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The study was performed in one residential building before and after its renovation. Energy
auditing and classification of the selected building into energy classes were carried out. This
study investigates the impact of energy renovation on the Indoor environmental quality of
apartment building during heating season. Evaluation of indoor air quality was performed
using objective measurements and subjective survey. Concentration of was measured in
bedrooms, and sampling of total volatile compounds was performed in the living rooms of the
selected apartments. Higher concentrations of and TVOC were observed Inthe residen-
tial building after its renovation. The concentrations of and TVOC in some of the cases
exceeded the recommended maximum limits, especially after Implementing of energy saving
measures on the building. The average air exchange rate was visible higher before renovation
of the building. The current study indicates that large-scale of renovations may reduce the
guality of the indoor environment in many apartments, especially inthe winter season.

Keywords: Carbon dioxide concentration; Energy renovation; Indoor environment quality;
Volatile organic commands concentration

were built in the 20th century do not sisfy Y, Bekd G., Petras D. (2014)). However, since

the current requirements for energy efficiency  the impact of these meeares on indoor air quality israrely
presented in the national building code. Nationwide considered, they often compromiseindoor air quality due
remedial meesLres have been tekento improvethe energy o the decressed ventilation and infiltration rete.

M og of the residentia buildingsin Sovekiathat efficiency of these buildings and reducetheir energy use
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The highest development in the housing stock, & a
result of economic changesand population growth, hes
been recognized as taking place during the second half
20* century (JurelionisA., Seduikytel.
The majority of housingin Central and Eastern Europe
was constructed from pand technology. The degrada:
tion of its quality, which hes led to its renovation, has
become one of the most important meeaures from an
energy-saving point of view.

The aim of the study was to evauate the impact of
basic energy-saving messures on indoor air quality ina

typical high-rise residentia building built in the
in Sovakia

Figure

Table 1. Heat transfer coefficients of the structures.
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Building description and building
energy

The residential building investigated (Figurel) is
located in Sovekia It wes built in from
lightweight concrete panels The building wes naturally
ventilated. Exhaugt ventilation was only used in sanitary
rooms, such & the bathrooms and toilets. Renovation
of the building was carried out and included the
following meeaures insulation of the building enveope
using polyethylene (80 mm), insulation of the roof using
mineral wool mm) and hydraulic balancing of the
heeting sysem. New plasticframewindows had dready
been ingtalled over the lagt years in mogt of the gpartments
in the building. V, Bekd G., Patras D. (2015)).

The heat demand wes caculated
for the non-renovated and reno-
vated condition. The highest
energy-saving is provided by
the thermal insulation of the
external walls. This can be
explained with the large heat
exchange surface of the walls.
On the Figure 2, isclearly indi-
cated the heat demand for the
gructures for square meter and
the solar and heet gainsfor both
types of residentia building.
The figure shows that the heat
demand for the insulated part
of the building significantly
decreased and for the calculated
ar exchange rate (AER) and
gansremained the same

evaluated dwelling before and after refurbishment.

1,49 0,35 76,50
328,77 123 0,23 81,30
338,77 0,88 0,34 61,40
569,43 1,56 13



The renovated and non-renovated residential ,

building were classfied into energy dasses by the ) Y, * e
valid Sovak legidation: Decree of the Ministry of .
Transport, Construction and Regiona Development "
No:300/2012. wosn
159
The energy-saving meesures mentioned above decreased
the energy consumption by 55%. In accordance to e
our law on energy efficiency of buildings, the origina . L ’
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Figure 2. Heat demand of the building.

Figure 4. Energy certificate of the renovated building.
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Methodology

The first round of the measurementswas performed in
January when the building wes still initsorigina
condition, and the second round wes performed in
January ater energy saving-messures had been
implemented. Twenty apartments were sdected across
the residential building; they were equally distributed
on the lower, middle and highest storeys of the building.
The same gpartments were investigated i n both winter
See0ns over aperiod of eight days (Flidvey V.
Bekd G., Ftoviy Langer S, ArrheniuskK. (2016)).
The temperature, relative humidity, concentra-
tion, and volatile organic compound concentration
(TVOC) were meesured i n the bedrooms (the TV OC
concentration in the living rooms) of the apartments.
HOBO data loggers and CARBOCAP
monitors 5) were usd for recording the
temperature and concentration data.

For the TV OC concentration adsorption
tubes (Figure6) with 200 mg Tenax TA were used.
The measurements were performed according to SO
16017-2. All the devices were cadlibrated before the
measurement campaign began. The datawere recorded
a 5-minute intervals for eight daysin each apartment.
The locations of the instruments were sdected with
respect to the limitations of the carbon dioxide method
(Ftovey V, Beko C, Petr&a D. (2015))

Each unit was placed a a sufficient distance from
the windows beds to minimize the effect of the

and Carbocap

monitor (Saka |I., Ftdvéy

Figure 6. adsorption tube.

incoming fresh air or the effect of the deeping occu-
pants. The goace between the fixrniture and the room
corners wes avoided. The concentration was used
to caculate the air exchange rate over eight nightsin
eech bedroom. The occupants emission rate wes
determined from their weight and height as st out in
questionnaires (Ftilvey V, Bekd C, Pard D. (2015);
V (2016)).

The calculation of the air exchange rates was performed
using the following mass baance K.

= <i-A + .

= concentration at timet, ppm(V)
= concentration in the
(at time ppm
outdoor concentration, ppm
X ar exchangerate,
E estimated metabolic
person inthe zone, 1/h
VR volume of the room,
time, h

beginning

generation rate per

V., Petra D. Saka |, Fddvay V.,



A questionnaire survey was used to determine the
subjective evaluations of the quality of the indoor
environments. The questionnaire survey was carried
out alongwith the objective measurements. Two types
of documents were prepared (for the unrenovated and
renovated building).

The questionnaire contained 6 main parts:

Basicinformation about the occupants
2. The gate of the building
3. The ventilation habits of the occupants
4. Sick building syndrome symptoms
5. Percaved air quality
6. Thermal comfort

Table 2. Indoor air temperature before and after.

1) Before renovation (N=20)

Day 20,7 20,1 23,6
Night 21,2 242
Whole period 20,9 239

2) After renovation (N=20)

Day 22,1 20,1 239
Night 22,4 20,8 24,0
Whole period 22,2 20,6 24,0
=~ 23
%
ra 21

20

19
Z 18

17
i 16

Day Night Whole period

Before renovation

Results

The reaults of thermal comfort, the measured vaues of
AER, and the TVOC parameters and the ques-
tionnaire survey ae & follows:

A. Thermal comfort
The measured vaues of temperature and relative
humidity are presentedin the

From the meesured data is obvious that day and night
average temperature was higher in the renovated
building than in the non-renovated 7, Table 2).

The rdative humidity was very similar in both types of
residentia building (Figure 8, Table 3).

Table 3. Relative humidity before and after.

1) Before renovation (N=20)

Day 34,8 59,1
Night 47,1 34,8 63,0
Whole period 46,2 34,5 60,8

2) After renovation (N=20)

Day 47,3 38,3 58,4
Night 48,8 38,9 59,9
Whole period 47,9 38,6 59,1
Average Minimum : Maximum
Day Night Whele peried

AMer rengvatish

Figure 7. Average temperatures in the apartments before and after complex renovation.

Night Whole period

Before renovation

* Average Minimum Maximum

Day Night Whole period

After renovation

Figure 8. Average relative humidity in the apartments before and after renovation.
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Both measured vdues fulfils the requirement of the
Sovak standard STNEN
RH: RH>30%; RH<70%).

B. Carbon-dioxide concentration Air
exchangerate
The concentrations before and after the renovation

of the building are shown in 9. Most of the
concentration data points were within the acceptable
limit (green line) before the renovation (blueline), while
significantly higher concentrations were measured after
therenovation (red line). Table4 and Figure  present
the descriptive gatigtics of the day and night-time

Table 4. Day- and night-time concentrations before

and after renovation ofthe residential building. L,

Fédvay v., Petra D. Saka |, Ftdvay V. Petra
D.

1) Before renovation (N=20)

Day 595

Night 1400 740 2665

Whole period 660 2050 1190
2) After renovation (N=20)

Day 790

Night 865 3575

Whole period 870 2770

(ppm)
4000 - after renovation (ppm)
- before renovation (ppm)
3500
3000
2500
2000
1500
1000
500
Date &time
2 3

Figure 9. Example of concentration inone
selected apartment during two days out of the
whole measurement period before and after
., Ftdvédy V., Petrd D.

I., Fedvédy V., Petra D.

the renovation. (Saka
Saka

2017

concentrations before and after the renovation of the
residential building. The grand average was ppm,
and the median was ppm before the renovation.

After implementing the energy-saving meesures, the
concentration visibly increased. The mean was
ppm, and the median was ppm. Table5

showss the percentages of the day and night-time
concentrations above four cut-off velues in theresi-

dential building before and &fter its renovation. A higher
number of the apartments excesded and the
upper concentrations during both the day and night-
time after the renovation than before the renovation.

Table 5. The fractions of the apartments where the

average concentration exceeded 2000
and 2500 ppmduring the day-and night-time. (Saka 1.,
Fédvay v., Petra D. Saka |, Ftdvay V., Petra
D. (2017))
1) Before renovation (N=20)
Day 60 10 0
Night 75 40 10 5
2) After renovation (N=20)
Day 75 30 10 0
Night 95 70 40
3000
2500
0 1500
1000
500
NON RENOVATED RENOVATED
Figure concentration before and after
renovation as a statistical output (Saka |I., V.,
Petra D. Saka I, V., Petra D.
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The lower concentration before the renovation
resulted in higher AERs in the apartments (average
1/h). After the renovation, the mean air exchange
rate (0.44 1/h) dropped below the recommended
minimum (0.5 1/h) (Table6 and Figure 11).

Concentration of volatile organic
compounds
In both ceses(before and &fter the renovation) the vola
tile organic compound (TVOC) concentrations were
above the maximum limit value (300 Even
higher concentrations were measured in the apart-
ments after refurbishment (Table?). In some cases
concentrations of TVOC were messured & very high
which are illustrated by the green dots
on Figure 12. Table 8 contains the percentages of the
measured va ues exceeding the threshold values.

Table 6. AER before and after. (Saka |, Ftdvay V.,
Petrd D. Saka |, Ftdvday V., Petrd D.

Before renovation (N=20) 0.61 0.32 1.15 0.59
After renovation (N=20) 044 021 0.76 0.45

Table TVOC concentration before and after. (Saka |I.,

Fédvéay v,

TVOC > 300 80% 85%

TVOC > 500 50% 60%

> 5% 25%

TVOC > 2000 0% 5%

12

10

0.6 r

0.4

0.2

NON RENOVATED RENOVATED
Figure exchange rate before and after
renovation as a statistical output (Saka |, Fidvdy V.,
Petrda D. (2016); Séka |, Fitdvdy V, Petrd D.

D. Results of the subjective measurements
The reaultsof the questionnaire survey ae based on the
responses of the occupants of the evauated residential
building. The results below characterizethe ventilation
habits of the occupants, the perceived air quality, and
the acceptability of the indoor air quality.

The residentslabelled the acceptability of the indoor air
onasdefrom to  The following figure shows the
acceptability of the indoor air quality in the bedrooms
and living rooms of the unrenovated and renovated
building. The boxplot vaue of -1 represents poor air
qudity, and the vaue 1 represents good air quality.

The changes in the ventilation habits of the inhabit-
ants before and after the renovation ae presented in
Table 9. The first part of the table showsthe percentage

Table TVOC concentration before and after.
Before renovation (N=20) 569
After renovation 773 2362
Table 9. Ventilation habits of the Inhabitants.
0 40 60 0
0 60 40 0
% 15 15 15
k3 20 40 20
0 20 40
33 % %
2000
1500
500-
NON RENOVATED RENOVATED
Figure TVOC concentration before and after as a

statistical output (Saka |, Ftdvdy V.,

2017

31



0.2

32

characterizing the frequency, while the second part
contains the duration of the ventilation.

The reaultsindicate that the inhabitants did not change
their ventilation habits &fter the renovation. Most of
them ventilated the living room once a day, and the
ventilation timewas 7.5 min. The occupants ventilated
bedrooms daily or dmost daily but not every day. After
the renovation, the ventilation time dlightly increesed
but not significantly.

The in Figure 14 shows the relationship
between the duration of the ventilation and the air
exchange rate, as well & the relationship between the
duration of the ventilation and the acceptability of the
indoor air.

The reaults clearly show alinear relationship between
the duration of the ventilation (AER) and the acoept-
ability of the indoor air.

Discussion

Indoor air quality is a dominant contributor to
total personal exposure because most people spend
a mgjority of their time indoors (N. Klepeis, C.
Nelson, R.Ottdal. Thefindings presented
in this measurement campaign support the conclusions
of previous sudies in Sovakia V., Bekd G.,
Petrd D. (2014)) inwhich deterioration of indoor air

BEFORE RENOVATION AFTER RENOVATION
| LIVING ROOM | | BEDROOM
Figure Acceptability of the indoor air as statistical
output.
2017

quality follows energy renovations. In this sudy, the
implementation of the energy-saving meesures was
not combined with mesasures to improve the indoor
environmental quality, which explains the lower AERs
and higher and TVOG concentrations in the
renovated buildingsin the winter.

Many international studies'have dso attributed this
phenomenon to the fact that older buildings are leskier
and newer ones ae more air-tight as aresult of improved
construction techniques and stricter regulations

M., Rode G., Glausen G., Nielsen T. R. (2014); Bekd
G, J., Glausen G. The limitation of
the study isits small sample sze The validation of the
results on alarger sample szeiswarranted. The study
is ongoing, and additional resultswill be avalable in
the near future.
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Conclusion

A key goal of the implementation of an energy reno-
vation strategy is to achieve the improved energy
efficiency of buildings. However, the effect of these
programs has not been systematically assessed. The
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Active and Passive Beam Application
Design Guide for global application

Active and Passive Beam Application Design Guide is the resuit of coilaboration by
worldwide experts. It provides energy efficient methods of cooling, heating, and
ventilating indoor areas, especially spaces that require individual zone control and
where internal moisture loads are moderate. The systems are simple to operate

and maintain. This new guide provides up-to-date tools and advice for designing,
commissioning, and operating chilled beam systems to achieve a determined indoor
climate and includes examples of active and passive beam calculations and selections.
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