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Abstract: In this article, we systematize and emphasize the information elements that are the starting
point for step-by-step actions related to the improvement of technological maps in accordance
with the “energy model” to ensure sustainable sanitary and hygienic standards throughout
the life cycle of buildings. In particular, we draw attention to the lack of analytical method-
ologies to visually or technically incorporate optimization measures to achieve the final
building outcome in accordance with energy models A, B and C throughout the life cycle of
buildings. These findings serve as a basis for research aimed at improving the analytical
methods and ensuring their compliance with the established legal standards.
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Introduction

One of the primary challenges in implementing energy-saving measures in
buildings and structures is aligning them with the fundamental requirement of
achieving energy savings and energy efficiency in compliance with the energy
efficiency class of buildings. It is defined as a basic requirement according to the
implementation of European energy efficiency regulations and is ratified in national
legislation. The EU legal framework is based on Directives (in Ukraine, these are
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laws and regulations, respectively), which are approved by the Council of Europe.
These regulations typically assign energy efficiency classes such as A, B, or C.
There are different approaches to determining energy efficiency classes of build-
ings in the EU: in Portugal, Austria, the Czech Republic, Denmark, Ireland and
Sweden, the results are presented in the form of annual final energy consumption;
and in Greece, Germany, France in the form of primary energy. In Spain and Fin-
land, the results are presented in the form of heat transfer coefficients for individual
elements of the external building envelope, such as walls, windows, and floors.
In Norway, energy consumption and heat transfer coefficients of building envelopes
are also taken into account (Bilous et al., 2015). In addition, it is necessary to
ensure that the maximum value of the specific consumption of primary energy for
heating and cooling does not exceed the limits set by the laws and regulations of
Ukraine on energy efficiency. According to the “Ukrainian Law About Energy
Efficiency”, energy efficiency measures encompass various technical, organizational,
economic, and informational actions or their combinations, which are aimed at im-
proving energy efficiency (reducing specific costs) in a quantifiable manner (About
Energy Efficiency, 2023). The law aims to implement the acquis communautaire of
the European Union in the field of energy efficiency, namely: Directive 2012/27/EU
on energy efficiency, Directive 2009/125/EC on a framework for establishing eco-
-design requirements for energy-related products and Regulation (EU) 2017/1369
establishing a framework for energy labelling. However, there are practically no
analysis methods for visual or technical implementation in regulations and norma-
tive documents to optimise the actions for obtaining the final construction product
in accordance with the energy efficiency category A, B, C for the entire life cycle
of the buildings. In fact, there is no technological map, the so-called “construction
model”, which would lead to the desired result within an error of 5% in forecasting
for the entire life cycle of the building and taking into account the relationship
between technical, economic, environmental and social aspects. It is the lack of
a “building model” with sustainable operational parameters in terms of energy
consumption and comfort for the entire life cycle of a building that is the basis
for the research. Consequently, determining the energy efficiency class serves as
a form of evaluation of construction quality.

1. Objective of the study

The study concerns the energy efficiency of civilian buildings by implementing
energy solutions and meeting the criteria set out in the National Energy Efficiency
Action Plan for 2030 and takes into account the proclamation of the United Nations
General Assembly resolution No. 70/1 of 25th September 2015. The Sustainable
Development Goals for 2030, which must be met by Ukraine in accordance with
the Decree of the President of Ukraine of 30 September 2019 No. 722/2019 “On
the Sustainable Development Goals of Ukraine for the period up to 2030 (the goal
of “ensuring access to affordable, reliable, sustainable and modern energy sources
for all and sustainable and modern energy sources for all” and the goal of “taking
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urgent action to combat climate change and its effects”) and furthermore is guided
by the principle declared by the EU in Regulation 2018/1999 of the European
Parliament and of the Council of 11 December 2018 — “Energy efficiency first”,
which provides for the prioritising of energy efficiency issues in the development of
policies, programs and legislation. In addition, the development and implementa-
tion of the National Plan and the availability of medium-term energy efficiency
policy planning are part of Ukraine’s policy of joining the European Green Deal,
which is a roadmap of measures that will transform the EU into an efficient,
sustainable and competitive economy and determine the means of transforming
Europe into the world’s first climate-neutral continent by 2050, stimulating eco-
nomic development, improving people’s health and quality of life, and transform-
ing climate and environmental challenges into opportunities across all EU sectors
and policies, ensuring a fair and inclusive green transition (On the National Energy
Efficiency, 2021).

2. Theoretical prerequisites

In everyday use, the word “theory” often means an untested hunch, or a guess
without supporting evidence. But for scientists, a theory has nearly the opposite
meaning. A theory is a well-substantiated explanation of an aspect of the natural
world that can incorporate laws, hypotheses and facts. A theory not only explains
known facts; it also allows scientists to make predictions of what they should
observe if a theory is true. Scientific theories are testable. New evidence should be
compatible with a theory. If it is not, the theory is refined or rejected. The longer
the central elements of a theory hold — the more observations it predicts, the more
tests it passes, the more facts it explains — the stronger the theory (What Is a Theory?

Theories are ideas about how nature works. Therefore, it can be said that a scien-
tific theory is a “history of ideas” or a type of conceptualization as opposed to
observation. More specifically, a theory is a logical-deductive system consisting of
a set of interrelated concepts from which testable statements can be deductively
derived. Theory also relates to practice, i.e., scientists accept a theory (and its
practical applications) only when its methodology has been clearly and logically
explained. A scientific theory is a whole of logically coherent generalizations,
deduced on the basis of established scientific facts and related to the current state
of science. Its aim is to explain the cause or system of causes, conditions, circum-
stances of the emergence and specific course of a given phenomenon. The criterion
of falsifiability is now crucial for distinguishing whether a theory is a scientific
theory or not; this concept was introduced by Karl Popper, an Austrian philosopher
of science, logician, methodologist and psychologist (Popper, 1935). According to
this principle, a theory for which empirical criteria for falsification (refutation)
cannot be determined is not a scientific theory. A good scientific theory is supposed
to organize knowledge acquired through empirical methods. It is a source of testable
hypotheses that guide research and can be verified by researchers. It can even pre-
dict the existence of undiscovered phenomena and their development. Researchers
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evaluate a theory in terms of its internal consistency, the accuracy of its empirical
predictions, and the conceptual parsimony of its proposed explanations (Juszczyk,
2021).

Scientific theories evolve and mature. Therefore, each of them is characterized
by different degrees of maturity. In this respect, the following theories can be
distinguished (Kuzionko-Ochrymiuk, 2020): mature, maturing and nascent (Fig. 1).
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Fig. 1. Theories in different degrees of maturity (scientific canons)
in creating scientific knowledge (Kuzionko-Ochrymiuk, 2020)

3. Main research

The procedure for studying the “energy compensation” of buildings is reduced
to the task of optimising and controlling systems with distributed parameters. Its
main stages are as follows:

— 1identification of physical features of the system response;

— development and justification of a mathematical model;

— development and selection of methods and tools for solving and implementing
the formulated tasks;

— study of the mathematical model (checking the capability — adequacy) of the
proposed mathematical model or algorithmic calculation of the thermal and
humidity state of a real object);

— evaluation of the obtained solutions according to the set of requirements for the
studied processes, states and methods of their management;

— selection of rational design solutions and operating modes, as well as determi-
nation of the optimal parameters of the system under study.

In some cases, replacing more energy-intensive building envelopes with less
energy-intensive ones has a positive effect. In other cases, replacing less energy-
-intensive structures with less energy-intensive and more durable ones can also
result in energy savings.

This is the essence of designing with energy consumption limits in energy
compensation. Only when the impacts of energy intensity, durability and thermal
protection of building product components are considered together can energy
savings be achieved over the long (more than 100 years) lifetime of a building.
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Energy efficient buildings as a new trend in experimental construction emerged
after the global energy crisis of 1974. They were a response to the criticism of the
UN International Energy Agency (IEA) that modern buildings have large reserves
for improving their thermal efficiency, but scientists have not sufficiently studied
the peculiarities of their thermal regime and designers are not able to optimize
the flow of heat and mass in building envelopes and buildings. In the same report,
MERC experts formulated the main idea of energy saving: energy resources can be
used more efficiently by applying measures that are technically feasible, economi-
cally justified and acceptable from an environmental and social point of view, i.e.,
cause a minimum of changes in the usual way of life (Lapa et al., 2017).

Modern construction projects are subject to increasing requirements for both
safety and comfort, which is essential for the occupants of the premises. It is possi-
ble to ensure comfortable conditions for a person to stay indoors only through
an integrated approach to normalising microclimate parameters, which includes
space-planning, production and technological, sanitary and hygienic, and biomedi-
cal solutions (Fesenko & Tsyhanenko, 2023).

It is not appropriate to consider the characteristics separately from each other
in terms of optimisation, as optimisation of one parameter will not always lead to
automatic optimisation of another. Therefore, the “construction model” should be
considered in the sense of a “closed loop”.

Any building solution cannot be separated from energy efficiency (Geikins,
2022; Hromadka et al., 2023; Hummel et al., 2023; Rodriguez et al., 2023; Vilinska
et al., 2023; Walter et al., 2023). The main operational characteristics of civil build-
ings are durability, reliability and efficiency with guaranteed parameters of sanitary
and hygienic standards. To this end, it is necessary to take into account the fact that
energy intensity, thermal protection and durability of building products are closely
related, so the energy efficiency of the industry as a whole depends on the total
energy consumption during the construction of buildings and their operation.

Scientists have made a significant contribution to identifying the factors that
influence performance indicators, the speed of the process and how to manage them.

In particular:

A comprehensive study of the energy efficiency dynamics of non-residential
public buildings such as schools, swimming pools, hospitals and museums. A key
element of this analysis emphasises the dual nature of technical modernisation,
dividing interventions into passive and active measures. The study delves into the
sustainability imperatives of energy measures, examining the economic motiva-
tions behind retrofit decisions and the complex relationship between advanced
technological solutions and the behavioural trends of building operators and users.
In summary, key performance indicators (KPIs) often have internal limitations due
to their inconsistency across different areas, making direct comparisons or specific
numerical calculations problematic (Papadakis & Katsaprakakis, 2023).

At the same time, a sufficient number of scientists prefer to improve and quantify
the energy efficiency potential of improving the operation of the non-residential
stock and to promote targeted actions aimed at creating a more sustainable building
environment with optimisation through intervening in a limited number of building
elements to ensure a reduction in specific consumption (Franco et al., 2022).
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The scientific and rational application of management technology during resi-
dential construction affects the construction cost, construction progress and con-
struction quality. In this regard, the construction department needs to comprehen-
sively analyse the influencing factors of construction management technology and
then select the appropriate management technology. Optimisation measures such as
improving the management system, strengthening advanced management and con-
trol, and promoting information management and control are proposed to control
the construction progress, improve the efficiency of manual work, ensure project
quality, reduce project costs, ensure a good construction environment, optimize
the economic and social benefits of the housing construction unit and promote
the sustainable development of housing construction (Huang, 2023).

In response to this, the quality of architecture has shifted towards energy effi-
ciency, which has affected the health of people indoors as well as the environment.
Therefore, green buildings have emerged as a solution to this problem, aiming to
improve indoor environmental quality (IEQ) and human well-being while minimis-
ing negative environmental impacts. A comprehensive review focuses on the role
of green buildings in improving indoor health and energy efficiency and highlight-
ing sustainable architectural practices that promote health (Karimi et al., 2023).

Consequently, it all comes down to comparing the efficiency of building enve-
lopes and heating system changes, as in the case of the Invert models, which are
based on a detailed representation of the existing housing stock at the national
(or local) level through building archetypes. There are different potential renovation
options and available heating technologies for each archetype (Hummel et al., 2023).

As a result, discussions on this issue are not subsiding, but rather gaining
momentum. This is the scientific and technical approach to achieving a result with
sustainable parameters.

In Ukraine and in the global information space, the issue of energy efficiency
is very important in every developed society.

The criterion for the discussions is the law of energy conservation — implement-
ed in Ukrainian and global legislation in the form of indicators — energy efficiency
classes (A-G) — and according to building codes (Fig. 2).

. . . A++ - less than 0.15 kWh A - <44 kWh/m2

Coefficient 3fefﬂ01ency C(_)efﬁmen(f of A0 S0H T W B =79 KWh/in2
38%. Fificiensy Kosianc A-0.17-0.19 KWh C- < 83.6 kWh/m2
_ _ higher B -0.19-0.23 kWh D - < 109 kWh/m2
1 liter of gasoline = 12.2 kWh C-0.23-0.27 kWh E - <131 kWh/m2
12 kWh D-0.27-0.31 kWh F - < 153 kWh/m2
41% 12.2 = 48.8 (kWh) E-0.31-0.35 kWh G- > 153 kWh/m2

Per 100 km of run F-035-0.39 kWh
G - more than 0.39 kWh

Per 100 km of run

Fig. 2. Criteria for assessing energy efficiency in socially important areas
(Hummel et al., 2023)
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In a general sense, we use different theories and knowledge, while having stable
structures and algorithms. It all comes down to information that needs to be struc-
tured into an algorithm of actions to be effective. Therefore, the initial data for
modeling technological maps based on energy models is the criterion of energy
demand for heating and cooling of buildings, which is calculated and given in
building codes.

Given that the energy efficiency class is an “energy model” that is closely related
to “comfort” (a parameter that requires further research and will be discussed in
another article) and should take into account the operation of buildings, which
accounts for up to 70% of the total life cycle of buildings, and is a point that
requires full analysis and forecasting for the entire life cycle of a building. This is
an urgent task that requires a new methodology that has been developed.

This approach draws upon the author’s “Theory of Compensation” and is
designed for the analysis and prediction of energy conservation and the establish-
ment of consistent “comfortable operating conditions” in buildings and structures.
The “Theory of Compensation” expounds upon and outlines the parameters that
must be inherent in a building model to guarantee its alignment with the designated
energy efficiency category “Class A, B, C”. This compliance implies compliance
with the established limits on the specific consumption of primary non-renewable
energy for heating and cooling of residential and public buildings, as provided
for in the legal framework and regulations governing energy efficiency.

EN 15603 (EN 15603:2008, 2008) provides a methodology for assessing total
energy consumption and types of ratings; EN 13790 (EN 13790:2008, 2008) pro-
vides a methodology for calculating energy consumption for heating, ventilation,
cooling, lighting and hot water; in EN 12831 (12831:2003, 2003) — the method of
calculating thermal power is described; standards EN 13829 (EN 13829:2000,
2000), EN 14501 (EN 14501:2005, 2005), EN 13779 (EN 13779:2007, 2007) —
provide an opportunity to compare energy efficiency indicators of buildings;
EN 15217 (EN 15217:2007, 2207) — describes the methods of determining the
energy efficiency of buildings and the level of automation of engineering networks;
EN 15232 (EN 15232:2007, 2207) — establishes requirements for engineering sys-
tems of buildings; EN 15316 (EN 15316-2-1:2007, 2007) — defines requirements
for the efficiency of heating systems; according to EN 7730 (EN 7730:2005, 2005),
the microclimate of the premises is regulated.

Existing calculation methods under the current legislation are based on the
“peak mode of operation” — the maximum energy compensation to meet sanitary
and biological standards during building heating, characterised by peak tempera-
ture deltas depending on the climate zones in which the building is located, with
the moments of operation without energy compensation and moments with partial
energy compensation and taking into account coefficients (coefficient method).

This approach fails to account for the cyclic nature of physical processes that
occur without energy compensation. In other words, it doesn’t consider scenarios
where the external cladding may experience relative humidity levels of 80% or higher
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during the building’s ten-year operational span. Consequently, the current calcula-
tion method effectively addresses only 3-7% of the total time period associated
with energy compensation during the heating season. In conclusion, it is evident
that the current methods of thermal engineering calculations are insufficient for
optimizing actions aimed at aligning a building with energy efficiency categories
A, B, or C as required by the law for the entire life cycle of the building. This is
an issue that requires a different approach to solving the problem.

The “Theory of Compensation” introduces a model of energy compensation
that enables the analysis and prediction of the energy distribution impulse (vector)
in time.

Through research in the field of energy conservation, distancing itself from
existing paradigms, fundamental laws governing the underlying physical processes
in this theory have been successfully identified, which will be described in other
articles.

The “building model” itself has to be “standardised” and measured with an
energy offset coefficient (useful quality factor) at the stage of future energy offset
during operation. The energy compensation coefficient is an analytical coefficient,
a unit of measurement for optimising the energy compensation management system
for further forecasting technical, economic, environmental and social measures
in the parameters of the “energy model”, denoted by the energy efficiency class,
e.g. “Class A, B, C”, which is divided into a direct optimal solution and a con-
trolled inverse energy solution that takes into account all energy reactions of the
system in time, frequency and temperature conversion (this issue requires research
and will be published in other articles).

This will help reduce errors in design and construction since it will serve as
a “standard”. To take these indicators into account, the dependence is introduced
that the inertia of the system will be maximum if the reaction of the system is
maximum in relation to the counteraction forces.

The universality of the “Theory of Compensation” model lies in its applicability
to various thermal zones — zones with specific air temperatures that differ in terms
of heat quantity. The research method is based on information gathering, which
is the initial step towards achieving the goals of categorizing building energy
consumption according to standards (energy efficiency categories A, B, C).

The proposed “Theory of Compensation” serves as an algorithmic model for
improving building systems, taking into account the new information conditions
associated with the future concept of the national plan to increase the number of
buildings with near-zero energy consumption.

As input data for the calculation, we take constant parameters of non-renewable
primary energy consumption within the energy efficiency class for heating and
cooling, namely: “Class A — 44.0 kW/m? per year”, “Class B — 62.5 kW/m?
per year”, “Class C — 82.5 kW/m? per year”.
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Taking into account that the number of hours in a year are:

365 (days per year) - 24 (hours) = 8760 (hours per year) )
“Class A” 44 000 W/m? (year) : 8760 (hours) = 5.02 Wh/m? )
“Class B” 62 500 W/m? (year) : 8760 (hours) = 7.13 Wh/m? 3)
“Class C” 82500 W/m? (year) : 8760 (hours) = 9.42 Wh/m? %)

which are needed for heating and cooling.

Also, the input data for the “Theory of Compensation” is a temperature graph of
the construction site location in averaged indicators to take into account the criteria
for a comprehensive analysis of the entire closed system to study the energy
momentum in a cycle or energy level, which constantly changes from one state to
another and is cyclical in nature. In this case, the design temperature for analysis
and forecasting is taken within 15.3 K (Fig. 3), which is calculated taking into
account the difference between the internal comfortable temperature of 22 K and
the average temperature per year of 6.7 K, which corresponds to the operational
parameters of buildings that are taken into account in the existing calculations
by the coefficients.

2-67=153K (5)

In order to take into account all the parameters of the closed-loop energy study
system with energy compensation, without energy compensation, and with partial
energy compensation, a characteristic of the month of the year is introduced, which
we call the “compensation moment”. As can be seen from the graph in Figure 3,
this is September. The average temperature of September corresponds to the average
annual temperature of the years under study.

=+ average annual temperature compcnsaﬁon moment

Fig. 3. Temperature chart of the city of Sumy (Ukraine) for a year (own research; DSTU
9190:2022, 2022)
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The amount of consumed energy (2)-(4) and the temperature characteristic of
energy (5) are the basis for the mathematical model “Theory of Compensation” for
optimizing the reduction of the amount of non-renewable primary energy required
to provide one unit of transmitted energy in the corresponding system, taking into
account the energy required for production, transformation, transportation and
distribution and also taking into account the durability, reliability and economy
for the analysis and forecasting of all physical processes affecting the construction
object over time and having a cyclical nature (this issue requires research and
will be published in other articles).

Conclusion

This model of analyzing the life cycle of buildings and predicting stable param-
eters of energy consumption and ensuring stable microclimatic conditions during
operation introduces new trends in the transition from energy efficiency to energy
solutions regarding the “energy model”.

The “theory of compensation” allows you to establish a link between the “ener-
gy model” and the process map within the energy consumption.

In order to ensure a high-quality technical and scientific approach at the first
stage of the research, measures of an informational nature were applied, which are
an element of successive steps towards the sustainable development of the industry.

The development of a calculation model can serve as the basis for a method of
engineering calculation that has practical significance and scientific and technical
support for production and construction to meet the requirements of production
technologists, designers and architects when designing new, reconstructions. Or to
overhaul existing civil buildings in order to ensure the “basic requirement” for the
energy security of the European Union and its sustainable innovative development.
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