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Abstract. Indoor air quality (IAQ) measures within energy
audit inspections in 13 not renovated multi-apartment buildings
(MABs) show that CO, concentration level in 16 out of 30
examined apartments was >1000 ppm, indicating insufficient
ventilation. The results of measures and inspections affirm the
necessity to realize only complex renovation activities in existing
MABs to enhance energy efficiency and indoor microclimate of
buildings.
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INTRODUCTION

Previous experience shows that renovation of ventilation
systems is not a typical component of renovation of MABs in
Latvia. The typical solution for ventilation of the existing
MABSs — with natural exhaust channels from the toilet facilities
and kitchen premises, and air inflow through gaps between the
window frame and window carcass — does not ensure return of
heat from the exhaust air and cannot ensure maintenance of
room microclimate that would be independent of weather
conditions and would correspond to the requirements for
healthy environment.

As a consequence, rooms are not ventilated enough and
IAQ is reduced. This, in turn, leads to progression of the so
called sick building syndrome (SBS) [1].

As the experience of other European countries concerning
low-energy apartment building renovation shows (for
example, Germany, East Berlin), complex renovation,
including modernization of building construction insulation,
heating and ventilation system etc., is the key to improving the
energy efficiency of buildings and indoor climate related
provision of comfort.

Renovation pilot project of MAB in Latvia, in Riga
(collaboration project between the city of Riga and Berlin),
confirmed advantages of complex renovation, achieving
building energy efficiency improvements of 50% and better
feedback from residents about the indoor climate, compared
with the existing identical, but not renovated MAB [2].

The purpose of the study is to assess the natural ventilation
system operation and IAQ compliance with regulatory
demands for healthy environment requirements in MABS.

The study deals with building energy audits carried out
under indoor air quality measurements, in particular the CO,
concentration level, temperature and relative humidity
measurements, natural ventilation exhaust air flow rate.
Measurements of energy audits within performed with an aim
to develop heat balance model of a particular building and

justify recommendations for building energy efficiency raising
action plan. 12 of 13 MABs energy audits discussed were
carried out before 2009, then legislation on energy
performance calculation method came into force [3], based on
the LR adapted with European Union standards.

Surveyed indoor climate measurements were taken in high-
rise MABs, mainly built in the period from 1946 to 2000,
which accounts for about 75% of the housing stock in Latvia
[4]. Most of this volume consists of standard high-rise MABS,
average standardized heat consumption for heating of which is
166 kWh/m? per year [5]. Theoretically, up to 60%, or ~ 100
kWh/m? from the consumption of heat energy is needed for air
heating (without humidification) [6], as required by
regulations [7].

METHODS AND MATERIALS

Surveyed measurements are taken in 13 MABSs, thermal
characteristics of building envelope of which do not conform
to current regulatory requirements for energy efficiency [8].
Apartments in the buildings are typically glazed with double
windows in wooden frames (U > 2,5 W/(m?*K)), many of
them due to depreciation in the last ~ 10 years have been
changed to double glazed windows in PVC frames. New
windows are mainly installed in some apartments at the
initiative of the owners of individual apartments, not
subjecting window thermal performance and ventilation
solutions to the competent control. Typical solution for
existing MABs ventilation systems is the following — using
natural exhaust channels from the toilet facilities and kitchen
premises (average channel aperture area 0,02 m? ventilation
louvers clean free surface area of the assessment factor 0,8),
and not organized outdoor air infiltration through the leakages
in the building envelope etc.

Building energy audit measurements are made using the
following gauges:

- thermometer and relative humidity meter EE10-F3-D04
(working area: temperature from -5 to ~ 55 °C, accuracy +/-
0,25 °C; relative humidity from 10 to 95%, accuracy +/- 2%);

- CO, concentration level meter AQS51/61 (working area:
0 to 3000 ppm, accuracy +/- 5% of the measured value);

- air velocity meter with Testo 452 wing (working area:
0,2 to 60 m/s, accuracy 0,1 m/s);

- thermal camera Raytek Thermo View Ti 30 (working
area: 0 to 250 °C, accuracy +/-0,1 °C).

Indoor air CO, concentration level and relative humidity
measurements were taken placing the detector on the floor of
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the hall (buildings from A to L - legend look at chapter
“Results”) or 0,8 to 1,2 m above the floor in the living room
(building M).

Air velocity measurements are taken by placing the detector
at the natural ventilation exhaust channel ventilation louvers.
The air velocity measurements at home exhaust ventilation

equipment are added to measurements in natural ventilation
exhaust ducts; compiled results of measurements have not
been addressed. Building envelope and the heaters surface and
the outside air temperatures set was measured using a thermal
camera images and data.

TABLE |

MEASURE RESULTS IN 30 APARTMENTS IN 13 MABs

Number of

apartments .

nesch | | e | Bt | ST Bt | oy g

No | Mark Type Year total ppnzﬂ; humidity, from from from toilet, tempgrature,

number of % kitchen, m/s bathroom, m/s ¢

floors at m/s

the MAB
1 2 3 4 5 6 7 8 9 10 11
1 H 103 1993 1/5 528 31,0 0,3 0,0 0,0 -3,5
2 G 103 1993 1/5 677 30,0 13 0,4 04 -3,5
3 J 103 1975 1/6 689 26,8 3,0 -6,0
4 L specpr. 1957 1/3 718 36,0 -6,0
5 G 103 1993 1/5 740 36,0 15 0,3 blocked -3,5
6 M 104 1978 12/12 771 37,8 -2,2
7 C 103 1970 1/5 813 36,7 04 0,6 04 -2,0
8 E specpr. 1999 /4 832 36,0 0,0 0,0 -5,0
9 F specpr. 1999 4/4 877 41,0 0,3-0,4 0,0 03 -3,5
10 K 103 1/5 880 32,0 0,0 0,0 -6,0
11 K 103 5/5 900 371 0,0 -6,0
12 L specpr. 1957 2/3 921 34,5 -6,0
13 I specpr. 1993 /5 938 315 0,8 0,5 0,2 -5,0
14 D 103 1988 1/5 973 38,0 0,9 -2,0
15 J 103 1975 6/6 1000 32,0 -6,0
16 M 104 1978 4/12 1000 32,0 0,0 0,0 0,0 -2,2
17 | specpr. 1993 /5 1007 29,0 0,4 0,0 0,3 -5,0
18 E specpr. 1999 /4 1079 339 0,0 0,3 -5,0
19 F specpr. 1999 474 1093 48,6 0,9-1,0 0,4 0,4 -3,5
20 B 602 1984 9/9 1096 304 0,2 0,5 0,5 -2,0
21 H 103 1993 5/5 1110 46,0 0,0 0,0 0,0 -3,5
22 I specpr. 1993 /5 1116 30,6 0,6 0,5 03 -5,0
23 A 467 1974 1/9 1216 39,2 0,5 blocked -2,0
24 I specpr. 1993 5/9 1250 35,6 0,0 0,2 0,0 -5,0
25 G 103 1993 5/5 1261 38,0 0,3-0,8 blocked -3,5
26 A 467 1974 9/9 1267 38,5 0,6 0,7 -2,0
27 C 103 1970 5/5 1314 44,7 0,0 0,0-0,3 -2,0
28 F specpr. 1999 4/4 1401 40,0 0,4 0,0 -3,5
29 D 103 1988 5/5 1536 43,1 0,8 0,8 -2,0
30 E specpr. 1999 /4 1550 38,9 0,6 -5,0

RESULTS concentration level, view column 6 in Table 1. This order

Table 1 shows results of measures within energy audit
inspections in 30 apartments, in 13 not renovated MABs and
short information about those apartments and MABs. The data
arranged in progressive order by measured results of CO,

simplifies identification of represented data in Graph 1 and
information about a particular apartment.

Explanation of data in Table 1 by columns:

1. inspected apartment’s order by number from 1 till 30;
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2. marking in alphabetic order from A till M within energy
audit of the inspected 13 not renovated MABs, to make
comparative analysis of measured data in apartments in the
same MABs possible;

3. information about number of standard construction type
of MAB or reference to special project solution ,,specpr.”;

4. the year when MAB was put into service;

5. number of apartments on each floor / total number of
floors in the MAB;

6. measured indoor air
apartment, ppm;

7. measured indoor air relative humidity level, %;

8. exhaust air velocity, measured by ventilation grid of
natural ventilation exhaust channel in the kitchen, m/s;

9. exhaust air velocity, measured by ventilation grid of
natural ventilation exhaust channel in the bathroom, m/s;

10. exhaust air velocity, measured by ventilation grid of
natural ventilation exhaust channel in the toilet, m/s;

11. outdoor air temperature during measurements in
apartment.

Empty cells indicate missing data. The indoor air
temperature is not included in Table 1. The indoor air
temperature varies between +16 to + 24 °C in different rooms
of the apartment. The temperature on the surface on indoor
side of the building envelope varies from +12,8 to + 24 °C,
measured by thermographical inspection of the apartment.

CO, concentration level in

ANALYSIS

The minimal indoor air temperature in living rooms is +18
OC defined in accordance with building codes of Latvia [7]; in
general the human thermal comfort requirements for
temperature varies from +20 till +24 °C. The results of
temperature measures show that the minimum of normative
temperature is not provided in part of different rooms of the
apartment. The difference in temperatures in the rooms may
be explained by the use of typical one-pipe heating system
without possibility of individual regulation in existing MABS.
Raised indoor air temperature in apartments near heat supply
point or reduced indoor air temperatures in apartments with
greater distance from heat supply point are typical issues for
this solution. We can explain reduced temperature on the
surface on indoor side of external building constructions with
damages of constructions, thermal bridges, low thermal
resistance and insufficient heating. Reduced radiant
temperature provides local discomfort for people and leads to
progression of condensate and mould on the construction
surfaces.

Ventilation requirements for living areas in accordance with
regulations of Latvia establish minimum of 3 m*m?® per hour
of fresh air in living areas and bedrooms [7] or a minimum of
15 m*/h per person [9]. As shown in Table 1 (columns 8, 9 and
10) collected air flow rate measurements show that in certain
parts of rooms the natural ventilation does not work, there is
no traction. As shown by inspection results, some ventilation
ducts are blocked by people, in some places ventilation ducts
due to low quality of construction are not connected to main
roads or contaminated with debris. Natural ventilation

operating principles have been degraded due to the initiative
of individual citizens: installed new tight windows ensure
sealing, which significantly reduces infiltration air flow;
household exhaust fans installed in kitchens and toilets do not
guarantee continuous space ventilation, as well as there is a
risk that contaminated exhaust air may bypass between
apartments. Living area ventilation intensity has not been
analyzed in detail, because measurement data are not
complete. There is also no detailed information about the
number of users of the apartments to analyze the adequacy of
ventilation in compliance with operation conditions.

Latvia building codes do not define CO, concentration level
of living room indoor air. In Table 1 the collected data shows
that in 16 out of 30 apartments CO, concentration level is >
1000 ppm. Increased CO, concentration level can cause
discomfort, headache, fatigue and other unpleasant sensations,
however, the major threat to human health is induced by CO,
concentration level above 5000 ppm.

Latvia building codes do not require maintaining living
room indoor air relative humidity. Good comfort requirements
require to keep 40 to 60 % relative humidity, for human health
and construction safety 30 to 70 % relative humidity is a
desired limit. Only 2 out of 30 measurements (~ 7%) show
low moisture level, see Table 1. In specific climatic conditions
in Latvia, Riga, the average outdoor temperature in October is
+ 7,2 °C and daily average relative humidity is 83% [10],
without taking into account the indoor humidity gains, by
heating the air to a minimum +18 °C, reaching the supply air
relative humidity limit of 40%. Decreasing outdoor
temperature, heating period requires indoor air humidification
in Latvia. Average heating period is 203 days in Riga, Latvia,
with the average outdoor temperature 0,0 °C [10].

We analyzed CO, concentration level and relative humidity
in living rooms. Those values are shown in Fig. 1. In rooms
where the main source of pollution is a human being,
relationship between the space relative humidity and CO, is
due to human physiological processes. The measurement
results of statistical analysis confirmed correlation between
space CO, level (ppm) and relative humidity (%) increase
(Pearson correlation r = 0,49, p = 0,006).
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Fig. 1 Indoor air levels of CO, concentration (ppm) and relative humidity (%)
results of measurements in 30 apartments in 13 MABs
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Additional research is on this theme needed relevant to. In
order to be able to argue that the data could be viewed as
representative and can be used to estimate CO, concentrations
based on indoor air relative humidity measurements,
performed in similar open-air atmosphere in standard MAB
with average indoor air temperature from +20 to +22 °C.

DISCUSSION

Taking into account regulatory requirements for ventilation
in apartments in MABs and actually completed building
energy audit inspection data, which suggests an increased
omitted air infiltration through gaps [11], it can be predicted
that the existing building indoor air CO, concentration level
should be according to recommended standards - up to 1000
ppm [12, 13]. However, inspection and measurement data
show that the increased air infiltration in local building
construction defect places (along the window frames, panel
seams), does not enhance effective natural ventilation of
apartments. As a result of increased heat losses in buildings
indoor climate does not provide healthy and comfortable
conditions for humans as determined by the standards.

Some improvements in apartments, for example, household
exhaust fan installation in apartments and adding to the natural
exhaust ventilation ducts, as well as the replacement of double
glazing windows in wooden frames (U > 2,5 W/(m**K)) with
double-glazed windows in PVC frames of uncontrolled
quality, may cause inadequate ventilation in apartments and
indoor climate deterioration both in the apartment and in the
building as a whole.

The same IAQ issues are discovered in an ongoing 1AQ
monitoring project in MABs before and after renovation [14,
15]. The intermediate results show that 1AQ is decreased in
apartments with individual improvements and in MABs after
partial renovation without modernization of ventilation
system.

The main influence on the operational capability of the
existing functional ventilation systems of MABs and,

correspondingly, on the 1AQ, is the behavior of the
inhabitants.
CONCLUSIONS
Results of IAQ measurements approved ventilation

problems and a reduced level of comfort.

Typical solution for MAB ventilation - with natural exhaust
channels from the toilet facilities and kitchen premises, and
not organized outdoor air infiltration through the leakages in
the building envelope etc., not provide heat recovery from
dissipated air and cannot guarantee the weather independent,
suitable - for human comfort requirements - room for
microclimate maintenance.

To improve the microclimate in the MABs, ventilation
system must be updated in all apartments.

Actions that can increase energy efficiency of buildings, for
example, heat insulation of building, carried out a complex
with all of the engineering system restoration, improvement or
modernization.

Planning adequate investment in buildings to improve
energy efficiency and choosing modern, adequate and
effective engineering solutions, it is possible to raise the
comfort level of the living space and to reduce heat and
thermal energy consumption. Arranging exhaust air heat
recovery, it is possible to recover at least 50% of the heat
required for supply air heating (without humidification) up to
thermal comfort. Ventilation heat energy demand accounts for
about 50 kWh/m? per heating season in the climatic conditions
of Latvia.

The future studies will enclose IAQ monitoring in MABs
through the heating season, to allow analyzing the correlation
between 1AQ parameters (especially CO, concentration level
and relative humidity at different ventilation rates with
humans as the main pollution source) in the climatic
conditions of Latvia.
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lize Dimdina, Eriks Kriimins, Arturs Lesinskis. IekStelpu gaisa kvalitates raksturlielumu mérijumu rezultiti nerenovétas daudzdzivoklu ekas.

Esoso daudzdzivoklu €ku ventilacijas sistému tipiskais risinajums — ar dabiskas nostices kanaliem no dzivoklu savietotajiem sanitarajiem mezgliem, virtuves
telpam un neorganiz&tu argaisa piepliidi caur €kas neblivumiem. Petljuma mérkis — novertét nerenovétu daudzdzivoklu eku dabiskas ventilacijas sistémas darbibu
ekspluatacijas apstak]os un iekstelpu gaisa kvalitates atbilstibu normativam, veseligas vides un komforta prasibam.

Pétijuma apskatiti eku energoauditu ietvaros veiktie iekstelpu gaisa kvalitates mérijumi, konkréti, CO koncentracijas limena, temperatiiras un relativa mitruma
mérTjumi, dabiskas ventilacijas nosiices gaisa pliismas atruma mérijumi.

Dzivok]u Tpasnieku idividuali veiktie uzlabojumi (piem., logu nomaina, sadzives ventilatoru uzstadisana), degradg ventilacijas sistémas darbibu. Apsekojumu un
mérfjumu dati apliecina, ka palielinata gaisa infiltracija lokali norobezojoso konstrukciju defektu vietas (gar logu ramjiem, panelu $uvém), nenodrosina efektivu
dzivoklu dabisku ventilaciju. Iekstelpu gaisa CO, koncentracijas limena mérfjumu rezultati 19 no 30 dzivokliem (13 tipveida €kas) uzrada rezultatu >1000 ppm,
kas apstiprina nepietickamu telpu ventilaciju. Rezultata ir paaugstinati &ku siltumenergijas zudumi un nav nodrosinata normativiem atbilsto$a, veseliga iekstelpu
gaisa kvalitate.

Lai uzlabotu iekstelpu gaisa kvalitati un energoefektivitati eso$as daudzdzivoklu €kas, nepiecieSsams veikt eku kompleksu renovaciju, kas ietver ventilacijas
sistémas atjaunoSanu un modernizaciju. Siltuma atguves potencials no izvadama gaisa sastada ap 50% no ara gaisa uzsildiSanai (bez mitrinasanas) nepiecieSama
siltuma daudzuma jeb aptuveni 50 kWh/m? apkures sezona, Latvijas klimata apstak]os.

Turpmakie pétijumi paredz analizét iekStelpu gaisa kvalitates raksturlielumu sakaribas, Ipasi CO, koncentracijas Iimena un relativa mitruma izmainas telpas ar
atSkirigu gaisa apmainu un cilvéku ka galveno piesarpojuma avotu, Latvijai raksturigos klimata apstaklos.

Hnze Jumauns, puke Kpymunbsm, Aptyp Jlemmnckuc. Pe3yabTaTel n3MepeHnii napaMeTpoB Ka4ecTBa BO3yXa B HEPEHOBHPOBAHHBIX
MHOTOKBAPTHPHBIX 10MaX.

TumoBoe pelieHne CHUCTEMBbl BEHTHIAIMH CYIIECTBYIOIIMX MHOTOKBAPTUPHBIX JOMOB - €CTECTBEHHBIC JKCTPAKT-KAHANBI M3 CAHUTAPHBIX Y3JIOB U KYXHHU
KBapTHPBl ¥ HEKOHTPOJMPYEMBIH TPHTOK HApYXKHOTO BO3/yXa 4Yepe3 HEIUIOTHOCHBIC CTBIKM 31aHus. Llenb mccienoBaHus - OLEHUTh CIIOCOOHOCTH CHCTEMBI
€CTECTBEHHOH BEeHTHJIIMH HEPEHOBUPOBAHHBIX MHOTOKBAPTHPHBIX JOMOB B YCIOBHSX DKCIUIyaTal[Hd H KauyeCTBO BO3AyXa B IOMEIICHHUSX B COOTBETCTBHU C
IpaBHIaMi KOM(OPTa U 30POBO OKpyKaromieil cperpl.

B HacTosIIEM HCCITIeI0BAaHNH TIPOBEIEH aHAIN3 JAHHBIX, MOMYYEHHBIX BO BPeMs SHEPIeTUYECKOro ayjuTa, B YaCTHOCTH, H3MEPEHNUs Ka4ecTBa BO3/yXa — yPOBHS
xonnenTpanun CO,, TeMIepaTypbl H OTHOCHTENHHON BIAXXHOCTH, CKOPOCTH BO3IYIIHOIO OTOKA B AKCTPAKT-KAHAIAX €CTECTBEHHOH BEHTUIISIIUH.
VHnuBuyanbHble YITyqIIeHUs, cIeTaHHbIe COOCTBEHHHKAMH KBapTHUp (HaIpUMep, 3aMeHa OKOH, YCTAaHOBKA BEHTHJIATOPA), HAPYIIAIOT CHCTEMY BEHTHIIAIMH.
JlanHble 0Ocie0BaHMIl M M3MEPEHHIl TOKA3bIBAIOT, YTO yBEIUYEHHE HHOHIBTPAINK BO3/IyXa JIOKAIbHO B AE(EKTHBIX MECTaX KOHCTPYKIHI (BXOIb OKOHHBIX
pam, CTBIKOB MaHenei), He obecreunBaloT S(PPEKTUBHYIO €CTECTBEHHYIO BEHTHJLILUIO MomenieHuid. M3mepenus ypoBHs konuentpaimu CO; B BO3myxe
momerennii B 19 w3 30 xBaptup (B 13 cTaHmapTHBIX 3MaHMSIX) MPEACTABISAIOT pe3yibTatel > 1000 ppm (dacteif Ha MUJUIHOH), OXTBEPIKIAIOIINE
HEJ0CTAaTOYHOCTh BEHTWIIAIMH TTOMENICHNH. DTO NPUBOAUT K YBEIUYCHMIO IIOTEPh TEIUIa B 3aHHMAX M HE TapaHTUPYETCS COONIOJCHHE 3aKOHOIATENbHBIX
TpeOGOoBaHMUI 370POBOIT CpeJIbl M Ka4ecTBa BO3/lyXa B MOMEIICHHSX.

B memax ymyumieHHs KadecTBa BO3QyXa B IOMEIICHUSIX U PHEProd(GGeKTHBHOCTH CYIIECTBYIOIIMX MHOIO KBAPTHPHBIX JOMOB, HEOOXOAHUMO peaIn30BaTh
KOMIUIEKCHYIO PEKOHCTPYKIIHIO, KOTOpasi BKJIFOYAeT OOHOBICHHE M MOJEPHM3AIMIO CHCTEMBbI BEHTHIIANMK. [ToTeHIMaNn yTHIM3alWH TeIia OT yAansieMOoro
BO3/IyXa 0KOIO 50% OT HEOGXOAMMOTO KOIMUYECTRO TEMIa HATPEBA HAPYKHOTO BO3AyXa (63 yBIaXKHEHHs), WK 0KoIo 50 KBT-u/M? B OTONMUTENHHOM CE30HE, B
JIATBHHCKUX KIMMAaTUYECKUX yCIOBHUSX.

JlanpHeiinye MccIeIoBaHus IIAHUPYIOTCS B COOTBETCTBHH C pe3yIbTaTaMH aHAIHM3a KauecTBa BO3AyXa B IIOMEIICHUSIX U XapaKTEPHCTUK COOTHOIICHHH, B
YaCTHOCTH, M3MEHEHHsI ypoBHs KoHueHTpamud CO; M OTHOCHTENBHOH BIIAXHOCTH BO3IyXa B MOMEIICHHAX C PasiMYHBIMU THUIAMHM OOMEHa BO3lyXa Kak
OCHOBHOTO HCTOYHHUKA 3arPsI3HEHUS, B KIIMMAaTHIECKHUX yCIOBHAX JlaTBHHL.

10


http://www.abc.lv/?id=ventilacija_2&template=abc_raksts&article=gaisa_kvalitate_dzivoklos
http://www.abc.lv/?id=ventilacija_2&template=abc_raksts&article=gaisa_kvalitate_dzivoklos
mailto:eriks.krumins@riga.lv
mailto:Arturs.Lesinskis@rtu.lv

