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ABSTRACT: Under current Polish legislation, the valuation of real estate should take into account the
results of energy performance certificates and indications of for potential improvement of this perfor-
mance which are economically viable and technically achievable. The Polish market of energy certificates
is young. However, there are energy-intensive data that can be included in property valuation in the
absence of energy performance certificates, especially in the case of residential units. The article pro-
poses a way to assess the multi-family building's and its individual units' energy performance on the basis
of information such as the location of the unit in the building, the consumption of heating units, the unit's
(its living room's) sun exposure. Based on the analysis of the local real estate market (selected homoge-
neous housing estate in Szczecin), statistically significant relationships between the transaction price of
a flat and its pricing features were sought, in particular those characterizing the energy intensity param-
eters of flats and buildings. The research is devoted to the current and important problem of including
energy values in property valuation, but first of all it is important to improve the awareness of buyers and
real estate professionals about the costs of heat energy and their impact on sustainable development.
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Introduction

In the European Union buildings account for about 40% of the demand
for non-renewable primary energy PE and are also responsible for more than
a third of carbon dioxide emissions into the environment. Therefore, the
main objective of the EU policy implemented in the construction sector is to
become independent of non-renewable energy sources and improve the
energy performance of buildings, while reducing carbon dioxide emissions to
the environment. In 2008, EU countries introduced stricter regulations (cli-
mate and energy package) aimed at setting an indicative target value for
energy efficiency, based on the national consumption of primary energy PE
or final energy FE. Member States have been obliged to achieve a certain level
of energy savings and environmental benefits by 31 December 2020. Objec-
tives and tools to support the implementation of the above commitments
have been included in subsequent communications and directives of the
European Union, particularly Energy Performance of Buildings Directive, the
so-called EPBD Directive and the Directive on the Energy Performance of
Buildings (Directive of the Parliament..,, 2010). Under the assumption of the
above documents, to obtain reliable information about the building on the
basis of energy performance certificates, Member States have to use harmo-
nised calculation methods and energy classes (labels), based on consistent
EU rules of assessment that take into consideration local climatic conditions,
diversifying facilities by the national and regional level, available energy
resources and legal regulations. The mandatory requirements of both direc-
tives have been incorporated in such legal acts as the Polish construction law
(the Construction Law Act, 1994) and the Real Estate Law (the Act on the
Real Estate Management..,, 1997). The requirement to include energy perfor-
mance certificates in the process of property valuation was also laid down in
the European Valuation Standards (EEE, 2016). In Poland, a number of
energy performance certificates issued for secondary market properties is
still low. Therefore, in the absence of a market for energy performance certif-
icates, it is not possible to make a comparative analysis of premises from the
adopted database regarding the features describing energy efficiency.

Faced with an immature market of energy performance certificates for
residential units, and in principle the lack of these documents in market trad-
ing, buyers are looking for alternative parameters of multi-family buildings
and their individual units that are responsible for heat losses (Kazak et al,,
2018, p. 1653-1661). These parameters are used for comparison with other
offers on the market. They allow for informed decisions in the context of
environmental care. Similarly, property appraisers need alternative tools to
evaluate properties on sale. Their toolbox requires comparative attributes of
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properties from the transactional database, including those that relate to
energy intensity.

The purpose of the study is to identify features and their variants that
describe a multi-family building and its residential units in terms of energy
intensity. In the article, an attempt is made to change the view on property
valuation and to verify the existing approach to the valuation process which
does not include the analysis of features related to energy intensity of build-
ings. The authors’ aim is to answer the question whether the energy perfor-
mance of a multi-family building (and individual flats) in the form of the pre-
viously ignored attributes responsible for heat consumption influences the
value of residential units and whether it should be taken into account in the
valuation of market rights to residential units.

An overview of the literature

Awareness of the importance of climate and natural phenomena creates
the need to conduct analyses and make models of rational use of environ-
mental goods, including in the issue of depletion of natural resources.
Research on the implementation of sustainable development principles on
the basis of real estate value theory (Burchard-Dziubinska, 2007, p. 220-221;
Forys, Putek-Szelag, Ziembicka, 2019) has a special role to play. However, the
principles of pro-ecological sustainable development on the property market
should be considered broadly, taking into account such sectors of the econ-
omy as construction, being a part of the investment process of “physical” cre-
ation of buildings. Modern, efficiency-oriented ecological solutions that slow
down the process of value loss as a result of technical wear and tear meet
ecological standards, minimize the environmental impact of the building
throughout its life cycle, but also affect the value of the property. They pro-
vide healthier conditions for users by improving the quality of air inside the
building (Batdg et al., 2019) and the spatial layout of the property (Belniak,
Gluszak, Zieba, 2013, p. 122-127).

The pro-environmental dimension of the property market reflects the
desire to increase the value of real estate, taking into account: environmental
protection including the need for clean air, better quality of life as well as
improved economic growth (Czarnecki, Karpon, 2012, p. 304). It is also a
search for a compromise between “inviolability” of the natural environment,
for present and future generations (sustainable development) and social and
economic development (Jaworowicz-Rudolf, 2010, p. 46-53). According to
Sieminska, each new investment project brings changes to the environment
and interferes with the existing balance (Sieminska, 2013, p. 62), hence sus-
tainable development involves, among other things, the design and construc-
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tion of buildings to be harmoniously inscribed in the environment as envi-
ronmentally friendly, maintaining their functionality and durability, using as
little energy as possible and ensuring comfort of use. In turn, Kryk points out
“the necessity of ecoconsumption conditioned by people’s perception of eco-
logical needs and the level of their ecological awareness” (Kryk, 2007, 116-
117). The environment is treated by the users as a utility.

Environmentally friendly property market sets out mutually complemen-
tary directions and their harmonious interactions in the following dimen-
sions: social, economic and environmental, while meeting the criterion of
limiting the consumption of domestic energy within the limits of profitability.
These are the objectives set by the European directives, which provide for the
reduction of energy demand of buildings by minimising losses through build-
ing envelope and effective use of heat gains and of renewable energy
resources. It is a pursuit of energy self-sufficiency of buildings achieved
through the implementation of energy-optimal structural, material and
installation solutions (Czarnecki, Karpon, 2012, p. 309). Energy intensity can
be attained with standardised tools for the assessment of buildings’ environ-
mental performance that set out detailed rules and requirements for the eco-
nomic assessment of their characteristics (based on, inter alia, functionality
and technical parameters) as well as for the detailed inspection of their
results (PN-EN 15643-4, 2012).

Economic growth contributes to an increase in energy consumption and
CO, emissions to the environment, therefore raising individual consumers’
and entrepreneurs’ awareness is of great importance for the externalisation
of environmental costs (Burchard-Dziubinska, 2007). It is one of the objec-
tives of ethical principles of sustainable development with regard to the nat-
ural environment (Rogall, 2010, p. 394-403). It is not the amount (in strict
sense) of consumed energy that reflects the economic development and
innovativeness, but the efficient use of resources, with particular stress on
the use of renewable resources (Michalak, 2009). Therefore, when looking
for solutions stimulating efficiency, one should remember that it stems from
energy-saving solutions relating to technical activities, the aim of which is to
achieve economic benefits (energy-saving). In a broader sense, the issue can
also be extended to environmental protection measures.

The consumed energy can ensure the material well-being of an individ-
ual, at different levels. For example, Germany consumes 170 G]J of final energy
per capita (EK), the USA 328 GJ, and Japan 171 GJ per capita (Rogall, 2010, p.
404). Differences may result from cultural and climatic conditions, but also
from different efficiency of technical facilities. Domestic heating (about 74%)
and hot water preparation (about 12%) have the highest share in final energy
consumption of households. Therefore, it is important to increase energy
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efficiency of new and existing buildings (Kazak et al., 2018). Energy perfor-
mance assessment applies to the design, construction and operation of build-
ings and applies to buildings and their technical systems (Broniewicz, 2018,
p. 36-48). With regard to “old” buildings, thermal upgrading is of crucial
importance, while in the case of newly built ones, higher standards of ther-
mal protection is of crucial importance.

Efficiency is the subject of many studies, analyses and discussions and is
usually associated with productivity, as it is a result of the actions taken, rep-
resenting the relation of the produced effects to the incurred outlays. As an
economic category, efficiency is usually associated with economic and effec-
tive implementation of measures leading to growth (economic in the sense of
optimising cost expenditures; effectiveness measured by the level of achieve-
ment of an desired objective). From an ex post point of view, efficiency is the
result of activities performed, whereas from an ex ante point of view it is
a forecast of anticipated effects, with the involvement of specific resources at
a given time. When relating the effect to the outlay, the dynamics and level of
growth depend on the adopted efficiency measure. In economic deci-
sion-making, the outlay is expenditure necessary for the implementation as
well as for the maintenance of an investment. In a broader sense, a measure
which produces the best results at the lowest cost may be considered effec-
tive (Solinska, Solinski, 2003, p. 95-109). The Ministry of Investment and
Development (www.miir.gov.pl) indicates that “energy efficiency of a build-
ing, or energy performance, is the degree to which a building is prepared to
ensure comfort of use in accordance with its intended use, with the lowest
possible energy consumption by that building”. The efficiency assessment
includes an analysis of characteristics of the building and its fitting-out that
have an effect on its energy consumption. The main principles in energy-effi-
cient construction include the choice of the smallest possible area with an
assumption that the building is compact in shape (rectangular or square
plan), abandonment of cellars and attics, the choice of a simple one- and two-
way roof, optimal location in relation to the directions of the world, optimal
quantity of built-in installations and evaluation of thermal insulation of
building envelope (walls, ceilings, roof, ground floor).

The Energy Efficiency Act (2016) defines it as the ratio of the utility effect
of a facility, appliance or installation produced under typical conditions to
the amount of energy absorbed by the facility. The measure of energy effi-
ciency is the utility effect, which is e.g. lighting and the level of users’ thermal
comfort. According to the EU directives, the efficiency should be analysed
together with the estimated economic life cycle of the building (if an energy
performance certificate is required). Energy efficiency should therefore be
analyzed in the context of energy intensity (consumption) in the “top-down”
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perspective, as an integrated system covering a number of issues including:
use of energy from available renewable sources, implementation of the best
possible technological and installation solutions (optimal in terms of energy
and economically viable), the building’s physics and its thermal diagnostics
throughout its life cycle, the environmental effect including CO, emissions to
the environment, promotion of energy efficiency, inspection of socio-eco-
nomic effects of energy efficiency improvements, and creation of municipal
policy instruments (Geryto, Mankkowski, Piasecki, 2012, p. 323-330).

Energy efficiency can be linked to economic and environmental efficiency
so that the whole could form a “hybrid” of a technical solution balancing the
economic cost, the environmental cost and the savings effect for the customer
and the environment. According to the current regulations, it poses a chal-
lenge for residential property managers whose duty is to manage their
resources in the right way by choosing an optimal method of distributing the
total costs of heat purchase which is settled on a per unit basis. This method,
after considering the compensating factors of energy consumption for heat-
ing purposes, should contribute to stimulating energy-saving behaviours for
each flat depending on its position of the building, regarding the residents’
thermal comfort and normative ventilation of flats. The measure of efficiency
can also be the discounted rate of return on investment for renovation in the
fixed period of time (net present value).

During the long-term operation of a building, its energy quality may
change, depending on many factors (Koczyk et. al., 2009, p. 95-498):
¢ Dbuilding’s geometry, its geographical location and layout of the rooms,
¢ thermal quality of materials used for the building envelope and exterior

joinery,

o effective protection in summer against heat losses and radiation,

¢ diffusion and airtightness of the building,

e architectural details eliminating the influence of thermal bridges,

¢ the ability of the structure to use natural ventilation and cooling solu-
tions for the building,

* the good practice of continuous maintenance and repair of the building
together with technical facilities.

An energy-efficient building is one that is equipped with highly efficient
installations, emitting as little heat as possible to the environment. Energy
consumption is considered to be low when it is 50% less than in traditional
buildings according to the standards in force at the time of construction
(Alsabry, Pigalski, Maciejewski, 2010). Meeting these standards depends on
the climate zone for which the assessment is made, including the variability
of external air temperature, wind speed and solar intensity. The value in use
of a building is therefore determined by actions that aim to reduce the con-



EKONOMIA | SRODOWISKO 4 (71) « 2019 Studies and materials

113

sumption of operating energy, without compromising the thermal comfort
and well-being of users (Jaworowicz-Rudolf, 2010), while maintaining visual
comfort and extending the service life (durability).

In the nearest future the Polish construction industryis expected to
change its philosophy of designing and maintenance of low-energy houses
(Ziembicka, 2016). However, potential buyers do not yet perceive the energy
certificate as an attribute that adds value to the transaction. In their research,
the authors indicate that in the central location of the city of Szczecin, the
condition of the facade of the building in confrontation with an attractive
location does not matter much (Putek-Szelag, Ziembicka, 2016, p. 409-417),
while in the case of buildings outside the city, the process of thermal upgrad-
ing of buildings may, however, contribute to a higher price of properties on
the market (Forys, 2006, p. 55; Betej, Gulmontowicz, 2009). The property
managers’ experiences shows that the key factor influencing the effeciency is
the shape of the building, location of the residential unit on offer, thermal
quality of the building envelope, the type of ventilation, window and door
woodwork, as well as the layout of rooms adapted to climatic conditions
(Sujkowski, 2014). Settlements of heat energy costs take into account heat
gains in the heating season, while in the case of residential units, the energy
demand of rooms in the summer season is ignored.

Research methods and data

The article searches for the relationship between the transaction price of
residential units and the factors determining the energy intensity of build-
ings and these units. To evaluate these relationships, elements of structure
analysis are used to determine the basic descriptive statistics of the sample.
Average values, standard deviation and quartiles are analysed. Due to the fact
that the data are ordinal variables the Spearman rank correlation coefficient
is used to verify the dependency. The Spearman’s rank correlation coefficient
is calculated as follows (Aczel, 2000):

_ 4 6B, al4TeTy) (1)
Pxy = Pyx = 1- n-(n2-1) »
d; = rank x; — rank y; where: L
1 ! t;- number of observations in the sam-
T, = _Z(t,3 — t~), ple having the same j-th value of the
12 7 J J characteristic rank x,

1 u, - number of observations in the sample
T, = 'V E(ui - uk)' having the same k-th value of the
. characteristic rank y,
n - number of observations.
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The coefficient takes values from <-1;1> and informs about the strength
and direction of the dependency. The closer the absolute value of the coeffi-
cient to unity, the stronger the relationship (positive or negative).

Using the indicated measures and basing on the analysis of the local
property market (a selected homogeneous housing estate in Szczecin), sta-
tistically significant dependencies between the transaction price of a flat and
its pricing characteristics are sought, in particular those concerning the
parameters of energy efficiency of flats and buildings.

For this purpose, to the classical characteristics of units which are
included in the valuation as a standard, we propose three characteristics to
assess the buildings and units located in them, in terms of their energy inten-
sity, i.e.: sun exposure of the unit (living room), consumption of heating units,
position of the unit in the building. Data from the Housing Cooperative “Dab”,
public statistics, databases and our own research were used for the analysis.
The research covered selected buildings in the Housing Cooperative’s stock
- erected in the years 1979-1984, in a prefabricated concrete slab technology
(mainly the Szczecin system). We analysed transactional data from the sec-
ondary market of flats in the above mentioned buildings for the years 2008,
2011, 2014, 2017 and data concerning readings of units of heating energy
consumption in individual flats. The research area covered the following
streets: Jasna, Kostki Napierskiego, Rydla, L.ubinowa and Lniana. The choice
of the “Stoneczne” housing estate for the study was conditioned by:

* homogeneous location,

* ahomogeneous housing stock in terms of construction time and building
technology,

¢ similar heat transfer coefficient U for all buildings,

¢ ahomogeneous and most efficient source of heating,

¢ diversified position of the buildings in relation to the directions of the
world,

* various types (shapes) of buildings,

e position of flats in the building (central or end wall position).

The above conditions and characteristics allowed for a detailed analysis
of the impact of each of them on the transaction price of residential units,
with regard to the energy efficiency of buildings and units located in them.
The buildings were grouped into four types depending on their height and
shape, i.e. high buildings: star-shaped (three arms form cubic blocks of tall
buildings), ordinary-shaped (cube), cascade-shaped (sloping cubic blocks)
and all low-shaped (up to five storeys) buildings. Seven low buildings and
eighteen high-rise buildings were observed, including: nine buildings form-
ing three stars, two cascade buildings and seven ordinary buildings.
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The residential units were divided into two categories, i.e. the ones
located centrally in the building and those at the end wall. The central posi-
tion of the unit in a building was considered to be more advantageous in
terms of energy savings, while the end wall position was considered to be
less advantageous. The following number of units was observed in each year
of the study, broken down into end wall and central units:

2017: 10 end wall, 74 central units,
2014: 8 end wall, 47 central units,
2011: 5 end wall, 57 central units,
2008: 11 end wall, 80 central units.

Due to right-skewed distributions, four variants based on positional
measures were adopted for the heating energy consumption characteristic:
first and third quartiles and the median, minimum and maximum (for subse-
quent intervals respectively 0, 1, 2, 3).

The last of the adopted characteristics concerned the sun exposure, but it
was assumed that the comparisons would focus on the living room in which
residents spend the longest time during the day. The three additional charac-
teristics mentioned above that describe the building and premises in terms
of energy intensity and that can be added to the analysis of the local market
are proposed intuitively, basing on professional experience and technical
knowledge (Ziembicka, 2019; Forys, Putek-Szelag, Ziembicka, 2019).

Results of the research

In the first step of the analysis, descriptive statistics of variables describ-
ing the transactions of residential units in the analysed years were deter-
mined. The results for the unit transaction price, unit floor area and the con-
sumption of heat units in a given heating season are presented in the table
below (table 1).

In individual years under analysis, the highest minimum unit price was
recorded in 2017 (PLN 2591.84 per sqm) and the lowest in 2011 (PLN
1677.85 per sqm). The highest maximum unit price for residential units was
paidin 2008 (PLN 5709.68 per sqm), while the lowest-in 2014 (PLN 4528.30
per sqm). The highest dominant was recorded in 2008 (PLN 4268.04 per
sqm) and the lowest in 2014 (PLN 3427.67 per sqm). Regarding floor area,
the highest dominant was 53 sqm (in 2011, 2014 and 2017), and in 25% of
observations the flat size was not higher than 48.50 sqm. 75% of flats were at
least 63.60 sqm (2011, 2014), and in 2008 and 2017 - at least 59.40 sqm.
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Table 1. Structural parameters of the transaction prices of dwellings, floor areas and the
quantities of consumed heating units in the years under study

Average price [PLN/sqm]
Year Mean Quantity gzt?i?;: Min Max ?uartile Median guartile
2008 423848 91 66699  1951.22  5709.68  3958.76  4268.04  4639.18
2011 3901.66 62 57864 167785  4867.92 360377  4020.62  4207.12
2014 3430.271 55 505.16 223097 452830 311448 342767 3670.10
2017 3850.28 84 51929  2591.84 525773 354306 3811.19  4320.12
20082017 381399 685 602.19 144330  5709.68  3404.67 3820.75  4226.80

floor area [sqm]
2008 51.06 91 13.41 30.90 85.40 48.50 48.50 59.40
2011 53.53 62 14.23 30.90 82.00 48.50 53.00 63.60
2014 556.32 55 11.41 30.90 77.00 48.50 53.00 63.60
2017 52.70 84 13.54 30.20 85.40 48.50 53.00 59.40
20082017 52.68 685 13.31 30.20 85.40 48.50 49.00 59.40

consumption of heating units in given heating period [unit/sqm]
2008 8.00 91 8.61 0.00 39.30 1.35 5.23 11.63
2011 6.49 62 7.50 0.00 29.96 0.66 3.03 10.65
2014 443 55 447 0.00 21.54 0.86 3.10 6.66
2017 7.51 84 9.18 0.00 38.63 0.55 321 13.70
20082017 6.43 685 7.31 0.00 39.30 0.84 3.70 9.84

Source: author's own work.

Unit heat consumption varied and averaged from 4.43 unit/sqm in 2014
to 8.0 unit/sqm in 2008, with the highest dominant recorded at 5.23 unit/
sqm in 2008, and the lowest at 3.03 unit/sqm in 2011. In 25% observations,
the consumption of heating units was not higher than 0.55-0.86 unit/sqm,
and in 75% observations it reached the value of at least 6.66-13.7 unit/sqm
of floor area of a residential unit.
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Table 2. Mean transaction prices of residential units [PLN thousands/m?]

Item Building type 2008 2011 2014 2017 2008-2017
1. B1 (ordinary high-rise) 41256 36739 34696 36852 36406
2. B2 (star high-rise) 41848 3845.3 3362.8 3663.2 37749
3. B3 (cascade high-rise) 4290.1 3985.6 3176.1 42137 3950.7
4. B4 (all low) 43399 4190.3 3597.2 39727 3927.8

Source: author's own work.

In 2008, in the housing stock under study the highest unit transaction
prices were recorded for flats in low buildings and the lowest prices - in
block-shaped high-rises. In 2011, prices were significantly lower than in
2008. The same situation was observed in 2014, when unit prices of flats in
all types of buildings were low in comparison to 2008 and 2011. The prices
rebounded only in 2017, while in cascade type high-rises the unit transaction
price was comparable to 2008, while in other types of buildings (B1, B2, B4)
the price was marginally lower than in 2008. On average, in the analysed
period of 2008-2017, in the B3 and B4 type buildings the prices of 1 sqm of
residential units were higher than in other types of buildings.

Table 3. Mean consumption of heating energy units by building types [unit/m?

ltem  Building type 2008 2011 2014 2017 2008-2017
1. B1 (ordinary high-rise) 827455 1030033 487786  10.40431 8408831
2. B2 (star high-rise) 796346 291844 339900 503681  5.394915
3, B3 (cascade high-rise) 6.226179 3968422 1239350 4770988  4.805913
4. B4 (all low) 995980  6.89071 679422 672087  7.010627

Source: author's own work.

The data summary in table 3 shows that in the analysed years the highest
average consumption of heating energy units, i.e. 8.41 units per square meter,
was recorded in ordinary block-shaped buildings (B1), while the lowest, i.e.
4.81 units per square meter, in the cascade type buildings (B3). The differ-
ence was significant (75%). When analysing the data, the coexisting weather
conditions should be taken into account. In 2017, the lowest recorded tem-
perature of the external environment was -7°C and was observed as tempo-
rary in four autumn-winter months of the heating season. In 2014, tempera-
tures recorded were lower than in 2017, but they prevailed over a shorter
period. Most often, in autumn and winter months the temperature oscillated
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around 0°C. In 2011, the situation was similar, i.e. the lowest temperature of
-15°C was recorded at the end of December, but for the rest of the season it
oscillated between 0°C to -5°C. The winter of 2008 was the warmest of all the
years under study. The lowest temperature of -10°C was recorded in Febru-
ary, but from November to December the temperature usually ranged
between 0°C and -5°C. In 2008 high heating energy consumption readings in
all the buildings could be blamed for the use of older heat substations which
were successively modernised in all the buildings in the following years. The
most similar results in each year, and at the same time the highest values,
were recorded in low buildings. The highest differences in results were found
in B3 type buildings. In 2014 in the buildings of B1 and B3 types extreme
values were recorded which significantly differed from the others. The same
applies to data from 2011 collected for star-shaped high-rise buildings (B2).

The analysis of transaction prices in the years under study shows signifi-
cant differences both in reference to the most frequently occurring price
(empirical dominant) as well as the strong left-skewed distributions in 2008
and 2011 and symmetrical price distributions in subsequent years. In 2008
and 2011 prices were mostly in the range of PLN 4-4.5 thousand per sqm.
In 2014, prices dropped to PLN 3-3.5 thousand per sqm, while in 2017 they
rose to PLN 3.5-4 thousand per sqm.

The research into correlation between unit prices and price formation
characteristics was carried out in two stages: for all the characteristics in
total and in selected years, as well as for selected years by the type of build-
ing. The study of total correlation for all the buildings in subsequent years
showed the effect of the building type on the unit price of a flat. Equally
important turned out to be the variable of the floor space and of the position
of the residential unit in the building. In 2017, a negative relation was found
between the property environment ad the price. Over the whole period under
study the public transport access in the remained in a weak negative relation
with the variable (table 4).

Since the unit price and building type correlation turned out to be statis-
tically significant (table 4), the next step was to look for the correlation
between the transaction price and price shaping characteristics in particular
building types. A positive correlation between the unit price and the usable
floor area was found here. It was statistically significant in the case of the B1
and B2 type buildings. In the B1, B2 and B3 buildings, unit prices were posi-
tively correlated with the position of a residential unit in a building. In the B3
type buildings prices were positively correlated with the neighbourhood
while negatively with the sun exposure of the living room (table 5).
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Table 4. Pearson’s rank correlation coefficients of transaction price and variables
characterizing residential units sold in years 2008-2017

Variable 2008 2011 2014 2017 ;g?g
Building type 0.172 0.358 -0.025 0.281 0.199
Neighbourhood 0.188 -0.003 0.180 -0.220 -0.013
Access to public transport 0.064 -0.040 0.259 -0.204 -0.081
Position on storey 0.055 -0.028 -0.237 -0.030 -0.022
Floor size 0.492 0.549 0.514 0.241 0.384
Energy consumption per 1 m? -0.027 -0.051 0.086 -0.140 -0.029
Position in building 0.367 0.088 0.361 0.123 0.219
Living room sun exposure -0.091 -0.234 0.099 0.016 -0.046

Source; author's own work.

Table 5. Pearson’s rank correlation coefficients of transaction price and variables
characterizing residential units sold in years 2008-2017 by building type

Type of building

Variable
B1 B2 B3 B4

Neighbourhood 0.000 0.000 0.205 0.087
Access to public transport 0.000 0.090 0.000 0.000
Position on storey -0.048 -0.008 -0.017 0.080
Floor size 0.494 0.460 0.291 0.294
Energy consumption per 1 m? -0.013 -0.061 0.020 -0.002
Position in building 0.197 0.252 0.172 0.006
Living room sun exposure -0.090 0.047 -0.334 0.010

Source: author's own work.

Conclusions

The paper attempts to determine the impact of energy performance of
buildings on the estimated market value of residential units in one of the
housing estates in Szczecin in a situation when the property valuer does not
have the energy performance certificate of the unit under valuation as well as
the units adopted for comparison. For this purpose, the authors proposed
three features enabling the valuation of buildings and their residential units,



-I 20 Studies and materials EKONOMIA | SRODOWISKO 4 (71) + 2019

which are included in the valuation as standard in terms of energy intensity,
i.e.: sun exposure of the unit (its living room), consumption of heating units,
position of the unit in the building. First of all, the analysis of the correlation
between the price of a residential unit and the price shaping characteristics
showed a significant importance of the property size, while the position of
the flat in the building turned out to be positively correlated with the charac-
teristics related to energy efficiency. Only in B3 type buildings the sun expo-
sure of the living room was negatively correlated. The analysis of correlations
showed the significance of the building types classified according to their
shape and height.

The most beneficial in terms of heat exchange with the environment
turned out to be the star-shaped high-rises buildings and cascading build-
ings. Itis also important to notice that the wind exposure of the gable walls of
all the studied objects (north-west wind) significantly reduces the heat loss
of the whole building due to the smaller surface area of these walls. The big-
ger the building external walls, the greater the heatloss. Such a regularity can
be observed on the example of energy consumption by units in low buildings.
Moreover, attention should be paid to the different levels of thermal comfort
experienced by users and vacant flats in each of the buildings - therefore, the
maintained indoor temperature in residential units differs from the design
temperature, which is 20°C in rooms and 24°C in bathrooms.

The results obtained are a contribution to further research on the impact
of the energy performance-relate characteristics of buildings and residential
units on the market price. Significant correlations should then be taken into
account in the process of estimating the value of the property.
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