
Thesis of PhD dissertation 

 

 

THERMAL COMFORT ANALYSIS OF LOW EXERGY HEATING-VENTILATION 

SYSTEMS DURING VARIABLE OPERATION MODES 

 

 

Tünde Klára Kalmár 

 

 

Doctoral supervisor: Prof. Dr. András Zöld  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

UNIVERSITY OF DEBRECEN 

Doctoral School of Earth Sciences 

 

Debrecen, 2013 



1 

 

1. Introduction 

 

In the field of building energy the 91/200/EC Directive of European Parliament and Council 

(hereafter EPBD) established that: “The residential and tertiary sector, the major part of 

which is buildings, accounts for more than 40 % of final energy consumption in the 

Community and is expanding, a trend which is bound to increase its energy consumption and 

hence also its carbon dioxide emissions.” Furthermore the Directive lays down that 

“Buildings will have an impact on long-term energy consumption and new buildings should 

therefore meet minimum energy performance requirements tailored to the local climate. Best 

practice should in this respect be geared to the optimum use of factors relevant to enhancing 

energy performance. As the application of alternative energy supply systems is generally not 

explored to its full potential, the technical, environmental and economic feasibility of 

alternative energy supply systems should be considered; this can be carried out once, by the 

Member State, through a study which produces a list of energy conservation measures, for 

average local market conditions, meeting cost-effectiveness criteria. Before construction 

starts, specific studies may be requested if the measure, or measures, are deemed feasible.” 

Since the Directive get into force in Hungary and other European countries new regulations 

had been developed according to which the energy performance of buildings can be 

determined or the energy certification can be elaborated. At the same time these regulations 

contain the requirements which must be met by new buildings or under certain conditions 

even by refurbished buildings. The 91/2002/EC Directive was modified in 2010. The EPBD 

31/2010/EU laid down that “Member States shall ensure that by 31 December 2020, all new 

buildings are nearly zero- energy buildings; and after 31 December 2018, new buildings 

occupied and owned by public authorities are nearly zero-energy buildings.” 

 

According to these enouncements it can be seen that the European Parliament and Council 

expects continuous reduction of energy consumption in the building sector. On the other hand 

building, depending on their function, must assure the comfort conditions to occupants in 

order to obtain maximal efficiency of work or proper health or regeneration conditions. 

 

2. Purposes of research work 

 

The original version of EPBD and modified version either contain the statement the energy 

saving cannot be done in a way which can lead to improper thermal comfort conditions, the 

refurbishment cannot lead to risk of occupants health. 

My research is done taking into account the future thermal and energy conditions in buildings. 

This future is not so far, taking into account the enouncements of EPBD from 2010. The 

European Union expects from member states to introduce new national regulations in two 

steps related to zero energy buildings (2019 for state property building, 2021 for residential 

buildings). 

 

Although when the research work starts this was not predictable but the tendency was clear, 

the national regulations getting stricter and more and more passive houses are built. So, the 

question was only the scheduling of tightening. 

 

The introduction in two steps of new requirements given by EPBD suggests to made comfort 

related research for buildings with different functions. 

 

Consequently I have made comfort related research for both residential buildings and office 

buildings. The precondition of a nearly zero energy building, the high energy performance” 
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can be translated as high performance insulation materials, airtight envelope and appropriate 

shadowing. These boundary conditions will lead to low energy need for heating and cooling if 

the protection against heat gains during summer period is assured. 

Related to analysis of energy savings, I extended my research besides quantitative questions 

also with qualitative questions. The quality of energy, called exergy, is given by its capacity 

to do mechanical work. Related analysis of building performance exergy is a proper factor 

taking into account that renewable energy sources can be efficiently used in low energy 

buildings. 

The very well insulated airtight building envelope raises several problems which are not 

characteristic for current building stock.  

The low heat demand of a building, which is comparable with the heat released by one or two 

persons or an electric device, can lead to indoor temperature variations if the heating system 

output is not properly controlled. In case of residential buildings the continuous, the 

intermittent and random utilization of rooms are equally possible. In case of office buildings 

the intermittent operation is a consequence of building function. During the periods of time, 

when there are no occupants in the rooms, the indoor temperature is not kept at its set point 

value. If the utilization of a room has a defined schedule the heating up can be easily 

programmed, but it is not indifferent the energy consumption during this process. The length 

of utilization time is an important question, it must be analysed from thermal comfort and 

energy point of view if the heating up period can have a part which can be considered as 

utilization time. 

I analysed the following: 

- The variable internal and external gains can lead to variable indoor temperatures, 

which can be kept in acceptable intervals only in case of flexible, well controlled 

heating systems. As the flexibility, obviously the air heating systems are the most 

advantageous. In this case if the air flow is reduced to fresh air only, the energy 

consumption of fans will be low, but the temperature of introduced air must be high. If 

the temperature of the introduced air is reduced, then the airflow will be higher, 

consequently the energy consumption of fans will increase. From exergy point of view 

both options are disadvantageous, so I have analysed from exergy and thermal comfort 

point of view the intermittent operation of heating systems with low operation 

temperatures and higher thermal inertia. 

- In case of residential buildings the airtight envelope raises the question of indoor air 

quality and mould. In this case I have analysed the interrelation between heating 

system type and natural ventilation, in case of air inlet and evacuation elements placed 

in the windows frame. 

- Related to office buildings, where usually ventilation systems are installed I have 

analysed the energy consumption and obtained thermal comfort assuming 

simultaneous operation of heating and ventilation systems. 

- The highly efficient insulation of buildings envelope raises the risk of overheating 

during summer period. The summer thermal comfort is a problem even in case of 

existing buildings and the need of air conditioning systems can lead to important 

energy and exergy consumption. My research related to summer thermal comfort was 

done analysing the possibilities to assure proper thermal comfort only with ventilation 

systems (without cooling equipments). 

 

During my research started in 2007 I tried to find answers to question raised. After the 

analysis of national and international references in this field between 2007 and 2011 I 

performed a series of measurements. I used the boxplot diagrams to represent the measured 

data in case of high number of subjects involved. The age of involved subjects was between 



3 

 

22 and 28 years and I tried to involve in equal number women and man in each measurement. 

The selection process of subjects was done taking into account the prescriptions fixed by 

Wyon and Bánhidi in paper entitled: “The question of sample size in the comfort research”. 

The measurements had been done in the Building Physics Laboratory of University of 

Debrecen. I published the results of my research work in national and international Journals 

and in proceedings of national and international Conferences. 

 

 

NEW RESULTS 

 

1
st
 thesis 

In case of analysed buildings, after thermal refurbishment and installation of heat pumps with 

surface heating systems, the energy savings reach 60-70%. The rationality of energy 

conscious building refurbishment solutions usually is decided based on energy savings. This 

quantitative approach does not taken into account the quality of energy. Because in general 

the renewable energy sources have low temperatures, the exergy approach of refurbishment 

solutions gives better solutions. 

Analysing different refurbishment solutions on a representative number of residential 

buildings I have established that the exergy saving exceeds considerably the energy saving 

(the exergy saving can reach even 90%, but in every analysed case the exergy saving 

exceeds the energy saving). 

 

2
nd

 thesis 

Usually during the renovation of buildings the air tightness is raised using new airtight 

windows. The change of windows can have negative influence on the indoor air quality and 

the accumulation of vapour in the internal air can lead to mould on the weak points of the 

external building elements if a controlled ventilation system is not installed. There are cases 

when air gaps are installed in the windows frame. A series of measurements had been done to 

analyse the effects of installed heating system on the air change rate when the air inlet and 

evacuation elements are placed in the window frame. 

In case of air inlet and air evacuation elements placed in windows frame, when the air 

change is realized only because of the indoor-outdoor temperatures, if the temperature 

difference exceeds 20 K, the lowest air change rate is obtained in case of radiator heating 

(the radiator placed under the window) compared with floor or ceiling heating. 

 

3
rd

 thesis 

The interrelation between geometrical characteristics of the closed space and obtained mean 

radiant temperature was analysed. The following boundary conditions were assumed: 

- the closed space has one external element (wall); 

- the window of the closed space is placed on the external wall and its length is equal to the 

length of the wall; 

- the radiators are placed under the window occupying the whole length of the external wall; 

- in case of floor heating the whole floor area is assumed to be a heating surface; 

- the heat delivered by radiators or floor is equal to the heat demand of the room. 

 

3a. I have developed a relation between mean radiant temperature, the internal height of 

the room and the length of the closed space (the length of external wall). I have established 

that in the closed space centre the mean radiant temperature variation depending on the 

height of the space is parabolic. The variation of the mean radiant temperature with the 

length of the closed space is parabolic too. 
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3b. After thermal refurbishment of buildings, the mean radiant temperature in a closed 

space will be lower than before refurbishment. I have established that the mean radiant 

temperatures in case of floor heating is lower than in case of radiator heating if the 

external building elements have similar thermal characteristics. 

 

 

 

4
th

 thesis 

I have developed a series of measurements combining ceiling- and floor heating in 

intermittent operation mode. The ceiling heating was switched on when measurements starts, 

then the floor heating was switched on. The energy consumption was measured and at the 

same time the thermal comfort was evaluated by subjects. 

Comparing different intermittent operation mode for ceiling- and floor heating up I 

identified an operation mode according to which the thermal comfort was acceptable for 

subjects and 27% of energy saving was obtained. 

 

5
th

 thesis 

I have analysed the intermittent operation of floor- and ceiling heating system from energy 

and thermal comfort point of view assuming different air change rates for ventilation. It was 

not possible to use similar operation mode since the thermal inertia and the surface 

temperatures of these heating systems are quite different. The duration of measurements was 

four hours. The floor heating was switched on when the measurement begins and switched off 

after three hours. The ceiling heating starts after one hour after measurements begins and the 

heating was switched odd after two hours of operation. The surface temperatures, the air 

velocities and the turbulence intensity in the occupancy zone were measured. The percent of 

dissatisfied with draught was determined. The operative temperatures vary in case of floor 

heating between 19-21 
o
C and in case of ceiling heating between 19-22 

o
C. The thermal 

comfort was analysed based on the answers given by 32 subjects. The data had been assessed 

using the boxplot diagram. I have established that for analysed operative temperature 

intervals 80% of the subjects accept the obtained thermal comfort for three hours from the 

total duration of four hours measurement. The energy saving for developed operation 

modes was 10.4% in case of ceiling heating and 6.2% in case of floor heating in 

comparison with the full time operation. 

 

6
th

 thesis 

I analysed the energy consumption to assure the required microclimate parameters for 

different building comfort categories (MSZ CR 1752). 

6a. I have established that the primary energy consumptions for heating or cooling can be 

even three times higher in case of different comfort categories of buildings. 

6b. I have established that after thermal refurbishment of a building, if the mean radiant 

temperature decreases from 28 
o
C to 24 

o
C, the same operative temperature can be assured 

with an air having its temperature higher with 2.5 K than it was before refurbishment. This 

temperature difference leads to 26% exergy saving in case of traditional cooling systems 

(with compressors). 

 

7
th

 thesis 

Because the traditional cooling systems using compressors have high power consumption 

which can influence the energy category of the low energy building I developed a series of 

measurements to analyse if the thermal comfort can be assured at high ambient temperatures 
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using only ventilation systems with high velocity of the internal air. I had the possibility to 

compare three different traditional ventilation systems: air introduced under the ceiling and 

evacuated under the ceiling, air introduced under the ceiling and evacuated above the floor, 

air introduced above the floor and evacuated under the ceiling. I have established that if the 

ambient temperature is 26 
o
C the neutral comfort condition (PMV=0) in the occupancy 

zone cannot be obtained even if ACH=8 h
-1

.  

 

8
th

 thesis 

 

After it was proven that at 26 
o
C the required thermal comfort conditions cannot be assured 

using traditional ventilation systems a new personalized ventilation equipment was developed 

(ALTAIR). Based on the conception I have developed the experimental equipment. The 

equipment and the conception were forwarded to Hungarian Intellectual Property Office in 

the name of University of Debrecen (18th of June 2012).  

8a. Using this new equipment I had developed and performed a series of measurements 

comparing the obtained thermal comfort with traditional ventilation modes. I established 

that the subjective thermal comfort at 30 
o
C ambient temperature is lower in case of new 

equipment with 0.1-0.4. In case of 28 
o
C ambient temperatures there were subjects who 

reported the environment as too cold which makes possible the cooling/ventilation power 

savings. 

 

8b. I have measured the carbon dioxide concentration in the occupation zone in both 

traditional and new alternative personalized ventilation mode. Based on the measured data 

I have established that while in case of traditional ventilation mode the carbon dioxide 

concentration rises, in case of new alternative personalised ventilation mode the carbon 

dioxide concentration remain constant during measurements. 
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