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THERMOMODERNIZATION A BUILDING AND ITS
IMPACT ON THE INDOOR MICROCLIMATE

Abstract

Analysis of indoor climate conditions showed problems with the proper operation of ventilation systems in the
thermomodernization building. Thermomodernization was to seal the roof. The result of the study is a proposal for a
global view of the building instead of narrowly targeted on thermal insulation and sealing the building envelope. Such
an approach will prevent the feeling of discomfort inside the flats and provide an appropriate level of microclimate

parameters.
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1. Introduction

Modernization of buildings concentrates on the
protection of heat within them. It is often related to
disturbances in functioning of the building. Here
the problems arise with, among others, the correct
operation of ventilation, occurring fungus, etc., which
results in “sick building syndrome”. Accordingly,
before making any changes in the object, the manager
of the building should look at the building as a whole
i.e. the structure together with existing installations
and the users. A helpful tool in the preliminary study
of the building before modernization is the use of the
thermovision technique to assess, among others, the
condition of thermal insulation [2].

Thermomodernization by an additional warming
of the building and the replacement of windows and
doors has a direct impact on the airflow in the building.
Reduction of heat loss associated with reduced,
or even block, the inflow of air into the interior. A
further consequence of such action is to increase
the concentration of carbon dioxide and humidity
of indoor air. This, in turn, leads to appearing of the
fungus on the internal walls.

2. Study subject

The subject of analysis was a flat located on the
last floor of a multifamily building. It was equipped
with natural ventilation. The research was conducted
in two phases before and after thermomodernization.
Each time it was in the winter at very low external
temperatures when the work of natural ventilation
should be correct due to the large differences in the
parameter inside and outside.

The study included the measurement of the
concentration of carbon dioxide (CO,), internal
and external air temperature, walls temperature and
humidity of indoor air.

3. Analysis of indoor air parameters

3.1. The concentration of carbon dioxide

For the measurement of the concentration of carbon
dioxide (CO,) a double-beam sensor using strictly
defined relationship band attenuation of infrared
radiation is used. Measuring range: 0-5000 ppm.

Figure 1 shows the course of the excess carbon
dioxide in time for one day in different rooms. The
highest values were observed in the nursery, the lowest
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were in the hall. High values of CO, concentration in
the kitchen occurred during daylight hours when the
gas-stove was used. In each of the rooms the limit
of carbon dioxide concentration (700 ppm above the
value in ambient air [1]) was exceeded.

The measurement was done with the windows
closed. The micro-opening did not result in
improvement of the microclimate. Not till then when
the windows were opened the analyzed parameter
were lowered. The observed results are the same as
those obtained in other studies presented in [3].

Fig. 1. Changes of the concentration of carbon dioxide in
time for different rooms

It should be noted that the last change amendment
introduced in the building was sealing the roof
without thorough analysis of the work of ventilation.
The changes made in the previous years of operation
of the building for example that the sealed window
frames were mounted previously were not also taken
into account. It is supposed that the installation of
new windows has caused reduction of the inflow
of air into the facility, but had not caused visible
changes in the functioning of the flats. This can be
seen when analyzing the Figure 2, which contains
course of changes in CO, concentration before and
after the thermomodernization. Despite the tight
joinery surplus analyzed parameter above the value
in external air was lower than the limit value [1].

After sealing the roof we see a large increase in
the analyzed parameter that throughout the period of
measurement exceeds the limit value (for comparison,
the results published in [4]).
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Fig. 2. Changes of the concentration of carbon dioxide in
time before and after thermomodernization

3.2. Internal air temperature

Because the fungus on the exterior walls in bedroom,
children’s room and the living room was observed the
tenants began opening the windows what resulted in
drop in internal temperature (Fig. 3). The temperature
after thermomodernization was lower about 1K than
the value of parameter before sealing the roof.

Fig. 3. Changes of the interior temperature in time before
and after thermomodernization

3.3. Humidity of indoor air

Also the internal humidity was analyzed. Figure 4
exposes an increase of the analyzed parameter after
sealing the roof. Taking into account the temperature
and humidity of the internal air (with closed windows
or micro-opened windows) using the Mollier’s Graph,
the dew point was determined. The comparison of
this value with the temperature of the external wall
showed crossing the dew point which means that
moisture will be condensing on the wall surface.
Hence fungus occurring on the wall.



THERMOMODERNIZATION A BUILDING AND ITS IMPACT ON THE INDOOR MICROCLIMATE

environment

Fig. 4. Changes of the interior humidity in time before
and after thermomodernization

Comparison of changes in humidity in time for
various rooms showed the highest values of the
parameter in the rooms where the only source of
moisture were people. Air humidity in the kitchen and
bathroom was lower than in the rooms. Therefore, the
increase of the analyzed parameter was not due to the
use of facilities.

4. Summary

The problem of thermomodernization analyzed in
the article is associated with focusing of building
managers on reducing heat losses. The mistake is
grasping the object not as a whole, consisting not only
of the structure of the building, but like the object
with the equipment that is mounted, installations,
usage, and changes made in previous years.
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Sealing the building results in a reduction of
incoming air. Therefore, not considering reduced
multiplicity of exchanges before implementing any
changes into building will result in deterioration of
the microclimate inside the building.

In the present case aspirations of users to improve
the quality of indoor air by opening windows in the
winter led to a cooling of the premises. This situation
led to an increase in the cost of heating.

To avoid errors during repair work we should
increase awareness of property managers on the
operation of buildings. We should also oblige them to
a holistic view of the object.
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Termomodernizacja budynku i jej wptyw
na mikroklimat w pomieszczeniach

1. Wstep

Modernizacja budynkéw skupia si¢ na ochronie ciepl-
nej. Czesto wigze si¢ to z zaburzeniami funkcjonowania
budynku. Pojawiaja si¢ problemy m.in. z poprawnym
dziataniem wentylacji, wystepujacym grzybem itp., co
skutkuje ,,syndromem chorego budynku”. Pomocnym
narzgdziem, m.in. W ocenie termoizolacyjnosci prze-
grod przed ewentualnymi dzialaniami modernizacyj-
nymi, jest zastosowanie techniki termowizyjne;.

Termomodernizacja polegajaca na dodatkowym
ociepleniu budynku tudziez wymianie stolarki okien-
nej i drzwiowej ma bezposredni wptyw na przeptyw
powietrza w obiekcie. Ograniczenie strat ciepta wigze
si¢ ze zmniejszeniem, lub nawet zablokowaniem, na-
ptywu powietrza do wnetrza.

2. Przedmiot opracowania

Przedmiotem zainteresowania byto mieszkanie zlo-
kalizowane na ostatniej kondygnacji budynku wielo-
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rodzinnego, gdzie wentylacja realizowana byta przez
instalacje grawitacyjna.

Badania prowadzone byly w dwoch etapach przed
dokonaniem termomodernizacji obiektu oraz po.
Kazdorazowo byto to w okresie zimowym.

Badania obejmowaly pomiar stezenia dwutlenku
wegla (CO,), temperatury powietrza wewngtrznego
1 zewnetrznego, temperatury powierzchni przegréd bu-
dowlanych oraz wilgotno$ci powietrza wewnetrznego.

3. Analiza parametrow powietrza wewnetrznego

3.1. Stezenie dwutlenku wegla

Do pomiaru stgzenia dwutlenku wegla (CO,) zasto-
sowano czujnik dwuwigzkowy wykorzystujacy zalez-
no$¢ thumienia Scisle okreslonego pasma promienio-
wania podczerwonego. Zakres pomiaru: 0—5000 ppm.

Najwyzsze zaobserwowane wartosci wystapi-
ly w pokoju dziecigcym, najnizsze w przedpoko-
ju. Wysokie wartosci stezenia CO, w pomieszcze-
niu kuchni wystgpily w godzinach dziennych kiedy
uzytkowana byta kuchenka gazowa. W kazdym
z pomieszczen dopuszczalna wartos¢ stezenia dwu-
tlenku wegla (700 ppm ponad stezenie w powietrzu
zewngtrznym) byta przekroczona. Pomiar wykonano
przy zamknietych oknach. Funkcja mikrouchytu nie
spowodowata poprawy mikroklimatu, dopiero uchy-
lenie okien skutkowato obnizeniem analizowanego
parametru.

Nalezy zauwazy¢, iz ostatnia wprowadzong w bu-
dynku zmiang byto uszczelnieni dachu niepoprze-
dzone wnikliwa analizg pracy instalacji wentylacji.
Nie uwzgledniono réwniez zmian wprowadzonych
w poprzednich latach eksploatacji catego bloku, tzn.
zamontowaniu wczesniej szczelnej stolarki okien-
nej. Nalezy przypuszczaé, iz zamontowanie nowych
okien ograniczyto naptyw powietrza do obiektu, jed-
nak nie spowodowato widocznych zmian w funkcjo-
nowaniu mieszkan.

3.2. Temperatura powietrza wewnetrznego

Poniewaz w pomieszczeniach sypialni, pokoju dzie-
ci i salonie lokatorzy zaobserwowali grzyb na $cianach
zewnetrznych zaczeli otwiera¢ okna co skutkowato
wychtodzeniem mieszkan. Temperatura po termomo-
dernizacji obnizyla si¢ o ok. 1 K w stosunku do warto-
$ci parametru przed uszczelnieniem dachu.

3.3. Wilgotnos¢ powietrza wewnetrznego

Analizie poddano réwniez wilgotnos¢ powietrza
wewnetrznego. Uwzgledniajac temperaturg powietrza
wewnetrznego (przy zamknigtych lub rozszczelnio-
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nych oknach) z wykorzystaniem wykresu Molliera,
okreslono temperature punktu rosy. Jej poréwnanie
z temperaturg przegrody zewnetrznej wykazato prze-
kroczenie tej wartoSci co oznacza wykraplanie si¢
wilgoci na powierzchni $ciany. Stad wystepujacy na
przedgrodzie grzyb.

Poréwnanie zmian wilgotnosci w czasie dla roz-
nych pomieszczen wykazalo najwyzsze wartosci pa-
rametru w pomieszczeniach, gdzie jedynym zroédtem
wilgoci sg ludzie. W kuchni oraz fazience wilgotnosc¢
powietrza byla nizsza, anizeli w pokojach. Zatem
wzrost analizowanego parametru nie wynikat uzyt-
kowania pomieszczen.

4. Obliczeniaiich analiza

Poruszony w artykule problem termomodernizacji
wigze si¢ z ukierunkowaniem zarzadcéw budynkow
na ograniczenie strat ciepta. Btedem jest brak spoj-
rzenia na obiekt jako catos¢ sktadajaca sie nie tylko
z konstrukeji budynku, ale rowniez jego wyposazenia,
tzn. zamontowanych instalacji, sposobu uzytkowania
oraz zmian wprowadzanych w latach wczesniejszych.

Uszczelnienie obudowy budynku skutkuje ogra-
niczeniem ilosci naplywajacego powietrza, dlatego
brak uwzglednienia zmniejszenia krotno$ci wymian
przy wprowadzaniu jakichkolwiek zmian skutkuje
pogorszeniem warunkow mikroklimatycznych we-
wnatrz obiektu.

W analizowanym przypadku dazenia uzytkowni-
kow mieszkan do poprawy jakos$ci powietrza poprzez
otwieranie okien w okresie zimowym prowadzity do
wychtodzenia pomieszczen, co prowadzito do wzro-
stu kosztow ogrzewania mieszkania.

Aby unikna¢ btedéw podczas prac remontowych,
nalezy zwigkszy¢ $wiadomos$¢ zarzadcoéw nierucho-
mosci na temat funkcjonowania budynkow oraz zo-
bligowac¢ ich do cato$ciowego spojrzenia na obiekt.



