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SYNOPSIS 

To avoid the and problems that occur in today's 
ventilation systems a ventilation concept for future dwelling- 
housesisunderdsvelapnent, Thewnceptmspndstothewayof 
living and buil- in the future. The real li- functions are 
cbsen to design principles, that's why the system has to be 
capable of operating at varying air fluw rates. The building in 
the future is based on a hierarcical modulated system, in which 
fran a snall set of standard ccmpments can be assembled versatile 
alternatives. A system designation adaptable to the new bui1dix-q 
system is under dsvelapnent. 

There are witbut dispute marry lacks in the performance of 
ventilation. These lacks have caused resistance against mechanical 
ventilation. On the other hand, mre requirements are imposed on 
the incbor air, including the possibility of the inhabitant to 
control ventilation aamdhg to his likes and habits. The mre 
control we want the mre technique is needed. 

In order to imprwe and develop the present ventilation systems 
to meet the increasing -ts the problans and faults of 
the present systems were analyzed. Information and experiences 
were gathered frun the occupants mainly thro;ugh demmkration 
projects financied by the Ministry of Trade and Indusky . 
Based on the analysis of the operational faults and developnent 
needs arose the research project "Ventilation systems of the 
future dwelling-buses" . The aim of the project is to develop 
ventilation systems that fit to the way of living and building 
in the future. 

2. PROBLEMS OF TODAY'S VENTILATION SYSTEMS 

The nw>st typical lacks in the demnstration buildings equipped 
w i t h  mechanical exhaust ventilation prwed to be draught, 
stuffiness of i m b m  air, spreading of odours inside the flat 
and between flats and condensation problems in the constructions. 
Mechanical extract ventilation system is quite usual in the 
building stock in Finland (e.g. it covers 60 % of the blocks of 
flats), It's not possible to say in general, hob usual the abwe 
mentioned pmblems are, because the examined material was small. 

The cunplaints in the demonstration buildings equipped with 
mechanical supply and exhaust ventilation or air heating concerned 
mainly noise, spreacEng of odours inside the flats and the 
difficulties in use and maintenarxx. The amount of residencies 
equipped w i t h  mechanical supply aMJ. exhaust ventilation system 



The sat isram operation of the ventilation system depends 
also on the characteristics of the ccmtmctions especially on 
tbs internal and the external tightness of the building, For 
example An multi-storey blocks of flats the air leakages through 
the intxmndiate floors can't be avoided only by the means of  
the prasfllre differencies or air flows of the ductwork. Huwever, 
ventilatim system merely is blaimed easily for odrJur or 
condensation problems. 

For example, ths prerequisities for satisfactory operation of 
the mchmical supply and exhaust ventilation system in a multi- 
storey block of flats are according to - calculations /1/ the 
follawing : - ths pressure difference over the termindL devicas is 

over 100 Pa - the ratio between supply and extract air flow rates is 0,8 - -Uls air leakage number of the b u i l w  envelope is mailer 
than 0,5 l/h - the air leakage of the inkrmdiate floors at the pressure 
dif fer&nce of 50 Pa is abut 0,l l/d - the air leakage of the staircase doors is about 2 l/s at 
the pressum difference of 50 Pa. 

3. THE REI(XJIREMNl'S SET ON THE VENTILATION SYS!EPE OF THE FUTURE 

3.1 Climate 

Fran the ventilation point of view, the outdoor air temperature 
is the mclst important meteorological factor. The outdoor air 
temperature influences on dimensioning the aparatus, the need of 
capasity and energy consmption mnclusively. Ventilation systems 
that are developed for the mild climate countries don't usually 
aperate energy efficiently in the Finnish climate conditions. 

There are heating and cooling loads in the buildings in Finland. 
The outdoor air temperature Changes frun about -30 "C to +30°C. 
Tha special characteristics of the climate is that outdoor air 
can be used for cooling nearly always in the sumner. 

The big temperature difference between outdoor and indoor air at 
win* t i m e  causes big pressure diffmies between the floors 
and insids the ventilation system. The big pressure differencies 
changetheairflowsfnthebuil~Uremorethehigherthe 
building is. 

3.2 Social developnent 

The residencies are myre cramped in Finland than in the other 
Nordic countries. A s  a reasm to that has been given that the 



Firms value the bus ing  less than other naticnalities, the 
buildirg secto;r hasn't been capable oil amwerig to the charging 
c&lemmk, ~ r e s i ~ e g a r e o w n s d b y t h e ~ t s a n d t h e  
repayable times of the loans are short. Anyway, the residential 
spacimsnessisesthatedtograwfrcm28d p e r p e r s m t o 3 5 d  
per person by the year 2000. The bigger residential spaciousness 
makes it pxsible to prmdde e.g. the kitchens and bathrooms 
w i t h  better facilities* 

The work-lng hmrs of single persons will becane shorter. The 
shorter work ing  hrxrrs will not lead to increase in actual leisure 
time, butthe f r e e t i m e w i l l b e u s e d m a i n l y t o ~ ~  
household management. The imxease in household management is 
due to increasing qualitative rqukments and increase in the 
piraperty to be taken care of, 

Xn the year 1986 a Finnish pilot study /2/ was mnpleted, the 
goal of which was to identify future needs and -ts for 
the develapnent of building HVAC and electrical systems, The study 
was carried cut by intend- experts in different fields 
(research scien-, designers, manufacturers, building 
contractors, architects, social scientists and sociologists). 

As a result it was ccacluded that new needs and -ts focus 
especially in s b r k d q  contruction time, raising quality and 
hpmchg energy management. bbreomr the results einphasized 
individual m@remmts of occupants, and the influence of indoor 
air  on health and mnfort of the occupants. 

3.3 Building technology 

The basic pmblem in building technology is to solve the 
ocrrtplicated interactive mtradiction between the -ts: 
qwility, dceability, flexibility and emmny. Waditionally 
the v i e w  has been that industrialized production can lead to 
eccavmical result, but with the loss in quality and flexibility. 

Ths solutions are developed in many research pmjects at the 
building sector in Finland (fig. 1). In one of the research 
projects there is a new modulated Neraxtdcal building system 
(TAT) under developnent /3/* The technical realization of the 
ecananic pmdwtion is mechanised and autanatized productim of 
strucrtures in the factory and rapid erection of structures at 
the building site. In the f i m k h i q  phase both mechanical and 
handwak is used to get a personal look tq the building w h i c h  
else is produced by the industrialized building system. 
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Fig. 1. The Finnish int-wvation process towards the aaputer 
integrated industrialized building technology. /3/ 

The lrodulated hierarchical building system can be defined by the 
rtew 'concepts ( table 1 ) . 
The basic idea in the industrialized building system is that a 
large rurmber of versatile cabinations can be made up of a few 
anpnents. The levels of hierarchy are building level, sub- 
building level, rrodule level, ccmponent level and basic element 
level, w h i c h  are defined as follows: 

sub-building: an independent part of the buil&hg defined 
according to operation, design or manufacturing 

mdule: a canbination of --fabricated cmpnents 

anpnent : a separate, prefabricated part of a technical system, 
a cmponent will be delivered as a solid element to the building 
site 

basic element: a detail of a ccmponent. 

The TAT-building system has t w o  levels of quality: basic level 
and high level. The quality level is defined at the canpnent 
(basic element, mdule) level. Both quality levels can be used in 



the same buildiq and the quality 1-1 can be impraved 
aftmxmrds. 

Table 1.The modulated hieramhical building System (TAT). 

3.4 Occupant behaKLour 

Leves of Architectural 
hierarchy and technical 

systems 

The writers of this paper don't have available generally 
applicable research results a m w m h g  the occupants bpes and 
-ts that they put on the ventilation systems. Sane 
  ti cons on the owupants' behavik have been gained f m  
the demonstration projects. For the needs .of buil- services 
research and developnent projects (figure 1) will be made a 
study of the demands of housing and working in the long term (15 
- 20 years). 

For example, infomation about the occupants increasing habits was 
got in a demonstration project / 5 / ,  in w h i c h  there was a 
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mechaniGal supply and exhaust vlentilatian system w i t h  ventilation 
units in every dwelling. The building had totally 35 dwellings. 
ThecentrdLexhaustsystemwasequippedwithafanwNGhwastn 
pruvide the basic exhaust air flaw rate. The exhaust fan of the 
v e n t i l a t i o n m i t i n t h s M t c h e n w a s u s e d t o i n c = r e a s e t h e ~  
airflawratefnrnthekitchenhoodwhenmeded. Thenmning 
t i m e s 0 f t h e e x h a U s t f a n s i n t h e M t c h e n s ~ ~ ~ d u r i n g  
16 mths period. 

The household actions, e-g. ccddng, cause a tenparally changing 
hjp~~ity load in the apartment. That's why were great 
differencies in times of increasing as well as in duration of 
increasing. The residents forced the kitchen ventilation 50 
minutes per day in the mean (fig. 2) . The ventilation needs of 
individual aprtments can't be satisfied with a centralized 
increasing. 

The forcing time in hours per day 

Fig. 2. The distrilxtim of in=reaSing duration of tbe kitchen 
ventilatim hoods in the 35 aparbmnts in March 1987. In 
two apmhents the haeasing was m t  used at all. /5/ 

3.5 Loads 

The spatiotenporally changing impurity load consists of the 
impurities a m h g  fran the human beings, household actions and 
materials. The minimum ventilatim rates are detemined according 
to health aspects so that the amcentration of unhealthy 
impurities frun building materils don't exeed the allawed values 
inman spaces. Bigger air flaws thantheminimumareneeded, if 
also other inpurities should be exhausted by the ventilation 
system. Maybe, the maximum air flow rates are needed in cooling 
theapartmentsinsmmrWwbyusingthewMbarair. 

The starting point for the develapment of EutUre ventilation 
systems is a system w i t h  variable air flaw rate. After the loads 
w h i c h  need the minimum and maximum air flow rates are determined, 
it is not important, whatever the other loading profiles and 
nseded ventilation rates are, because the system is able to 
operate bebeen -the m .  and maximum. 



The results fram the abave research projects form limits, that 
~cahcern social ~ l ~ t ,  building techmlcgy and ocqpmts' 
canfor t ,  health and cooslrming habits. Keeping in mind these 
limits, ths f o l l ~  targets have been put to the ventilatim 
systems: - The possibility to vary the air flaw rates to 

individual needs (dew& controlled) 
- Good ventilation efficiency especially in living spaces. 
- In&- of extemal di-ies. 
- 
- - ==m ecoau=my (heat recovlery). 

The possibility to imprwm the quality level afterwards. 

The ventilation systenrs which meet the given rquhmmts are 
developed by handling ths ventilatim as ons of the technical 
s y s i x m s o f t h s b u i l ~ a n d b y ~ ~ t h e ~ ~  
-ts of the ampments. This nreans that the idea of a 
modulated hierdcal system will be intxduced also to 
ventilation. 

4. THE DE3lEm- OF THE HIERARCHICAL S Y S m  

4.1 The ccqmmts of the ventilation system 

According to industrialized building system, W technical systems 
a m  assembled rapidly at site fnm prefabricated rmnpmnts .  The 
capnents of the ventilation system are ventilation unit, air 
duct, air flaw CQsltroller, roan chvi68 and cxmt-sol unit (fig. 3). 

Depending cn the quality level of the system, the ventilation 
Wt cmpnent cansists of an a w i a t e  selection of the 
follcrwing j3mctiOns: - exhaust (damper, fan, sileracer, filter, heat W e r )  - supply (damper, fan, silencer, filter, by-passing of the 

heat exchanger, heating, cooling, humidiEying, 
recirculating) . 

The air distribution is accunplished so that only one supply and 
one exhaust air duct enters the apartment. The exhaust air flow 
of the aparbnent or ths ratio between the supply and exhaust air 
flaws of the aparhmt are codltrolled by the air flow contsOller 
or the ventilation unit. Inside an apartment the exhaust air 
flaws can be forced spatiotenprally. The increasing does' t change 
the total air flaws of the apartment. 
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Fig. 3. The -tS of the ventilaticxl, system. A n  exanple of 
a mechanical supply and exhaust ventilation system, 
where the machine supplies a sub-building. 

The exhaust air flaws inside the apartment are delivered by the 
room devices. Depndi.ng on the quality level, the roan device 
mqpnent consists of an appropriate selection of the foilwing 
functio~ls: - exhaust air terminal device (damper, measurement of air 

low rate, silencer, filter) - supply air terminal device (measurement of air flaw 
rate, damper, filter, heating, cmolirx~, humidifying, 
silencer). 

The pressma differencies and air flaws are regulated at the 
prede- values by the means of the control unit canponent. 

4.2 The characteristics of the hierarchical system 

All the ventilation systems can be arranged to groups, as it can 
be seen in the table 2. The ductwork at the basic level is 
designed and built so that improving the quality level afterwards 
is pssible inside the system group. Imp rov ing  the quality level 
of the system is done at the sub-building, apartment or roam 
level. 



Table 2.Groups of ventilation systems and the functions of the 
system at different levels. 



The ventilatim systems of the future dwelling-buses have to 
to -the way of living,housing and building in the future. 

The operational disbrbancies in the todary's ventilation systems, 
SUGhastheqxeadhgof odoursinsidetheaparhents, stuffy 
W air and cmdersation on skm&mes refer to the fact, 
that the ventilation Systems are not capable of exhausting the 
impurities that cune frun the real  household actions. That is 
because tha local air flow rates are tmo small and the occupant 
has no possibility to adjust t-htm more appropriate. 

Ths key to the solution is a ventilation system w i t h  variable 
air flows, in which the ducts, fans and terminal devices are 
designed to operate at varying air flows. This kind of ventilation 
system has been simulated by calculaticms, and it is possible to 
create tables, with w h i c h  the dirnensim of the systems will 
be easy and rapid in practica in the future. 

The buildhg ~ 1 o g y  R&D projects in Finland focus on new 
capme& based Lxlilding system, in w h i c h  bigger and more refined 
pfabAcated stsucanss are ccme&ed at site. The goal of the 
whole building secbr should be to make the technical systems 
tatally mtible. The ventilation kanch itself will also 
benefit fran ths ecarxmic, qualitative ardi serviceability aspects 
of #8 canpcnent building. 
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Discussion 

Paper 19 

P. Hartmann (EMPA Duebendorf, Switzerland) You explain the 
requirements for future ventilation systems. What kind of 
heating systems will be cambined with these systems? 

M. Luama (Technical Research Centre of Finland) The system can 
be separate (radiators) or it can be combined with ventilation 
(air heating). The systems under developnent will mainly not 
include heating. 

G. Gottschalk (Institute fur Energietechnik, Zurich, 
Switzerland) Are you planning to adapt the components of Finnish 
heatinq and ventilation systems to be controlled £ram a central 
computer - i.e. the "smart home" concept? It might open new 
perspectives for energy management and optimised operation, 

M. Luoma (Technical Research Centre of Finland) "The ventilation 
concept for future dwelling houses" research project 
concentrates on the technical components and operation of the 
ventilation systems. In this phase control by computer has not 
been developed. 

C-A. Roulet (Ecole Polytechnique Federale de husanne, 
Switzerland) Which kind of "roam device" do you plan to use to 
allow the occupants to change air flow rate? 

Me Luama (Technical Research Centre of Finland) There are some 
adjustable roam devices available. The principle of operation 
involves adjustment of opening size. A more advanced ltroom 
device" operates with a new cascade control method (see paper by 
Rolf Holmberg: Spatiotenporal control of mechanical exhaust air 
ventilation). This device is not yet romnercially available. 

W, Raatschen (Dornier Systems QnbH, W. Germany) What ventilation 
rates are used in Finland to remove contaminants released by 
building materials and how have they evolved? 

M. Luama (Technical Research Centre of Finland) A ventilation 
rate of 0.5 air changehour is needed to evacuate the 
contaminants released from the building materials. It is based 
on measurements and calculations. 


