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Abstract: This article focuses on the energy performance of buildings with an emphasis on the
consequences of non-compliance with technological practices during the building process. We
analyse the impact of construction deficiencies on the consumption of heat for heating, focusing
on specific case studies of selected building constructions in the Slovak Republic. The results show
that non-compliance with prescribed technological standards and procedures leads to significant
deterioration in the building’s energy efficiency, which is manifested in increased heat consumption
and higher operating costs. The findings of this study have key importance for future construction
projects as they offer valuable recommendations for improving energy standards and construction
quality, thus contributing to a more sustainable and efficient building process. When designing
buildings with near-zero energy demand, it is necessary to eliminate all risks in the project that arise
during the preparation and design itself, as well as during implementation.
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1. Introduction

The energy performance certification of buildings is the process of assessing the
energy performance of a building to provide information on the amount of energy used by
a building for heating, cooling, hot water supply, and other energy needs. This certification
process helps to identify energy-efficient and energy-saving buildings, raising awareness
of energy costs and contributing to more sustainable use of energy.

The idea of energy certification for buildings and improving the energy performance
of buildings was first introduced more than two decades ago. The purpose of this step was
mainly to reduce CO, emissions and thus ensure long-term sustainability. From a statistical
point of view, the built-up area of the EU accounts for 4% of its total area, approximately
4 million km? [1]. Approximately 80% of this figure is made up of buildings built before
1990. These buildings are energy inefficient and their operation generates a large amount
of CO; emissions. In addition, these buildings have high energy consumption. In 2008,
Pérez-Lombard et al. reported statistics in their article [2] on total energy consumption. The
authors state that based on information from the Energy Information Administration (EIA)
and Eurostat, in 2004, the final energy consumption of buildings in the EU was 37% of the
total energy consumption. The authors also expressed the assumption that these values
will increase with a growing market. This information can be followed up with further
information from the global benchmark, where it is statistically proven that over the last
ten years, the world has emitted almost 35 billion tons of CO; into the air every year, and
these values are only expected to increase. These values are 50% higher than they were in
the year 2000 and almost triple the values that they were 50 years ago [3].
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The previously mentioned factors, among others, have led to the creation of one of the
focal points of the European Commission’s key priorities on the energy performance of
buildings. The idea was expressed in the form of Directive 2002/91/EC of the European
Parliament and of the Council of 16 December 2002 on the energy performance of build-
ings [4], which entered into force on 4 January 2003. The directive introduced a common
system for ensuring the improvement of the energy performance of buildings by changing
thermal insulation with regard to climatic and local conditions. The Directive also adjusted
the required conditions for the indoor environment of buildings and the cost-effectiveness
of the construction and operation of buildings. It established a common general framework
for the methodology of calculating integrated energy performance, the energy certification
of new and existing buildings, the obligation to display the building energy label in a
visible place in the buildings of public institutions, the minimum energy performance
requirements for new buildings and existing buildings undergoing major renovation, the
periodic inspection of boilers and air-conditioning systems in buildings, and the inspection
of heating installations with boilers more than 15 years old [5].

This Directive was subsequently replaced by Directive 2010/31/EU of the European
Parliament and of the Council of 19 May 2010 on the energy performance of buildings [6],
which retained all of the existing obligations and rules from the previous Directive and
added a new requirement to use energy from renewable sources.

The most recent one, which amends Directive 2010/31/EU on the energy performance
of buildings and Directive 2012/27/EU on energy efficiency, is the implementation of
Directive (EU) 2018/844 of the European Parliament and of the Council of 30 May 2018 [7].

Energy performance certification was introduced in Slovakia more than 15 years ago.
Slovakia is one of the countries that implemented Directive 2002/91/EC into national
legislation on time. Prior to the introduction of the Act on the Energy Performance of
Buildings, insufficient attention was paid in Slovakia to proving compliance with the basic
requirements for buildings, which according to the Construction code (Building Act) (Act
No 237/2000 Coll.) refers to energy saving and heat protection. This has also affected the
readiness of experts to carry out the calculation of the energy performance of buildings. The
implementation of building energy performance certification has been adversely affected
by the unfinished process of preparing European standards related to the Directive.

Currently, the general standards EN 15217 [8] and EN 15603 [9] have been translated
into the Slovak language. The introduction of mandatory energy performance certification
of buildings is, of course, also related to ensuring a good understanding of this obligation
by the owners of the buildings. Here, it is unfortunate that, compared to other EU Member
States, very little attention has been paid to campaigning, providing information, and
highlighting the benefits of carrying out energy performance certification of buildings.
Only high-quality implementation of building energy certification can have a positive
impact on reducing energy demand, improving energy efficiency, and reducing the actual
energy consumption, thus improving the energy performance of buildings.

The importance and need for energy certificates is evident from the above text. How-
ever, it is clear that many regulations, principles, and technologies are often circumvented
and not followed. This often leads to incorrect classification of the building, where the
certificate processor declares energy class A0 even though this classification is incorrect.
There are a number of buildings that are misclassified in this way, which is not correct
and it is necessary to address this issue in more detail from the point of view of long-term
sustainability and compliance with national and international regulations.

The purpose of this contribution is to present the issue of non-compliance with tech-
nological procedures during construction, which have a fundamental impact on the energy
demand of the building from the point of view of heat consumption. It is clear that
non-compliance with regulations is a significant problem and it is necessary to point out
shortcomings. This can contribute to the improvement and greater control of shortcomings
not only at the level of the Slovak Republic, but also from an international point of view.
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2. Global Literature Review (Articles Where They Are Addressing Certification)

Energy efficiency is generally a very hot topic that has been at the forefront for several
years [10,11]. The oil shocks in the 1970s led to major changes in global energy policy,
which brought long-term impacts on energy efficiency and technological development.
In the 1980s after the second oil crisis, countries started to invest more in energy efficient
technologies, leading to a decrease in the energy consumption per unit of economic output.
Although the initial focus was mainly on energy savings, the focus later moved to energy
performance and energy efficiency across a range of sectors, including construction, with
environmental and climate impacts also taken into account [9]. After the oil shocks, there
was a wide-spread implementation of energy codes that required buildings to meet certain
energy efficiency standards. Soon after that, several countries adopted new regulations
and standards [12-17].

These regulations gradually paved the way for the introduction of energy performance
certificates, which evaluate and categorise the energy performance of buildings. Several
European countries have implemented market mechanisms to encourage investment in
energy efficiency and achieve national energy saving targets. Some of these schemes are
based on quantified energy saving requirements for energy distributors and suppliers,
and they are complemented by the certification of energy saving through certificates.
The authors [18] looked at the nature and functioning of tradable certificate schemes in
Europe, analysing how these schemes work and what their important features are. They
also provide a comparative analysis of schemes in Italy, the UK, and France. Altogether,
they highlight the benefits and challenges of these schemes and explore the potential for
integration into the emission market.

Certificates are an important tool that confirm energy savings have actually been
achieved thanks to specific measures and can therefore be used for various energy policies.
Each certificate should be unique, verifiable, transparent, and have only one owner [19].
According to a Buildings Performance Institute Europe survey, energy performance certifi-
cates (EPCs) are currently one of the most important sources of information on the energy
performance of buildings in the EU [20]. As a response to the energy crisis, the European
Union started to work intensively on energy efficiency policies and introduced energy
performance certification in 2002 with the first Energy Performance of Buildings Directive
(EPBD) 2002/91/EC. The directive made energy performance certificates mandatory for all
EU Member States, which had to introduce an effective certification system for all buildings
that were sold or leased by 2009 [4].

Several authors have prepared a thorough analysis of the EU energy policy that
provides valuable information on the historical development, current policies, and future
directions of the EU in the field of energy [2,21-25].

Since the 20th century, the world has been facing a growing global energy crisis
caused by a growing population, increasing energy consumption, and resource depletion.
Increased energy consumption results in increased greenhouse gas emissions and air
pollution, which exacerbate global warming and climate change. Energy efficiency in
buildings is becoming a key factor in addressing this crisis.

Buildings are responsible for 30-40% of total energy consumption, and in many coun-
tries, air conditioning plays a significant role in the energy consumption of buildings [26].
Extensive research shows that good building design can significantly reduce energy con-
sumption in the long term [27,28]. If a building is well designed, less energy is required to
maintain indoor thermal comfort [29].

In 2009, energy consumption in European households accounted for 68% of the to-
tal energy consumption in buildings, with the largest part of this consumption being
space heating [30].

A new EU directive on the energy performance of buildings introduced in 2010 set
very high energy performance standards for all new buildings in EU Member States by
2020 and requirements for energy audits of existing buildings.
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As a result of this Directive, energy performance certificates (EPCs) have become the
main tool across Europe for assessing the energy performance of existing buildings and
providing relevant recommendations for improvement [31].

Overall global population growth, the large environmental impacts of current resource
depletion, and increasing greenhouse gas emissions have raised concerns about current
trends in energy consumption [32,33].

This issue has been addressed by several authors, and several methodologies can be
found in the literature for analysing and characterising the energy performance of buildings
in individual countries and specific cities [34].

Some authors have developed energy simulation models for individual buildings
and cities. For example, T. Johansson et al. developed an energy model of a city, and the
results showed that it is possible to create three-dimensional energy models of a city using
spatial data from national registers and databases. The authors analysed the situation in the
Swedish city of Kiruna, as Sweden has set a target to reduce energy consumption by 50% by
2030 compared to 1990 levels. This target is part of a long-term strategy towards achieving
carbon neutrality by the year 2045. In this study, a city energy model is investigated. The
results show that it is possible to create automatic city models and that they improve the
understanding of energy use in buildings, a valuable tool for reducing energy consumption.
The Kiruna study showed that the proposed energy saving measures in energy performance
certificates need to be implemented, and new buildings in the urban transformation need
to meet high energy standards in order to achieve the national target in Kiruna [35].

C. Prades et al. developed a dynamic simulation model to estimate the heat demand
of cities and districts while taking into consideration building information obtained from
cadastral and elevation databases using GIS-based technologies, energy databases, and
local climatic conditions. The study focuses on a large-scale example in the European
Mediterranean city of Valencia from a selection of 1026 buildings to illustrate its application.
The study showed that buildings built before 1970 can save on average more than 40%
of the thermal demand through modern renovation. The conclusion states that although
the research objectives were met, further research is needed to complement the method.
Major areas for future research are the difference between cooling demand and actual
cooling consumption and the prioritisation of the buildings to be renovated, including the
definition of the renovation costs for each type of building [36].

Other research has also been carried out in the city of Valencia by Manso-Burgos
et al. to diagnose the energy performance of buildings and to identify areas where energy
efficiency can be improved and energy consumption reduced in the city. The objective is to
identify which areas of the city are affected the most by poor building energy efficiency
and which design features show the worst performance. The research shows that the
worst energy performance is in peripheral areas, especially in the northern part of the
city. These areas of poor performance correlate with areas of low income and low rental
rates. Therefore, public authorities should take into consideration that homes with greater
potential for improvement also have a lower investment capacity for renovation. This work
has shown that energy performance certificates (EPCs) are a relevant tool to diagnose the
energy efficiency of buildings in a city [37].

R. Zhuravchak et al. developed a method for modelling the energy performance of
buildings based on GIS in the city of Trondheim, Norway, using data from land registry
and energy performance certificates. The results indicate that, typically, specific energy
intensity can be represented by parameterized random variables. Using these random
variables and information on geospatial coordinates, and the size and type of buildings, it
is possible to predict the total annual energy consumption [38].

Similar analyses have been conducted by Belussi et al., who have developed a method
for assessing the energy consumption of buildings at the city level using publicly available
data provided by public authorities. They focus on the practical use of publicly available
data to analyse building energy consumption in urban environments, which can provide
valuable information for energy policy makers [39].
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The situation in Germany has been documented by Amecke, who in his study analyses
to what extent EPCs could help buyers to include energy efficiency in their
purchasing decisions [40].

An interesting study has been conducted in Greece based on data from EPCs of build-
ings issued in accordance with the national provisions of the EPBD (Energy Performance of
Buildings Directive). The analysis was prepared for various building sizes, construction
periods, and locations. In addition, the implemented energy saving measures are exam-
ined in order to define the most common renovation measures for each type of building.
Approximately 34% of residential buildings are classified in the lowest energy class G,
while only 3% are classified in class B or higher. Replacing windows is the most popular
modernisation measure, followed by installing solar panels for hot water preparation [41].

The topic of building energy performance and energy performance certification has
been addressed in detail by [42], who thoroughly analysed energy consumption in buildings
and analysed trends in the energy demand of buildings in selected countries (USA, EU,
Brazil, Russia, India, and China). This paper highlights the need for global cooperation and
changes in building energy efficiency to achieve a sustainable energy future.

There has been research conducted in Austria to investigate the rebound effect, which
refers to the consumer behaviour on energy consumption for heating flats in Austria. The
results indicate that the rebound effect ranges from 20 to 30%. Although the rebound effect
is not significant, it is important to take it into account when calculating energy savings
and developing measures to reduce CO, emissions [43].

In 2013, a study was published that deals with the energy efficiency of buildings, with
a particular focus on passive houses—a passive house built in the Walloon Brabant region
of Belgium. The author analyses the impact of certifications such as the Passive House
Standard that are aimed to reduce the final heat demand in residential buildings. The
authors claim that these certifications do not take into account the energy used to produce
the building materials and thus only focus on the energy efficiency in operation, not the
overall life cycle of the building. In addition, the authors point out that existing studies on
the energy demand of passive houses inaccurately estimate the energy tied up in materials
because they use incomplete assessment methods [44].

Passive houses, which aim to minimise the need for heating, require complex design
solutions to achieve high energy efficiency. These include high-performance building
envelopes with additional insulation, triple-glazed windows with high performance frames,
a high level of air tightness, and the installation of a mechanical ventilation system with
heat recuperation. Compared to conventional houses, passive houses therefore require a
considerably larger amount of building materials. This subject has been covered by several
authors in their publications [45-47].

The introduction of low-emission materials and construction technologies is becoming
a key factor in achieving the sustainable development goals. Passive buildings, which are
characterised by minimal energy consumption, represent an additional challenge in terms
of certification as well as the costs associated with their construction [48].

The Energy Performance of Buildings Directive (EPBD) was revised in 2018 with a
focus on setting mandatory standards in the construction industry—i.e., zero-emission
standards—for new buildings by 2030 and for existing buildings by 2050 [49]. The European
Energy Policy has introduced a target to implement nearly zero energy buildings (NZEB)
to stimulate the energy transformation of the construction industry.

An overview of the main EU measures is presented by the authors [50], which are
aiming at developing the design of nearly zero energy buildings and positive energy
buildings (PEBs). The authors also describe the implementation of advanced materials
and technologies (smart glass, photovoltaic systems, etc.). The case study shows that a
thorough and comprehensive design of the building envelope and its systems can not only
ensure almost complete coverage of the energy needs from renewable sources, but also
create an energy surplus that could be shared with urban networks.
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The transition to sustainable energy is inseparably linked to the need to minimise
the environmental impact of energy processes. The key driving forces behind this trans-
formation are the electrification of heating, the reduction of energy demand through the
thermal modernisation of buildings, and increasing the energy efficiency of HVAC (heating,
ventilation, air conditioning) systems. Focusing on the development of energy efficient
buildings and implementing innovative technologies such as intelligent control systems
and renewable energy sources are fundamental steps towards reducing the energy de-
mands of buildings and achieving a sustainable future. The development in recent years
has been towards dynamic modelling with the application of artificial intelligence (AI).
Research in the field of energy process optimisation, including those based on the use of
artificial intelligence, is continuously ongoing [51-54].

The world’s population is projected to reach 9.7 billion by 2050, resulting in a con-
tinuous increase in the energy consumption of buildings. This highlights the need to
optimise the energy performance of buildings in order to achieve environmental sustain-
ability. Although many countries are trying to formulate goals and strategies for energy
savings, empirical evidence shows a significant gap between the projected and actual
energy consumption in buildings, known as the building energy performance gap (BEPG).
In order to address the problem of insufficient information integrity in building energy
projects, this research proposes an innovative solution based on blockchain technology. The
author addresses the use of blockchain technology in the construction industry to deal with
problems arising from inefficient information transfer and insufficient data integrity [55].

The problem of building energy performance and the application of energy certificates
is truly extensive and still relevant, as many authors [56—-63] have been conducting research
in this field for several years.

Most authors pay attention to extensive analyses and simulations, but insufficient
attention is paid to the consequences of non-compliance with technological procedures
in the implementation of construction objects in terms of heat consumption for heating.
The basic concept for designing zero energy buildings, besides the design of the envelope
itself, the efficient heating system, hot water preparation, lighting, and ventilation with
cooling, is the actual implementation of these measures. In particular, it is about the correct
implementation of the connections, the connection of the individual technological stages,
such as the connection of the transparent construction to the multi-layered envelope, which
is composed of a load-bearing construction and a contact insulation system. It is the
quality of the execution of the proposed measures that significantly influences the final
energy performance and heating consumption in real conditions. Therefore, in this article,
we discuss a case study on selected buildings in the Slovak Republic, as it is clear that
many energy performance certificates neglect factors that can negatively affect the energy
performance of buildings. This can lead to the misclassification of buildings and their
actual energy performance being worse than that stated in the certificate. It is essential to
pay attention to the problems that arise during construction.

3. Factors Influencing the Energy Class of a Building

It is evident that in order to comply with the correct classification of a building, it is
necessary to comply with individual technological procedures. These procedures ensure
the functioning of all systems and the efficiency of the individual materials incorporated
in the building. Unfortunately, the reality of implementation is often different, and many
procedures and implementations are not followed. This subsequently leads to unpro-
fessional implementation and the malfunctioning of many parts, resulting in leaks and
heat transfers.

There are several factors that certainly lead to the deterioration of parts of the con-
struction and consequently of the building as a whole. Many of these are directly re-
lated to the formation of thermal bridges, which subsequently worsen the performance
of the construction.
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The most significant factors include:

e  The age factor of the construction, which is, for example, the reduction of the physical
properties of the construction as the individual elements degrade with age, and thus
the original declared parameters deteriorate.

e  The factor of weather conditions under which the construction is realised. This
factor can affect various aspects, such as the cohesion of the mortar, the base, etc.
Consequently, these parts fail to perform their function and degrade over time, leading
to the formation of thermal bridges.

e  The factor of non-professional execution of the construction during the construction
process is a frequent problem, especially regarding smaller construction works carried
out on a self-help basis. This factor is associated with the negative impact of a failure
to carry out the construction works correctly and can be directly related to the other
factors mentioned above.

e  The factor of non-compliance with technological procedures is the most complex and
widespread problem due to which the investigated constructions fail to achieve the
required properties in terms of energy and hygiene, as well as safety and fire criteria.

4. Methodology

The research methodology focused on consecutive steps that individually built on
each other. The first step was to study the literature and search for information. The
first part consisted of becoming familiar with the legislation and the history and origin
of the need to reduce the energy demand of buildings. This part was followed by a
search of professional publications that have been developed focusing on the energy
assessment of buildings.

The second step was to select three completed buildings that have been put into
operation and have an energy performance certificate in the energy class A0. These
buildings were selected within the Slovak Republic. It should be noted that the authors
were based on the National Database of Registered Energy Certificates. This database
contains more than 250,000 registered energy certificates. Of these constructions, an expert
report was prepared by the author (Hlina) for more than 200 objects, which repeated
poorly implemented and non-observed technological procedures during construction. The
authors estimate that, statistically, from the entire database, approximately 15% of these
constructions are wrongly classified in another class due to improper implementation
or replacement of heating technology. The authors are currently investigating all these
buildings and this research will be the subject of further publications. This project is only
an introductory part, which is supposed to describe and point out the problems in the
construction of buildings and their energy classification. For this reason, three reference
buildings were chosen, which are located in different regions of Slovakia, which also
represents different influences (qualitative, material, and weather influence).

The investigated building No. 1 is located in the northern part of Slovakia, the
investigated building No. 2 in the eastern part of Slovakia, and the investigated building
No. 3 in the southern part of Slovakia. At the same time, the initial visual inspections
of the constructions and the detection of deficiencies using the visual method directly
in situ were also carried out. As part of these inspections, thermometry was carried
out using a Flir B250 Thermal Imager (Teledyne Flir, Wilsonville, OR, USA) to check
indoor environmental properties such as temperature and humidity with the help of a
pinless moisture psychrometer with an IR Thermometer and a Bluetooth Meterlink MO297
(Extech Instruments, Nashua, NH, USA). Project documentation was obtained as a base
for the research. Subsequently, these images were analysed, and together with the project
documentation they provided a prerequisite to generate hypotheses of possible construction
deficiencies. The next inspection proceeded to the implementation of probes directly into
the constructions. The probes were carried out by a destructive method using HILTI
cordless tools (Schaan, Liechtenstein). These inputs brought specific and realistic values
directly from the constructions under investigation, such as realistic thicknesses, material
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properties, and the functionality of equipment in concealed constructions, such as roof
sheathing and underfloor heating. This was followed by calculations of the heat demand
for each building with the actual values obtained in situ. In the given case, we were based
on the results and thus that the construction shows deficiencies. In practice, this means that
it was not possible to take into account the influence of concrete bridges with the coefficient
AU = 0.05 within the calculation. This coefficient can be used for insulated objects and
therefore objects without thermal bridges. However, as part of the research, a number of
shortcomings were demonstrated, and therefore the construction cannot be classified as
such. Thus, the coefficient AU = 0.1 enters the calculation, which takes into account thermal
bridges caused by non-compliance with technological procedures. These results were then
recalculated and the final values recorded in tables from which it is possible to evaluate
and compare the values given by the certificate and the actual values after recalculation.

5. Case Study

The case study reflects investigations on three different sites within different parts of
Slovakia. All of these buildings were required to have an energy class of A0 according to
their original energy performance certificates. In situ measurements and evaluations were
used to identify the actual energy classification of these buildings.

5.1. Investigated Object No. 1

Investigated building No. 1 is located in the north of Slovakia in the district of
Némestovo. It is a two-storey building with a rectangular floor plan and a built-up area of
150 m?. Constructionally, the building is designed as a construction built of bricks 300 mm
thick, with EPS insulation 150 mm thick. The roof of the building under study has a gable
shape that was realised as a carpenter’s truss, a concrete roof covering, and is insulated
with thermal insulation.

The building underwent an energy performance evaluation prior to final approval,
where standard data were entered into the calculations without further examination of the
construction’s deficiencies. The energy performance classification of this building in the
ideal condition is shown in Figure 1.
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Figure 1. Original values from the energy performance certificate of the building under investigation
[authors].
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The examination in situ revealed deficiencies in the constructions. These deficiencies
were in a part of the roof sheathing, where thermal bridges were clearly visible in this part
of the construction during the thermal camera inspection. The individual thermal bridges
are shown in Figures 2—4.

30.5 °C
r 30

I 25

r20

| 18.7

25.0 °C

F 24

F22

F 20

19.2

Figure 3. Thermal camera image showing deficiencies within the roof construction [authors].

22.8°C

- 20

15

9.7 m ‘

Figure 4. Thermal camera image showing deficiencies within the roof construction [authors].

These images were used as a basis for subsequent calculations, where individual
thermal bridges and construction deficiencies were taken into account. These values were
then compared and the results are summarised in Table 1.
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Table 1. The difference between the total energy demand according to the energy performance
certificate and the values after inspection and calculation of the actual values for investigated building
No. 1 [authors].

Floor area in m? 137.5
Year of final approval 2014
Category of building 1

Total energy demand in the original energy

performance certificate [kWh/(m?.a)] 5

Total energy demand values after

recalculation [KWh/(m?2.a)] 72

In building number 1, it is possible to observe a significant increase of 22% in the heat
demand compared to the values stated in the energy performance certificate. This is mainly
due to the thermal bridges created in the imperfectly realized roof construction.

5.2. Investigated Building No. 2

Investigated building No. 2 is located in the east of Slovakia in the TrebiSov district.
The building is partly two-storey, has a retreated floor with an L-shaped plan and has a
total built-up area of 136 m?. Constructionally the building is designed to be built of bricks
that are 300 mm thick, with EPS insulation 150 mm thick. The roof of the building under
study has a gable shape over the part of the building with two storeys. It was realized as
a carpenter’s truss, it has ceramic roofing, and is insulated with thermal insulation. The
second part of the building, which is a single storey, has a flat roof designed as a reinforced
concrete construction with 300 mm XPS insulation and soft PVC as a surface covering.

The building underwent an energy performance evaluation prior to final approval,
where standard data were entered into the calculations without any further investigation
of the construction’s deficiencies. The energy performance classification of this building in
the ideal condition is shown in Figure 5.

Building category: Current Current
family house state state
Global indicator:Total 44 29
energy supplied kWh/(m?2.a) kWh/(m?.a)
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Figure 5. Original values from the energy performance certificate of the building under investigation
[authors].
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During the in situ investigation, construction deficiencies were identified. These
deficiencies were in the part of the building envelope (“envelope walls”), where thermal
bridges were clearly visible in this part of the construction during the thermal camera
examination. The individual thermal bridges are shown in Figures 6-8.

Figure 7. Thermal camera image showing deficiencies within the building envelope [authors].

Figure 8. Thermal camera image showing deficiencies within the building envelope [authors].

The images clearly show the visible thermal bridges of the individual details. These
images were used as a basis for subsequent calculations, where the individual thermal
bridges and the deficiencies of the construction were taken into account. These values were
then compared, and the results are summarised in Table 2.
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Table 2. The difference between the total energy demand according to the energy performance
certificate and the values after inspection and calculation of the actual values for investigated building
No. 3 [authors].

Floor area in m? 125.22
Year of final approval 2016
Category of building 1

Total energy demand in the original energy

performance certificate [kWh/(m?.a)] 4

Total energy demand values after

recalculation [KWh/(m?2.a)] 58

In this case, there is a significant increase of 32% in the heat demand compared to the
values stated in the energy performance certificate. This can be considered a significant
increase in the total energy demand.

5.3. Investigated Building No. 3

Investigated building No. 3 is located in the southern part of Slovakia in the district
of Vel'ky Krtis. The building is one storey with a square floor plan and a total built-up
area of 195 m2. Constructionally, the building is designed to use sanded bricks filled with
mineral wool with a thickness of 380 mm without a contact insulation system. The roof
of the building under study has a hipped shape that was implemented as a wooden truss
with a concrete tile roof covering, and it is insulated with 400 mm thick thermal insulation.

Before final approval, the building was evaluated for its energy demand, and standard
data were entered into the calculations without any closer examination of construction
deficiencies or any assessment of individual details using thermal imaging or something
similar. The classification of this building in terms of energy performance in the ideal
condition is shown in Figure 9.

Building category: Current Current
family house state state
Global indicator:Total 26 20
energy supplied KWh/(m2.a) KWh/(m2.a)
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Figure 9. Original values from the energy performance certificate of the building under investigation
[authors].
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These deficiencies in the details due to incorrect fitting and poor-quality opening
elements have a negative impact in the context of the high air permeability as well. From
the thermal camera images, these deficiencies were clearly visible, as shown in Figures 10
and 11.

24.3°C

r20

ris

-10

6.7

Figure 10. Thermal camera image showing deficiencies in a window construction [authors].

20
-18
F16

15.8

Figure 11. Thermal camera image showing deficiencies in a window construction [authors].

The images show visible deficiencies within the window constructions, which were
evident in several parts of the building. These photographs were used as a basis for
subsequent calculations, where the individual thermal bridges and deficiencies of the
construction were taken into account. These values were then compared, and the results
are summarised in Table 3.

Table 3. Difference between the total energy demand according to the energy performance certificate
and the values after inspection and calculation of the actual values for investigated building No. 3

[authors].
Floor area in m? 112.78
Year of final approval 2016
Category of building 1
Total energy demand in the original energy 2%
performance certificate [kWh/(m?2.a)]
Total energy demand values after 4

recalculation [kKWh/(m?2.a)]

In this case, the most significant increase in heat demand, namely by 62%, can be
seen in relation to the values stated in the energy performance certificate. This can be
considered as a very high increase in the total energy demand compared to the total value
of the original certificate.
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As is clear from the results, the energy demand of the reference buildings does not
correspond to the values stated in the energy certificates. This problem does not lie only in
the classification itself, but often in poor implementation, as evidenced by thermal images.

6. Discussion

This research can be considered as a pilot study in the scope of the authors’” work. In
this publication, the authors focused mainly on in situ research on three selected buildings.
However, more attention needs to be paid to this particular research and to a number
of buildings where the results would more clearly demonstrate shortcomings during
implementation that subsequently lead to an increase in the energy demand for heating.

Since the differences in values are not insignificant and this is not an isolated phe-
nomenon, as some factors such as incorrect technological procedures for a certain type
of construction in certain regions for certain buildings are repetitive, the authors plan to
build on the published research and expand it with more analyses. The authors plan to
mathematically determine variations in the determination of total energy demand, primary
energy (kWh/m?.a), and thus CO, emissions kg/(m?.a) using statistical calculations on
a relevant sample of buildings. The authors plan to analyse what actual percentage of
buildings are in the determined energy classes unjustifiably and how this relates, e.g., to
the EU Emission Reduction Plan in the contexts of experiences with certification in other
EU countries and unjustifiably paid grants.

However, it is necessary to focus more extensively on this problem. This means
that certain procedures need to be implemented and followed during construction. The
first such step could be an inspection of the implementation by an architect. Often, the
object is properly designed, but in the case of unprofessional implementation and non-
compliance with procedures and correct design, deficiencies arise, which are subsequently
manifested only in the operation and use of the building. However, here, we often come
across the economic side of such control, which is why it does not happen often. The
second fundamental problem is, from an economic point of view, especially the choice
of a company. Clients largely choose the cheapest companies with the vision of saving
money, which leads to unprofessional implementation. Unprofessional implementation
with insufficient control, leads to inappropriately implemented constructions showing
many deficiencies. This problem is related to the fact that unlicensed companies often
insulate during the implementation of insulation. In Slovakia, we have tools and proposals
to limit these problems, but they are not implemented in laws and are therefore not binding.
It is necessary to draw attention to this problem and create pressure to implement these
requirements into laws. This would lead to the need to license companies, comply with
technological regulations, and create pressure from the investor on the implementer, aware
of the need to achieve a real class A0 within the energy certificate of the building.

Subsequently, such research could be followed up by research dealing with the forecast
of financial savings during construction on materials and implementers and its connection
with poorer quality of implementation. At the same time, as part of this research, the
saved costs could be compared against the increased costs for operating the facility, mainly
connected with heating.

7. Conclusions

Non-compliance with technological procedures in the construction of buildings has
major consequences on the energy efficiency of buildings, which in the case of the Slovak
Republic is mainly manifested by increased consumption of heat for heating. Based on the
case studies of the analysed buildings, it can be concluded that incorrect or incompletely
executed construction work leads to the formation of thermal bridges, poor sealing of the
envelope and the incorrect application of insulation materials. These factors significantly
increase the heat loss of buildings, which is directly reflected in a deteriorated energy
balance and increased heating costs.
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One of the most common problems is non-compliance with prescribed thicknesses
and types of insulation materials, which are crucial for minimising heat loss. In the
construction industry, there are technological standards and procedures that define the
optimum conditions for the application of insulation layers. Failure to comply with these,
whether due to a lack of control or cost reduction, results in inadequate thermal protection
of buildings, leading to increased energy consumption.

Based on the findings from selected buildings in Slovakia, the average heat consump-
tion for heating was up to 20-30% higher in buildings where correct technological proce-
dures were not followed. This outcome shows the necessity of strict control of construction
works in order to avoid problems with deteriorated energy performance.

However, it is necessary to emphasize that this research is only at the beginning and
contains certain limitations, such as a narrow range of buildings that are located only within
the Slovak Republic and may appear insufficient. However, the authors are researching
and analysing a larger number of different buildings as they state in the article above, but
these buildings are still in the stage of data analysis. However, the data indicate the same
trend as for the described buildings. Therefore, it is important to initially point out the
problem in question and then follow up on it by publishing other research that will more
clearly demonstrate the shortcomings and needs of the investigated buildings from the
point of view of their implementation and energy class.

Another significant problem is the incorrect installation of windows and doors, which
frequently cause leaks and the deterioration of insulation properties. This results in in-
creased heat loss, which requires higher heating energy consumption to maintain the
required indoor temperature. In addition to the financial costs, this also has a negative
impact on the environment, as higher energy consumption usually leads to an increase in
greenhouse gas emissions.

The research points to the fact that in many cases, there is insufficient checking
on the part of the investor or the construction supervisor, allowing for the execution of
constructions that do not comply with technological standards. There is a need to focus
on improving the quality of checking in order to eliminate the risks associated with poor
quality construction work.

In conclusion, it can be stated that compliance with technological procedures is not
only crucial in terms of the quality of the buildings themselves, but also in terms of the
long-term energy requirements of the buildings. The results from the case studies confirm
that investment in quality construction leads to a significant reduction in heating costs and
contributes to a reduction in the energy burden of buildings.
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