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Abstract. In the face of a constant increase in demand for energy, one 
of the important sources will be its saving and efficient use. The search 
for the greatest opportunities in this area should focus on the areas where 
the highest energy consumption occurs. The dominant role here is played 
by the communal and living sector, to the extent that it is the sub-sector 
of buildings with a majority share of residential buildings. The article 
presents the expected energy effects of measures reducing energy 
consumption for heating residential buildings in the whole country. 
The author used statistical data of the Central Statistical Office available 
in the database of this institution. These data were identified and searched 
for as suitable for the purposes of this article and were used as a basis 
for calculations and analyses. The calculations show that only thanks 
to simple actions such as improvement of thermal insulation of envelope 
components it is possible to reduce energy consumption for heating 
of residential buildings by over 70% in relation to the situation in 2011. 
The potential energy effect will also translate into an economic 
and environmental effect. Qualitative measures such as improving 
the performance of the heating and ventilation system of a building and/or 
changing the energy carrier will also reduce energy consumption for 
this purpose, but they are not the subject of this study. Keywords: heating 
of buildings, energy consumption, residential buildings, energy efficiency. 

1 Introduction  
In view of a constant increase in energy demand, it is considered that energy efficiency can 
become an alternative and important source of energy. The final energy consumption (FEC) 
in Poland increased from 57 Mtoe to 60 Mtoe between 2004 and 2014. After taking into 
account the climatic correction related to different meteorological conditions, the energy 
consumption was estimated at 63 Mtoe, and the growth rate in this period reached about 
1.0% annually [1]. Although the rate of improvement in energy efficiency in Poland 
exceeds the European average, our economy is still characterized by high, above-average 
energy intensity [1]. 

The search for the greatest opportunities for energy savings and efficiency should focus 
on the areas where energy consumption is highest. The dominant role here is played by 
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the communal and living sector, to the extent that it is the sub-sector of buildings with 
a majority share of residential buildings. Buildings, on average, account for approximately 
41% [1, 2] of total energy consumption in the European Union. Buildings built at different 
times, according to different existing typical construction solutions and thermal and energy 
requirements introduced for some time now, have different energy performances. 
On average, these performances differ significantly from the contemporary standards in this 
respect. This is the reason for the predominant share of energy consumption for space 
heating in the overall energy consumption of buildings and the direct reason for their 
relatively high operational energy intensity. 

The presented data justify and strengthen the thesis that reducing energy consumption 
in buildings is very important for rational energy management and reducing emissions 
of pollutants into the air. Residential buildings (the largest functional group of buildings) 
play a dominant role in this process and have therefore been the subject of particular 
attention by the author of this publication. 

2 Aim, definitions and methods 
The aim of the presented material was to estimate the possibilities of reducing energy 
consumption for heating residential buildings in the whole country. The article presents 
the expected energy effects of measures limiting the EKH index – the final energy 
consumption values for heating residential buildings to the level of 55–60 kWh(m2·year). 
The range of values determined in this way indirectly results from the fact that since 2021 
Poland will be subject to a requirement concerning the maximum value of the EPH+W index 
of the annual calculation demand of a building for non-renewable primary energy for 
heating and hot water production at the level of 65 kWh(m2·year) for multi-family 
residential buildings and 70 kWh (m2·year) for single-family residential buildings [3]. 
In the presented analyses, the baseline value for their conduct was the already mentioned 
EKH coefficient of final energy consumption for heating, i.e. a value that does not take into 
account the energy consumption for hot water production. For this reason, the range 
of its values obtained after reducing the EPH+W index by 10 kWh(m2·year) has been 
assumed. In a simplified way, it was assumed that such a value would correspond 
to the energy consumption for hot water production. This roughly corresponds to about 15% 
of the share of energy consumption for this purpose in the total consumption for heating 
and heating water in a residential building.  

The paper focuses mainly on relatively simple “quantitative” measures consisting 
in increasing the thermal insulation of envelope components and limiting heat losses from 
heated objects. “Qualitative” measures, such as improving the performance of the building 
heating and ventilation system or changing the energy carrier, have only been signaled and 
will be analyzed at a later stage. 

The analyses were carried out using statistical data of the Central Statistical Office 
(GUS) available in the database of this institution in the form of thematic lists or the so-
called meta data contained in individual files for supplementation purposes (listed in the 
literature). They were largely based on the results of the National Census carried out in 
2011. It contains the most complete spectrum of data relating to various areas of Poland's 
economic and social life in recent years. For this reason, the reference year for the analyses 
carried out was 2011. Details of the statistical research methodology applied by the Central 
Statistical Office are described at the beginning of each source item with the data 
of the Central Statistical Office used by the author of the article, and additionally in [4]. 
The aforementioned data were searched and identified in terms of their suitability for 
the previously formulated purpose of the presented analysis and were the basis for 
the conducted estimates. However, in view of the volumes used and compared, which are 
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also present in the energy performance of buildings procedure, a brief introduction 
containing a “definition” of these volumes is essential. 

In Poland, the methodology of determining the energy performance of a building has 
been presented in the Regulation of the Minister of Infrastructure and Development 
on the methodology of determining the energy performance of a building or a part 
of a building and energy performance certificates [5]. The basic value used to determine 
the index of energy performance of residential buildings, EPH+W, is here the calculated value 
of Qp – annual non-renewable primary energy demand for technical systems in kWh/year. 
The methodology for calculating this figure includes heating, cooling and ventilation 
systems, hot water production, permanently installed lighting (so-called built-in lighting), 
which form the so-called energy use objectives to be taken into account in the methodology 
of energy performance of buildings. In the case of residential buildings, built-in lighting is 
usually not present. 

In the article, the main attention is paid to heating a building. For this reason, the basic 
figure from which the discussion has started is Qp,H – annual demand for non-renewable 
primary energy for the heating system. It is calculated taking into account the coefficient 
of non-renewable primary energy input for the production and supply of a carrier of energy 
or energy for heating wH. The value of this coefficient largely depends on the energy policy 
of the state and distorts the physical dimension of the size of Qp,H. In Polish conditions, 
the values of the effort coefficient wH range from 0.0 for renewable energy sources, through 
1.1–1.3 for hard coal, to 3.0 for the systemic power grid [5]. For this reason, the calculated 
value of Qp,H cannot be compared with the calculated energy demand or the measured 
energy consumption for heating CH. With this in mind, it has been decided that 
in the present case the value to be used would be that determined by the methodology 
of energy performance of buildings as Qk,H. This is the annual final energy demand 
delivered to a building or part of a building for the heating system in kWh/year which takes 
into account its efficiency. Similar arguments argue in favor of using a single EKH index 
for the annual final energy demand for building heating, which is the quotient of the annual 
final energy demand delivered to the building for the heating system Qk,H and the area 
of the building with controlled air temperature (heated or cooled area) Af. 

In addition, attention should be paid to the use of the aforementioned energy demand 
for the energy performance of buildings. These are calculated values and should 
be included in the theoretical ones. The exception is the use for energy performance 
of energy consumption that is the actual quantity that is obtained by direct or indirect 
measurement. In the case of GUS statistics on space heating, they refer to the energy 
consumption for this purpose (actual value) and not to the energy demand (theoretical 
value). The latter concept is undefined and absent from the GUS studies, e.g. [6] 
At the same time, however, an appropriate calculation methodology should bring the theory 
as close as possible to the reality of building heating. It is therefore concluded that correctly 
calculated values of the annual demand of Qk,H and the related EKH index should be as close 
as possible to the value of the annual energy consumption of CH and the related unitary 
annual final energy consumption index for the heating of a building designated as EKCH. 
The EKCH index is the quotient of the annual final energy consumption supplied to 
a building for the heating system CH and the area of the building with controlled air 
temperature (heated area) Af. 

Due to the availability of statistical data, the calculation simplifies the assumption 
that the area of a building or flat with controlled air temperature (heated area) Af is equal 
to the usable area AU. 

In view of the above, in the case of a large similarity of values, the energy demand 
and consumption for heating buildings can be compared, which is the case in the material 
presented below. 
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3 Characteristics of residential buildings 

In 2011, there were 6,047,100 buildings with at least one flat in Poland, of which 5,542,600 
were residential [7]. The main focus is on the group of occupied and heated dwellings, and 
in principle on the dwellings located there, as they contribute to the analyzed energy 
consumption for space heating. There were 5,182,330 such facilities in Poland [8]. The 
quantitative characteristics of the buildings and apartments located there are presented in 
Table 1 and Table 2. 

Table 1. Occupied and heated buildings and apartments constructed in Poland in various periods. 

The 
construction 

period 

Occupied 
and heated 

buildings [7] 

Occupied 
apartments 
in occupied 
and heated 

buildings [8] 

Usable area AU 
occupied apartments 

in occupied and heated
buildings [9] 

EKH+W  
[10] 

EKCH  
(own 

elaboration 
based on [8, 

9, 11]) 

Thous. % mln % Thous. m2 % kWh/ 
(m2·year) 

kWh/ 
(m2·year) 

before 1918 404.61 7.81 1.12 9.25 68346.09 7.87 >300 321.89 
1918-1944 809.22 15.61 1.39 11.54 94086.82 10.84 260-300 255.08 
1945-1970 1363.48 26.31 3.02 25.05 182847.98 21.06 220-260 224.23 
1971-1978 654.03 12.62 2.03 16.84 127816.06 14.72 190-220 

197.59 
1979-1988 753.79 14.55 2.12 17.57 160657.69 18.51 140-190 
1989-2002 670.65 12.94 1.47 12.16 134916.96 15.54 125-160 

157.90 2003-2007 321.47 6.20 0.55 4.57 59469.97 6.85 
90-120 

2008-2011 205.08 3.96 0.36 3.01 39942.52 4.60 

Total 5182.33 100.00 12.06 100.00 868084.10 100.00 ______ ______ 

 

 The buildings under consideration were constructed in different periods with different 
technical requirements for their design and construction. Of particular importance 
from the point of view of the energy consumption for heating buildings are the regulations 
concerning heat protection requirements at the beginning and, more recently, energy 
efficiency. The first one appeared in the Polish construction industry in the 1930s 
and concerned heating, indirectly only mentioning thermal insulation of building envelope 
without specifying the requirements in this respect. The next one was the Polish Standard 
PN-53/B-02405 which came into force in 1955 [2]. Subsequently, further regulations were 
introduced. The quality level of these requirements, however, for many years differed 
from their counterparts in Western European countries with similar climatic conditions 
to Poland[2 p.109]. It was not until 1998 that Poland began to gradually catch up in this 
area, with significant progress in recent years. 

Buildings of different periods have different energy performance which is dominated 
by the energy demand for space heating, accounting for about 70% of the total energy 
consumption of a building. This, together with the average low thermal insulation of all 
buildings, is a direct cause of the relatively high energy consumption of these facilities. 
The energy performance of the buildings and apartments located there are presented in Table 3. 
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 The buildings under consideration were constructed in different periods with different 
technical requirements for their design and construction. Of particular importance 
from the point of view of the energy consumption for heating buildings are the regulations 
concerning heat protection requirements at the beginning and, more recently, energy 
efficiency. The first one appeared in the Polish construction industry in the 1930s 
and concerned heating, indirectly only mentioning thermal insulation of building envelope 
without specifying the requirements in this respect. The next one was the Polish Standard 
PN-53/B-02405 which came into force in 1955 [2]. Subsequently, further regulations were 
introduced. The quality level of these requirements, however, for many years differed 
from their counterparts in Western European countries with similar climatic conditions 
to Poland[2 p.109]. It was not until 1998 that Poland began to gradually catch up in this 
area, with significant progress in recent years. 

Buildings of different periods have different energy performance which is dominated 
by the energy demand for space heating, accounting for about 70% of the total energy 
consumption of a building. This, together with the average low thermal insulation of all 
buildings, is a direct cause of the relatively high energy consumption of these facilities. 
The energy performance of the buildings and apartments located there are presented in Table 3. 

Table 2. Occupied and heated buildings and apartments built in Poland in various periods 
(own elaboration based on [8, 9]). 

The 
construction 

period 

Number of occupied 
and heated apartments Total number 

of occupied 
and heated 
apartments 

Usable area AU of occupied 
and heated apartments 

Total usable 
area AU 

of occupied 
and heated 
apartments 

in single-
family 

buildings 

in multi- 
family 

buildings 

in single-
family 

buildings 

in multi- 
family 

buildings. 
mln mln mln mln m2 mln m2 mln m2 

before 1918 0.45 0.67 1.12 38 30 68 
1918-1944 0.56 0.84 1.39 52 42 94 
1945-1970 1.20 1.82 3.02 102 81 183 
1971-1988 1.66 2.49 4.15 161 128 288 
1989-2011 0,95 1.43 2.38 131 103 234 

Total 4.81 7.25 12.06 484 384 868 

Table 3. Energy consumption for heating of occupied and heated buildings and apartments built 
in Poland in various periods (own elaboration based on [8, 9, 11, 12]). 

The 
construction 

period 

Index of total energy 
consumption for heating 
(own elaboration based 

on [8, 12]) 

Index of total 
energy 

consumption 
for heating (own 

elaboration 
based on [8, 9, 

11]) 

total energy consumption 
for heating [12] total energy 

consumption 
for heating in single- 

family 
buildings 

in multi- 
family 

buildings 

in single-
family 

buildings 

in multi- 
family 

buildings 
kWh/ 

(m2·year) 
kWh/ 

(m2·year) kWh/ (m2·year) TWh/year TWh/year TWh/year 

before 1918 367.66 264.31 321.89 14 8 22 
1918-1944 306.10 191.31 255.08 16 8 24 
1945-1970 265.22 172.74 224.23 27 14 41 
1971-1988 230.25 156.52 197.59 37 20 57 
1989-2011 183.36 125.67 157.90 24 13 37 

Total _______ _______ _______ 118 63 181 

4 Energy efficiency of residential buildings 

The energy efficiency potential of existing buildings is very high. About 85% of residential 
buildings are characterized by high energy consumption, especially used for space heating, 
even if only the required parameters of ventilation air are maintained [2, 7]. 

An analysis of the potential for reducing energy consumption for heating residential 
buildings which were in operation in Poland in 2011 with a reduction of the unit value 
of annual energy consumption for heating to the level of 60 kWh/(m2·year) for multi-family 
buildings and 55 kWh/(m2·year) for single-family buildings was carried out. Due to 
the energy consumption for heating in these buildings, attention was focused on occupied 
and heated residential buildings, of which there were 5,182,330 [7]. The usable area 
of the apartments located there was 868,084.1 thousand square meters [8]. A simplifying 
assumption has been made that the usable area is the heated area. The energy savings that can 
be achieved for heating if reduced to the above levels are shown in Table 4. The calculations 
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used a simplified methodology and were based on the data presented in Tables 2 and 3 
concerning the total energy consumption for heating in buildings built in the analyzed time 
periods and usable areas of dwellings located therein. On this basis, average values of unit 
annual energy consumption for heating 1m2 of apartments in particular “age” groups 
of buildings were calculated. The division into the periods of construction of the analyzed 
buildings, and thus into their “age” groups, presented in Tables 2, 3 and 4 results from 
the arrangement of GUS data used in the analyses by the author in a similar way. 

Table 4. Reduction of specific energy consumption for heating of occupied and heated buildings 
and apartments built in Poland in different periods as a result of reduction  

of specific energy demand for heating to the level of 60 kWh/(m2·year)  
for single-family buildings, 55 kWh/(m2·year) for multi-family buildings. 

The construction 
period 

Reduction of total energy 
consumption for heating Reduction 

of total energy 
consumption 
for heating 

Reduction of total energy 
consumption for heating 

Reduction 
of total 
energy 

consumption 
for heating 

in single- 
family 

buildings 

in multi- 
family 

buildings 

in single- 
family 

buildings 

in multi- 
family 

buildings 
TWh TWh TWh % % % 

przed 1918 11.72 6.34 18.05 83.68 79.19 82.05 
1918-1944 12.86 5.70 18.56 80.40 71.25 77.35 
1945-1970 20.89 9.54 30.43 77.38 68.16 74.23 
1971-1988 27.36 12.97 40.33 73.94 64.86 70.76 
1989-2011 16.15 7.31 23.46 67.28 56.24 63.40 

Total (average) 88.98 41.86 130.84 (75.40) (66.44) (72.29) 
 

 The differences between these calculated values of specific annual energy consumption 
and the previously adopted levels of reduction to 55 kWh/(m2·year) and 60 kWh/(m2·year) 
were the basis for estimating the energy saving potential in this respect presented 
in Table 5. 

Table 5. Energy saving potential for heating residential buildings. 

Reduction of energy consumption for heating Reduction of total energy 
consumption for heating in single-family buildings in multi-family buildings 

TWh % TWh % TWh % 
89.0 75.4 41.9 66.4 130.8 72.3 

5 Summary 

In the methodology of calculations carried out there are, of course, many simplifications 
which affect the accuracy of estimations. However, due to the aim of the article, they 
do not introduce any significant distortions to the estimated energy saving potential for 
heating residential buildings as a result of increasing the thermal insulation of their 
envelope components. 

Simple calculations have estimated the savings that could be achieved by reducing 
the energy consumption for heating residential buildings, heated and operated in Poland 
in 2011 to 60 kWh/(m2·year) for single-family buildings and 55 kWh/(m2·year) for multi-
family buildings. By reducing the energy consumption for space heating to the indicated 
values, energy savings were obtained at an average level of 72.3% compared to the initial 
state. For single-family buildings these savings amounted to 75.4%, and for multi-family 
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and the previously adopted levels of reduction to 55 kWh/(m2·year) and 60 kWh/(m2·year) 
were the basis for estimating the energy saving potential in this respect presented 
in Table 5. 

Table 5. Energy saving potential for heating residential buildings. 

Reduction of energy consumption for heating Reduction of total energy 
consumption for heating in single-family buildings in multi-family buildings 

TWh % TWh % TWh % 
89.0 75.4 41.9 66.4 130.8 72.3 

5 Summary 

In the methodology of calculations carried out there are, of course, many simplifications 
which affect the accuracy of estimations. However, due to the aim of the article, they 
do not introduce any significant distortions to the estimated energy saving potential for 
heating residential buildings as a result of increasing the thermal insulation of their 
envelope components. 

Simple calculations have estimated the savings that could be achieved by reducing 
the energy consumption for heating residential buildings, heated and operated in Poland 
in 2011 to 60 kWh/(m2·year) for single-family buildings and 55 kWh/(m2·year) for multi-
family buildings. By reducing the energy consumption for space heating to the indicated 
values, energy savings were obtained at an average level of 72.3% compared to the initial 
state. For single-family buildings these savings amounted to 75.4%, and for multi-family 

buildings to 66.4%. The disclosed disproportion between single and multi-family housing 
is caused by higher financial resources allocated in thermal modernization programs 
for multi-family residential buildings. The potential for annual energy savings in terms 
of the analyzed reduction of its consumption to heat buildings was 130.8 TWh/year. 
Considering that in 2014 the total final energy consumption in Poland amounted to 
531.4 TWh [13], the estimated energy savings account for 24.6% of the said consumption. 
Such great possibilities in this area may be further increased by modernization of heating 
and ventilation systems in the analyzed facilities. In addition, achieving the described energy 
effects will be accompanied by a significant reduction in emissions of harmful substances 
to the atmosphere which contribute to the formation of such annoying smog in recent heating 
seasons. The replacement of the heat source for heating systems using coal fuels with a source 
using gaseous fuels will further increase the efficiency of the entire heating system, increasing 
the obtained energy and environmental effect. This solution is particularly important 
for single-family buildings and multi-family buildings built until the 1960s. Connecting 
existing buildings to the heat network may have a similar effect, provided that there is 
a reasonable technical and economic capacity (mainly in urban areas) to do so. 

Reduced energy consumption for heating also means lower costs and thus an economic 
effect. This can significantly affect the availability of an efficient and environmentally 
friendly heating system. Its cost and reduced heat demand, together with significantly 
reduced heating costs, may be more attractive for a larger number of residents. This will 
help to reduce the recent phenomenon of energy poverty. 

However, the achievement of the estimated results in a satisfactory scale and over time 
should be the subject of far-reaching state intervention. 
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