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Energy performance of buildings
in Poland on the basis of different
climatic data
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Abstract
Typical Meteorological Years (TMY) were prepared in Poland due to the introduction of obligatory
energy certification for buildings. They are based on source data collected by the Institute of
Meteorology and Water Management from 1971 to 2000. Predictions indicate that until the end of the
21st century, the air temperature will increase. Therefore, the characteristics obtained with the use of
TMY may differ from the energy demand of buildings used nowadays. This article compares energy
demand calculated with the use of TMY and subsequent climatic data from 2001 to 2012, for three
different locations in Poland. The analyses were performed with the use of the dynamic simulation
computer program, for typical living quarters in a multifamily residential building with different con-
struction and window orientation. Results obtained with the use of TMY and subsequent climatic data
show that the typical years can be used for the evaluation of heating demand. However, cooling demand
calculated with the use of TMY was significantly lower in comparison with the mean cooling demand for
the years 2001–2012. This may distort the energy needs and indoor environment conditions in summer,
and cause discomfort or unnecessary energy use in presently occupied dwellings.
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Introduction

Demand for energy used to heat or cool down buildings
depends mainly on two groups of factors: outdoor cli-
mate and the thermal quality of the building envelope.
The thermoinsulating power of building partitions can
be consciously selected by the designer, and in normal
conditions of use undergoes only slight changes, e.g.
due to the ageing of insulating materials and their
increased moistness. The external environment, on the
other hand, is subject to constant changes connected
with the daily and annual cycles of variations in
temperature, air humidity, insolation, wind activity,
etc. To establish a reliable manner of assessing the
energy performance of buildings, standardised sets of
climatic data, corresponding to multiannual outdoor
conditions, are applied. These data can take different
forms, depending on the adopted method of calculating
energy demand.

The degree-days method was the first one which
allowed energy demand to be linked to the conditions
of the external environment. Calculations require a
minimum range of climatic data, which are relatively
easy to obtain, i.e. average daily temperatures of out-
side air.1 Later, stationary and quasi-stationary meth-
ods use a broader range of climatic data, such as air
temperature and solar radiation intensity, in the form
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of long-term averaged monthly or annual param-
eters.2,3 Dynamic simulations, in which thermal balance
concerns short time steps (usually not exceeding 1 h)
and directly takes into consideration heat accumulated
and released from the mass of the building, are
regarded as the most accurate for determining energy
demand.4 These methods, on account of the high degree
of their complexity, basically serve for the purposes of
computer calculations and require a very broad range
of data describing the outdoor environment. In the
majority of computer programmes, the data indispens-
able for carrying out a simulation include outside air
temperature, air humidity, atmospheric pressure, direc-
tion and velocity of wind, and intensity of direct and
diffuse solar radiation.5 These parameters must be
known for each hour of the period for which calcula-
tions are made.

Considering the significant costs and great labour
intensity of preparing this kind of data, the so-called
Typical Meteorological Year (TMY) is introduced,
replacing long-term measurement data with a represen-
tative period of one year.6,7 It contains 8760 hourly
records illustrating the course of required climatic
parameters.

TMY collection methods are different in different
countries.8–11 They may be based on statistical analysis
leading to the creation of a ‘fictional’ year composed of
selected real months, or they may specify the criteria of
a selection of a real year used for analysing heating and
cooling demand. Statistical methods are considered
most effective for mapping average multiannual cli-
matic conditions.6,7,12,13 The literature on the subject
indicates that simulations of a building’s energy per-
formance by means of TMY created with the use of
Finkelstein–Schafer statistics allow energy demand to
be calculated with a margin of error not exceeding 5%
in comparison with simulations conducted for multi-
annual climatic data.7,8

TMYs were prepared in Poland in 2004 due to the
introduction of obligatory energy certification for build-
ings. The TMY creation was based on source data col-
lected by the IMWM-NRI (Institute of Meteorology
and Water Management – National Research Institute)
in 61 weather stations from 1971 to 2000. The compil-
ation procedure using Finkelstein–Schafer statistics was
adopted in accordance with the standard EN ISO 15927-
4,14 coherent with the EN ISO 13790.3 The most repre-
sentative months were the ones in which the average
values of the variables, their frequency distribution and
correlations were closest to the long-term averages. The
key parameters for energy calculations were dry-bulb
temperature, solar radiation on a horizontal surface
and relative humidity. Information on TMY is available
on the website of the Ministry of Infrastructure
and Development (http://www.mir.gov.pl). The data

comprise the following parameters: sequential number
of a given hour of a year, month, day and Coordinated
Universal Time (UTC) hour, dry-bulb temperature (�C),
relative humidity (%), moisture content (g/kg), wind vel-
ocity (m/s), wind direction in 36 sectors (according to the
key), total solar radiation on a horizontal surface (W/m2),
direct and diffuse solar radiation on horizontal and
inclined surfaces (W/m2), sky radiation temperature (�C).

Predictions indicate that starting from the 1990s until
the end of the 21st century, the global warming effect
and the average outside temperature will increase.15,16

Milder winters and warmer summers may result both
in a lower demand for heating and in the wider use of
cooling systems in residential buildings.17,18 Recently,
extensive research on the subject was conducted in the
United Kingdom, paying special attention to the possi-
bility of overheating the existing building stock.19–21

These findings led the authors to examine, how the
mandatory procedures in Poland provide for a reliable
analysis of typical residential buildings constructed and
inhabited after the year 2000. Therefore, the energy
demand calculated with the use of measurement data
collected from 2001 to 2012 was compared with the
energy demand obtained with the use of freely available
TMY, representing the preceding three decades. The
analyses were carried out for both heating and cooling
seasons.

Climatic data assumed in calculations

Poland lies in a zone of moderate climate of a transitory
character, between a marine climate in the West and a
continental climate in the East. In the winter, the iso-
therm system resembles a longitudinal one, and the
temperature increases in the western direction. In the
summer, the isotherm system resembles a latitudinal
one, with the highest values in the central part of the
country. In the 1970s, five climatic zones were distin-
guished in Poland in the winter period and two in the
summer period, represented by differentiated design
temperatures of external air (Figure 1). These tempera-
tures are taken for the sake of the power adjustment of
heating systems.22 In the presented analyses, three
localities were chosen – Leba, Wieluń and Wlodawa,
belonging, respectively, to the first-, second- and
third-climatic zones (Table 1). These zones cover over
75% of the Poland’s area.

The meteorological station in Leba is situated in the
middle part of the Slovincian Coast, at a distance of
approximately 700m from the shore of the Baltic Sea
and about 2.5 km from the mouth of the Leba River.
The meteorological garden lies between meadows and a
boggy area of the Lebsko lake floodlands, the Leba
River and a strip of a dense forest. Wieluń is a town
in the south-eastern part of the Lódź province within
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the Wieluń Upland, being part of the Kraków-
Czestochowa Upland. A regional measurement and
observation station in Wieluń lies in the southern part
of the town on its highest rise. Wlodawa is situated in
the eastern part of the Lublin Region, on the left bank
of the Bug River, close to the mouth of the Wlodawka
River. The hydrological and meteorological station
lies in the north-western extreme of the town, in open
space which, after about 1 km, turns into high-density
urban housing.

Measuring instruments

The meteorological data used in the present study come
from the weather stations and meteorological posts of
the IMWM-NRI, the same source that was used for
the creation of TMY. All the data underwent a control
and verification process before they were inserted in
the Institute’s central database. The measurements
and observations were conducted in compliance with
the requirements and recommendations of the World
Meteorological Organization (WMO). A meteoro-
logical garden was the main place of measurements
within the measurement and observation station. In

the central place of a meteorological garden, there
was a Stevenson screen, which contains the following
equipment: automatic sensors measuring air tempera-
ture and humidity, mercurial thermometers: wet and
dry bulb ones (forming a psychrometer), and a maxi-
mum-minimum thermometer (Table 2).

The Stevenson screen would provide homogeneous
conditions of measuring temperature and air moisture
at a height of 2m above ground level. Apart from the
standard programme (i.e. carrying out round-the-clock
measurements of air temperature and humidity, atmos-
pheric precipitation, wind velocity and direction), an
extended measurement programme embracing actino-
metric measurements was run at selected stations of
the IMWM-NRI. Two sensors produced by Kipp &
Zonen, measuring the solar spectrum from 300 to
3000 nm and recording the data every minute, were
used for measuring solar radiation. The first of the sen-
sors, a pyranometer (Table 3), was used for measuring
diffuse solar radiation that reached the horizontal sur-
face from any point of the sky, except for radiation
coming from the direction of the Sun.

This was achieved because of the installed dia-
phragm, which provided the shading for the dome of

Figure 1. Climatic zones in Poland and the design temperatures: (a) during winter and (b) during summer, according to the
standard PN – 74/B – 02403.22

Table 1. Location of the meteorological stations.

No. Station

Climatic

zone

Latitude

(E)

Longitude

(N)

Altitude

(m. asl)

Type of

measurements

1. Leba I 54�450 17�320 2 Standard + actinometric

2. Wieluń II 51�120 18�330 199 Standard + actinometric

3. Wlodawa III 51�330 23�320 177 Standard + actinometric
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the sensor. The second of the sensors, a pyrheliometer,
measured the direct beam solar irradiance, i.e. radiation
falling on the surface, which is perpendicular to the
direction of the Sun.

Characteristics of climatic conditions
in the multiannual period of 2001–2012

The comparative period adopted in the research com-
prises the years from 2001 to 2012, which follows the
time period used for creating TMY. Source data used in
simulations included the following observed and mea-
sured parameters: the code of the station, year, month,
day, UTC hour, dry-bulb temperature, relative air
humidity, wind velocity and wind direction, as well as
values of total and diffuse solar radiation on a horizon-
tal surface. Solar radiation data were registered every
hour, and the other data every 3 h. Data recorded 8
times a day were connected using linear interpolation
to determine hourly values. The main measurement

results comprising air temperature and solar irradiation
for Leba, Wieluń and Wlodawa were collected in
Tables 4 and 5, and compared with the values included
in TMYs. The heating season was assumed to last
roughly from October till May, and the cooling
season encompass June, July, August and September.
The real lengths of the heating and cooling seasons may
differ depending on the building construction and ther-
moinsulating power of external partitions, but a uni-
form division of the year allows climatic data to be
more clearly compared.

Leba lies in the zone of a warm, transitory, moderate
climate with the influences of a maritime and continen-
tal climate. The maritime climate prevails over the con-
tinental one, due to mild winters with frequent thaws, a
small number of days with snow cover, a small number
of days with extreme temperatures, high air humidity, a
considerable number of days with precipitation and,
finally, more rainfall in the autumn than in the
spring.23 In the period of 2001–2012, the average tem-
perature in the heating season was the median value,
while in the cooling season, this would be the lowest
temperature from among the presented localities. The
average annual air temperature was 8.3�C, while the
warmest month of the year was July (the average tem-
perature was 17.9�C). The absolute maximum tempera-
ture in Leba during the analysed 12 years was 32.8�C,
which was recorded on 12 July 2010. The coldest month
was January (with an average temperature of �0.2�C),
while the absolute minimum temperature in the period
of 2001–2012, was �24.7�C, and this was recorded on 6
February 2012. The sum of insolation on the horizontal
surface was among the lowest ones from the chosen
locations. The share of direct solar radiation in the
heating and cooling seasons was 54.1% and 59.7%,
respectively.

Wieluń, according to the division into climatic
regions,24 lies in the transitory zone between the climate
of the Land of Great Valleys and the Mid-Polish
Uplands. Maritime polar air masses clash there with
typically continental polar ones, which leads to great
climatic changeability both in the daily and the annual
course of air temperature. The region of Wieluń is

Table 2. World Meteorological Organization requirements concerning glass thermometers (�C).

No. Type of thermometer Ordinary Maximum Minimum

1. Temperature range �39 to +45 �30 to +50 �40 to +40

2. Calibration range �30 to +40 �25 to +40 �30 to +30

3. Maximum error <0.2 �0.2 �0.3

4. Maximum difference between maximum
and minimum correction within the range

0.2 0.3 0.5

5. Maximum variation of correction
within any interval of 10�C

0.1 0.1 0.2

Table 3. Characteristics of the pyranometers used at
IMWM-NRI stations.

No.

Name, type

and producer

Pyranometer CM6B,
Kipp & Zonen, Netherlands,

I class (64 thermocouples)

1. Spectral range 310–2800 nm (50% points)

2. Sensitivity 9–15 mV/Wm�2

3. Impedance 70–100 V

4. Response time <18 s (95%)

5. Nonlinearity <1.2% (<1000W/m2)

6. Operating

temperature

�40�C to +80�C

7. Temperature
dependence

of sensitivity

�2% (�10�C to +40�C)

8. Irradiance 0–1400W/m2

(max. 2000W/m2)

9. Tilt error �1% (beam 1000W/m2)
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characterised by warm, long summers and moderate
winters. In the period of 2001–2012, the highest tem-
peratures in the heating and cooling seasons, as well as
the highest annual mean air temperature (9.0�C) were
recorded here. January was the coldest month (with an
average temperature of �1.4�C), while July was the
warmest one (with an average temperature of 19.7�C).
In the period of 2001–2012, the warmest day was 29
July 2005, with a temperature of 35.9�C, while the cold-
est one was 23 January 2006 with a temperature of
�26.0�C. In the heating season the greatest sums of
solar radiation were measured here, and insolation in
the cooling season was also quite high. In the heating
and cooling seasons direct solar radiation constituted,
respectively, 58.4% and 52.9% of total solar radiation
reaching the horizontal surface.

The climatic conditions of the area of Wlodawa are
shaped by various masses of air. Usually these are mari-
time polar air masses, less frequently continental polar
and arctic ones, while the rarest come from tropical air.
The area is distinguished by a longer summer, lasting
up to 98 days, as well as a longer winter than in central
Poland (up to 80 days). The insolation slightly exceeds
the Polish average and usually amounts to 4.6 h. The

warmest month in the period of 2001–2012 was July
(with an average temperature of 20.0�C), while the
coldest one was January (�2.9�C). The absolute max-
imum temperature in Wlodawa, amounting to 35.2�C,
was recorded on 6 August 2012, whereas the absolute
minimum temperature of �29.5�C was recorded on 24
January 2006. The conditions connected with solar
radiation in this region are very favourable. The
annual sum of solar radiation on the horizontal surface
and the sum of solar radiation in the cooling season
were the highest from among the presented locations.
The insolation in the heating season was also quite
high. Direct solar radiation constituted over 58% of
total solar radiation in the winter and about 50% in
the summer.

For all the locations the multiannual average tem-
peratures of the heating season, the cooling season and
the whole year were slightly higher than the average
temperatures determined on the basis of TMY
(Figures 2 and 3, Tables 4 and 5). Nevertheless, these
differences are not statistically important (with the
exception of Wlodawa). The average sums of solar radi-
ation on the horizontal surface coming from the period
of 2001–2012 were, however, statistically higher for

Table 4. Average dry bulb temperatures (�C) from 2001 to 2012 and according to TMY.

No. Locality Period

Heating

season

Cooling

season

Annual

average

Minimum

temperature

Maximum

temperature

1. Leba 2001–2012 4.4 16.1 8.3 �24.7 (06 February 2012,
6.00 a.m.)

32.8 (12 July 2010,
12.00 a.m.)

TMY 4.0 15.6 7.9 �13.8 31.3

2. Wieluń 2001–2012 4.7 17.5 9.0 �26.0 (23 January 2006,

6.00 a.m.)

35.9 (29 July 2005,

12.00 a.m.)

TMY 4.3 16.7 8.4 �16.2 34.3

3. Wlodawa 2001–2012 3.8 17.3 8.3 �29.5 (24 January 2006,
3.00 a.m.)

35.2 (06 August 2012,
12.00 a.m.)

TMY 3.2 16.3 7.6 �22.1 30.9

TMY: Typical Meteorological Years.

Table 5. Solar irradiation on a horizontal plane (kWh/m2) from 2001 to 2012 and according to TMY.

No. Locality Period
Heating
season

Cooling
season

Annual
sum

Maximum
hourly insolation

1. Leba 2001–2012 485.25 543.40 1028.65 0.93 (06 June 2009, 12.00 a.m.)

TMY 396.96 450.43 847.39 0.91

2. Wieluń 2001–2012 557.76 587.08 1144.84 0.99 (10 June 2005, 1.00 p.m.)

TMY 471.68 479.28 950.96 0.98

3. Wlodawa 2001–2012 550.41 602.48 1152.89 0.99 (06 July 2006, 1.00 p.m.)

TMY 458.64 501.29 959.93 0.99

TMY: Typical Meteorological Years.
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each location than the values given by the TMY (usu-
ally by slightly more than 20%). The share of direct
solar radiation was significantly smaller in the TMY
than in real data, and equalled on average 25.2%,
31.7% and 32.9% for Leba, Wieluń and Wlodawa,
respectively.

Methodology of energy demand
calculations

Calculations of energy needs were made using the BSim
simulation program. It enables the dynamic analysis of
energy demand in living quarters and public utility facil-
ities. Calculations are based on the control volume
method, in which structural elements of a building and
closed air zones are represented by nodal points with
defined physical parameters such as density, conductivity
and heat capacity. For each air zone, a separate balance
equation was created, including heat flux flowing
through the control surface, transmission of solar

radiation through transparent elements, heat flux gener-
ated by installation systems and transported through
ventilation, and infiltration or air exchange between
the exterior and the interior of a building. Continuous
time processes of heat transfer were modelled by division
into discrete time steps having a finite length of 1 h or
less.25

The analysed apartment had a floor area of approxi-
mately 74 m2 and a net height amounting to 2.7m. The
flat was located in the middle section of the building’s
storey, and it had two opposite external walls with the
thermal transmittance coefficient equal to 0.30 W/m2K.
In each exterior wall, there were two 1.5m� 1.5m win-
dows, chosen due to the requirements concerning the
delivery of minimum daylight (Figure 4).

The thermal transmittance coefficient of the windows
was 1.7W/m2K. These values fulfil the obligatory
requirements in Poland for new buildings designed
from 2002 to 2013. The remaining partitions adjoined
same type of heated rooms and were treated as adiabatic

Figure 2. Dry bulb temperatures: (a) Leba, (b) Wieluń and (c) Wlodawa.
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surfaces. Interior gains with the value of 4.5W/m2 and a
ventilation of 0.5 ach were implemented. According to
national data, these are typical parameters of traditional
residential buildings.3,26 The ventilation rate was pre-
sumed constant during the day and night. Wind-driven

infiltration was not included in the analyses, because the
gaps in climatic data concerning wind speed and direc-
tion were too wide to model the air flow correctly. More
intensive night time ventilation could diminish the over-
heating of rooms, but as the research did not concentrate
on strategies of reducing the energy need, these issues
were not taken into account.

The radiators were controlled on the basis of opera-
tive temperature of the selected zone. Set point tem-
perature of the heating system was 20�C, and the
power control curve was defined as a continuous poly-
line consisting of three straight parts. The maximum
power (100W/m2) was available when the outdoor tem-
perature reached �20�C, and the minimum of the
required power (amounting to 80 W/m2) was available
when the outdoor temperature was 10�C. At tempera-
ture in between the available power varied linearly. The
heating system was working within the time schedule
comprising the months from September to May.

Concerning the cooling system, this was simulated as a
thermostat-controlled cooling radiator, e.g. a cooling ceil-
ing or other cooling surface placed in the current thermal
zone. The system turned on when the internal operative

Figure 3. Solar irradiation on a horizontal plane: (a) Leba, (b) Wieluń and (c) Wlodawa.

Figure 4. The outline of the flat simulated in the BSim
program.
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temperature exceeded 26�C. The available cooling power
output was controlled on the basis of the outdoor tem-
perature, with the maximum value being achieved at the
design outdoor temperature in summer (20�C). The
power control curve was a similar polyline as for the
heating system, with constant values for the outside tem-
perature below 16�C and above 20�C. The cooling system

was working from May to September. Heating and cool-
ing demand was calculated without taking into account
the efficiency of the installation systems.

To check the dependence of results on the room
casing, two versions of building partitions were
adopted: massive (masonry walls insulated with the
ETICS system and reinforced concrete ceilings) and

Table 6. Selected simulation results – Heating demand.

No. Location
Building
construction

Window
orientation

TMY
(kWh/year)

Period 2001�2012 Reduction

in demand
for heating
compared
with TMY (%)

Mean
(kWh/year)

Min/max
(kWh/year)

Standard
deviation
(kWh/year)

Variation
coefficient (%)

1. Leba Massive N–S 2616.6 2338.4 1986.1/2897.4 238.9 10.2 10.6

2. E�W 2733.0 2493.7 2086.1/3058.6 243.8 8.9 8.8

2. Lightweight N–S 2666.0 2390.4 2040.5/2964.7 241.8 9.0 10.3

4. E�W 2777.5 2528.5 2123.3/3122.3 250.5 9.9 9.0

5. Wieluń Massive N–S 2353.7 2191.0 1742.2/2618.6 227.4 10.4 6.9*

6. E�W 2451.1 2416.3 1966.6/2857.6 233.2 9.7 1.4*

7. Lightweight N–S 2418.8 2273.8 1837.8/2744.2 228.4 10.0 6.0*

8. E�W 2515.2 2471.8 2037.1/2943.9 233.0 9.4 1.7*

9. Wlodawa Massive N–S 2759.4 2556.8 2070.1/2829.1 225.7 8.8 7.3

10. E�W 2850.4 2737.7 2282.5/3038.4 228.4 8.3 4.0*

11. Lightweight N–S 2819.8 2630.3 2171.5/2900.1 213.1 8.1 6.7

12. E�W 2908.8 2788.5 2361.6/3086.9 220.4 7.9 4.1*

TMY: Typical Meteorological Years. * averages from multiannual period are not statistically smaller than results obtained on the basis of

TMY (t-test for one average, confidence level 0.95).

Note: Bold faces are basic compared values.

Table 7. Selected simulation results – Cooling demand.

No. Location
Building
construction

Window
orientation

TMY
(kWh/year)

Period 2001�2012 Increase

in demand
for cooling
compared with
TMY (%)

Mean
(kWh/year)

Min/max
(kWh/year)

Standard
deviation
(kWh/year)

Variation
coefficient
(%)

1. Leba Massive N–S �169.71 �244.8 �385.7/�122.3 87.3 35.7 44.2

2. E–W �233.1 �520.7 �679.7/�264.1 131.1 25.2 123.4

3. Lightweight N–S �252.4 �319.1 �461.8/�163.5 91.2 28.6 26.4*

4. E�W �326.0 �610.3 �767.9/�352.9 129.2 21.2 87.2

5. Wieluń Massive N–S �346.8 �506.7 �696.8/�359.2 106.1 20.9 46.1

6. E�W �580.0 �895.4 �1098.4/�651.3 139.1 15.5 54.4

7. Lightweight N–S �447.2 �603.5 �789.9/�428.2 112.6 18.7 35.0

8. E�W �691.1 �995.1 �1202.0/�769.1 136.7 13.7 44.0

9. Wlodawa Massive N–S �327.4 �496.7 �678.1/�318.0 95.8 19.3 51.7

10. E�W �546.3 �869.9 �1123.6/�642.6 129.0 14.8 59.2

11. Lightweight N–S �445.0 �591.9 �767.3/�403.9 102.8 17.4 33.0

12. E�W �683.4 �969.6 �1209.8/�730.7 129.7 13.4 41.9

TMY: Typical Meteorological Years. * averages from multiannual period are not statistically smaller than results obtained on the basis of

TMY (t-test for one average, confidence level 0.95).

Note: Bold faces are basic compared values.
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Figure 5. Comparison of multiannual characteristics of basic climatic parameters in the chosen localities: (a) monthly mean

values of dry bulb temperatures and (b) sums of solar irradiation on a horizontal plane.

Figure 6. Heating and cooling demand for the analysed climatic data, building construction – massive, windows orientation

N–S: (a) Leba, (b) Wieluń and (c) Wlodawa.
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lightweight (wooden framework with mineral wool as
thermal insulation). The heat capacity of the envelope,
related to the floor area, was 726.0 kJ/m2K and
255.2 kJ/m2K, respectively. The windows were facing
north and south or east and west, allowing for sensitiv-
ity analysis of the results due to various solar irradi-
ation. Radiation incident on horizontal surfaces was
calculated using an anisotropic diffuse radiation
model developed by Perez et al.27 This model proved
to be consistent with the results of the measurements
taken in Poland.28

Presentation and discussion of research
results

For different types of apartments, heating and cooling
demand were determined on the basis of the climatic
data of the TMY and the data from the later compara-
tive period of 2001–2012. Altogether, over 150 com-
puter simulations of the annual cycle of the object’s
functioning were carried out. The chosen results are
presented in Tables 6 and 7 and Figures 5–8.

Heating demand

Wieluń, lying in the middle part of Poland within the
second climatic zone, turned out to be a locality with
the smallest heating demand. In the autumnal and
wintry period (October–February), the place has inter-
mediate outdoor air temperatures, but its insolation is
the greatest out of the presented locations. Also, it has
the greatest share of directional solar radiation. In the
spring season (March, April, May), insolation and out-
side temperatures are the highest, which altogether pro-
vides very favourable conditions as regards energy
consumption (Figure 5). The coastal zone, represented
by Leba, in spite of the highest temperatures from
October to February, turned out to be a less favourable
location, mostly due to the smallest solar radiation
intensity. In the eastern part of Poland (Wlodawa),
temperatures from September to February are the
lowest and, in spite of quite high solar radiation inten-
sity, this region has the greatest energy demand.
Differences between extreme cases amount to 12.8%
to 16.7%.

Figure 7. Heating and cooling demand for the analysed climatic data, building construction – massive, windows orientation
E�W: (a) Leba, (b) Wieluń and (c) Wlodawa.
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Qualitative nature of the results from 2001 to 2012
was similar in all of the cases. The highest energy need
occurred in 2010, the year with the lowest average tem-
perature during the heating season. In the years 2007
and 2008, heating demand was the lowest, because of
the highest average temperature between September
and May.

Irrespective of locality and type of construction,
greater heating demand was achieved in the cases of
windows facing east–west. Since the apartment layout
and windows arrangement are symmetrical, this would
be caused exclusively by environmental factors, thus
smaller insolation of the elevation in the winter.
Differences were connected with the change of orienta-
tion which would be greatest for the locality with the
highest solar radiation intensity, i.e. Wieluń, and they
amounted to 10.3% for massive structures and 8.7%
for light-weight structures. In the remaining places they
ranged between 5.8% and 7.1%.

The thermal capacity of the flat’s envelope turned
out to be the factor of the smallest significance for

heating demand, and the differences between light-
weight structures and massive structures were from
1.4% to 3.8%. The effects of variations in thermal cap-
acity were more conspicuous for apartments with win-
dows facing north and south due to greater gains from
solar radiation falling on the southern elevation. These
differences are, however, not big, and even the envelope
of diminished accumulation abilities proved sufficient
for the effective use of heat gains.

Comparing the results obtained on the basis of both
sets of climatic data, it was ascertained that heating
demand determined in the period of 2001–2012 was,
for each variant of an apartment, smaller than in the
preceding 30 years which are represented by TMY
(Figures 6 and 7). Because of the rise in temperature
and intensity of solar radiation, not only the resultant
energy need but also the components of the energy bal-
ance would vary. Average transmission and ventilation
losses during 2001–2012 were up to 2.3% and 1.9%
smaller than the equivalent losses calculated with the
use of TMY. At the same time, solar gains in the

Figure 8. Heating and cooling demand from 2001 to 2012 and the trend lines obtained with the method of least squares,

building construction – massive, windows orientation N–S: (a) Leba, (b) Wieluń and (c) Wlodawa.
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apartment increased on average by 17.1%, causing a
reduction in demand for heating compared with TMY.

For the north-south direction the fall in energy
demand was higher, and ranged between 6.0% and
10.6%, while for the east–west direction, it ranged
between 1.7% and 9.0% (Table 6). These differences
are caused, above all, by a greater share of directional
radiation in real climatic data than in TMY. In the
winter, the southern orientation enables a more effect-
ive use of this radiation due to small incident angles, in
particular, in conjunction with the greater accumula-
tion possibilities of a massive structure.

On the basis of the Shapiro–Wilk test, the hypothesis
about a normal distribution of energy demand from the
comparative period of 2001–2012 cannot be rejected.
For all variants of apartments a statistical t-test was
carried out for one average, comparing multiannual
averages and amounts of heating demand determined
with the help of TMY. At a confidence level of 0.95,
this test proved that 50% of the averages obtained for
the subsequent period are statistically smaller than the
results achieved on the basis of TMY (results marked

with * in Table 6 have not met this requirement).
Moreover, the lines of the tendency set with the least-
squares method in 9 out of 12 analysed cases showed
the downward trend of heating demand (Figure 8). This
suggests the possibility of a further reduction in future
heating demand. Nevertheless, according to the authors
of the present article, because of the relatively small
differences between the results obtained from TMY
and those from the later periods and general data avail-
ability, TMY can be used for determining the heating
demand of buildings constructed after 2000 and those
designed in the years to come.

Cooling demand

The area of central and eastern Poland has considerable
insolation during the summer, which finds its reflection
in the greatest values of cooling demand achieved for
Wieluń and Wlodawa. From June to August, this
region has the highest temperatures of outdoor air,
and solar radiation intensity achieves the highest
values (Figure 5), while directional radiation constitutes

Figure 9. Number of hours with internal temperature above 26�C, building construction – massive, windows orientation N–

S: (a) Leba, (b) Wieluń and (c) Wlodawa.
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almost 60% of it. Because of the lowest temperatures
and the smallest insolation, energy demand for Leba is,
on average, half as big. Regional differences are much
bigger than in the heating season and they equal,
depending on the apartment orientation and construc-
tion, from 38.7% to 51.7%.

In all of the localities, the highest cooling demand
was observed in 2002, the lowest in 2004. Years of
extreme values do not coincide with heating demand.
The year 2002 had the highest average temperature in
summer, while 2004 was the year of the lowest average
temperature and second lowest (after 2007) insolation.

The change of window orientation can lead to a huge
increase in cooling demand, and the differences between
the north-south and east–west directions ranged from
63.8% to 112.7%. In the summer season, vertical sur-
faces facing east and west would have a greater doses of
solar radiation in total than surfaces facing north and
south. In conjunction with the smaller incidence angles
and greater solar radiance transmission through glaz-
ing, this would give considerable heat gains.

The diminished thermal capacity of partition walls
would influence energy demand to a much larger extent
than in the heating season. The growth in cooling
demand in rooms of light-weight envelope oriented
north-south varied from 11.1% to 17.2%, and in the
rooms oriented east–west from 19.1% to 30.4%. In
envelopes of small capacity of heat accumulation, it is
difficult to effectively make use of increased solar gains,
which leads to the overheating of rooms.

The average energy demand obtained in the period
of 2001–2012 was much higher than results achieved
using TMY. The growth in cooling demand amounted
from 26.4% to over 120%, and the most profound dif-
ferences were noted in the apartment in Leba. Within
central and eastern Poland (Wieluń and Wlodawa), the
differences in cooling demand ranged from 33.0% to
59.2%. It is worth noticing that the absolute value of
the cooling demand increase and the heating demand
reduction are comparable – they amount to approxi-
mately 200 kWh/year on average. However, the propor-
tion of cooling demand increase is much higher than
the heating demand decrease, because of the much
smaller absolute value of the cooling need.

Comparing the components of the energy balance
calculated with the use of TMY and subsequent climate
data, the same trend as for heating demand was
observed. The changes were even more pronounced –
average transmission and ventilation losses during
2001–2012 were by 19.0% and 8.0% smaller than the
equivalent losses calculated with the use of TMY. Solar
gains rose up to 25.5%, and in connection with smaller
heat losses, would increase the demand for cooling
compared with TMY.

As in the case of heating demand, results were com-
pared by carrying out a t-test for one average. At a
confidence level of 0.95, almost all of the multiannual
averages (except for the one marked with * in Table 7)
in a statistically significant way exceeded the results
obtained with the use of TMY. Moreover, in the eight

Figure 10. Average air temperature from 1971 to 2012 and the trend lines obtained with the method of least squares.
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of the analysed cases, the lines of the tendency lines
determined with the least-squares method showed the
upward trend of cooling demand (Figure 8). Such big
divergences can be caused not only by differences in both
types of the worked-out climatic data but also by grow-
ing tendencies towards the change of climate. In the
cooling season, insolation in all localities exceeded the
values given by the TMY by more than 20%, which was
reflected by increased solar gains and energy demand.
Furthermore, TMY was meant to be the year most
aptly representing averaged long-term conditions, and
therefore the share of diffuse component would domin-
ate in the distribution of solar radiation. In the data for
the period of 2001–2012 direct radiation, the transmit-
tance was higher due to smaller prevailing incidence
angles (which is especially conspicuous if windows face
east and west).

To check if the discrepancies described above could
be caused by the cooling system parameters or sched-
ule, additional simulations of a ‘free-running’ building
were conducted. In the computer model, the cooling
system was disabled, and during the summer, the build-
ing was subjected only to the natural influence of solar
radiation and external temperature. As a result, the
number of hours with the internal temperature above
26�C was compared with number of hours calculated
for the TMY. The outcomes are compared in Figure 9.

In all cases, the average number of hours when over-
heating could be expected, exceeded the number of such

hours showed by TMY. The differences in the least
unfavourable case (presented in Figure 9) were equal
to 14.9%, 9.9% and 17.8% for Leba, Wieluń and
Wlodawa, respectively, and in the most unfavourable
case reached 44.4% (Leba, massive construction, win-
dows orientation W-E).

All the described factors make disproportions in
energy demand impossible to neglect. Because of a
big underestimation of cooling needs and the likelihood
of a boost in cooling demand in the coming years, the
achieved results raise doubts as to the possibility of
using TMY to analyse phenomena connected with the
overheating of buildings constructed in Poland after
2000.

Summary and conclusions

In the localities described above, the mean yearly tem-
perature shows the upward trend and the average tem-
perature rise since 1971 to 2012 was 1.3�C (Figure 10).
Since 2001 until 2012, the average temperature rise was
0.4�C.

In the common perception, these changes are notice-
able as well. This especially refers to the increase of air
temperature in summer and the uncomfortable over-
heating of residential buildings employing only natural
ventilation. The authors’ own observations indicate
that quite a few inhabitants are planning to install, or
has already installed simple cooling systems in the

Figure 11. Cooling systems installed in dwellings, ‘Czuby’ district in Lublin, Poland.
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dwellings (Figure 11). Such tendencies are also reported
in the literature.17,19,21,29

The analyses showed that cooling demand in summer
is significantly underestimated when calculated with
TMY taken as the source of climatic data. This may dis-
tort the energy needs and indoor environment conditions
in summer, and create discomfort in existing and new
dwellings. Therefore, updating of the calculation method-
ology in national legislation is highly recommended.

The discomfort caused by overheating may be less
noticeable if protection systems (e.g. additional insula-
tion, glazing that decreases solar gain, more efficient
ventilation systems) are implemented in building
design.30–33 If these solutions are to be efficient and
economically justified, therefore, correct evaluation of
the energy needs is necessary. The reliable energy char-
acteristics of buildings should take into account the
increase of temperature, insolation and number of
solar days in the past 12 years. Inclusion of this phe-
nomena in the freely available climatic data, such as
TMY, is also necessary.
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