

The energy use for communication could not be realised in the most efficient way as the 
university invested into a new telephone system a few years ago. As the system has to be used in 
each building the energy demand for communication is much higher then the most efficient 
solution. 
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