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Summary: The article presents impact of chosen parameters on 

heat consumption in educational buildings. It was created the 

analysis of selected architectural, material and construction indexes 

of educational buildings from the point of view of their influence 

on energy consumption per heated surface in the year. The general 

characteristic of evaluated buildings was presented. The analysis 

includes the value of basic architectural features and thermal 

transmittance for external partitions. The figures describe the 

connection between the heat consumption and thermal 

transmittance value for walls, the amount of energy used to heat 

buildings and thermal transmittance value for roofs, energy 

consumption and thermal transmittance value for floors 

on the ground and heat consumption and shape coefficient. 

Keywords: Educational buildings, architectural, material and 

construction indexes, energy consumption. 

1. INTRODUCTION 

Building stock of European Union covers about 200 million 

buildings, out of which 6 million are located in Poland [1, 2]. 

The largest heat consumers in Poland are the households 

about 54%. The heat consumption in Poland has shown a 

slight declining tendency in the recent years [3, 4]. In 

accordance with the Polish National Energy Conservation 

Agency the energy consumption in Poland is at the level of 

around 120300 kWh/m2 per year while other European 

countries reach 50 kWh [5]. Pursuant to the EU directive up 

to the year 2020 all new buildings shall have nearly zero 

energy consumption [6, 7]. One of the elements of 

rationalization of energy consumption in buildings and 

reduction of emissions are the undertakings related with 

thermal modernization of buildings. It has been estimated 

that through the modernization of an average building in 

accordance with the currently valid regulations up to 40% of 

energy may be saved. The thermal modernization activities 

in Poland have been conducted for more than twenty years, 

the implemented provisions constitute a basis for performing 

these activities in a complex manner and cost-effectively, 

considering the investment and utilization expenses. 

Keeping the required values of microclimate parameters 

has an influence on the building energy needs. Their level 

is mainly affected by the temperature which reduction by 

2°C causes the reduction in heat demand by about 12%. On 

the basis of the analysis of energy waste structure in the 

building sector it has been stated that about 70% concerns 

heating and ventilation of rooms. Energy consumption in 

residential buildings sector in Poland is shown in Figure 1. 

 

 

Fig. 1. Energy consumption in residential buildings in Poland [8] 

Rys. 1. Zużycie energii w budynkach mieszkalnych w Polsce [8] 

 

That is why, in order to limit the energy consumption on 

heating and ventilation one should look for areas for its 

rationalisation. The main direction of activities aimed at 

limiting energy waste on heating buildings is sealing 

a building envelope and the modernisation of ventilation 

and heating systems. 

The issues relating to energy rationalization usually concern 

housing construction. The subject is less frequently 

examined with reference to public buildings, especially 
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educational ones. Meanwhile, there are considerable 

differences in planning and exploitation between these two 

groups of buildings. The educational buildings are 

characterised by their specific location, different shape, 

distinct interior arrangement, considerably greater storey 

height, high percentage of facade glazing (especially the 

southern one), large surface of cooling partitions for rooms in 

relation to heated cubature as well as temporary and various 

ways of using respective rooms. They are also characterised 

by a different structure of energy consumption (Fig. 2) [own 

research]. 
 

 

Fig. 2. Energy consumption in educational buildings in Poland 

Rys. 2. Zużycie energii w budynkach edukacyjnych w Polsce 
 

In spite of the temporary nature of their use the 

educational buildings are characterised by the higher level of 

heat consumption than residential buildings. 

Every building on account of its purpose and existing design 

canons has its characteristic features. The features refer to 

the applied architectural, builder’s, material, and 

constructional solutions, which determine the thermal and 

energy characteristic of a given building, and directly 

influence the heat consumption. In the planning stages there 

is sometimes a conflict between the realisation of 

architectural ideas conceived by a designer and the necessity 

to increase the demand for heating as a consequence of the 

implementation of the ideas in a given building. That is why 

already in the planning stage solutions enabling the 

minimisation of heating demands of buildings should be 

accepted. 

2. CHARACTERISTIC OF EVALUATED 

BUILDINGS 

The analysis of selected architectural, material and construction 

indexes of educational buildings from the point of view of their 

influence on energy consumption per heated surface in the year 

was created. The evaluated buildings were built in different 

years and have different energy performance. The years of 

construction of the evaluated buildings are presented in Figure 

3 [own research]. 
 

 

Fig. 3. Years of construction of evaluated buildings 

Rys. 3. Lata, w jakich wzniesiono oceniane budynki 
 

The buildings were heated from different sources, especially 

from district heating supply system. Heating systems in 

evaluated buildings is shown in Figure 4 [own research]. 
 

 

Fig. 4. Heating systems in evaluated buildings 

Rys. 4. Systemy ogrzewania w ocenianych budynkach 
 

The analysis includes the thermal transmittance value of 

partitions UC. Thermal transmittance was determined for 

walls, roofs, ceilings above the cellar, and floors on the 

ground. Selected statistical measures of studied structure are 

displayed in Table 1. 

Table 1. Thermal transmittance of partitions 

Tabela 1. Współczynniki przenikania ciepła przegród 

Thermal transmittance 
UC UC(max) 

W/(m2 K) 

Walls 1.04 0.25 

Roofs 0.63 0.20 

Ceilings above the cellar 0.98 0.25 

Floors on the ground 0.74 0.30 
 

The thermal transmittance of all partitions exceeded the 

maximum permissible value UC max included in the thermal 

protection requirements [9]. 

The basic architectural features were determined for the 

evaluated buildings. The selected statistical measures of the 

evaluated structure are shown in Table 2. 
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Table 2. Architectural features of evaluated buildings 

Tabela 2. Parametry architektoniczne ocenianych budynków 

Architectural features Arithmetic mean Standard deviation 

Surface of partitions, m2 1981.1  719.1 

Heating surface, m2   942.1  430.8 

Heating cubature, m3 4436.3 1933.7 

Shape coefficient, m–1        0.47       0.11 

 

The energy performance of buildings includes ratio of usable 

energy, ratio of final energy and ratio of primary energy 

(Tab. 3). Table 3 gives also the value of the ratio of energy 

consumption in evaluated educational buildings from the 

period of five years. The buildings are characterized by a 

high value of primary energy ratio, much higher than the 

applicable requirements [9]. 

Table 3. Energy consumption and energy demand ratios 

Tabela 3. Wskaźniki zużycia energii i zapotrzebowania na energię 

Ratio of [kWh/(m2 year)]: Arithmetic mean Standard deviation 

 energy consumption 245.9 54.8 

usable energy 217.9 54.8 

final energy 259.2 59.4 

primary energy 316.3 65.4 

 

The value characterising the heat-insulating properties of 

partitions is thermal transmittance U. When the thermal 

insulating powers of partitions is low, heat losses due to heat 

transfer constitute a large share in the general balance of 

losses and can amount to 70%. The share of heat losses in 

the general balance of losses for the evaluated structure of 

buildings is shown in Figure 5. 
 

 

Fig. 5. Share of heat losses in the general balance of losses 

Rys. 5. Udział strat ciepła w bilansie cieplnym budynków 

 

The share of heat lost by respective partitions varies and 

depends on their thermal insulation and on the share of 

partition surface in the general surface of cooling partitions. 

3. CORRELATION BETWEEN CHOSEN 

PARAMETERS AND ENERGY CONSUMPTION 

The amount of heat lost by partitions is directly proportional 

to their surface and inversely proportional to the thermal 

insulating power. In the analysed structure walls have a 

greater influence on heat consumption than the thermal 

isolation of roofs. Figure 6 describes the connection between 

the heat consumption and thermal transmittance value of 

walls. 

 

 

Fig. 6. Correlation between thermal transmittance value of walls 

and energy consumption 

Rys. 6. Zależność pomiędzy zużyciem energii a współczynnikiem 

przenikania ciepła ścian 

 

Changes in energy consumption with reference to a unit of 

heated surface were in 50% determined by the changes in 

thermal transmittance of walls. Figure 7 illustrates the 

correlation between the amount of energy used to heat 

buildings and thermal transmittance value for roofs. 

 

 

Fig. 7. Correlation between thermal transmittance value of roofs 

and energy consumption 

Rys. 7. Zależność pomiędzy zużyciem energii a współczynnikiem 

przenikania ciepła stropodachów 

 

Both thermal transmittances for walls and for roofs had 

a certain influence on the energy consumption in the 
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evaluated educational buildings. A coefficient of 

determination for the correlation between the energy 

consumption and thermal transmittance for roofs remained 

at the level of 0.5. 

The correlation between energy consumption and 

thermal insulating power of the remaining partitions did not 

show such a strong relation as it was in the case of insulating 

power of walls and roofs. The mean correlation appeared in 

connection with energy consumption and thermal 

transmittance of ceilings above the cellar. It is illustrated by 

Figure 8. 

 

 

Fig. 8. Correlation between thermal transmittance value of ceilings 

above the cellar and energy consumption 

Rys. 8. Zależność pomiędzy zużyciem energii a współczynnikiem 

przenikania ciepła stropów nad piwnicą 

 

The correlation between energy consumption and thermal 

transmittance value of floors on the ground was similar. It is 

illustrated by Figure 9. 

 

 

Fig. 9. Correlation between thermal transmittance value of floors 

on the ground and energy consumption 

Rys. 9. Zależność pomiędzy zużyciem energii a współczynnikiem 

przenikania ciepła podłóg na gruncie 

 

The coefficient of determination for the established 

correlations reached the level of 0.4. A wide range of 

empirical variability of heat transfer coefficients of 

respective partitions proves their great diversity. It is 

connected with different norm requirements obligatory in 

respective years of the construction of selected buildings. 

Actually, in all cases, thermal transmittance values are 

exceeded in relation to the currently valid requirements [9]. 

One of the ways of rationalising the energy consumption is 

limiting heat losses by increasing the thermal insulating 

power of partitions. The analysis of a possibility of reduction 

of the analytical demand for final energy for evaluated 

buildings in the year as a consequence of reducing values of 

heat transmittance coefficient for respective partitions 

through which heat is lost was carried out. With values of 

thermal transmittance coefficients for the respective 

partitions established at the currently recommended 

maximum level the analytical value of heat demand could be 

reduced by 56%. 

The measure of building shape is its surface module, which 

is the building shape factor expressing the area of the surface 

of partitions through which heat is lost with reference to 

heated cubature. It is one of the indexes reflecting the shape 

and size of a given building. The influence of shape 

coefficient on heat consumption is illustrated by Figure 10. 

 

 

Fig. 10. Correlation between heat consumption and shape 

coefficient of buildings 

Rys. 10. Zależność pomiędzy zużyciem energii a współczynnikiem 

zwartości budynków 

 

The considerable value of shape coefficient is characteristic 

for educational buildings, especially one-storey and built in 

rigid frame technology. The aforementioned value for the 

selected buildings fluctuated in the typical variability range 

between 0.36 and 0.58. For the studied sample the shape 

coefficient averaged 0.47. A right-hand asymmetrical 

distribution of the examined feature proves that the majority 

of units is lower than the mean value. The maximum 

recorded value of the shape coefficient for the studied sample 

amounted to 0.72. 

The greater building compactness is beneficial as far as 

energy saving is concerned. Large, multi-storey buildings 

consume more thermal energy than smaller ones due to their 

greater heated cubature. Practically, however, small 
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buildings are less efficient as far as energy saving is 

concerned because the surface of their cooling partitions is 

much larger in relation to their heated cubature. 

Buildings deteriorate with time. Their technical condition 

resulting from improper or long exploitation may cause 

faults and defects, especially when accompanied by reduced 

expenditure on repairs. Undoubtedly, the building’s bad 

technical condition increases heat losses and heating costs. 

The damage of external partitions had a significant influence 

on heat consumption. The correlation between heat 

consumption and the destruction of external partitions is 

shown in Figure 11. 

 

 

Fig. 11. Correlation between heat consumption and destruction of 

partitions 

Rys. 11. Zależność pomiędzy zużyciem energii a uszkodzeniem 

przegród 

 

Damages to external partitions in association with their 

dampness caused the loss of their heat-insulating properties. 

In case of cracks on walls the cold air infiltration was 

observed, which additionally increased the heat demands. 

4. SUMMARY 

In the evaluated educational buildings the average heat 

consumption with reference to the unit of heated surface 

equalled 245.9 kWh/(m2 year). It results, first of all, from 

considerable values of thermal transmittance for partitions 

through which heat is lost. The typical variability range of 

the years of construction of the selected buildings falls 

between the years 1964-1988. It is connected with low 

thermal insulating power of external partitions, and 

moreover with the considerable energy consumption. 

Toughening the requirements concerning the thermal 

protection of buildings leads to the growth of thermal 

insulating power of cooling partitions, however, as a result 

there is a bigger share of heat lost on ventilation in the 

general balance of losses. 

The value of building shape coefficient, high especially for 

low rectangular buildings, was also important for the amount 

of energy consumption. The established correlation was 

significant in the evaluated group of buildings where the 

changes of energy consumption were in about 60% 

determined by the changes in their shape coefficient. The 

heat usually increases from a few to a few dozen per cent 

together with the increase of shape coefficient. Higher 

energy consumption in the educational buildings was 

influenced first of all by insufficient ventilation in the rooms, 

bad air quality inside, and the necessity of supplementary 

ventilation by opening windows. High heating costs are 

mainly caused by: excessive heat loss through partitions and 

ventilation, heating systems that are out of order, faulty or 

outdated, lack of heat counters and lack of possibility to 

control heat flow. 

Factors that cause excessive heat losses, which are 

simultaneously related to the loss of thermal comfort, are as 

follows: type and thickness of thermal insulation of cooling 

partitions surrounding a room, excessive elevation glazing, 

ways of room ventilation, ways of room exploitation and 

technical condition of a building. Heat losses by transfer up 

till now have dominated in the annual balance of losses. First 

of all the losses depend on the kind and thickness of heat-

insulating layer. Increasing in a certain range the thickness of 

insulation to a small extent influences an increase in capital 

costs related to the construction of new buildings and thermal 

modernisation works. Such actions significantly improve the 

thermal performance of a building. After reaching a certain 

value a further increase in the thickness of insulation does 

not bring any economic effects, while it becomes a cause of 

constructional problems. 

Currently observed and predicted increase of thermal 

insulation of a building external envelope causes a 

considerable correlation between heat losses and ventilation 

demands. The share of demand for heat required to heat 

ventilation air is growing in comparison with the demand on 

heat required to cover transfer losses. Heat lost by ventilation 

when the building external envelope is tight reaches even 

70% of the overall loss value. Ventilation process in our 

climate is connected with considerable energy expenditure. 

The use of natural ventilation is insufficient to meet both the 

requirements connected with the proper exchange and 

quality of air in rooms and the requirements connected with 

saving energy used to heat buildings. The decrease of losses 

of heat due to ventilation should be exclusively achieved by 

the rationalisation and control of the very ventilation process. 

It is unacceptable to save energy by limiting the air exchange 

below the sanitary and health standards. It worsens the air 

quality inside the building, which is especially unacceptable 

in buildings where children, especially younger ones, whose 

immune system is not yet fully developed, spend a lot of 

time. 

The determined correlation between the amount of 

consumption in the heating season and a percentage of faults 

and defects in educational buildings confirmed the great 
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importance of this factor. The recorded consumption was in 

66% determined by the bad technical condition of buildings. 

The most frequent defect observed in educational buildings 

is considerable draughtiness of windows appearing in about 

85% of cases. Large surface of glazing when the size of 

window leaves is large may cause the damage of window 

joinery. The damages to flat roofs in about 30% of buildings 

and to external walls in about 56% of buildings were also 

recorded. The damages to flat roofs concerned mainly 

untight roofing and damaged roofing sheets. Damages to 

walls included cracks of both walls and plaster work, 

dampness and the appearance of mould and fungi. Faults and 

defects of external partitions lowered their heat insulating 

properties. The repair works carried out in the selected 

buildings to a small extent affected the material and 

constructional substance of the buildings, which caused the 

growing influence of faults and defects on the energy 

consumption. 

WPŁYW WYBRANYCH PARAMETRÓW NA ZUŻYCIE 

CIEPŁA W BUDYNKACH EDUKACYJNYCH 

Streszczenie: W artykule przedstawiono wpływ wybranych 

parametrów na zużycie ciepła w budynkach edukacyjnych. 

Dokonano analizy parametrów architektoniczno-budowlanych 

i materiałowo-konstrukcyjnych budynków z punktu widzenia ich 

wpływu na zużycie energii na metr kwadratowy powierzchni 

ogrzewanej w ciągu roku. Przedstawiono charakterystykę 

ocenianych budynków. Analiza obejmowała wartości 

podstawowych parametrów architektonicznych, współczynniki 

przenikania ciepła przegród, straty ciepła, wskaźniki zużycia 

i zapotrzebowania na energię oraz sposoby ogrzewania budynków. 

Wykresy przedstawiają związek pomiędzy zużyciem ciepła w 

ocenianych budynkach edukacyjnych a współczynnikami 

przenikania ciepła ścian, stropodachów, stropów nad piwnicami 

oraz podłóg na gruncie. Analizie poddano również wpływ 

współczynnika zwartości budynków oraz wad i usterek przegród na 

zużycie ciepła. 

Słowa kluczowe: Budynki edukacyjne, parametry architekto-

niczno-budowlane i materiałowo-konstrukcyjne budynków, 

zużycie energii. 

Literatura  

[1] European Commission, Energy, https:// ec.europa.eu/ 

energy/ 

[2] Statistical Yearbook of the Republic of Poland, Central 

Statistical Office, Warsaw 2011-2015 

[3] Energy Statistics, Statistical Information and 

Elaborations. Central Statistical Office, Warsaw 2015 

[4] Energy, Statistical Information and Elaborations, 

Central Statistical Office, Warsaw 2016 

[5] Polish national energy conservation agency, 

http://www.kape.gov.pl/ 

[6] Europe 2020. A European strategy for smart, sustainable 

and inclusive growth, European Commission, Brussels 2010 

[7] Directive 2012/27/EU of the European Parliament and 

of the Council of 25 October 2012 on energy efficiency, 

Official Journal of the European Union, Brussels 2012 

[8] Energy consumption in households in 2012, Statistical 

Information and Elaborations, Central Statistical Office, 

Warsaw 2014 

[9] Rozporządzenie Ministra Infrastruktury w sprawie 

warunków technicznych, jakim powinny odpowiadać 

budynki i ich usytuowanie, Dz. U. 2002 nr 75 poz. 690 ze 

zmianami (Dz.U. 2013 poz. 926) 


