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Abstract —The paper focuses on natural ventilation systems in
new buildings. There is particular interest in heat energy
consumption and indoor air quality with different ventilation
possibilities. Indoor air quality measurements durng different
ventilation solutions were conducted in a new apament
building. The results of this paper show that, by aplying some
common ventilation solutions, the consumption of e energy for
heating the cold incoming air can reach up to 0,8Wh/month
in a 10 nf room in the coldest months of winter.
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I. INTRODUCTION

Heat energy in apartment buildings usually is camed for
many reasons: to cover heat losses through thedibgil
envelope, to prepare hot water, and to heat airfitvas into
the building, thus providing fresh air. This artidiocuses on
indoor air quality and the energy needed to heabriting
fresh air. The air has to be heated only in theteviperiod,
which, in Latvia, is approximately 203 days [1].

It is very important to have fresh air indoors hesmit is
one of the key components for the well-being of geo
situated in the building. It is also important, remer, to
consume as little energy as possible for heatirgy fthsh
incoming air. Therefore there are many standardsictw
regulate the minimal amount and quality of freshraguired
indoors so that people indoors do not feel angffécts of bad
air quality and the energy consumption for heatitng
incoming air is minimal.

The main indoor air quality requirements are mdantir
temperature, air humidity and G@ontent in air. Depending
on the season, thickness of clothing and humanvicti
(metabolic rate), the indoor air temperature shdaddin the

The desirable CPlevel in buildings is from 350 to 1000
ppm above the outdoor level [5]. At this €€bncentration no
ill effects can be felt. Only at GQevels that exceed 10000
ppm do humans start to feel some effects that tatteeir
health [11, 8, 12].

From the point of view of indoor air quality, it whl be
advisable to keep the air change rate in buildiagdigh as
possible. In this case, GQevels in buildings would be
optimal for human health, but this would mean thatthe
winter, the energy spent on heating the incomingvaild be
very large and expensive. In this study measuresnand
calculations were done to understand how diffeventilation
solutions in a new apartment building affect indaorquality
and the amount of heat energy needed for incomingBs
doing this, it was possible to find the optimal tietion
solution for this type of building.

The building studied is situated in Riga. It wasltba the
year 2008. The building has 9 floors and is cowstdi of
three-layer concrete panels with heat insulatiotha middle
layer. The building is constructed with airtightuthbe-glazed
windows in a plastic frame. The building has onlgtural
infiltration and because the windows are airtightre is an
adjustable round air inlet beside every window. Tremeter
of the air inlet is 80 mm and it is equipped withlastic cover
that has an incorporated air filter (see Fig.1.).

All windows can also be opened in the so-calledtevin
ventilation, when the handle of the window is tutngright at
a 45 degree angle and a narrow slit around the omini
formed where the fresh air can flow inside.

A typical room was chosen for conducting measurdsien
this building. This room had to conform to the dwling
requirements:

STUDIED BUILDING

1. During all measurements, the number of inhabitants
has to always be the same;

2. The room has to be small enough to ensure uniform
CO, distribution;

3. The room has to be equipped with an automatic
temperature control system.

A bedroom on the ' floor was chosen for the
measurements. There was one person using this room,
which ensures that the G@ains from breathing would be
the same during all the measurements. The roomlys1®
m® and the height of the room is 2,55m, which ensured

range of 18 — 2€ [3, 4, 5, 6, 7]. Indoor air humidity depends
on many factors but usually it should be kept i@ tange of
30-70% [8, 9, 7, 10]. One very important facbmdoor air
quality is its CQ content. CQindoors is introduced by human
breathing, gas stove burning and other processeatdoOr
CO, content is approximately 400 ppm, which is greater
densely populated areas. Indoor L£€bntent requirements
usually are described in two ways:

1. Total indoor CQ content;

2. CO, content above the outdoor glavel.
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6. balcony door and air inlet closed, window — winter
ventilation (7" measurement).

uniform CQ, distribution in the room, which is very
important for calculations. The temperature in tltiem is

controlled by an automatic thermostatic valve om th The first type of ventilation solution was measutadce
radiator. There is one window (125x130 cm) and onkecause in this room this was the typical ventiatsolution
balcony door (82x210 cm) in the room. Both — windamd and it was done to see how outdoor air temperafieets air
balcony door — can be opened in the winter verditat change rate and indoor air quality.

regime.

c d

Fig. 1. Adjustable ventilation air inlet beside gvevindow in closed (a), open
(c) and half-open (b) state. Air inlet cover (d).

I1l. MEASUREMENTS AND CALCULATION METHODS

Measurements were made to understand how different

ventilation solutions affect indoor air quality ahdat energy
consumption. During these measurements, the indoor

temperature, air humidity and G@vel were measured. The

results of the measurements were logged at 1 mintgevals.
Typical measurements lasted for one day. This wasigh to
obtain the indoor air quality parameters and toehamough
data to calculate the air change rate in the rotwdied and
the energy needed for heating inflowing air.

In total 6 ventilation possibilities were measurédl of
these ventilation solutions can be and are usegvary-day
conditions. The following ventilation possibilitiesvere
subjected to measurements:

1. window, balcony door and air inlet closed"(@nd
6" measurement);

2. window and balcony door closed, air inlet — opened

(2" measurement);

3. window and air inlet closed, balcony door — winter

ventilation (3* measurement);

4. window and balcony door closed, air inlet — seale

with tape (4 measurement);

5. window and balcony door closed, air inlet — half-

open (8' measurement);

Measurements were made by beginning measuremém in
evening, when the inhabitant of the apartment waghe
measured room. In the morning, the room was lefitgrand
the measurement ended the following evening, sb dha
measurement takes about 24 hours. Measurements were
started when the inhabitant of the room came ihtoroom.
Some exceptions were made for the last two measumsm
which lasted less than 24 hours (during these mmeamnts
the inhabitant of the room was awake).

During the measurements thermography was used to
visualize cold incoming air and to monitor the ag
temperature of the radiator.

CO, measurements were done with Telaire 7001D,
temperature and relative humidity measurements \weade
with HOBO U12-012 data loggers and thermographyupés
were taken with a Fluke Ti30 thermal imager.

An important part of this study was to understaow lthe
previously mentioned ventilation solutions affelse tamount
of energy needed for heating incoming air. This bandone
by calculating the air change rate and afterwaalsutating
the amount of energy used for heating the air. dihehange
rate was calculated according to LVS EN ISO 1258002
“Thermal performance of buildings. Determination air
change in buildings. Tracer gas dilution method’this ISO
standard two methods for calculating air change bgt using
CO, measurements are described:

1. tracer gas concentration reduction method,;

2. constant tracer gas concentration method.
In this particular case some adjustments of thesthoas
had to be made because of the background condentiait
CO..

The first calculation method (tracer gas conceianat
reduction method) is used when initially there ighhCGQ,
concentration in the room and there are no, G@urces in a
room (this happens after a person leaves the robmbhis
case the rate of Gxoncentration reduction is monitored. By
knowing the rate of COconcentration reduction it is possible
to calculate the air change in the room:

InC(t) - InC(t,)
-4

av

: @)

where

Ny — air change rate;h

C(t)) — CQ, level in the beginning (with subtracted
d background C@level), ppm;

C(t) — CQ level in the end (with subtracted background
CG, level), ppm;

t-t; — time between C{evel measurements, h.
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In both calculation methods, the ¢€Qevel has to be
adjusted because of the background , C&ncentration.
During this study, measurements were carried ouat the
background or the outdoor G@vel was determined.

The second method (constant tracer gas concemtra
method) is used when the g@vel in room stabilizes and this
happens some time after a person has been in time. By
knowing the CQ level and the amount of G@hat flows into
the room it is possible to calculate the air charzge.

Nav =< (2)

where

Va— amount of CQinflow, m*/h;

Ciarg— CQ, concentration (level) in room;
V — volume of the room, tn

When the air change rate of the room is known,sit i

possible to calculate energy needed for heatingnieg air:

Cp P

Q=3600

'(Tl_TZ)'nav -V ’ (3)

where

Q — needed heating power for heating incomingvdir,

C, — specific heat of air, 1008 J/(kgK);

p — density of air, 1,23 kg/htat 12C — weighed indoor and
outdoor temperature);

T, — average indoor temperatut€;

T, — average outdoor temperatUi€,

In this case, the tracer gas concentration reductiethod is
more precise than the constant tracer gas contientraethod
because, for the second method, the exact amo@®doinflow
in the room must be known, which is difficult ingttase as the

Outdoor temperatures during the measurements wetkei
range from -2C to -12°C. These kinds of temperatures occur in
the coldest part of the winter in Latvia.
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Fig.2. Outdoor temperatures during measurements.

A. Temperature measurement results

In Fig.3. the indoor temperatures during the mesmsants can
be seen.
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amount of CQ exhaled by humans varies in quite a wide rangLyy 3 Indoor temperatures during measurements

In this study the first method (tracer gas conegioin reduction
method) was used whenever possible but in somes cade the
second method (constant tracer gas concentratitimodjecould
be used. Therefore, the results of the first metiere used to

In the indoor air temperature measurement charp tw
temperature lines can be seen. The upper linecim fthe
temperature logger situated at a height of 0,5 nqedad the

determine the amount of G@xhaled by the inhabitant of the ,er temperature line is from the temperature dogghich was

room studied. The amount of exhaled ;G@as chosen in such
way that the results using both calculation metlypgs the same
air change rates.

IV. RESULTS

Due to the fact that the air change rate of bugsliis affected
by the outdoor conditions (in winter, the mainesid is outdoor
temperature), all the results are valid in the ean§ outdoor
temperatures, which were measured during the nerasat
phase of this study (see Fig.2.).

The vertical lines in Fig.2. separate the 7 measents that
were made. The total time of these measurements fisdays.
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placed on the floor (for the first measurement kethperature
loggers were placed at a 0,5 meters height). Ibeaseen that the
temperatures at the floor level are lower thamatheight of 0,5
meters. Table | shows the average temperaturég irobm and
the temperature difference between the two tempresat

As can be seen from Fig.3. and Table |, the latgesperature
differences were more than °C. This kind of temperature
difference can lead to discomfort in the room beeathe
temperature distribution is not uniform in the room
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TABLE |
MEASURED TEMPERATURES AND TEMPERATURE DIFFERENCE

Measurem | Average air Average air Temperatu

ent Nr. temperature at temperature on | re
height of 0,5 meters, | floor level,°C difference,
°C °C

1 21,17 Not measured n/a

2 21,01 20,15 0,86

3 20,10 19,05 1,05

4 21,11 20,49 0,62

5. 20,98 19,70 1,28

6 21,42 20,22 1,20

7. 20,97 20,21 0,76

* higher temperature due to higher internal hemtsgduring measurement

It can also be seen from Fig. 3. that temperatne$ollowing
a sinusoidal line. This kind of temperature behawan be
explained by the correct functioning of the autaeniermostatic
valves that have been installed on the radiatotiseanbuilding.
Non-sinusoidal temperature lines can be seen in 3fe
measurement (balcony door in winter ventilation)isTis due to
the fact that the amount of air inflowing in themo is so large
that the installed radiator does not have enouglepto heat the
incoming air. This was also proven by thermograpttyich was
conducted to measure temperature on the surfate ehdiator.
With the typical ventilation solution {1 measurement), the
average temperature on the radiator surface Wi B2t in the
3Y measurement, the average temperature on theorasiisface

was 53C, which corresponds to the temperature of the he

carrier in the heating system of the building.

In the fourth measurement air temperature linesdane while
are constant. This is because in the maximallycediair inflow
scenario, the thermostatic valves close the radiatthe room
and practically no heat energy is sent throughraldéator. The
average surface temperature on the radiator duthrg
measurement was Z2

All indoor air temperature measurements showed ithet
possible to ensure satisfactory temperature levels all
ventilation solutions.

B. Relative air humidity measurement results

Relative air humidity was also measured. Resultghese

measurements are shown in Fig. 4.
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Fig.4. Relative air humidity during measurements.

Indoor air humidity is strongly dependant on outd@dr
humidity and outdoor temperature (the colder angerdithe
outdoor air, the lower the indoor air humidity). Aan be seen,
the lowest indoor air humidity is 15% (during th& &nd 7'
measurements). This is due to the increased aigetrate during
these measurements. The highest air humidity is3%%6, which
is the lowest satisfactory air humidity level. Thizeans that
during the coldest part of winter in Latvia, theaor air should
be humidified. The person living in the apartmemhere the
measurements were carried out, complained aboorteatisroat,
which is one of the symptoms of dry air.

From Fig. 4. it can also be seen that during eassorement,
the relative air humidity varies. This is becaugdhe beginning
of conducting the measurements, the room had aisempén it,
but in the middle of the measurement, the persfbrile room
and no more humid air was injected in the room @mum
breathing humidifies air).

C. CO, measurement results

The main part of this study was aimed at,d€vels in the
room, because using the results of ,Ofeasurements it is
possible to calculate the air change rate in tlemrand the
energy needed to heat inflowing air. C@easurement results
can be seen in Fig.5.
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Fig.5. CQ levels in the studied room during different vextitin solutions.

From Fig.5. one can see that the,@&els are in the optimal
range during all measurements except in theméasurement
with the maximally-reduced ventilation. It is impmt to
remember that there was only one person in the rdorimg
these measurements. In these measurements ieealy tle seen
when the person is at home (increasing and statilzQ levels)
and when there is no one in the room (decreasingevals).

As mentioned previously, the air change rate wisileded by
using two calculation methods. The more exact noktladnich

uses decreasing G@vel measurements, was used to determine

the air change rate for thé, 2" 4" 5" and &' measurements.

For the & and 7' measurements, the less exact method had to be

used because there is no phase of measuremeng thke€Q
level in the room would decrease according to tlagy W is
needed for the more exact method (this is becdutbe oapid air
change that occurred durinf and 7' measurements). By using
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the £ 2 and %' measurements, the amount of Oéxhaled shows, in this case it is enough with an air chanage that is
while sleeping and by using"@measurement amount of €O 0,4 h* to achieve good air quality. If either window a¢ony
exhaled while awake by the inhabitant of the rodmdied was doors are opened in the winter ventilation modes Hir
calculated. The amount of exhaled {fhile sleeping was used change rate escalates and the, @9els decrease near outdoor
to determine the air change in thg Beasurement, and the CO, levels.
amount of exhaled CQOwhile awake was used to determine the By knowing the air change rate for all ventilatisplutions
air change rate in thé"7measurement (the person in the roonand by using the equation (3) it is possible tcculate the
was sleeping during the’12, 3¢ and ' measurements and power needed to heat the inflowing air. In thiscakdtion, the
was awake during "6 and 7 measurements). Calculationsoutdoor air temperatures were applied accordingthe

showed that the CQexhaled while asleep is 13,75 I/h (0,0137%verage outdoor temperatures from Fig. 2. A sample

m¥h) and while awake — 16,9 I/h (0,0169/m). In a literature calculation for the %t measurement follows:
review it was found that, during normal activityrhans exhale

approximately 400 liters of CGn a 24 hour-period or 16,67 I/h. 1008 123
By using equations (2) and (3) air change rates abr sz' (21-(-5))- 041-255=94 W
ventilation solutions were determined.
A sample calculation for the®Imeasurement, which uses the
first method, is given below: The results of all calculations are shown in Tdble
TABLE Il
_In(1192-460 —-In(598-460 041 ht POWER AND COSTS NEEDED FOR HEATING INFLOWING AIR
av 16:47-12:4C - Measurement | Power needed for | Costs for heating the
Nr. heating inflowing inflowing air in measured
air, W room (area of room - 10
As the results from the equation demonstrate, tbgl€vel m?), Ls/month
at 12:40 was 1192 ppm and at 16:47 it had falleBho® ppm. 1 94 3,00
The outdoor C@level measurements showed the,@&vel to 2. 302 9,58
be 460 ppm. 3. 1192 37,97
A calculation sample for the®measurement, which used | 4: 57 181
the second method, is given as follows: 5. 303 9,62
6. 222 7,06
7. 981 31,16

0,01375

Ny, = =473 h™
(0,000574-0,000460)- 255

The calculations show that it is enough to use @diwV of
power for air heating to ensure satisfactory indaioquality, ,

As demonstrated in the calculation, the averagkilgtad but if either window or balcony doors are in thentsr
CO, level in the room during the™measurement was 574 ventilation mode — then 10 times more energy islade
ppm, CQ inflow was 0,01375 fth because the person in the If the balcony door would stay in the winter veatiibn

room was sleeping. mode for one month and the outdoor conditions wdigddhe
The results of the air change rate calculations asame as during the measurements made in this @iadically
summarized in Table II. if the outdoor conditions would be the same ashmm three
TABLE Il coldest_months of_winter), then the amount of epergeded
AIR CHANGE RATES FOR ALL STUDIED VENTILATION SOLUTIONS to heat |an0W|ng air would be:
Measurement Nr. | Calculation method Air change rateh™ 1192W1]- (30-24)[hours/ momh].]_(T6 = 086MWh/ month
1. First method 0,41
. Since the building is situated in Riga and the leeergy is
2 First method 123 delivered from AS “Rigas siltums”, then the amoahtnergy
3. Second method 4,73 calculated in terms of money (using the heat tdrdfn June
4, First method 0,24 2010) would be:
> First method 1,19 086 MWh/ month]- 4414[Ls/ MWh] = 3797Ls/ month
6. First method 0,79
- Second method 3,49 Costs for heat energy for all ventilation modes sirewn in

Table lll. This means that one window or balcongrdat is in
the winter ventilation mode can cost up to 38 Lsitho The
problem is that in Latvia this type of ventilatisplution is very
popular. In older buildings this could be a minmstpem because
the air extraction stacks are old and cloggediBoéw buildings

First method - tracer gas concentration reductiethiod
Second method - constant tracer gas concentratdnath

As the figures in Table Il illustrate, the air clganrate in
the studied room varies from 0,24 ko 4,73 K. As Fig. 5.
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measured when the window and balcony doors wetteiwinter 9. Dpaniel K. Advanced Building Systems. — Bazel, Bos®witzerland, 2003. —
ventilation mode). 552 Ipp.
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Gatis Zogla, Andra Blumberga. Jaunas daudzdrokju ekas \edinasanas risirjumi un to ietekme uzekas siltumenessijas pateri nu un telpas gaisa kvaliti
Siltumenegjja ekas tiek zaudta divos veidos — siltuma v&dnas de caur norobezojoZan konstrukcim un gaisa apmgas (infiltracijas) dl. Latvija celto jaunogku
norobeZojass konstrukcijas ir siltiitas, bet aukatgaisa infiltécija parasti netiek ierobeZota vai samatairidz normawos noteiktajamimenim. $ iemesla @ jauris
daudzdaoklu ekas var zaudt daudz situmengijas tieSi gaisa apmgis un infiltacijas dl.

Sis [Etijums tika veikts jaundaudzdwoklu eka. Apskatti daZidi vedinaSanas risijumi (visi no kuriem var tikt un tiek # izmantoti) un veikti narijumi. Izveletaja ekas telg
tika veikti gaisa kvalittes (gaisa tempeta#, relaivais mitrums, C@koncentiicija) merjumi, kas deva iesju noteikt papildus sittumengjas zudumus@vedinatu telpu @.
Petijuma rezuliti paidija, ka parvedinatu telpu @] aukstikajos ziemas Bme3os no 10 flielas telpas var rasties siltumeliiais zudumi 0,86 MWh/@nes jeb 38 Ls/nines
apjond. S petijuma rezuliti art paskaidro, #pec eku iedavotaji bieZi vien sidzas par neapmierinodi zemu telpu gaisa tenipgraut gan tai padaika radiatori telgs ir karsti
un makgjumi par siltumeneiju loti augsti.

Petijuma laila tika atkbts, ka litiska probtma ir telpu relavais gaisa mitrums ziemas aaksios ngneSos. Mrijumi pa&dija, ka telpu gaisa refahis mitrums var nokristdz
pat 15%. Lai izvaitos no elpci slinibam, ziemas aukaitajos nenesos nepiecieSams veikt telpu gaisa raanu.

S petijuma rezuliti ir piemerojami lielikajai ddai jauno dabiski ventito daudzdxok]u eku Latvifa.

T'atuc Koria, Anapa BiaymoOepra. Pemenusi cucreMbl BEHTH/ISIIMU UISE HOBOTO MHOTOKBAPTHPHOIO 3/1aHUSI M €€ BJIMSIHME HA SHepronorpedsieHue U Ka4ecTBo
BO3/yXa B IOMEIEHHSIX

IToTepy TeIJIOOHEPTHM B 3[AHUSX HPOMCXOMAT IBYMS CIIOCOOAMHM — ITYTEM TEIUIONPOBOAMMOCTH 4Yepe3 OIPaHMYMBAIOIIME KOHCTPYKLMM M M3-32 OOMEHa BO3IyXa
(madumsTpammst). B JlatBun orpaHrdMBAaroNIie KOHCTPYKIMH HOBBIX 3MAHUHN YTEIUBIOT, 8 HHOUIHTPAIMIO XOIOIHOTO BO3MyXa OOBIMHO HE OTPAHIYHBAIOT, M OHA TIPEBBIIIACT
YPOBEHB, JOMYILECHHbI HOPMATUBHBIMU aKTaMu. 10 3Toil MpUUKHE HOBBIE MHOTOKBAPTHPHBIC JIOMA TEPSIOT MHOTO TEIUIOSHEPIUH UMEHHO B pe3y/ibTaTe OOMEHa BO3IyXa 1
HUHQHIBTPALIL.

10 UCCIen0BaHke ObUIO MPOBEICHO B HOBOM MHOTOKBAPTUPHOM 31aHKH. PaccMaTpyUBAIIMCH pa3HbIe PEIeHHs] BEHTUISLMH (BCE, KOTOPBIE MOTYT OBITh 1 HCIIOJB3YIOTCS B
TMPAKTHKE) ¥ TPOBOIIIIHCH H3MEPEHHs. B BEIOPAHHOM 3MaHNH MPOBOMIIICH M3MEPEHISI IS OIICHKH KauecTBa BO3MyXa (TeMriepaTypa BO3IyXa, OTHOCHTENBHAS BIIAKHOCTD,
koHueHTparst COy), YTO MO3BOJNMIIO OLICHUTD JIOMOHUTEIBHBIE IOTEPH TEIlIa B Pe3yJIbTaTe POBETPUBAHHS IOMELLICHHIA.

Pe3ysbTathl MCCNENOBaHMs MOKA3aIM, YTO HM3-32 MPOBETPHUBAHKS B XOJOIHBIC 3MMHHE MECSLbI B MOMELICHHSX, VIO KOTOPbIX Oombure 10 nf, TEIUIONOTEPU MOTYT
nocturayts 0,86 MWhitecstr mim 38 LShMecsit. Pe3yssTaThl 5TOr0 HCCIIEIOBAHIS TAKKE OOBSICHSIOT, TIOYEMY YKHTEIH 3IaHFI YacTO KATYIOTCS HA HEYIOBICTBOPUTEIHHO
HM3KYIO TEMIIEpaTypy BO3IyXa B IOMEIICHUSX B TO BPEMs1, KOTIa paMaTOpbl B IOMEIICHUSX TOPSTYHE, U CUETA 32 TEIUIOIHEPTHIO OYCHB BBICOKHE.

Bo Bpemst uccnieioBanust ObLIO BBISBIICHO, YTO 3HAYUTENBHYIO IPOOIEMY CO3AET OTHOCHTENBHAS BIYKHOCTH BO3IyXa B XOJNOIHBIC 3UMHHIE MECSIIbL. M3MepeHys nokazanm,
YTO OTHOCHTENBHAS BJIAXKHOCTH BO3yXa MOXET CHU3UThCS 10 15%. J[nst Toro, 4toObl M30aBUTBCS OT OONE3HEH IBIXAaTEeNbHBIX ITyTeH, B XOJOIHBIC 3MMHHE MECSILIbI
HEOOXOIMMO YBJIAKHSITH BO3IyX B TIOMEILCHHSIX. Pe3y/bTaThl 3TOr0 UCCIIEOBAHUS OTHOCITCS K OONBIIMHCTBY HOBBIX 3/1aHNI B JIaTBHH C HCKYCCTBEHHOM BEHTHIISILIUCH.
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