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'Kakovost zraka v prostoru - vzrok za zamenjavo toplovodnega s
toplozra¢nim sistemom ogrevanja

The Indoor Air Quality - The Reason for Replacement of Water-Heating
System by Air-Heating System

VINCENC BUTALA

Clovek prezivi povprecno e 90 odstotkov svojega casa v zaprtih prostorih, postal je ujetnik lastne
civilizacije. Za dobro pocutje in zdravju neskodljiv notranji zrak je treba v delovne in bivalne prostore
dovajati svez, zunanji zrak. Z ucinkovitim prezracevanjem, ki povezuje koncentracijo onesnazenja v odpadnem
zraku (v prostoru) in koncentracijo onesnazenja zraka v coni dihanja, se raba energije za ogrevanje in/ali
hlajenje povecuje. To pomeni, da sta si z vidika rabe energije, kakovost zraka in raba energije v nasprotju.

Kljucne besede: prezracevanje prostorov, kakovost zraka, ogrevanje toplovodno, ogrevanje toplozracno

People nowadays spend 90 % of their time in closed spaces, so that they became almost
prisoners of their own civilization. But it is necessary to let fresh air into working and dwelling
places if we want to feel well and breathe air that is not of a decterious quality. The use of energy
for heating and/or cooling rises with the effectiveness of ventilation that connects the concentration
of pollution in the waste air (in the space) and the concentration of the air-pollution in the zone of
breathing. And that means that the air-quality and the use of energy conflict.

Keywords: ventilation, indoor air quality, water heating systems, air heating systems

0 UVOD 0 INTRODUCTION

Energijska kriza v zaCetku sedemdesetih let The energy crisis at the beginning of the
Je botrovala miselnosti, da je treba za vsako ceno  seventies made people think that it was necessary to
yaréev_ati z energijo. Zaradi tega je bila zmanjSana  save energy at any price. This led to a reduction of
intenzivnost prezratevanja prostorov ob hkratni  space ventilation intensity where there was at the
povecani kakovosti gradnje objektov glede Ve&je  same time an increase in the quality of building
zragne tesnosti. Ugotovljene in prepoznavne so bile o ction with respect to greater air tightness. The

prve resne zdravstvene teZave zaradi poslabsane i LHY ; :
kakovosti zraka v zaprtih prostorih [1] in [2]. g{;;;cfsgrf?;r:gdhg]]m fraslcpoonaivqualisy overe

Pri nas je bila sprejeta Resolucija o strategiji

rabe in oskrbe Slovenije z energijo [3]. Poleg . ; :
doseganja dolgoroéne zanesljivosti in zadostnosti  “¢T8Y supply in Slovenia [3] support the increase

oskrbe z energijo je njen strateski cilj, ob poveganju 1N energy efficiency with a low risk to the
energijske uinkovitosti in &im manj$em tveganjuza environment while being acceptable for the health
okolje in prostor, tudi skrb za zdravje ljudi. To of people. That means that should not compromise
pomeni, da energijska u€inkovitost in/ali u¢inkovita  the indoor air quality or people’s health [4] , [5] and
raba energije ne smeta biti dosezeni v $kodo ugodja, [12].

¢lovekovega zdravja oziroma kakovosti zraka v

prostorih [4] ,[5] in [12]. 1 THE AIR QUALITY
1 KAKOVOST ZRAKA

The Resolution about the strategy of use and

The expression "Sick Building Syndrome" is

Za obravnavo problema slabe kakovosti zraka  known when dealing with the problem of bad indoor

v zaprtih prostorih je znan izraz sindrom "bolne" air quality. The World Health Organization defined
stavbe. Ze leta 1982 je svetovna zdravstvena thenotion "Sick Building Syndrome" already in 1982,
organizacija (WHO) opredelila pojem sindroma first of all due to numerous complaints and number
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"bolnih" stavb, predvsem s Stevilom pritoZb oziroma
stevilom obolelih ljudi v dolocenem poslopju. V
osnovi izjava WHO doloéa, da je kakovost zraka v
prostoru neustrezna, ko 20 odstotkov ljudi ob¢uti
zdravju kodljiv vpliv, ki ga je klini¢no sicer tezko
ugotoviti. Simptomi, ki se obi¢ajno pojavljajo, so
raznovrstni. So odziv organizma na trenutno neugodje
in razmeroma hitro minejo, ko ¢lovek zapusti takSen
prostor. Intenzivno in dolgotrajno bivanje v
neprezratevanih prostorih lahko privede tudi do
akutnih in celo kroni¢nih obolenj. Omenjena
spoznanja so privedla do drugaénega razumevanja
kakovosti zraka v prostoru, spreminjajo se standardi
in predpisi, obnavljanje notranjega zraka z zunanjim
zrakom dobiva vedno ve&jo veljavo in pomen.
Kakovost zraka v prostoru je odvisna od
kakovosti dovedenega zraka, oblike in ureditve
prostorov v objektu, nacina prezrafevanja oziroma
klimatizacije in njihovega vzdrZevanja ter jakosti in
koncentracije notranjih virov onesnazevanja (sl. 1).
Pomembni so tudi drugi dejavniki notranjega okolja:
temperatura in vlaZnost zraka, osvetljenost itn.

of people becoming sick in a defined building. The
declaration of the World Health Organization
basically defines that the indoor air quality is
unsuitable when 20 % of occupants have sensible of
symptoms harmful for health that are clinically
difficult to diagnose.

The symptoms that usually take place certain
are diverse. They are the response of the body to
momentary discomfort and are relatively of short
duration when a person leaves such a space. Intensive
and long staying in spaces that are not ventilated can
also lead to acute and even chronic illness. This has
led to different understanding of the indoor air
quality; the standards and the rules are changing, and
the exchange of the indoor air with the outdoor air is
considered to be of increasing importance.

The air quality depends on the quality of the
inlet air, the shape and the arrangement of the spaces
in a building, the mode of air-conditioning, and on
its maintenance, the strength and the concentration
of the indoor sources of pollution (Fig. 1). Other
important factors of the indoor environment are
temperature and the air-humidity, lighting etc.

VIRI ONESNAZENJA, KI VSTOPAJO V PROSTOR, ALI PA SO ZE V PROSTORU:
GRADBENI MATERIAL; POHISTVO/NAPRAVE;
KLIMATIZACIISKA OPREMA;

PORABNO BLAGO;

ZUNANIJI ZRAK / UMAZANIJA; LIUDJE

THE SOURCES OF POLLUTION THAT ENTER A SPACE OR ARE ALREADY SPREAD
IN A SPACE:
CONSTRUCTION MATERIAL; FURNITURE/DEVICES;
AIR-CONDITIONING EQUIPMENT;
CONSUMERS GOODS;
OUTDOOR AIR/DIRTINESS; PEOPLE

VIRI ONESNAZENJA V PROSTORU:
REAGIRAJO Z DRUGIMI SNOVMI; SE RAZKROJLIO;
SE PRITRDIJO NA POVRSINO; OSTANEJO NESPREMENJENI

THE SOURCES OF POLLUTION ALREADY PRESENT IN A SPACE:
REACT WITH OTHER SUBSTANCES; DECOMPOSE;
FIX ON THE SURFACE; REMAIN UNCHANGED

|
|

KONTAMINANTI V PROSTORU,
KI JIH CLOVEK VDIHA

CONTAMINANTS IN A SPACE
THAT ARE BREATHED IN
BY PEOPLE

KONTAMINANTIL, K1JIH CLOVEK
VPROSTOR IZDIHA

CONTAMINANTS THAT PEOPLE
BREATHE OUTINTO A SPACE

ODVOD KONTAMINANTOV
1Z PROSTORA

CONDUCTING CONTAMINANTS
OUT OF A SPACE

SL.1. Potek onesnaZenosti zraka v prostoru
Fig. 1. The course of air pollution in an area
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Pri prezraevanju in vrednotenju koli¢ine
zraka je treba lo¢eno upoStevati dve komponenti:

- razred¢enje onesnazevalnikov, povzro¢enih
zaradi ljudi in njihovih aktivnosti,

- razredéenje onesnazevalnikov, povzrocenih
zaradi uporabljenega gradbenega materiala, pohistva
in vgrajenih sistemov ogrevanja, hlajenja in
prezradevanja oziroma klimatizacije.

Svezi zrak obi¢ajno nima bistvenega vpliva na
kakovost zraka v prostoru, saj je zrak v poslopju tudi
do 10-krat bolj onesnazen. Ocenjena obutena
stopnja onesnaZenosti, ki nastaja v prostoru, je pri
obi¢ajno grajenih poslopjih med 0,3 do 0,5 olf/m?
poda (pisarne, uéilnice, dvorane). Pri prijetno
zasnovanem notranjem okolju, z majhnim virom
onesnazevanja zraka, pa med 0,05 in 0,1 olf/m?
poda [7].

Namen prezradevanja prostorov je zagotoviti
kakovost zraka z majhnim tveganjem za zdravje in
sprejemljivim ugodjem za ljudi, ki so v prostoru, ob
¢im manjsi rabi energije. Pomembneje je zmanjSevati
onesnazevanje, kakor pa pospesevati prezracevanje.
Pri na¢rtovanju koli¢ine zraka moramo upostevati in
poznati:

- vse onesnaZevalnike, ki lahko vplivajo na
zdravje in/ali ugodje,

- jakost vira posameznega onesnaZevalnika,

ki se lahko pojavi v notranjem prostoru,

- najve¢jo koncentracijo vsakega onesna-
zevalnika, ki je dopustna glede na zdravje in ugodje.

Koli¢ina vpihovanega zraka mora zadostno
razred¢iti onesnaZevalnike v zraku, kar &lovek zazna
z vonjem (ugodje) in vdihavanjem (zdravje).
Zadostnega razred¢enja onesnazevalnikov pa vedno
ne doseZzemo s pove€ano koli¢ino vpihovanega zraka:

- Vecja koli¢ina ne pomeni vedno boljse
kakovosti zraka. V hladnejsih klimatskih podrogjih
vetja koli€ina zraka zmajSuje relativno vlaZnost zraka
v prostorih, kar lahko povzro¢a neugodje (suha koza,
suhe o¢i). V vlaznih podro¢jih poveduje relativno
vlaznost v prostorih, kar se kaze v rasti
mikroorganizmov, ki povzrocajo zelo resne probleme
kakovosti zraka. Kakor je prikazano na sliki 2, zelo
velike koli¢ine zraka nimajo bistvenega vpliva na
simptome "bolne" stavbe. V raziskavi [14] je
ugotovljena statistiéno pomembna korelacija med
koli¢ino vpihovanega svezega zraka v pisarnidke
prostore in simptomi "bolne" stavbe: pri vpihovanju
10 m’/s na osebo sveZega zraka je bilo ve¢ pritozb
oziroma "bolezenskih" znakov, kakor pri manjsi
vpihovani koli€ini zraka.

When considering ventilation and the air
quality it is necessary to consider two components
separately:

- the dilution of the pollutants emitted by
people and their activities,

- the dilution of the pollutants emitted by
building using the construction material, furniture
and the inbuilt systems of heating, cooling and
ventilating/air conditioning.

Fresh air usually does not have any influence
on the indoor air quality since the air in a building
can be to ten times more polluted. The estimated
perceived degree of pollution that is spread over the
room, is, with classically built building, between 0,3
and 0,5 olf/m? of the floor. With the inner area well
designed the perceived degree of pollution is 0,05
and 0,1 olf/m? of the floor [7].

The purpose of ventilating spaces is to ensure
the air quality constituting a low health risk and an
acceptable quality for people who stay in the space
with the most economic use of energy. It is more
important to reduce pollution than to increase the
intensity of ventilation. When designing the quantity
of the air the following must be assessed:

- all the pollutants that can influence the health
and/or the comfort,

- the strength of the source of a separate
pollutant that can appear in the space,

- the maximum concentration of every
pollutant that is permissible with regarding to health
and comfort.

The quantity of the input air should sufficiently
dilute of the pollutants in the air what occupants sense
with scent (comfort) and inbreathing (health).
Sufficient dilution of pollutants is not always
achieved by increasing of the quantity of the
ventilation rate:

- a greater quantity does not always mean
better air quality. In colder climatic areas a greater
quantity of air reduces the relative indoor air humidity
which can cause discomfort (dry skin, dry eyes). In
moist areas it increases the relative indoor humidity
that’s reflected in an increase of microorganisms
which cause serious problems with air quality. As is
shown in Figure 2, large amounts of air do not
influence the "sick building" syndrome. A
statistically important correlation between the
amount of fresh air blown into the offices and the
"sick building" syndrome was ascertained in the
research [14]: at 10 I/s of the fresh air ventilation
rate there were more complaints or "sickness"
symptoms than at a smaller quantity of air.
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- Vedja koli¢ina zraka pomeni, ne samo visje
strodke za energijo, temvec¢ tudi ve¢jo rabo primarne
energije, kar pomeni veéjo porabo fosilnih goriv, s
tem pa vecje onesnaZevanje okolja.

- Povecana koli¢ina zraka je potrebna zaradi
kajenja. Ker kajenje dodatno onesnazuje zrak v
prostoru in s tem ve&jo koli¢ino zraka, je potrebno
kajenje omejiti (dovoliti le v locenih prostorih za
kajenje). V Sloveniji je kajenje prepovedano v vseh
javnih poslopjih od leta 1997.

- A greater quantity of the air means not only
greater expenses for energy use and fossil fuels but
also greater consumption of primary energy which
causes a greater ambient pollution.

- An increased quality of the air is necessary
because of smoking. Since smoking additionally
pollutes the indoor air, it is necessary to limit smoking
(it should be allowed only in the smoking areas). In
Slovenia smoking is forbidden in all public buildings
since 1997.

SRS QBLIKA iy d Povpreéna koli¢ina sveZega zraka
SYURIIA DESICGN Mean Outdoor Air Ventilation Rate
Jaakkola '91 pregled cross-sectional
Jaakkola '91 pregled cross-sectional 8
Wyon '92 preizkus experiment Oo—0O
Menzies '93 preizkus experiment O
Wyon '92 preizkus experiment o—0
Jaakkola '91 pregled cross-sectional o—-0
Jaakkola '91 preizkus experiment ey
Nagda '91 preizkus experiment EF—oO0
Sundell '92 pregled cross-sectional & O
Jaakkola '90 preizkus experiment O O
Nagda '91 reizkus experiment primerjava povpregnih koli¢in
Jaa%:ko]a 91 greizkus exzeriment Qe D A G B L R
[ : - ._? @ povezanz vigjimi simptomi (p<0.05)
Jaakkola '91 preizkus experiment O_Q associated with higher symptoms (<0.05)
L/s Liters/s 0 10 20 30
feet’/min Cubic feet/min 0 2 40 60

SL 2. Simptomi "bolne stavbe" in kolicina vpihovanega zraka [14].
Fig. 2. Sick building syndrome symptons and ventilation rates [14]

Kakovost notranjega zraka (indikacija je
ogljikov dioksid) ne vpliva zgolj na ¢lovekovo ugodije
in zdravje, temvec tudi na njegovo ustvarjalnost.
Raziskava zaposlenih v pisarniskih prostorih [8],
narejena leta 1994 v Kanadi, je pokazala: 30 % ljudi
muci glavobol, 44 % utrujenost in zaspanost, 37 %
ofesna utrujenost in 69 % ima slabSo delovno
uéinkovitost. Cetrtina obiskov pri zdravniku je
povezana s tezavami zaradi kakovosti zraka.

Kakovost zraka v prostoru je mogoce izraziti
z zahtevami in potrebami ljudi, ki so v prostoru. Ker
med njimi obstajajo razlike pri individualnih
zahtevah, ki jih ni mogoce popisati, prihajamo do
uporabnih rezultatov z anketami. Rezultati
statisti¢nih analiz, narejenih v ZDA, v sodelovanju z
WHO kaZejo, da je v ZDA (pretezno klimatizirani
prostori) okoli 20 odstotkov poslopij s kriti¢no
kakovostjo zraka, pri 40 odstotkih imajo resne teZave.
Ve¢ ko 50 odstotkov vseh nastalih problemov je
posledica neustreznega prezracevanja prostorov.

The indoor air quality (indication - carbon
dioxide) does not influence only the people’s health
and comfort, but also their creativity. The research
[8] made in Canada in 1994 among people working
in offices showed that 30 % of occupants had
headaches, 44 % felt tired and sleepy, 37 % felt eye-
tiredness and 69 % had lower working efficiency.
About one fourth of consultations with physicicous
were connected with poor indoor air quality.

The indoor air quality can be expressed by the
demands and needs of people who stay in a space.
Since there are differences considering individual
demands that can not be listed, we can achieve useful
results with the help of questionnaires. The results
of a statistical analysis made in the Unites States of
America with the cooperation of the World Health
Organization show that there are about 20 % of
buildings in the USA (mostly with air-conditioning
systems) that have critical air quality, and there are
40 % of buildings with serious problems. More than
50 % of problems result from unsuitable ventilation
of the buildings.
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1.2 Kakovost zraka v Solski stavbi

Stevilne raziskave zadnjih let po svetu so
namenjene ugotavljanju kakovosti zraka. Vecina
raziskav se je osredotoila na poslovna in Solska
poslopja. V letih 1994/95 smo v Sloveniji izvedli
raziskavo [9], v kateri smo, poleg moznih ukrepov
varCevanja z energijo v Solskih stavbah, analizirali
tudi pocutje dijakov v ucilnicah. Anketirali smo 20
odstotkov dijakov na vsaki izmed analiziranih $ol,
ki imajo med 400 in 1000 dijakov. Za vse analizirane
Solske objekte je znalilno, da nimajo umetnega
prezradevanja, ogrevanje je izvedeno s standardnim
toplovodnim sistemom z names¢enimi ogrevali pod
okni.

1.2.1 Subjektivna ocena kakovosti zraka

Z anketo, ki je vsebovala 17 vprasanj in mnenj,
smo zelili dobiti tudi odgovor o kakovosti zraka v
ucilnicah. Obkroziti je bilo treba odgovor na
vpraSanje, ali je zrak v uéilnici zatohel, znosen,
nevtralen, prijeten, svez. Odgovori so prikazani na
sliki 3. V povpreéju kar 30 odstotkov vseh
anketirancev obcuti kakovost zraka v ucilnici kot
nezadovoljivo skrajnost - zatohlost. V eni izmed $ol
je kar 52 odstotkov anketiranih odgovorilo z
negativnim ekstremom. Odgovora znosno in zatohlo
pomenita, da je kakovost zraka neustrezna, kar
pomeni, da 67 odstotkov anketiranih ob&uti zrak v
uCilnicah kot nezadovoljiv. Kakovost zraka - prijetno
in sveze obcuti samo 11 odstotkov anketiranih. Na
strani zadovoljnih so v povpredju tisti, ki sedijo
najblize oknom, ki se lahko odpirajo. Ob&uteno
kakovost zraka kot nevtralno obéuti v povpreéju 22
odstotkov anketiranih.

objekt 1 |
| Phuilding 1
‘ objekt2 |
| “building 2 |
objekt 3 ;
.buildingB’.
objekt4 !
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1.2 The air quality in a school

A number of research studies have been
published in recent years regarding air quality. Most
of them focused on business and school buildings.
In the years 1994/95 a research carried on in Slovenia
[9], in which, in addition to possible steps of energy
saving in school buildings, we also analyzed the
feeling of students in the classrooms. A survey of
the feeling of pupils was performed in analyzed
school buildings with 400 to 1000 pupils. 20 % of
pupils of each school were surveyed in different
classrooms. It is characteristic of all the studied
school buildings that they don’t have any ventilation
or air-conditioning and the heating is standard water-
heating system with radiators placed under the
windows. The ventilation was carried out by opening
of the windows.

1.2.1 The questionnaire on air quality

The survey included 17 questions and
opinions, and we wished to get an answer about the
air-quality in the classrooms. The surveyed pupils
had to encircle the answers to the question of whether
the air in the classroom was stuffy, acceptable,
neutral, comfortable, fresh. The answers are shown
on Figure 3. On average 30 % of all surveyed pupils
chose extreme answers: it is stuffy in the classroom.
As many as 52 % of answers were extremely negative
in one of the schools. The answers stuffy and
acceptable are considered as unsuitable air quality,
which means that 67 % of those questioned felt
dissatisfied with the air in the classrooms. The
comfortable and fresh air quality could be felt only
by 11 % of pupils who were usually those sitting
closest to the windows that could be opened. The
neutral quality of the air was felt by 22 % of the

pupils.

SR building ATids T T
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Odstotek
Percentage

=
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&
sveZina

prijetno
freshness

comfortable

neutralno
neutral

zatohlo
stuffy

Znosno
acceptable

S1. 3. Obcutena kakovost zraka - anketa (povprecna standardna deviacija odgovorov 0,67)

Fig. 3. The perceived air quality - survey (average standard deviation of answers: 0,67)
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Na vprasanje, zmoznostjo odgovora da/ne, ali
je v uilnicah dovolj svezega zraka - obCutek svezZine,
je odgovorilo negativno v povpre¢ju 63 odstotkov
anketiranih. Odgovori se delno razlikujejo za zimsko
(ve& nezadovoljnih) in prehodno obdobje.

V sklopu vprasanj o kakovosti zraka smo
zastavili tudi vprasanje o nadinu prezraevanja
ucilnice. V povpre¢ju je 53 odstotkov anketiranih
odgovorilo, da so okna stalno (tudi med poukom, ce
jih ne moti zunanji hrup) priprta, 42 odstotkov je
odgovorilo, da so okna odprta samo med odmori, 5
odstotkov anketiranih pa je odgovorilo, da oken ne
odpirajo.

1.2.2 Meritve koncentracije ogljikovega dioksida

Koncentracija ogljikovega dioksida v prostoru
je eden od pomembnejsih indikatorjev kakovosti
zraka, Ceprav s to metodo ne zaznamo drugih
koncentracij (ogljikov monoksid, radon, formaldehid
itn.). Clovekova produkcija ogljikovega dioksida je
sorazmerna njegovi stopnji metabolizma. Ker je
kolikostno najpomembne;jsi ¢loveski biofluent, se
uspesno uporablja kot indikator Ze vrsto let. Na sliki
4 je prikazana krivulja, ki prikazuje zaznavo
kakovosti zraka (odstotek nezadovoljnih) v
odvisnosti od ve¢je koncentracije ogljikovega
dioksida v prostoru, glede na zunanji zrak
(koncentracija ogljikovega dioksida v zunanjem
zraku med 300 in 400 ppm).

%

On average 63 % of the surveyed pupils gave
negative answers to a question as to whether there
was enough fresh air in their classrooms (freshness)
with a possibility of answering yes / no. The answers
differed partially for winter (more of the dissatisfied
ones) and transitional (warmer) periods.

On average 53 % of surveyed pupils answered
the question of how they ventilated classrooms by
saying that they always kept the windows slightly
open (during the lessons as well, if they were not
disturbed by ambient noise), 42 % answered that the
windows were open only during breaks, while 5 %
did not open windows at all.

1.2.2 Measurements of carbon dioxide concentration

This method is one of the more important
indicators of air quality in a room, although it does
not give us an opportunity to detect other
concentrations (carbon monoxide, radon,
formaldehyde, etc.). A person’s production of carbon
dioxide is proportional to his / her degree of
metabolism. Since it is quantitatively the most
important human bioeffluent, it has successfully been
used as indicator for many years. Figure 4 shows the
curve that shows the perception of air quality
(percentage of dissatisfied persons) in dependence
on the carbon dioxide concentration in a room with
regard to the outdoor air (the carbon dioxide
concentration in the outdoor air is between 300 and
400 ppm ).

604
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Nezadovoljni
Dissatisfied

PD =395+ exp (- 15.15* Cco,  °%)
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S1. 4. Koncentracija ogljikovega dioksida kot indikator ¢loveskih biofluentov. Krivulja podaja zaznavo
kakovosti zraka (odstotek nezadovoljnih ) v odvisnosti od vecje koncentracije ogljikovega dioksida od
zunanje za prostor, v katerem so (sedeci) ljudje glavni vir onesnazevanja zraka [7].

Fig. 4. The carbon dioxide concentration as an indicator of human bioffluents. The curve shows the

perceived air quality (percentage of dissatisfied perssons) as a function of the carbon dioxid concentration
higher than outdoors. It applies to spaces where sedentary occupants are exclusive pollution sources [7].

V 3olskih in drugih podobnih prostorih z ve¢jo
gostoto ljudi, kjer je ¢lovek glavni vir onesnazevanja,
se koncentracija ogljikovega dioksida v kratkem casu
zelo hitro spreminja, kar nam potrjujejo meritve.

The carbon dioxide concentration can be very

quickly changed in school and other similar rooms
with a higher density of people. The carbon dioxide
concentration was measured in a classroom in winter
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Koncentracijo ogljikovega dioksida smo merili v
ucilnici, v zimskem obdobju (zunanja temperatura
med -2 in 4 °C, relativna vlaZnost zunanjega zraka
med 52 in 78 odstotki).

Meritve so potekale nekaj dni zapored,
nepretrgano 24 ur dnevno. V dopoldanskem casu
pouka je bilo v u€ilnici med 26 in 31 dijakov. Ker
koncentracija ogljikovega dioksida, ¢e ne odpiramo
oken v zelo kratkem Casu v zasedeni ucilnici preseze
priporoéene mejne vrednosti, je bila u€ilnica v
odmorih prezralevana s popolnim odpiranjem oken.

V.Butala

time (the outer temperature being between minus 2
and 4 degrees Celsius, the relative humidity of the
outdoors between 52 and 78 %).

The measurements were carried out over
successive days, continuously 24 hours per day.
There were between 26 to 31 (sitting) people in the
classroom in the morning lessons. Since the carbon
dioxide concentration exceeds the recommended
limited values when a classroom is occupied for a
very short time, if the windows are not opened, the
classroom was ventilated during the breaks with the
windows wide open.
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SI. 5. Izmerjena koncentracija ogljikovega dioksida v ucilnici s prostornino 300 m’, pri odpiranju
oken med poukom
Fig. 5. The measured carbon dioxide concentration in a classroom of a volume 300 m*, when the windows
were opened during the lessons
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SL. 6. Izmerjena temperatura zraka in relativna viaznost zraka v ucilnici [13]

Fig. 6. The measured air temperature and the relative air humidity in the classroom [13]

Nasliki 5 je prikazana, z merilnikom izmerjena
koncentracija ogljikovega dioksida v uéilnici na
severni strani stavbe [13], v sredini prostora, v visini
glave sedecega dijaka. Hkrati smo na istem mestu
merili tudi temperaturo in relativno vlaznost zraka.

Figure 5 shows the carbon dioxide
concentration measured in a classroom, located on
the north side of the building by a CO, meter in the
middle of the room and at the height ofa sitting pupils
[13]. The air temperature and the relative humidity
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Med poukom, ko so bila okna zaprta, se je
koncentracija ogljikovega dioksida naglo povecevala,
ter presegla $e dovoljene koncentracije. V Casu
intenzivnega prezracevanja (odmor 5 do 15 minut)
se je koncentracija ogljikovega dioksida v u¢ilnici v
trenutku zmaj$ala na vrednost 400 do 600 ppm. Po
zapiranju oken in nadaljnji obremenitvi prostora se
je ponovno hitro zvecala. Medtem ko so bila okna
odprta je pri§lo do razgibane izmenjave zra¢nih mas,
kar je povzro€ilo trenutno zniZanje temperature zraka
v uéilnici za 3 do 9 K, (nihanja se veéajo prek dneva),
ob hkratnem zniZanju Ze tako majhne relativne
vlaznosti zraka v ucilnici za 3 do 10 odstotkov (s1.6).

Prezracevanje z odpiranjem oken pomeni le
trenutno kakovostnejsi zrak v u€ilnici ob hkratnem
neugodnem nihanju temperature in relativne
vlaznosti zraka. Prezrafevanje prostorov z
odpiranjem oken v zimskem ¢asu povzroci $e dodatno
zniZevanje relativne vlaZnosti zraka v u€ilnicah.

Najveéje vrednosti koncentracije ogljikovega
dioksida (7 - A, B, C in 6) na sliki 5 so predpisane s
standardi. Po standardu [6] je ta meja dolocena s 1000
ppm. Standard [7] razlikuje 3 stopnje toplotnega
okolja ter hkrati tudi tri stopnje kakovosti notranjega
zraka. Koncentracija ogljikovega dioksida, za sedeo
osebo, sme prese¢i koncentracije ogljikovega
dioksida glede na zunanji zrak pri stopnji "A" do
460 ppm (nezadovoljnih 15 % ljudi v prostoru),
stopnji "B" do 660 ppm ( nezadovoljnih 20 % ljudi)
in stopnji "C" do 1190 ppm (nezadovoljnih 30 %
ljudi) (sl. 4).°

Ceprav je tesnost oken slaba, v analiziranih
Solskih poslopjih nima vpliva na kakovost zraka v
ucilnicah. Zmanjsevanje koncentracije ogljikovega
dioksida je edino mogoce doseci z rednimi odpiranji
oken med odmori. Slednje pa omogoca le
kratkotrajno zmanjSanje koncentracije ogljikovega
dioksida. Zaradi tega okna ostajajo veckrat tudi
celotni nezasedeni ¢as odprta ali priprta, kar pomeni
izgubo energije ter podhladitev prostora. Ce se okna
ne odpirajo, poleg (pre)velike koncentracije
ogljikovega dioksida v prostorih, se za ugodje
neprimerno zvisa tudi temperatura zraka (prek 25 °C).
Tudi relativna vlaznost se ob velikem, nenadnem
vdoru hladnega zunanjega zraka (zlasti pozimi) naglo
zmanj$a, kar je nesprejemljivo tako z vidika ugodja
kakor tudi zdravja.

Prikazani merilni rezultati nazorno potrjujejo
rezultate ankete, da sta ugodje in kakovost zraka v
prisilno neprezratevanih uéilnicah neprimerna.
Ljudje v prostoru izraZajo dve osnovni zahtevi: prvi¢
tveganje za zdravje zaradi vdihavanja slabega zraka
mora biti neznatno in drugi¢ zrak mora biti bolj svez
in prijeten, kakor zatohel in drazeg.

were measured at the same time. The carbon dioxide
concentration increased rapidly during the lessons
when the windows were closed, and exceeded the
allowed concentration. The carbon dioxide
concentration in the classroom was reduced
immediately to its value of 400 to 600 ppm during
the period of intensive ventilation (the breaks of 5 to
15 minutes). When the windows were closed again
the carbon dioxide concentration increased rapidly.
When the windows were open, there was an intensive
exchange of air which caused an instant reduction in
air temperature in the classroom for 3 to 9 K (the
oscillations increase during the day), and a reduction
of the already low relative air humidity in the
classroom from 3 to 10 % (Fig. 6).

Opening of windows for the ventilation a room
also causes an unsuitable oscillation of air
temperature and relative indoor air humidity. Using
this way of ventilating in the winter time, resulted in
an additional reduction of the indoor air humidity.

The limit lines of carbon dioxide concentration
(7-A, B, C and 6) on figure 5 are defined by standards.
Standard [6] defined the extreme point with 1000
ppm. The prestandard [7] distinguishes 3 levels of
air quality where by the carbon dioxide concentration
for a person sitting in a room should not exceed the
carbon dioxide concentration of the outer air: level
"A" 460 ppm (15 % of people in a room are
dissatisfied), level "B" 660 ppm (20 % of people are
dissatisfied) and level "C" 1190 ppm (30 % of people
are dissatisfied). (Fig. 4).

Even the tightness of the windows is bad in
the analyzed school buildings the natural ventilation
through it does not influence the air quality in rooms.
A reduction of the carbon dioxide concentration is
possible only by regular opening of the windows
during breaks, however, this leads only to a temporary
reduction of carbon dioxide concentration. The result
is that the windows often remain opened when the
room is not occupied, and this means loss of energy
for heating and the undercooling of the classroom. If
the windows are not opened, the carbon dioxide
concentration and the air temperature increase (over
25 °C) so that staying in the room is neither
comfortable nor healthy. The relative humidity is
reduced as well at the sudden inflow of cold outdoor
air (especially in winter) which cannot be accepted
either as regards comfort as regards health.

The presented results of measurements
confirm clearly the results of the survey which
showed that the comfort and the air quality in the
classrooms that are not artificially ventilated are
unsuitable. The occupants in a space make two
requirements of the air in a space. First, the health
risk of breathing air should be negligible. Secondly,
the air should be perceived fresh and pleasant rather
than stale, stuffy and irritating.
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2 UCINKOVITOST PREZRACEVANIJA

Koncentracijo ogljikovega dioksida v prostoru
lahko zmanj$amo samo z zadostnim (prisilnim)
prezradevanjem prostora, ki ga dolo¢imo po dveh
postopkih:

- Metoda ustrezne koli¢ine zraka je najbolj
pogosta metoda v praksi. Dologa potrebno koli¢ino
sve egaziakavm?/h alil/s na osebo ali na m?. Pri tej
metodi upo$tevamo stopnjo obremenjenosti prostora,
pri ¢emer temeljimo na predpostavki, da bo
predpisana koli¢ina vpihovanega zraka toliko
razredCila koncentracijo onesnazevalnikov v
notranjem zraku, da bo njegova kakovost primerna
ugodju in neskodljiva za zdravje.

- Metodo ustrezne kakovosti zraka
uporabljamo za prostore, v katerih so neobi¢ajni viri
onesnazevanja. Metoda predpisuje kakovost zraka v
prostoru, ki je doloéena z nadzorom vseh znanih
onesnazevalnikov zraka in dovodom tolik$ne koli¢ine
svezega zraka, da koncentracije ne presezejo kriti¢nih
vrednosti. Poznati moramo (glavne) onesnazevalnike
zraka, njihovo jakost in predpisano mejo.

Kakovost zraka je v prezracevanem prostoru
lahko razli¢na. Pomembna je predvsem v bivalni
coni, v dihalnem obmocju, kar ocenjujemo z
udinkovitostjo prezradevanja (ucinkovitost od-
stranjevanja onesnazenosti). U¢inkovitost pre-
zradevanja je odvisna od razporeditve zraka in
lokacije virov onesnazevanja v prostoru, tempera-
ture zraka in koli¢ine svezega zraka. Ima lahko
razli¢ne vrednosti:

- Ce je mesanje zraka in onesnaZevalnikov
popolno, je ucinkovitost prezrafevanja enaka
vrednosti ena.

- Ce je kakovost zraka v coni dihanja boljia
kakor v odvedenem zraku, je ulinkovitost
prezratevanja ve&ja od vrednosti ena. Zeleno
kakovost zraka v dihalnem obmodju lahko dosezemo
z manj$o intenzivnostjo prezracevanja.

- Ce je kakovost zraka v coni dihanja slabsa
kakor v odvedenem zraku, je udinkovitost
prezratevanja manjsa od vrednosti ena. Potrebna je
vefja intenzivnost prezradevanja.

3 POTREBNA KOLICINA ZRAKA ZA
SOLSKO POSLOPJE

Izbrano S$olsko poslopje ima skupno
prostornino 12000 m?, v kateri je 600 oseb, od tega
580 dijakov. Za prezraevanje dovajamo 28,8 m’/h
(8 I/s) na osebo svezega zraka [6] in [7]. V

2 VENTILATION EFFECTIVENESS

The carbon dioxide concentration in a room
can be reduced only with sufficient (artificial)
ventilation of the room which can be defined by two
procedures:

- the method called "Ventilation Rate Procedure”,
the method most often used in practice. It defines
the required quantity of fresh air in m’/h or l/s per
person or per square meter. The degree of burdening
the room is considered with the assumption that its
quality of the air blown into the room will thin the
concentration of the pollutants in the inner air so that
the quality will be comfortable and not harmful for
health.

- the method called "Indoor Air Quality
Procedure" is used for rooms in which unusual
sources of pollution can be found. The method
subscribes the indoor air quality. The quality is
defined by the control over all the known pollutants
and the use of sufficient quantity of fresh air so that
the concentration does not exceed the critical values.
The (main) agents of air pollution, their strength and
the subscribed limit should be known.

The air quality in the room may not be the
same throughout a ventilated space. What really
counts for the occupants is the air quality in the
breathing zone. Such an inhomogeneity of the air
quality in a space has an impact on the ventilation
requirement. This is expressed by the ventilation
effectiveness. The ventilation effectiveness depends
on the air distribution and the location of the pollution
source in the space. [t may, therefore, have different
values for different pollutants:

- if there is complete mixing of air and pollutants,
the ventilation effectiveness is one,

- if the air quality in the breathing zone is better
than in the exhaust air, the ventilation effectiveness
is higher than one. The air desired quality in the
breathing zone can be achieved with a lower
ventilation rate,

- if the air quality in the breathing zone is poorer
than in the exhaust air, the ventilation effectiveness
is lower than one and more ventilation is required.

3 THE NECESSARY AIR QUANTITY FOR
A SCHOOL BUILDING

The chosen school building has a total volume
of 12000 m’. 600 people stay in there, among them
there are 580 students. For ventilation is required
28,8 m’/h prescribed (8 I/s) of fresh air per person
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utilnice s skupno prostornino 9000 m’ in povrsino
tal 3000 m?>vpihujemo 17280 m’/h (4800 I/s) zraka.
Clovek povpreéno izdiha 5.10° m*/s ogljikovega
dioksida. Stopnja emisije onesnaZenja zraka, ki ga
povzro¢i v uéilnici nekadilec, v sedeCem poloZaju
(aktivnost < 1, 2 met), ne presega vrednosti 1,5 olf.
V telovadnici je 30 dijakov s stopnjo aktivnosti 4
met in emisijo onesnaZenja 11 olf. Notranja oprema
in pisarniski material onesnaZujejo prostor do 0,5 olf/
mZ. Latentno onesnaZenje zraka izraunamo po
modelu, en. (1):

G
C =C,+—
C v

kjer je:

[6] and [7]. 17280 m*/h (4800 1/s) of air is blown
into the classrooms with a total volume of 9000 m’,
and the area of the floor 3000 m2. A person expires
5.10 (0,005 I/s) of carbon dioxide on average. The
sensory pollution load, that is caused in the classroom
by a sitting non-smoker (activity < 1,2 met) does not
exceed the value 1,5 olf. In the gymnasium there are
30 students with a degree of activity of 4 met and
the pollution load of 11 olf. The inner equipment
and the office material pollutes the room to 0,5 olf/
m?. The latent air pollution is calculated by the model

(Eq- 1)
(1),

where G means:

Q).

G=2n;.g

Po modelu (enacba 3) izraunamo odstotek
nezadovoljnih ljudi [16]:

The percent of dissatisfied people can be cal-
culated according to the following model (Eq.3) [16]:

PD=395.0-325C%% (3).

Glede na vhodne podatke V' = 9000 m®, 4 =
3000 m*> 7 =17 280 m’/h, n = 600 ljudi, C_ = 0,1
dec, n, = 550 ljudi, g, = 1 olf, n,, = 10 ljudi, g, = 5
olf, n, =30 ljudi, n, = 11 olf , n,, = 10 ljudi, g, = 6
olf, n =1 Clovek, g = 25 olf, g, =0,5 olf/m*) znaSa
odstotek nezadovoljnih ljudi 8,7, oziroma latentno
onesnazenje zraka C = 0,62 decipolov. To pomeni,
da dovedena koli¢ina zunanjega zraka, ki znasa 28,8
m*/h (8 I/s) na osebo zadostuje zahtevam za kakovost
zraka v Solskih prostorih [7] in [8].

3.1 Izra¢un koncentracije ogljikovega dioksida

Koncentracijo ogljikovega dioksida lahko
zapiSemo kot funkcijo proizvedenega ogljikovega
dioksida (metabolizem), dovedene in odvedene
koli¢ine zraka ter filtriranja in absorpcije zraka.
Spremembo koncentracije ogljikovega dioksida v
¢asovnem intervalu dt opisuje diferencialna enacba [10]:

On the basis of the input data (V'=9000 m?, 4
=3000 m*, = 17280 m3/h, n = 600 persons, C, =
0,1 dec, n =550 persons, g, = 1 olf, n,, = 10 persons,
g, = 3.0lf, n, = 30-persons, n. |= 11 olfyn, =10
persons, g, = 6 olf, n, =1 person, g =25 olf, g, =
0,5 olf/m?) the percentage of dissatisfied occupants
is 8,7 % and latent air pollution C = 0,62 decipols.
That means that the inlet quantity of the outdoor air
which amounts to 28,8 m’/h (8 I/s) per person meet
the requirements for air quality in schoolrooms.

3.1 The calculation of the carbon dioxide concentration

The carbon dioxide concentration can be
written as a function of the produced carbon dioxide

“(metabolism), the inlet and the outlet quantity of air

and the filtration and absorption of the air. The
following differential equation (Eq. 4) describes the
change of the carbon dioxide concentration in the
interval dt [10].

V-dC(t)=G-dt+Cq Ve dt—C(t)-V-dt-C(t)-V,-E-dt - C(t)-V, - dt (4),
katere resitev je: Its solution is:
V4V, +EV, )t b e _(V +V,+EV, )t
C(r)=Cp-e v e Irg v &2

VE+VQ+E-V,
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_Ves

C)=C,+(C,~C,)e V +

Povecanje koncetracije ogljikovega dioksida,
ki se pojavi v dolo¢enem &asu ¢, izraGunamo po en.
(6) s poenostavljeno resitvijo enacbe (5), saj lahko
v na$em primeru absorpcijo in filtracijo zane-
marimo. Koncentracija ogljikovega dioksida v
notranjem zraku naj ne presega vrednosti 1000 ppm,
kar Se zagotavlja udobnost ljudi v prostoru.

3.1.1 Povecanje koncentracije v celotni stavbi

S predpostavko, da znasa koncentracija
ogljikovega dioksida v zunanjem zraku 300 ppm in
da je zaCetna koncentracija v notranjem zraku 400
ppm, lahko za ¢as polne obremenjenosti prostorov
Solske stavbe (¢ = 6 h), in predpisane koli€ine
dovedenega zraka, 28,8 m*/h (0,008 m*/s) na osebo,
izraGunamo iz (6) povecanje koncentracije
ogljikovega dioksida (7) (podatki: C_ =300 ppm, C,
=400 ppm, 7 = 17280 m*/h, ¥=9000 m?, n =600
ljudi, /V=1,92 h'):

C[t]= 300+(C, - 300)-¢

Ker koncentracija ogljikovega dioksida doseze
maksimum pri 925 ppm (preglednica 1), torej manj$o
vrednost od priporo¢ene, je dovedena koli¢ina zraka
prevelika.Prezracevalni sistem rabi veé energije,
kakor je potrebno.

V primeru popolnega mesSanja zraka in
onesnaZevalnikov (& = 1) zadostuje najmanj3a
potrebna koli¢ina dovedenega zraka 25,7 m*/h (0,007
m?/s) na osebo (8):

co,
G- Caiiey

Pri zmanjSani koli¢ini vpihovanega zraka
15444 m’/h in 7 /V = 1,72 h' najvedja dovoljena
koncentracija ogljikovega dioksida, izratunana iz (6)
po enacbi (9), ne preseZe priporo¢ene vrednosti.
Sprememba koncentracije ogljikovega dioksida v
odvisnosti od asa obremenitve prostora je prikazana
v preglednici 2:

C[1]=300+(Co-300)- 716" + 1165 m-1- 717167

(6).

The carbon dioxide concentration in the indoor
air should not exceed the value of 1000 ppm, and
can still assure the comfort of the occupants of the
room. The increase of the carbon dioxide
concentration which occurs in time t, can be
calculated with eq. (6) by a simplification of eq. (5),
since the absorption and the filtration can in our case
be neglected.

3.1.1 Increasing of the carbon dioxide
concentration in the whole building

With the assumption that the carbon dioxide
concentration in the outdoor air amounts to 300 ppm,
and that the initial concentration in the indoor air is
400 ppm, we can calculate the increasing of the
carbon dioxide concentration in the air for the time
of full occupancy of the school building (t= 6 h) and
with the quantity of the inlet air, 28,8 m*/h prescribed
(8 Is). Using the equation 6 we obtain the equation
7 (with: C, = 300 ppm, C, = 400 ppm, 7= 17280
m*/h, V=9000 m? n =600 persons, 7 /V=1,92 h'':

Tt +1,042-n-{1—e*"’92") (7).

Since the carbon dioxide concentration reaches
its maximum at 925 ppm (Table 1), this value is lover
than the recommended one. The outdoor air quantity
is little too large and the ventilation system use more
energy as it is required.

In the case of complete mixing of the air and
pollutants (&£ = 1) and the minimum required
quantity of the inlet air 25,7 m*/h (7,15 I/s) per person
(Eq. 8):

ot (8).

At a reduced quantity of the ventilation air
15444 m*/hand 7 /V'=1,72 h'', the maximum carbon
dioxide concentration calculated from equation 6 to
equation 9 does not exceed the recommended value.
The carbon dioxide concentration changing in the
classroom with the time as is shown in the Table 2:

).
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Preglednica.l.lzracunana koncentracija ogljikovega dioksida v notranjem zraku Solske stavbe

pridovodu 28,8 m’,

na osebo vpihovanega svezega zraka

Table 1. The calculated course of the carbon dioxide concentration in the indoor air of a school building
at 28,8 m’/h of the supply air per person

gas dovcde:;ikc_zlicina Stevilo oseb nauro | kol i%sz;;é(a na mff&ﬁ,kz‘;‘;ﬁﬁ“g i Z"iﬁfnie ko.nc- co,
time the it air quantity | mumber of persons |1 aif quantity per the Cztr?étggccdz the P Cco,
h mh il P ppm ppm
7 17280 20 864 400,0 3324
8 17280 600 28.8 3324 912,5
9 17280 600 28,8 912,5 925,2
10 17280 600 28,8 9232 9252
11 17280 600 28,8 925,2 9235.2
12 17280 600 28,8 9252 925,2
13 17280 600 28,8 925,2 925.2
14 17230 20 864 9252 320,8

Preglednica. 2. Izracunania koncentracija ogljikovega dioksida v notranjem zraku Solske stavbe
pridovodu 25,7 nm’/h na osebo vpihovanega svezega zraka

Table 2. The calculated course of the carbon dioxide concentration in the inner air of a school building
with 25,7 m*/h of the supply air per person

f’.‘as Kolikinszraka Stevilo oseb na ufo koli%szerba(l)ca na Zaf;"’gi k;‘;ﬁﬁ“ga c. | zvitanje kone. CO,
time the inlet air quantity | number of persons | the air quantity per | e étarting CO. | the increasing CO
; per hour person concen.C T 2
h m’h m’/h ppm ° ppm
7 15444 20 772,2 400,0 3173,1
8 15444 600 25,7 373.1 979.,8
9 15444 600 28,7 979.8 0999.2
10 15444 600 23,7 999.4 999.8
11 15444 600 29,7 el 999,8
12 15444 600 2051 999.9 999.,8
13 15444 600 Lo 999.9 999.8
14 15444 20 V12,2 999.,9 323,5

3.1.2 Povecanje koncentracije v ucilnici

V uéilnici s prostornino 400 m’, je v &asu od

8. do 14. ure 30 oseb. V prostor dovajamo 28,8 m*/h

(8 I/s) zraka na osebo s koncentracijo ogljikovega

dioksida 300 ppm. Poveanje koncentracije

ogljikovega dioksida v €asu obremenjenosti u¢ilnice

izraunamo po enacbi (10) (podatki: » = 30 ljudi,
7 =864 m’/h, V=400 m*:

C(1) =300+ (Co - 300)- 3*2’16"‘ +625 .(1 A e—Z,]ﬁ-r)

3.1.2 Increasing of the carbon dioxide
concentration in a classroom

There are 30 people in a classroom with a
volume of 400 m* between 8 a.m. and 2 p.m. We
lead in the classroom 28,8 m*h (8 1/s) of the air
with a carbon dioxide concentration of 300 pm per
person. The increase in the carbon glomde
concentration at the time of carbon dioxide loading
of the classroom can be calculated from the eq. (10)
(data: n =30 persons, 7 =864 m*/h, V=400 m?):

(10).
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Tako, kakor v prej$njem primeru, je energijsko
uéinkovitejse, ¢e v ulilnico dovajamo minimalno
potrebno koli¢ino zraka, saj znasa koncentracija
ogljikovega dioksida pri vpihu 28,8 m*/h, "samo" 925
ppm. Zvisanje koncentracije ogljikovega dioksida je
razvidno s slike 7 za obe izracunani koli¢ini

V.Butala

It is, as in the former case, energy more
efficient, if the minimum needed air quantity is led
into the classroom, by blowing 28,8 m*/h, since the
carbon dioxide concentration is "only" 925 ppm. The
increase of the carbon dioxide concentration can be
seen in Figure 7 for both calculated quantities of the

vpihovanega zraka.

Koncentracija ogljikovega dioksida

Carbon dioxide concentration

fresh air.

|  —— == Q=257 m3/h,person
| | ——#——Q=288 m3/h,person

G e e B
|
|

1 2 3 4 sOUHON §
¢as zasedenosti prostorov
duration of occupancy

S1. 7. Izracunana koncentracija ogljikovega dioksida v odvisnosti od vpihovane kolicine svezega zraka

Fig. 7. Calculated carbon dioxide concentration depending on the fresh air

3.2 Prihranek energije

V prostor ali poslopje lahko vpihujemo manj$o
koli¢ino zraka od dolo¢ene po metodi ustrezne
kolic¢ine zraka, ki zagotavlja zdravju neskodljivo
koncentracijo ogljikovega dioksida in ugodje.
ZmanjSana koli¢ina vpihovanega zraka, glede na
predpisano, pomeni prihranek (elektricne) energije
za 10,6 odstotkov [11].

Najnovejsi predlog standarda dolo¢a koli¢ino
zraka v odvisnosti od ravni izbranega ugodja, kar
neposredno vpliva na rabo energije. Tudi zaradi rabe
energije in s tem nastalimi stroski se pripravlja
sprememba standarda [7] in [15].

Primer izraGunane koli¢ine zraka za $olsko
stavbo sloni na omejeni koncentraciji ogljikovega
diokisida v prostoru 1000 ppm. Raziskave, opravljene
v zadnjem Casu kazejo, da vedja koncentracija
ogljikovega dioksida v prostoru (do 2500 ppm) nima
(neposrednega) vpliva na &lovekovo zdravje,

vpliva pa na ugodje in ¢lovekovo storilnost
[8] in [15].

3.2. Energy saving

We can blow a smaller air quantity into a space
or a building than it is prescribed by the defined
method of Ventilation Rate Procedure which assures
that the carbon dioxide concentration has no harmful
effects on health and comfort. Reducing of the
quantity of the fresh air means a saving of the
(electrical) energy for 10,6 % [11].

The latest prestandards offers more categories
of environmental quality which may be selected in a
space to be ventilated. Chosen comfort directly
influence to the energy use [7] and [15].

The above case of calculated air quantity for a
school building is based on a limited carbon dioxide
concentration of 1000 ppm. Research studies
performed in recent years show that a higher carbon
dioxide concentration (up to 2500 ppm) in a space
has no (direct) influence on human health, but it
influences the comfort and the creativeness of
occupants [8] and [15].
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4 SKLEP

Do sedaj kakovosti zraka in prezralevanju
prostorov nismo posvecali posebne pozornosti. Cena
enega samega dne, ko se ¢lovek pocuti slabo ali je
celo "bolan" zaradi slabega zraka, je najmanj enaka
ceni energije, ki je potrebna za oblutek sveZine zraka
v zaprtem prostoru. Pri naértovanju novih ali sanaciji
"bolnih" stavb ne pozabimo upostevati ¢rke "Z" -
zdravije, ki je najmanj tako pomembna kakor do sedaj
upostevani trije "E" - energija, ekologija, ekonomija.
Prav skrb za ¢lovekovo dobro pocutje in zdravje je
privedla do izrazitih sprememb razumevanja te
problematike.

V poslovnih, stanovanjskih in drugih poslopjih
lahko razmeroma poceni ogrevamo tudi s toplim
zrakom, kar pomeni, da z enim sistemom zadostimo
toplotnemu ugodju in kakovosti zraka. Da v stavbah
ne bi imeli ve¢ sistemov: toplovodno ogrevanje,
prezraCevalni sistem in zaradi vse toplejsih poletij
tudi hladilnega, lahko vse sisteme zdruzimo v enega:
klimatizirno napravo, z upostevanjem vseh moznosti
ucinkovite rabe energije in kakovosti zraka.

Ali bo sprememba v razumevanju notranjega
toplotnega ugodja imela za posledico zamenjavo
toplovodnega s toplozraénim ogrevalnim sistemom,
bo pokazal ¢as, predvsem pa gospodarnost.

5 SEZNAM OZNACB

V vm? - prostornina prostorov
V vim’/s  -koli¢ina dovedenega zunanjega zraka,
g volf - intenzivnost virov onesnazenja zraka,
C v dec - latentno onesnaZenje zraka v prostoru,
C v ppm - koncentracija ogljikovega dioksida
PD - odstotek nezadovoljnih ljudi
n - §tevilo oseb,
t vh - ¢as,
g, - uéinkovitost prezracevanja.
Indeksi
e - Zunaj
i - zZnotraj
0 - zadetno stanje
H - visoko
M - srednje
L - nizko
S - kadilec

4 CONCLUSION

Until now, the air quality and the ventilation
of spaces has not been given any special attention.
The price of only one day when somebody feels bad
or even "sick" because of the bad air is at least the
same as the price of energy that is necessary to
experience the feeling of the fresh air in a closed
space. When designing new and sanitizing "sick"
buildings, the letter "H" - health, which is at least as
important as the three "E" - energy, ecology and
economy, should be considered. Care for the comfort
and health of people has led to marked change in
understanding these problems.

In buildings and dwellings we can use a
relatively cheap way of heating with warm air. To
avoid having more systems in buildings: water
heating, ventilation and air-conditioning for
increasingly hotter summers we can combine all of
them into one: an air-conditioning device considering
all the possibilities of efficient use of energy and high
air quality.

It remains to be seen whether or not a change
in the understanding of the inner heating comfort will
result in the replacement of water-heating system for
air-heating systems.

5 NOMENCLATURE
V inm’ - room volume
V inm’/s - quantity of inlet air
g inolf - pollution source intensity
C indec - latent air pollution
Cinppm - concentration
PD - percentage of dissatisfactory people
n - number of persons
t inh - time
g, - ventilation effectiveness
Index
e - outdoor
i - indoor
0 - starting
H - high
M - middle
L - low
S - smoker
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