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Abstract

The paper presents the issue of thermal comfort conditions with regard to intelligent buildings. First the principles of
thermal comfort are discussed, namely the parameters affecting the human perception of the best indoor air conditions.
Among the mentioned parameters indoor temperature seems to be especially vital for humans. In the second part the test

results of temperature changes in the Energis building are presented together with the discussion.
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1. Introduction

The term intelligent building has been used since
the 1980s. Intelligent buildings came into being when
those already constructed were not able to meet users’
expectations. Another contributing factor was the
advancement in engineering sciences. An intelligent
building integrates different systems to ensure a
synchronised management of the resources and to
provide the best environment for the users [1]. For a
building to be categorised as intelligent, it must have
one of the systems that manage all the installations,
i.e. Building Management System (BMS) [2].

Intelligent building involves the coordination of,
among others, the following systems: air conditioning,
ventilation, heating, electrical and power, lighting,
structural cabling, audiovisual, access control,
burglary and assault, fire safety, on-site transport,
telecommunication and IT. Using the electronic
systems, the smart building “feels” the internal and
external conditions, and also “responds” to those so
that the users could be safe and comfortable [1].

2. Thermal comfort versus air parameters

From the layman’s perspective, the terms
of microclimate and thermal comfort are
interchangeable, which is not entirely correct though.
Interior microclimate is a collection of many factors
that contribute to how individuals feel in a room.
In addition to those affecting metabolic processes
and thermal balance, the factors include acoustic,
olfactory, light and other stimuli that influence human

psychic. Thermal comfort, however, refers to factors
that are exclusively related to body thermal balance,
and also heat transfer to the environment [3]. Thus,
thermal comfort is the state of individuals’ physical
contentment with the ambient environment [4].

The main source of information on thermal
comfort of people staying in different thermal
environments are the assessments given by them. The
microenvironment, friendly to humans, should be
adjustable, so that an individual staying in it could
describe it as not too warm or too cool, or in other
words, comfortably warm or cool (Table 1) [5].

Table 1. Scales of thermal comfort [5, 6, 7]

Scale of thermal comfort
Bedford ASHRAE Numerical Linear
Much too warm Hot 7 7-
Too warm Warm 6 6-
Comfortably Slightly warm 5 5-
warm
Comfortable Neutral 4 4- G
zone

Comfortably cool Slightly cool 3 3-
Too cool Cool 2 2-
Much too cool Cold 1 1-
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Thermal comfort sensations are traditionally
represented by a seven-point scale (Table 1). The comfort
zone is considered to be represented by three medium
values of thermal sensations [5]. According to Bedford,
those are “comfortably warm”, “comfortable” and
“comfortably cool” [6]. In accordance with ASHRAE,
the terms applied are “slightly warm”, “neutral”, and
“slightly cool” [7]. Precise temperature control is very
important when a large group of people are staying in
the room. Even when the air temperature is regarded as
optimal, statistically 5% of people find it uncomfortable.
If the temperature exceeds the optimum, the number of
those discontented grows very fast. Temperature must
range £ 1.5 K around the optimum value for the number
of the discontented individuals to remain below 10%.
Consequently, the rooms, intended to be used by a large
number of people, should have the temperature that could
be precisely controlled, and vary within a narrow range
around the optimum value. In addition to air temperature,
radiation temperature and air humidity are also important.
The motion of air, the temperature of which is lower than
that of the body surface, results in increased heat being
given up. That phenomenon is called calorific loss. Air
humidity significantly affects thermal sensations at high
temperatures. In the room, in which temperature is higher
than the comfortable one, people sweat. Simultaneous
occurrence of high temperature and high air humidity
creates a lack of comfort, which is related to latent heat
being given up. In comfortable temperatures, however,
the effect of air humidity can be disregarded [5].

In rooms, thermal comfort is offered when [8]:

a) the average temperature of the surrounding space-
dividing elements is equal to, or close to, the
indoor room temperature;

b) in winter, air temperature is 20+22°C; in summer,
however, indoor temperature should be the closer
to the outdoor temperature, that shorter user stays,
on average, in a given room. Summer indoor
temperature should be 23+25°C, in industrial spaces,
the permitted temperature in summer is 28°C;

c) air relative humidity ranges 30+70% (optimum
values are 40+60%), and the rate of change in
relative humidity does not exceed 20% an hour;

d) air velocity does not exceed the values that are
assumed, and which depend on temperature.

Maintaining the optimal levels of indoor
temperature and relative humidity is not sufficient for
people to perceive comfort. The indoor air quality is
equally important.

The most harmful pollutants found in air include
the following [9]:
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a) pollutants emitted from building materials used in
the environment where people stay;

b) anthropogenic pollutants, i.e. those that result
from human activities, like tobacco smoking,
cleaning, cooking, natural gas combustion, and
repair works, etc.;

¢) microbiological pollutants, i.e. fungi, yeasts,
mould, dust, and animal wastes.

The determinants of indoor air quality include,
among others, concentrations of NO,, SO,, O,, and
also the presence of dusts. However, the most popular
indicator of indoor air quality is CO, concentration.
The dependence holding between the amount of fresh
air and carbon dioxide concentration inside the room
has been a widely applied criterion in air quality
assessment [10, 11]. Currently, CO, concentration
value ranges 400 — 600 ppm [12, 13]. In rooms,
living organisms and natural gas devices are the main
source of carbon dioxide [12]. Presently, indoor air
quality standards allow the maximum permitted CO,
concentration level of 1000 ppm [13].

3. ENERGIS Building
3.1. Building characteristics

The ENERGIS, a teaching and laboratory building,
houses the Faculty of Environmental Engineering,
Geomatics and Power Engineering of the Kielce
University of Technology. It was put into operation
in 2012. The building is located in the western part of
the university campus, at the corner of Warszawska
and Studencka streets. It is a seven-storey building,
with five stories of the superstructure and two stories
located underground. The building has monolithic
structure of reinforced concrete and it is supported
by reinforced concrete raft foundation. The exterior
reinforced concrete walls are insulated with styrofoam,
25 cm in thickness. The interior masonry walls are
made of clay brick. Concrete flooring systems have
two-way reinforcement. The reinforced concrete flat
roof is insulated with styrofoam, 35 cm in thickness.
The building houses lecture halls, auditorium halls,
rooms for classes and seminars, computer laboratories
and other laboratories, office rooms and laboratory
backup facilities [14].

The building dimensions are as follows [15]:

a) height, including underground storeys: 19.95 m,
b) total area: 6 288.92 m?;

¢) floor space: 5 121.24 m?

d) cubic volume: 23 366.51 m®.

The ENERGIS is an example of energy-saving,
smart building, powered by renewable energy sources.
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The structure harvests solar energy (photovoltaic
cells, solar collectors), and also energy accumulated
in the ground and air (heat pumps, recuperators).
The whole structure makes an example of smart
building using the latest energy-saving technologies
to power the utilities, modern solutions to harvest and
store heat, and modern IT technologies for control
and monitoring. The building itself provides an
interdisciplinary laboratory [15].

3.2. Results of tests on temperature changes

The BMS of the ENERGIS building records a
number of parameters, including air temperature in the
rooms. Changes in this parameter over time may be
used to draw conclusions on the quality of control in
the building, and also increase the comfort of the users.
Figures 1, 2 and 3 show temperature changes over the
24-hour period for a selected date in September (when
the classes had not started yet, and the ambient air
temperature was above zero) and in winter, namely in
January, when classes were not held either, and also on
the day when full time students attended regular classes.
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Fig. 1. Temperature changes for 20 September 2015 — no
classes were held
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Fig. 2. Temperature changes for 3 January 2016 — no
classes were held
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Fig. 3. Temperature changes for 12 January 2016 — classes
were held for full time students

The figures above show that starting from 6 a.m.,
quick increment of temperature is observed until
the values that can be perceived as comfortable
are achieved. That also occurs on the days when
the students or the staff might not be present in the
building (Fig. 1). In that case, it would be possible to
adjust the settings by means of prolonging the time
when temperature is lower. That would contribute
to cost reduction. Around 6-8 PM, air temperature
clearly dropped. It should be added, however, that
when classes were taught, the temperature in the room
of concern was fairly precisely controlled within the
range of about 1°C (Fig. 3). That can also indicate
the value was controlled by the users themselves, by
means of control panels available in the classroom.
Additionally, for the winter period, the temperatures
recorded outside the regular operating hours of the
building remained far below the comfort range of
values and amounted to approx. 11°C.

4. Conclusions

The necessity of ensuring thermal comfort for
the users makes it necessary to design increasingly
expensive and efficient systems to control indoor air
parameters. Currently, smart buildings are constructed
more commonly. In such buildings, it is possible to
test the effect of indoor air parameters on the thermal
comfort of the users. The data on temperature changes
together with surveys on comfort evaluation, and also
other air parameters can lead to better performance
of control systems in smart buildings. As a result,
that can lower the percentage of the users who do
not feel comfortable, and also reduce the costs of the
building operation. The management of the individual
components of the system, based on the assumed time
schedules and parameters provided, can also optimise
energy consumption in the building.
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Komfort cieplny w budynkach inteligentnych

1. Wstep

Okreslenie inteligentny budynek znane jest juz od
lat osiemdziesigtych XX wieku. Budynki inteligentne
zaczely powstawaé, gdy d6wcezesne budynki nie potra-
fity doréwna¢ oczekiwaniom uzytkownikéw. Do po-
wstania budynku inteligentnego przyczynit si¢ réw-
niez rozwo6j nauk inzynieryjnych. Inteligentny budy-
nek integruje rézne systemy, aby w sposéb zsynchro-
nizowany zarzadza¢ zasobami, a takze zapewni¢ jak
najlepsze funkcjonowanie jego uzytkownikéw [1].
O tym, czy budynek nalezy do inteligentnych przesa-
dza wystepowanie w nim jednego systemu zarzadza-
nia wszelkimi instalacjami tzw. systemu BMS (Buil-
ding Management System) [2].
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Inteligentny budynek to koordynacja migdzy inny-
mi systemow: klimatyzacji, wentylacji, ogrzewania,
elektrycznych i zasilajacych, oswietleniowych, oka-
blowania strukturalnego, audiowizualnych, kontroli
dostepu, systemu wlamania i napadu, sygnalizacji
pozaru, transportu wewnetrznego, telekomunika-
cyjnych, informatycznych. Budynek inteligentny
za pomoca systemow elektronicznych ,,odczuwa”
zewnetrzne 1 wewnetrzne stany w budynku, a takze
»reaguje” na nie w celu zapewnienia uzytkownikom
bezpieczenstwa i komfortowych warunkow [1].

2. Komfort cieplny a parametry powietrza

Gléwnymi informacjami na temat komfortu ciepl-
nego ludzi przebywajacych w réznych srodowiskach
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cieplnych sa ich wtasne oceny. Mikrosrodowisko
shuzace dla ludzi powinno si¢ dopasowywac¢ tak, by
znajdujacy sie w nim czlowiek moégt je sformutowac
jako ani za ciepte, ani za zimne, badz jako przyjemnie
ciepte lub przyjemnie chtodne (tab. 1) [5].
Standardowo stwierdza si¢ odczucie komfortu
cieplnego na siedmiopunktowej skali (tab. 1). Strefg
komfortu uwaza si¢ trzy Srodkowe oceny odczucia
cieplnego [5]. Wedthug Bedforda sa to ,,przyjemnie”,
»przyjemnie ciepto” i,,przyjemnie chtodno” [6 ]. Na-
tomiast zgodnie z ASHRAE beda to oceny ,,ani za
ciepto, ani za zimno”, ,,lekko ciepto” i ,,lekko chtod-
no” [7]. Precyzyjna regulacja temperatury jest bardzo
wazna, gdy w pomieszczeniu przebywa duza grupa
ludzi. Tymczasem w optymalnej temperaturze powie-
trza statystycznie zawsze niezadowolonych jest 5%
0soOb. Jezeli temperatura przekracza optimum, woOw-
czas liczba niezadowolonych oséb szybko rosnie.
Aby liczba niezadowolonych nie przekraczata 10%,
temperatura musi by¢ utrzymywana w granicach
+1,5 K wokot optymalnej. W zwigzku z tym w po-
mieszczeniach przeznaczonych dla duzej liczby ludzi
powinny mie¢ precyzyjnie regulowang temperature
powietrza w niewielkim zakresie wokdt optymalne;.
Oprdcz temperatury powietrza istotna jest rowniez
temperatura promieniowania oraz wilgotno$¢ po-
wietrza. Ruch powietrza o temperaturze nizszej od
temperatury powierzchni ciala skutkuje zwieksze-
niem oddawania ciepta i nazywane jest odcigzeniem
kalorycznym. Wilgotno$¢ powietrza znaczaco wply-
wa na odczucia cieplne w wysokiej temperaturze.
W takim pomieszczeniu, gdzie temperatura jest wyz-
sza od komfortowej czlowiek poci si¢. Jednoczesne
wystepowanie wysokiej temperatury i duzej wilgot-
nosci powoduje tacznie brak komfortu, a to jest po-
wigzane ze zmniejszeniem oddawania ciepta w posta-
ci utajonej. Jednak w temperaturach komfortowych
znaczenie wilgotno$ci moze by¢ pomijane [5].

3. Budynek ENERGIS

3.1. Charakterystyka obiektu

Budynek laboratoryjno-dydaktyczny ENERGIS be-
dacy siedziba Wydziahu Inzynierii Srodowiska, Geo-
matyki i Energetyki Politechniki Swictokrzyskiej w
Kielcach zostal oddany do uzytkowania w 2012 roku.
Budynek znajduje si¢ w zachodniej czesci komplek-
su obiektéw Politechniki u zbiegu ulic Warszawskiej
i Studenckiej. Jest to budynek siedmiokondygnacyj-
ny (pie¢ kondygnacji nadziemnych oraz dwie kondy-
gnacje podziemne). Konstrukcja obiektu zelbetowa
monolityczna. Budynek posadowiony jest na zelbeto-

wej ptycie fundamentowej. Sciany zewnetrzne Zelbe-
towe ocieplone styropianem grubosci 25 cm. Sciany
wewngetrzne murowane z cegly ceramicznej. Stropy
zelbetowe krzyzowo zbrojone. Stropodach zelbetowy
ocieplony styropianem grubosci 35 cm. W obiekcie
znajduja si¢ m.in.: sale wyktadowe, audytoryjne, ¢wi-
czeniowo-projektowe, seminaryjne, pracownie kom-
puterowe, sale laboratoryjne, pomieszczenia biurowe
oraz zaplecza laboratoryjne [14].

ENERGIS jest przyktadem budynku energoosz-
czednego, inteligentnego, zasilanego z odnawialnych
zrodet energii. Obiekt pozyskuje energie promienio-
wania stonecznego (ogniwa fotowoltaiczne, kolekto-
ry sloneczne), a takze energi¢ zakumulowang w grun-
cie 1 powietrzu (pompy ciepta, rekuperatory). Caty
obiekt jako przyktad budynku inteligentnego wyko-
rzystujacego najnowoczesniejsze energooszczedne
technologie dla zasilania w media, nowatorskie roz-
wigzania pozyskiwania i akumulowania ciepla oraz
nowoczesne technologie informacyjne dla celow ste-
rowania i monitoringu sam w sobie stanowi interdy-
scyplinarne laboratorium [15].

3.2. Wyniki badain zmian temperatury

System BMS budynku Energis rejestruje szereg pa-
rametrow — w tym temperatur¢ powietrza w pomiesz-
czeniach. Zmiany tego parametru w czasie moga po-
stuzy¢ do wnioskowania o jakosci sposobu regulacji
w obiekcie, a takze przyczyni¢ si¢ do podniesienia
komfortu uzytkownikow. Rysunki 1, 2 i 3 przedsta-
wiajg zmiany temperatury w czasie jednej doby od-
powiednio dla wybranego dnia: we wrzesniu (gdy
nie bylo jeszcze zaj¢¢, a temperatura powietrza ze-
wnetrznego byta dodatnia) i w okresie zimowym tj.
w styczniu (gdy rowniez nie bylo zaje¢ w obiekcie)
i W styczniu — w dniu z normalnymi zaj¢ciami dla
studentéw studiéw stacjonarnych.

W oparciu o powyzsze rysunki mozna stwierdzic, ze
od godziny 6.00 nastgpuje szybki wzrost temperatury
do wartosci uznawanych za komfortowe. Dzieje si¢ tak
nawet w dni, kiedy w obiekcie moze w ogole nie by¢
studentdw i pracownikéw (rys. 1). W tym przypadku
mozna bytoby zaproponowac usprawnienie polegajace
na zwigkszeniu czasu, w ktorym mamy do czynienia
z obnizong temperaturg. Przyczyniloby si¢ to do re-
dukcji kosztow. Okoto godz. 18.00-20.00 temperatura
powietrza wyraznie spada. Nalezy jednocze$nie zazna-
czy¢, ze w przypadku gdy odbywaja si¢ zajecia tem-
peratura w rozpatrywanym pomieszczeniu byla dos¢
precyzyjnie regulowana w zakresie ok. 1°C (rys. 3),
co moze rowniez §wiadczy¢ o samodzielnej regulacji
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tej wielosci przez uzytkownikéw za pomoca paneli
sterujacych w sali. Jednoczesnie warto zauwazy¢, ze
w przypadku okresu zimowego temperatury rejestro-
wane poza czasem normalnej eksploatacji obiektu
znaczaco wykraczajg poza obszar komfortu i si¢gaja
ok. 11°C.

4. Wnioski

Potrzeba zapewnienia uzytkownikom warunkow
komfortu cieplnego wymaga projektowania coraz
drozszych i wydajniejszych ukladéow regulujacych
parametry powietrza wewnatrz pomieszczen. Obec-
nie coraz powszechniej buduje si¢ obiekty inteli-
gentne, w ktorych mozliwe jest wykonywanie badan
wplywu parametrOw powietrza wewngetrznego na
komfort cieplny uzytkownikow. Dane na temat zmian
temperatury w polaczeniu z badaniami ankietowymi,
dotyczacymi oceny komfortu, a takze innymi para-
metrami powietrza mogg prowadzi¢ do okreslenia
lepszego sposobu sterowania dziataniem uktadow
regulacyjnych w budynkach inteligentnych, co moze
przetozy¢ si¢ na zmniejszenie odsetka osob niezado-
wolonych przy jednoczesnym ograniczeniu kosztéw
eksploatacyjnych obiektu. Dzigki zarzadzaniu pracg
poszczegblnych urzadzen, na podstawie zatozonych
harmonogramoéw czasowych i podanych parametréw,
mozna takze korygowac¢ efektywne zuzycie energii
w budynku.
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